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0 Foreword
The recent global crisis started as a crisis of the credit system, continued as crisis of
liquidity and with negative sentiment and overall market slowdown, it finally transformed
into economic crisis.
At the beginning of the story, after the end of the Bretton-Woods system, the banking
environment experienced transformation from heavily regulated to highly competitive.
With little regulation, competitive pressures were squeezing the interest rate spreads and
to keep their profits, the banks needed to shift from large profit margins to large -scale
operations. As the banks started leveraging their balance sheets, there was a flow of cheap
funds to households, who started taking mortgages on a massive scale.
The first signs of problems appeared in 2007 when the banks started writing off their
subprime mortgage securities. In connection to the need of short-term financing on which
the banks laid out the foundations of their business models for the last three decades, this
provided a deadly mix which prepared ground for a much more severe and far-reaching
systemic crisis of a financial system. When the issues started to surface, the sovereigns
took an active role supporting the system by various types of aid packages. However, large
state support for the financial system as well as for the economy represents a huge burden
on government finances and in some cases, mainly in Europe, it resulted in sovereign debt
crises.
Moreover, losing their status of risk-free borrowers and facing increasing prices for credit,
the sovereigns too are now significantly weakened. Since a portion of Sovereign debt is
held by the banking system, there is a risk of the crisis feeding back to where it began in a
vicious of transferring the toxic debt back and forth between the sovereign and the financial
sector. Meanwhile, in the new market environment, the survivor banks are struggling to
restore their profits. Despite the pressure for recapitalization and increased systemic safety
in form of new regulatory standards, large financial institutions start a regulatory race again
and inflate their balance sheets without worrying about the consequences. On the contrary,
the recent history taught them that the larger, more leveraged and thus more systemically
important a bank is, the larger the probability of a bailout. Again, the world economy finds
itself on the crossroads but this time the sovereign states cannot afford to play the guardian
role anymore.
1
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The overall aim of our research is to contribute to both theoretically and empirically to the
research of sovereign debt crises and bank crises and the connections between them.
Moreover, it contributes to the policy debate which has been going on extensively at both
the EU and international level in recent times in reaction to the recent financial crisis. We
build an agent-based network model of an artificial financial system allowing us to analyze
the effects of different settings of banking systems and their link to the sovereign sector
and draw policy implications for both setting the regulatory environment and resorting to
state support in times of a systemic financial crisis.
In the first, non-technical, essay, we set the stage by taking a detailed look at international
banking regulation, particularly the capital adequacy requirements known as the Basel
Accords. We study the rationale for regulating the banks and describe the evolution of the
Basel Accords, including the newly presented measures known as Basel III. The main
conclusion of is that the regulation is heavily shaped by the banks themselves and does not
always serve the best for protecting the financial system. An early version of this essay has
been published in a book Klinger, T. (2011): Banking Regulation, LAP Lambert Academic
Publishing AG & Co. KG, ISBN 9783846516362. Moreover, a modified version of the essay
was published as a chapter in a book Klinger, T., Teply, P. (2012): Bank capital regulation:
from Bretton Woods to Basel In P. Teply (Ed.), Economic capital and risk management.,
Karolinum Press, ISBN 9788024621470.
In the second essay, we construct an agent-based network model of systemic risk of a
banking system, and use it for stress-testing several different regulatory measures. First,
our simulations confirm that sufficient capital buffers in individual banks are crucial for
protecting the stability of the whole system. Second, we show that the regulatory measures
installed as preventive measures to ensure that the banks possess sufficient capital buffers
have almost no positive effects to stability when the system is collapsing. Finally, we
highlight various data deficiencies which prevent the researchers and regulators from fully
understanding the complete range of systemic risk and make it difficult to devise effective
and targeted regulatory measures at this time. The essay was published in an impact-factor
journal Prague Economic Papers as Klinger, T., Teply, P. (2014): Systemic risk of the global
banking system - an agent-based network model approach, Prague Economic Papers, Vol. 23,
No. 1, pp. 24–41. With this essay, the author earned an honorable mention of the Czech
Economic Society, the Young Economist of the Year under 25 Years of Age.
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The third essay focuses on the relationship between the financial system and sovereign
debt crises by analyzing sovereign support to banks and banks’ resulting exposure to the
bonds issued by weak sovereigns. We construct an agent-based network model of an
artificial financial system allowing us to analyze the effects of state support on systemic
stability and the feedback loops of risk transfer back into the financial system. The model
is tested with various parameter settings in Monte Carlo simulations. Our analyses yield
the following key results: firstly, in the short term, all the support measures improve the
systemic stability. Secondly, in the longer run, there are settings which mitigate t he
systemic crisis and settings which contribute to systemic break-down. Finally, there are
differences among the effects of the different types of support measures. While bailouts
and recapitalization are the most efficient support type and guarantees execution is still a
viable solution, the results of liquidity measures such as asset relief or funding liquidity
provision are significantly worse. The essay was published in an impact-factor journal Czech
Journal of Finance as Klinger, T., Teply, P. (2016): The Nexus Between Systemic Risk and
Sovereign Crises, Czech Journal of Finance, Vol. 66, No. 1, pp. 50–69.
The fourth essay takes our research further by calibrating the model to the real-world data
using a unique dataset put together from various sources and tested with various parameter
settings in Monte Carlo simulations. Our analyses yield the following key results: Firstly,
in the short term, all support measures improve systemic stability. Secondly, in the longer
run, the effects of state support depend on several parameters but still there are settings in
which it significantly mitigates the systemic crisis. The essay was published in a peerreviewed journal ACTA VSFS as Klinger, T., Teply, P. (2014): Modelling interconnections in
the global financial system in the light of systemic risk, ACTA VŠFS - University of Finance
and Administration, No. 1, pp. 64–88. Modified version of this essay was also published as
conference proceedings of Second International Conference on Electrical, Electronics,
Computer Engineering and Their Applications, Manila (Philippines) as Teplý, P., Klinger,
T. (2015): Monte Carlo Simulations: A Case Study of Systemic Risk Modelling, ISBN 9781-5108-0887-4.
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1 Bank capital regulation

Abstract
In this essay, we look at international banking regulation, particularly the capital adequacy
requirements known as the Basel Accords. We study the rationale for regulating the banks
and describe the evolution of the Basel Accords, including the newly presented measures
known as Basel III. The main conclusion is that the regulation is heavily shaped by the
banks themselves and does not always serve the best for protecting the financial system.

4
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1.1 Introduction
The 2008/2009 financial crisis pointed at the vulnerabilities and close interlinkag es of the
financial system. It left the world economy paralyzed and questioning the beliefs it had
held for at least three decades. The main concept put to question was banking regulation.
Since the current regulatory setting failed to prevent the financial crisis or mitigate the
subsequent downturn, there came increased demand for its adjustment, and the regulation
of banks became one of the most frequent topics in the financial as well as in the political
world. Hence, it is a very important subject and since the new regulatory standards known
as Basel III came out only very recently, it is also highly up-to-date.
The overall aim of this chapter is a thorough examination of banking regulation, connecting
the dots that led to the recent financial crisis, provision of better understanding of how the
mechanisms behind the regulatory measures work and drawing attention to the importance
of capital regulation. The chapter is structured as follows: in the first part, after a short
introduction of the basic concepts of banking, we will describe the changes that the banking
business had gone through in the period since the collapse of the Bretton Woods system
and state the main reasons for banking regulation, such as depositor protection and
systemic externalities. Subsequently, the second part focuses on the Basel Committee for
Banking Supervision and the Basel Accords, which are the main regulatory documents. We
will provide the description of the evolution from Basel I through Basel II to the newly
proposed Basel III along with the assessment of these documents. Finally, we will carry
out an institutional analysis of the forces shaping the form of the banking regulation.

1.2 The theoretical regulatory framework
In this part, we introduce the main reasons for bank regulation. Subsequently, a brief
overview of the policies before the end of the Bretton Woods system will be presented as
well as how the banking sector has evolved since. Finally, we close this part by introducing
the rationale for regulation to be on the cross-border basis.

1.1.1 Rationale for banking regulation
Dewatripont, et al. (1994) explains different views on bank regulation. We agree that the
answer does not lie solely in the individual functions such as asset transformation or
payment system provision. Although these activities are vital to the economy, they are not
more important than, for instance, food supply, cars or pharmaceuticals, sectors where the
5
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prudential regulation does not exist. Neither the sole existence of the deposit insurance
programs or state aid explains the case, 1 since the a priori banking regulation is caused by
the same reasons as the ex-post bail-outs. The truth is that the anticipation of government
support for banks in distress further amplifies the need for the regulation, since i t results
in moral hazard and excessive risk-taking, and the same holds for the deposit insurance. 2
However, the core reasons lie in the key two types of market failure - asymmetric
information and the existence of externalities.
1.1.1.1 Information asymmetries and representation hypothesis
Several authors stress that the regulation should be targeted to protect the individual
depositors, since there are differences in the information available to them and to the bank.
Information asymmetry arises when one party to a contract possesses a significant
informational advantage over the other party. Such situation is often linked with complex
products where the costs of monitoring and understanding the situation are substantially
high and especially for the financial products, their nature and intensity makes it a
significant issue (Schooner & Taylor, 2009), (Mishkin, 2004). The bank deposit is a
financial contract when the bank promises to return the depositor’s funds at any time she
demands them or at some fixed future date. However, the bank has much more information
for effective judgement on the probability of honoring such promise and it may happen
that either the bank will take deposits without any intention to repay them 3 or that it will
not be able to repay them because of financial problems. The depositors and creditors, on
the other hand, have little knowledge of the bank’s financial condition, mostly because
they do not know the structure of the bank’s assets and off-balance sheet items and cannot
verify their value. Furthermore, even if the information is available, very few depositors
possess the expertise to evaluate it and draw conclusions for their behavior.
The existence of asymmetric information then leads to two issues: moral hazard and
adverse selection. Moral hazard is a situation that arises when the counterparty has an
incentive to behave in such a way that it increases the risk of not honoring the contract.
For example, a bank may invest in excessively risky assets, because its management will

1

According to Dewatripont, et al. (1994; p. 30), it “puts the cart before the horse”.

2

An empirical study by Detragiache, et al. (2002) concludes that especially where the institutional environment is weak, expli cit
deposit insurance leads to bank instability.
3

Major scandal of this type was connected with the fraudulent Bank of Credit and Commerce International in 1980s.
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be better off when the investment is successful but most of the risk is borne by the depositor
when the investment becomes a failure. Adverse selection arises when the most undesirable
counterparty is selected, because it has the largest incentive to put effort in entering into a
contract, for example a bank in financial distress will be more eager to collect deposits or
take loans. Since this phenomenon makes bad loans more likely to occur, it can happen
that the lenders or depositors decide not to provide any loans to any banks, even to the
financially sound ones. 4 More on the asymmetric information and subsequent behavior of
banks and depositors as a rationale for the regulation of the banking system can b e also
found in Dewatripont, et al. (1994) where this phenomenon is presented as the
representation hypothesis.
1.1.1.2 Externalities and systemic risk
The regulation should be targeted to protect the entire system since there is a danger of
severe external costs resulting from failures of individual banks. Externalities are economic
benefits or costs that are not compensated or charged for and thus they are transferred to
the rest of system. The unique functions of the banking business, together with its
importance and network character, make it vulnerable to such costs and it can happen that
a failure of one bank triggers a process that results in huge losses either to other financial
institutions or to the whole economy. Although there are a diverse variety of ch annels that
can spread and amplify the losses, we will describe only the main ones.
The first type of externalities stems from the ever-rising interconnectedness of the financial
system. This issue is linked to payment systems, over-the-counter derivatives contracts and
extensive global interbank contracts, which result in very complex financial networks.
Even though the growing interconnectedness leads to better risk diversification and
smoother credit allocation, it also increases the potential of situations when a failure of one
institution results in an adverse shock to its creditors, who may potentially spread it further
in the next rounds when they fail themselves. Such situation is described in Brunnermeier,
et al. (2009b) with a basic, naive scheme of shock propagation which he calls a “Domino”
effect. Here 𝐵𝑎𝑛𝑘 𝐴 has borrowed from 𝐵𝑎𝑛𝑘 𝐵 who has borrowed from 𝐵𝑎𝑛𝑘 𝐶. When
𝐵𝑎𝑛𝑘 𝐴 defaults, then 𝐵𝑎𝑛𝑘 𝐵 suffers a loss. If the loss is too large to be covered by the
𝐵𝑎𝑛𝑘 𝐵’s capital, the shock spreads further to 𝐵𝑎𝑛𝑘 𝐶. Moreover, because of the financial

4

Classic case where the asymmetric information results in no trade is illustrated on the used car market in Akerlof
(1970).
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innovation, the banks are able to hide significant portion of their contracts on the off balance sheet and thus these risks are usually not known of until they materialize in a form
of a systemic crisis.
Figure 1.1: The “Domino” effect of financial contagion
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Source: Authors based on Brunnermeier, et al. (2009b)

Asset prices are another channel for the external costs to arise. Simulation studies show
that externalities stemming from interconnectedness materialize only assuming very large
shocks (Brunnermeier, et al., 2009b). However, if the asset prices are not fixed and banks
are not passive in their distress behavior, the situation further aggravates. Facing funding
difficulties, in order to keep certain level of equity-to-loan ratio or because of sheer panic,
banks begin to get rid of a portion of their assets. If, moreover, the balance sheet values
are not fixed by the book prices of the assets and they are marked to market, ther e is a
danger of asset price spirals (Klinger, 2011).
Figure 1.2: The “asset price spiral” effect during the boom and bust periods
Leverage adjustment

Stronger
balance sheets

B/S size
increase

Asset price boom

Leverage adjustment

Weaker
balance sheets

B/S size
reduction

Asset price decline

Source: Authors based on Brunnermeier, et al. (2009b)

Figure 1.2 demonstrates that, due to marking to market, in times of economic boom, banks’
balance sheets expand as prices increase. Keeping the loan-to-equity ratio constant, the
banks can purchase more assets, pushing their prices even higher. In an economic
downturn, this mechanism gets reversed and the shrinking balance sheets with eroded
equity force the banks to sell parts of their assets and use the funds to repay their

8
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obligations. As the price is declining, mainly with the whole financial secto r acting in a
synchronous manner, this leads to huge spill-over losses. The systemic risk, represented
mainly by the interconnectedness and spill-over externalities, does not pose danger only to
banks and other financial institutions. Due to the vital importance of the financial system
to the real economy, the costs are likely to spread to other businesses and individuals, and
result in losses of economic output. This danger is also taken as a reason for state bail -outs
which ultimately transfer the costs from the banks to the taxpayer.

1.2.1 Banking system evolution
From the end of World War II until the end of 1970s, the financial system was heavily
regulated. This was caused partly by the regulatory responses to the Great Depression, and
partly by the Bretton Woods system. There were such as the Glass-Steagall Act in the US
and several similar concepts in the rest of the world, which separated commercial banking
and investment banking. Also, the cross-border capital flows were restricted by exchange
controls, and banks were required to hold certain minimum reserves. In addition, in order
to ensure the stability of the banking system, the governments prescribed fixed interest
rates for which the banks collected the deposits and provided loans and usually the spreads
between these two rates were rather wide. For these reasons, the business model of the
banks was said to be the 3-6-3 rule: The bankers collected deposits at 3% interest rate, lent
them at 6% and were on the golf course by 3 in the afternoon (Schooner & Taylor, 2009).
In other words, the banking business was relatively simple and safe.
However, with the collapse of the Bretton Woods system and the process of the European
integration, the deregulation began and the restrictions were being removed and the
character of the banking business was on its way to change. Because of the deregulation
of currency transfers, capital was allowed to flow freely across borders and the banks ‘
cross-border operations increased more than twenty fold over the next two decades. The
system experienced a wave of banking consolidations. Securitization, i.e. production of
loans repackaging them and selling them on the secondary markets, helped to heavily
leverage the banks and derivatives took risky positions off the balance sheets. Such
development has led to increased systemic risk (Klinger, 2011). With the international
capital flows and global financial products, the system became much more interconnected
and complex. Banks’ balance sheets grew with the new funding possibilities pushing their
leverage to unsustainable values. Even though the small, more risky banks partly

9
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disappeared because of the competitive pressure, the remained ones pose much greater
threat to the system should they fail. Finally, because of the opaque bilateral contracts, it
became very hard for an outsider, even a regulator, to map the interlinkages in the financial
sector. Even though many of these dangers came to the surface during the 2008 financial
crisis, the banking system so far has remained very similar.
1.2.1.1

International regulation

Although until 1970s, the banks were subject to stringent regulation, it was exercised
almost solely on the national level with each government setting its own rules. While this
concept was possible during the Bretton Woods system, the increasing international
operations of banks and the emergence of multinational banks with multiple subsidiaries
across the world implied the need for worldwide coordination of the regulatory policies.
Dale (1994) presents three main reasons for the post-1970s banking system to be regulated
internationally:
1. Because of the new international structures the banks can form, it is necessary to
understand which authority should be responsible for regulation of which banks .
Otherwise, a bank may manage to evade regulatory attempts of all countries of its
operation.
2. Since the national banking sub-systems are closely linked together in the
international interbank market, there is a risk that one country would be adversely
affected by problems originating elsewhere.
3. The incentives to support domestic banks may lead to decreasing the regulatory
burden in individual countries. This may put the other jurisdictions in danger and
their banks in a competitive disadvantage, and it can even lead to a race to the
bottom, when the competition of regulatory authorities would result in global underregulation.

1.3 Basel Accords
1.3.1 Banking regulation before the global crisis
In this part, we will focus on the Basel Committee on Banking Supervision and its main
prescriptions for the banking regulation before the 2008 crisis, namely the Basel I and

10
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Basel II accords. After a short description, we will examine the aspects of the first two
Basel accords and their problems which surfaced in the recent financial crisis.
Figure 1.3: Timeline of the Basel accords

Source: Authors inspired by Teplý (2010c)

1.3.1.1

The Basel Committee on Banking Supervision

After the Bretton Woods collapse, it did not take long time for the new types of
international risks to manifest. On June 26, 1974, due to large losses on foreign exchange
operations, German Bankhaus Herstatt was deprived of its banking license. Due to the
time-zone difference between Germany and New York, when the Herstatt bank was closed
by the German regulators, it was a middle of the trading day in New York. Since most of
the Bankhaus Herstatt’s counterparties were located in New York and these banks still had
not settled the accounts with the German bank, they were exposed to losses accounting for
a half-day trading. This regulatory failure caused panic and the prices for interbank credit
and foreign exchange soared in the days to follow (BCBS, 2004a).
As a recognition of the new situation that arose in banking business and in response to the
Bankhaus Herstatt failure, the central-bank governors of the Group of Ten countries
established the Committee on Banking Regulations and Supervisory Practices, now known
as the Basel Committee for Banking Supervision (BCBS). Initially designed to “close gaps
in the supervisory net”, it serves as a common forum for cooperation and coordination of
its member countries regarding banking supervision, and is engaged in three main areas of
action (BCBS, 2009, p.1):
1. Information exchange on national supervisory arrangements,
2. Improvement of techniques for the international supervision,
3. Setting minimum regulatory standards in areas when they are considered desirable.
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According to the BIS Factsheet, there are 27 members of the Committee, 5 each represented
by its central bank and also by the institution responsible for prudential banking regulation
if this is not the central bank. The first meeting was scheduled in 1975 and since then the
committee holds three or four meetings a year (BCBS, 2009). The committee is not a formal
international institution: it does not have permanent staff and the results of its activities do
not automatically come into force as international laws. Nevertheless, it releases
documents on recommendations, guidelines, and best practices for supervision of
internationally active banks (Tarullo, 2008). These documents are then often transferred
into the national laws and have become the regulatory standard for worldwide international
banking.
The first document prepared by the committee was the 1975 Basel Concordat that
establishes joint responsibility of home and host authorities for regulation of international
banks. The committee also developed the Core Principles for Effective Banking
Supervision, which is a set of best practices providing a comprehensive description of
standards that can be used for implementation or assessment of banking regulation in the
individual countries (BCBS, 2006a). Nonetheless, the most important documents published
by the Committee are the Basel Capital Accords, which will be discussed further in this
text.
Bank capital

1.3.1.2

As already mentioned, the bank capital serves as a cushion that absorbs the expecte d and
unexpected losses and prevents them from being transferred to the rest of the system.
Although under the assumption of perfect markets, it does not matter whether the banks
are funded by equity or debt (Modigliani & Miller, 1958); in reality it is profitable for them
to hold much lower capital levels than would be socially desirable. The reasons are
twofold:
1. Debt has significant tax advantages because the interest paid to the creditors is tax deductible, while the dividends paid for the stakeholders are not (Sinkey, 2002).
Even though higher levels of debt are linked with higher bankruptcy costs, which

5

The list includes Argentina, Australia, Belgium, Brazil, Canada, China, France, Germany, Hong Kong SAR, India,
Indonesia, Italy, Japan, Korea, Luxembourg, Mexico, Netherlands, Russia, Saudi Arabia, Singapore, South Africa,
Spain, Sweden, Switzerland, Turkey, United Kingdom and United States. (BCBS, 2011b)
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may balance the advantages of debt financing to some point, the banks’ shareholders
have limited liability and its managers even more so (John, John, & Senbet, 1991).
The capital structure optimization thus usually results in severe undercapitalization.
2. In most countries, there exists a certain form of deposit insurance, an institute of
lender of last resort and high probability of bail-outs for banks that are too big to
fail. Because of such safety nets, the risk perceived by the depositors and creditors
is lower than would be in the case of no intervention. Since the confidence in a bank
is positively affected by its net worth as well as by the government guarantees
(Mejstřík, Pečená, & Teplý, 2009), the higher the guarantees, the less capital the
banks need to hold for not losing the trust of their counterparties and the public.
When looking into the past, we see that on average, the capital ratios had been declining
until the end of the Second World War and then, under heavy regulation and the Bretton
Woods system, they started to rise again. Nevertheless, with mounting competitive
pressures resulting from the 1970s and 1980s deregulation, the banks’ margins started to
decrease. Subsequently, the banks were trying to raise revenues by lending more while the
level of capital on their balance sheets remained fixed or even declined (Tarullo, 2008).
Therefore, the capital ratios of the main international banks were deteriorating and as we
can see in Figure 1.4, the largest, internationally active banks were leading the way.
Figure 1.4: Declining capital ratios: example for the US banks

Source: Authors based on Tarullo (2008)

1.3.1.3

Basel I

In response, around 1980s, the individual BCBS member countries started to introduce
measures to keep a certain level of capital ratios of their domestic banks. Also, these
usually were not simple leverage ratios, but their computation involved assigning weights
to assets according to the risks they featured. In 1988, these efforts were put together in a
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form of a common framework for capital regulation, which was introduced by the
Committee as the Basel I Accord which was to be implemented until the end of 1992.
1.3.1.3.1 Basel I capital requirements
BCBS (1988) set the capital adequacy ratio as the central concept of bank regulation, which
all internationally active banks should have been required to maintain, and which can be
summarized into a simple formula:
(𝐶𝐴𝐷𝑇𝑜𝑡𝑎𝑙 =

𝑇𝑖𝑒𝑟 1 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 + 𝑇𝑖𝑒𝑟 2 𝐶𝑎𝑝𝑖𝑡𝑎𝑙
≥ 8%)
𝑅𝑊𝐴
𝑇𝑖𝑒𝑟 1 𝐶𝑎𝑝𝑖𝑡𝑎𝑙
∧ (𝐶𝐴𝐷𝑇𝑖𝑒𝑟1 =
≥ 4%),
𝑅𝑊𝐴

There, 𝐶𝐴𝐷𝑇𝑜𝑡𝑎𝑙 and 𝐶𝐴𝐷𝑇𝑖𝑒𝑟1 stand for the capital adequacy ratios prescribed by the
regulation, 𝑇𝑖𝑒𝑟 1 and 𝑇𝑖𝑒𝑟 2 are two different types of capital and 𝑅𝑊𝐴 stands for the sum
of risk-weighted assets. It also holds that
𝑛

𝑅𝑊𝐴 = ∑ 𝑤𝑖 𝐴𝑖 ,
𝑖=1

where 𝑤𝑖 stands for the weight of 𝑖-th asset 𝐴𝑖 in the total portfolio of 𝑛 assets. The weights
are assigned according to the credit risk of the borrower by fixed rules. For example,
government bonds or cash have zero weight. On the other hand, claims on the private sector
are weighted by 100%.
As to the capital classification, Tier 1 consists mostly of equity and disclosed reserves and
it is used as the main measure by the regulators, while Tier 2 describes less reliable items
such as undisclosed reserves, loan-loss provisions or subordinated term debt. A closer
definition of the two categories of capital and also a list of types of assets and their
respective risk weights can be found in the original document (BCBS, 1988).
1.3.1.3.2 Basel I shortcomings
From the outset, this relatively simple rule was criticized for several deficiencies that
include:
1. The capital ratio is too simplistic and it is not an outcome of too much scientific
analysis but rather of a political discourse. Also, the risk weights are set by intuition
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in the best case; or even according to the pressure of politically powerful groups in
the worst case (Benston, 1998 in Schooner, et al., 2009).
2. The risk weighting categories are too broad, which incentivizes the banks to
perform regulatory arbitrage, i.e. replacing the assets that have relatively
overvalued risk weights with the ones that are in the same category but are relatively
more risky (Schooner & Taylor, 2009). Because of this risk-shift, the level of capital
in the banking system was again beginning to decline.
3. Basel I also did not address other types of risk. Although historically, credit risk is
the main type of risk in banking, mostly with the fluctuating interest rates and the
banks’ involvement in market activities, it was necessary to regulate the area of
market risk as well. This was partly addressed in 1996, when the Basel I was
amended with measures for market risk measurement and regulation. For market
risk calculation, the banks should have used models using value-at-risk (VaR),
which is the maximum expected loss on a portfolio at a specified confidenc e level
over a given holding period (Mejstřík, Pečená, & Teplý, 2009).
Moreover, in the late 1990s, the banks themselves commenced their lobby for change. The
bankers were complaining about the differences between the assigned risk weights and the
actual risks and arguing that the risk management techniques had improved significantly
since the introduction of Basel I.
1.3.1.4

Basel II measures

The revision process of the Basel Accord started in 1999 and lasted five years. Finally, in
2004 it resulted in the new Basel II which was to be implemented by 2007 (BCBS, 2004b).
In contrast to Basel I which is about 25 pages long, the new document accounts for full
239 pages and thus its detailed description is out of scope of this chapter. We will illustrate
only the basic facts, full description can be found either in the Accord itself (BCBS, 2004b)
or in Schooner, et al. (2009) or Tarullo (2008). The regulation is divided into three sections
called pillars whose description we provide.
1.3.1.4.1 Pillar I: Minimum capital requirements
The first pillar, which contains the capital requirements, is the most similar one to Basel I.
The Tier 1 and Tier 2 capital definitions remain the same, as well as the minimum ratios of
4% and 8%. What changes significantly is the definition of risk weighted assets, i.e. the
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denominator of the ratio, which now involves credit risk, market risk and newly also
operational risk measures.
𝐶𝐴𝐷𝑇𝑜𝑡𝑎𝑙 =

𝑇𝑖𝑒𝑟 1 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 + 𝑇𝑖𝑒𝑟 2 𝐶𝑎𝑝𝑖𝑡𝑎𝑙
≥ 8% ,
𝐶𝑟𝑒𝑑𝑖𝑡 𝑟𝑖𝑠𝑘 + 𝑀𝑎𝑟𝑘𝑒𝑡 𝑟𝑖𝑠𝑘 + 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑟𝑖𝑠𝑘

As has been mentioned, the market risk measures have been amended to Basel I in 1996
and do not change in Basel II. The credit risk measures, on the other hand, w ere modified
significantly to allow for better risk sensitivity and the operational risk measure is a
completely new concept. As to the credit risk regulation, instead of five broad categories
of assets which were assigned fixed risk weights under Basel I, the new accord allows for
two basic options (BCBS, 2001).
1. A standardized approach assigns the risk weights according to the external ratings
provided by rating agencies
2. An internal rating based (IRB) approach allows for usage of internal credit
assessment models, subject to strict supervision of methodological and disclosure
standards. This approach further allows for two options according to the extent of
the banks’ participation on determining the value of risk-weighted assets:
a. the “foundation” IRB approach, where the banks determine the probabilities
of default and the other inputs are provided by the regulator,
b. the “advanced” IRB approach, where the risk calculation is solely the banks’
responsibility and the regulator only validates the calculation process.
Regarding the measures for operational risk, the banks can again choose among more
options, varying from the most standardized Basic Indicator Approach where the capital
requirement is calculated as a 15% fixed percentage of gross income, to Advanced
Measurement Approach, where the capital charge is calculated by the bank itself. However,
as with the credit risk measures, the methods used for calculation need to meet certain
standards and are reviewed by the regulator (Mejstřík, Pečená, & Teplý, 2009).
1.3.1.4.2 Pillar II: Supervisory review
The extended involvement of banks’ internal processes demanded the regulators to change
the approach to banks supervision. Instead of simply prescribing the rules and checking
the capital levels, it is necessary to examine how well the banks assess risks. The second
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pillar defines the process of dialogue between the banks and the regulators and comprises
of four main principles (BCBS, 2004b):
1. Banks should have a process for assessing their capital adequacy in relation to their
risk profile.
2. Supervisors should review and evaluate banks’ internal capital adequacy
assessments and strategies, as well as their ability to monitor and ensure their
compliance.
3. Supervisors should be able to intervene if they are not satisfied with the result of
this process, they should expect banks to operate above the minimum regulatory
capital ratios and they should have the ability to require banks to hold capital in
excess of the minimum.
4. Supervisors should seek to intervene at an early stage to prevent capital from falling
below the minimum levels.
1.3.1.4.3 Pillar III: Market discipline and transparency
Providing enough information is necessary to ensure that the market participants can better
understand the risk profiles of individual banks and adequacy of their capital positions.
Therefore, the third pillar aims to strengthen the market discipline through enhanced
disclosure by banks which is required in several areas, mostly comprising the b anks’
methods for risk assessment and capital adequacy calculation (BCBS, 2001). Although the
core set of requirements in the second and third pillars apply to all banks, it is clear that
the rules ought to be more demanding for the banks using the internal approaches for risk
assessment.
1.3.1.5

Failures of Basel II

Despite its complexity, Basel II did not succeed in fulfilling its main proclaimed goal:
ensuring stability of the banking system. On the contrary, in some aspects it can b e even
thought of as one of the reasons of the financial crisis of 2008. On the following lines, we
will introduce the main aspects in which Basel II was, and still is, criticized.
1.3.1.5.1 The IRB approach as a risky benefit for large banks
Firstly, the existence of several possible approaches to calculation of capital requirements
means that there is no common ground on which the capital requirements may be compared
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among banks. While the standardized approach does not differ too much from Basel I, the
IRB approach involves processes that are more complex and more difficult to control by
the regulators, and that provide more space for the large banks to shape their capital
requirements according to their Leeds (Klinger, 2011). Nevertheless, even without
choosing the models that are explicitly bad, for some institutions, Basel II meant looser
regulation. According to QIS-5 (BCBS, 2006b)6, for the large banks using the advanced
IRB approach, the capital requirements would fall on average by more than 26%, while the
smaller ones using the standardized approach would experience an increase of 1.7%.
Figure 1.5: QIS-5 results for Basel II

Source: Authors based on BCBS (2006b)

Second, the eligibility criteria for using the IRB models are designed so that only a small
number of the largest banks were able to meet them. Since the IRB approach enables banks
to lower their capital requirements, it puts the smaller banks into competitive disadvantage,
deforms the market and further increases the market share of the large banks (Lall, 2010).
Because the large banks are the ones who hold comparatively lower capital ratio levels,
the circle closes and leaves the system vulnerable and severely undercapital ized.
1.3.1.5.2 Naive risk assessment models
The events of 2008 showed that the models used for the assessment of credit and market
risk are flawed in their very assumptions. Firstly, the calculation of risks relies to a large
extent on historical data. However, given the pace of financial innovation and introduction
of new products, the data samples were often too small and the historical information on
these products’ performance was a poor indicator of the losses to come. Secondly, most of

The abbreviation stands for “Quantitative Impact Study“. These documents are prepared by the Basel Committee
usually for assessment of the impact of newly proposed measures on the banks’ capital adequacy.
6
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the models for market and credit risk calculation assume that the losses on individual assets
are independent events. However, during the recent financial downturn, assets among
which no correlations were anticipated became correlated, which resulted in much larger
losses than expected by the models (Lall, 2010). As the Goldman Sachs´ Chief Executive
Officer put it after the crisis, “[i]n the past several months, we have heard the phrase
“multiple standard deviation events” more than a few times. If events that were calculated
to occur once in 20 years in fact occurred more regularly, it does not take a mathematician
to figure out that risk management assumptions did not reflect the distribution of the actual
outcomes. Our industry must do more to enhance and improve the scenario analysis and
stress testing”(Blankfein, 2008).
Partly, these problems might have been anticipated. Particularly the utilization of VaR
models, which has been a part of the Basel accords since the introduction of market risk
measures into Basel I, could have been well tested on the data from e.g. the Asian Crisis
of 1997 or the Brazilian Crisis of 1994-98.
1.3.1.5.3 Procyclicality
Basel II is also often criticized for its procyclicality, i.e. reducing capital requirements
during boom times and raising them during a downturn. In recession, as the perceived
quality of the held assets is declining, the need for regulatory capital increases. This holds
for credit risk as well as market risk.
1. Rising probabilities of default calculated by the internal models and declining
ratings used by the standardized approach result in decline in the banks’ credit
willingness. As the banks begin to deleverage, the liquidity in the system suddenly
falls and the sources of funding that were previously taken for granted drain out,
which further worsens the economic conditions. Moreover, this mechanism may be
amplified by liquidity spirals as modelled in Brunnermeier, et al. (2009a).
2. When the banks reach the limit of minimum capital requirements, they face two
possibilities: seek additional sources of funding or sell certain part of their portfolio,
usually the more risky one. In adverse financial conditions when the funding
possibilities are scarce, the banks choose the latter option, which results in asset
fire sales. Not only does this push the asset prices down but it also leads to
destabilization of financial markets, as modelled in Hermsen (2010).
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1.3.1.5.4 Low capital requirements related to certain assets
One of the priorities of Basel II was to stop the regulatory arbitrage that the banks
performed via moving their assets to off-balance sheets by securitization. For this reason,
the BCBS proposed to assign the capital requirements linked to individual securitization
tranches according to external ratings. However, after an intense lobby, in the final version
of the accord, for the banks using the IRB approach, most of the requirements were
dramatically reduced (Table 1.1).
Table 1.1: Proposed and final risk weights for individual tranches of asset-backed securities
Originally proposed in 1999

Finally appeared in Basel II in 2004

External rating

Risk weight

External rating

Risk weight

AAA to AA-

20%

AAA

7%

A+ to A-

50%

A+

12%

BBB+ to BBB-

100%

BBB+

35%

BB+ to BB-

150%

BB+

250%

B+ or below

deducted from capital

below BB-

deducted from capital

Note: The risk weights were lowered for the IRB banks only. Banks using the standardized approach had
to follow the risk weights as originally proposed. The ratings are according to Standard & Poor’s
methodology.
Source: Authors based on BCBS (1999) and BCBS (2004b)

Because of these tiny risk weights, after 2004, the banks began to use the off-balance sheet
instruments in large quantities to lower the required capital. Asset-backed securities rose
from 7% of US GDP in March 2004 to an 18% in June 2007, which was a larger increase
in the three years after the publication of Basel II than in the entire previous twenty years.
When the related risks began to materialize in 2007/2008, it became clear that this measure
had created incentives for the banks to securitize the exposures and distribute them into
the market rather than keeping them on their balance sheets, where the related risks would
be much easier to observe and control (Lall, 2009). Similar fate met the trading book
regulation. Initially, the Basel Committee planned for an additional capital charge to cover
the various risks associated with credit derivatives. However, the industry pressure again
resulted in severe undercapitalization of this area (Lall, 2010).

1.3.2 Regulation after the crisis and beyond
In this part, we will introduce the new capital framework known as Basel III. After the
description of its contents, we will analyze the institutional background of the Basel
processes, and what impact it has on Basel III. Finally, we assess the outcomes of the new
measure and provide certain alternative approaches.
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1.3.2.1

Basel III measures

As mentioned above, the deficiencies of Basel II surfaced during the financial turmoil
which was triggered by the American sub-prime mortgage market, and which led to several
bank bankruptcies and billions of dollars of world-wide state aid to the banks. The Global
Financial Crisis shook the foundations of the regulatory system when it showed that the
prudential requirements, which were supposed to protect the financial system against a
catastrophic meltdown, spectacularly failed (Schooner & Taylor, 2009). In response, after
several adjustments of the Basel II framework concerning securitization and the trading
book and after several Consultative documents 7 on the new capital accord, on December
16, 2010, the Basel Committee published the final version of Basel III. Comprising two
key documents, (BCBS, 2010a), which states the capital requirements and (BCBS, 2010b),
which describes the new measures regarding the banks’ liquidity, the accord aims to
“improve the banking sector’s ability to absorb shocks arising from financial and
economic stress, whatever the source, thus reducing the risk of spillover from the financial
sector to the real economy“ (BCBS, 2010a). Basel III brings new measures in several key
areas, which will be examined more closely below. These are capital quality, capital
quantity, restriction of leverage and liquidity requirements.
1.3.2.1.1 Capital quality
The new regulatory framework introduces changes in the structure of the required capital
base in order to improve its quality, consistency and transparency (BCBS, 2010a). As an
answer to the crisis which demonstrated that the most important capital reserves are the
retained earnings and common shares, the banks will have to deduct goodwill, general
intangibles and some investments in other financial institutions from common equity. This
will increase the amount of common equity they will be required to hold. In addition, there
is a requirement for deduction of deferred tax assets from the capital base, which is a
convenient measure since the banks in crisis with no or extremely low incomes do not have
to pay the income tax and thus they have nothing to subtract the DTAs from.
According to the recent Basel III Quantitative Impact Study, these changes in capital
definition will affect all types of capital across all banks, but the impact on internationally

7

The consultative documents are proposals published by the BCBS in order to receive comments from the local
authorities, banks and other companies in the industry. These comments are then taken into account in preparation of
the final accord.
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active banks from Group 1 will be much stronger. The main drivers of the capital levels
decline are deductions of goodwill and deferred tax assets (BCBS, 2010c).
Figure 1.6: Changes in capital levels according to QIS

Note: On y-axis, there is a percentage change in the capital levels after full introduction of Basel III.
Group 1 banks are those that have Tier 1 capital in excess of €3 billion, are well diversified, and are
internationally active. All other banks are considered Group 2 banks.
Source: Authors based on BCBS (2010c)

1.3.2.1.2 Capital quantity
As to the basic capital requirements as we know them from the previous accords, the Tier
1 capital ratios have also been increased. Common Equity Tier 1 capital requirement was
raised from 2% to 4.5% and Tier 1 capital requirement from 4% to 6% of risk-weighted
assets, while the total capital requirement stayed at 8%. In addition to the adjustment of
these standard requirements, there are two buffers further increasing the banks ’ need to
raise capital, and also there is a proposal of additional requirement for systematically
important financial institutions (SIFIs).


The banks will need to hold a Capital Conservation buffer of 2.5% of risk-weighted
assets, which is a “softer” requirement that does not have to be met at all times.
However, when the banks do not hold this capital reserve, their ability to spend their
retained earnings by paying off bonuses to the management and dividends will be
limited until the banks return to full compliance.



The countercyclical buffer goes even further and addresses the criticism of procyclicality of Basel II by building up an additional capital reserve in times when
the risks of system-wide stress are growing. In periods of excess credit growth, the
national authorities can introduce a capital requirement which will vary between
zero and 2.5% of risk-weighted assets. This reserve may then be used in the periods
of stress (BCBS, 2010a).
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The requirements for SIFIs are an attempt to internalize the externality of a possible
failure of large, systematically important banks by enhancing their loss-absorbing
capacity beyond Basel III requirements. Although the form of this new regulation
is yet to be introduced, it is expected that this measure will entail further capital
charges (Hannoun, 2010).

Table 1.2: Individual capital requirements of Basel III
Measure

Core
Tier 1

Total
Tier 1

Total
Capital

Basic capital
requirements

4.5%
(2%)

6% (4%)

8% (8%)

Capital
Conservation
buffer

2.5% (0%)

Countercyclical
capital buffer

0%-2.5% (0%)

Additional
requirement for
SIFIs

To be determined by the BCBS
(0%)

Notes
Core Tier 1 represents the highest form of loss absorbing
capital (share capital and retained earnings).
Must comprise common equity, bringing total common equity
requirement to 7%.
Determined by national supervisors depending on local
circumstances.
Still under consideration at the global level. Expected to be
set in the region of an additional minimum possibly 5% for
global SIFIs and 2-3% for domestic SIFIs, as a combination
of common equity and contingent capital.

Note: The ratios required under Basel II are in the brackets
Source: Authors based on BCBS (2010c)

The new Basel III accord also addresses the issues of low risk weights, especially for
securitizations and OTC derivatives including:


The models will be required to use stressed inputs, i.e. calculate the capital
requirements according to historical data of a 12-month period of stress situation.
This period (i.e. 2008 would be a good example) must be approved by the regulator.



The capital requirements for the risks connected to securitization will be increased,
with certain lower-rated securitization exposures obtaining an overwhelming
1250% risk weight. Also, higher collateral haircuts will be introduced (BCBS,
2010a).



Basel III also introduces measures for mitigating counterparty credit risk, i.a. higher
charges for bilateral OTC exposures and zero charge for the derivatives traded
through the central counterparty.

When adding up all those requirements, we arrive at a significant amount of capital that
will be needed compared to Basel II. A question arises: What will be the cost of the new
regulation? The answers differ across the industry; some stress the negative impact on
economic recovery and economic growth due to higher credit costs, others are expressing
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concern whether the new rules are stringent enough. We will examine the differing views
in the next parts of the chapter.
Figure 1.7: Capital ratios according to QIS

Note: Group 1 banks are those that have Tier 1 capital in excess of €3 billion, are well diversified, and
are internationally active All other banks are considered Group 2 banks.
Source: Authors based on BCBS (2010c)

Figure 1.7 depicts banks’ compliance with the Basel III basic capital requirements
according to QIS. As we can see in Table 1.3, after introducing the new capital definition
and asset risk-weighting, all the basic current capital ratios decline. When we add the
Capital conservation buffer, a median Group 1 bank will find itself under the minimum
required level of CET1.
Table 1.3: Comparison of basic Basel II and Basel III capital ratios according to QIS

CET1

Tier 1

Total

Basel II

Basel III

Basel II

Basel III

Basel II

Basel III

Group 1

11.1

5.7

10.5

6.3

14.0

8.4

Group 2

10.7

7.8

9.8

8.1

12.8

10.3

Source: Authors based on BCBS (2010c)

1.3.2.1.3 Leverage Ratio
Another issue revealed by the past two years is that for some assets, in recession, the risk
weights can become irrelevant. That is why there is a new requirement for a simple non risk-based leverage ratio of 3%, calculated as Tier 1 capital over the bank’s total assets,
off-balance sheet exposures and derivatives (Hannoun, 2010). Such simple rule ensures
that even when the risk weights on individual assets fail, the impact is not as disastrous.

24

Tomas Klinger – Dissertation [DRAFT version as of 11 March 2016 for Pre-defence]
Figure 1.8: Leverage ratio according to QIS

Source: Authors based on BCBS (2010c)

According to the QIS, approximately 42% of the Group 1 banks and 20% of the Group 2
banks in the sample would have been constrained by this measure as of December 31, 2009,
assuming the new definition of Tier 1 capital. On average, the large banks’ ratio in 2009
was 2.8% with some of them even deeper below (BCBS, 2010c).
1.3.2.1.4 Liquidity measures
As a response to the recent crisis, Basel III adds into its portfolio of regulatory measures
also liquidity requirements. The banks will have to maintain certain amount of assets that
can be quickly transformed into cash to cover sudden cash outflows when there is a need
for source of financing quicker and cheaper than can be found in the inter-bank market.
Table 1.4: Liquidity requirements under Basel III
Formula

Measure
Liquidity
Coverage
Ratio
Net
Stable
funding
ratio

𝐿𝐶𝑅 =

𝐻𝑖𝑔ℎ 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑎𝑠𝑠𝑒𝑡𝑠
≥ 100%
30 𝑑𝑎𝑦 𝑛𝑒𝑡 𝑐𝑎𝑠ℎ 𝑜𝑢𝑡𝑓𝑙𝑜𝑤𝑠

𝑁𝑆𝐹𝑅 =

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑠𝑡𝑎𝑏𝑙𝑒 𝑓𝑢𝑛𝑑𝑖𝑛𝑔
≥ 100%
𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑠𝑡𝑎𝑏𝑙𝑒 𝑓𝑢𝑛𝑑𝑖𝑛𝑔

Notes
“High-quality liquid assets” are those assets that can be
easily and immediately converted into cash at little or no
loss of value.
“Stable funding” is defined as the portion of those types
and amounts of equity and liability financing expected to
be reliable over a one-year time horizon under
conditions of extended stress.
The amount of such funding “required” is a function of
the liquidity characteristics of various types of assets
held, on or off the balance sheet.

Source: Authors based on BCBS (2010b)

Basel III regulates the liquidity risk by two measures, the Liquidity Coverage Ratio and
the Net Stable funding ratio. While the first one is a requirement to keep cash reserves that
could finance at least the first 30 days of a liquidity crisis, the second one requires having
stable refinancing options available for the assets that cannot be turned quickly into cash.
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Figure 1.9: LCR and NSF ratios according to QIS

Source: Authors based on BCBS (2010c)

When looking at the QIS, we see that in 2009, the large banks’ ratios for both the liquidity
measures were on average under the required 100%. Particularly the Net Stable Funding
Ratio is highly controversial and has often been the target of the industry’s complaints.
From the regulatory point of view, this measure tackles the banks’ overreliance on
wholesale markets, which can turn into a serious problem in the periods of liquidity stress.
The banks, on the other hand, believe that the little gain in systemic safety cannot outweigh
the cost of changes to their business models (Elliott, 2010). That is why there is a rather
long period of observation (the rules are to be fully implemented in 2018) and the
parameters can be subject to further calibration.
1.3.2.1.5 Basel III implementation
Table 1.5: Implementation dates of individual Basel III measures
Group

Measure

Capital
quality

Capital deductions

Capital
quantity

Leverage
Liquidity

Implementation begins

Implementation ends

2013

2022

Core Tier 1 ratios

2013

2015

Market risk and
securitization

2012

2012

Counterparty credit risk

2013

2013

Conservation buffer

2016

2019

Leverage ratio*

2013

2018

Liquidity coverage ratio*

2013

2015

Net stable funding ratio*

2014

2018

Note: The measures denoted with asterisk are subject to observation period and may be recalibrated.
Source: Authors based on BCBS (2010a) and McKinsey&Company (2010)

None of the aforementioned measures will come into force immediately - the Basel III
requirements will be phased in over a period at least until 2019. There is an implementation
plan for the individual parts of Basel III to be put into force by the national regulators and
also there will be observation periods dedicated to potential recalibration of certain
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parameters. Table 1.5 shows the implementation schedule is rather loose. Although the
risks related to securitization will be reassessed with higher risk weights already in 2012,
most of the measures will be introduced no sooner than January 2013. The capital ratio
timeline shows that the adjustments for CET1 ratio will be in full force in 2015, whereas
the one for Tier 1 capital will not reach its target level even until 2019.
Figure 1.10: Implementation timeline of individual capital ratios

Source: Authors based on KPMG (2010a)

Moreover, since the Basel Accords are only sets of standards and principles, it is not certain
whether Basel III will be transposed into national law of all the individual Basel Committee
member states within the planned deadline and some countries may even choose not to
implement it at all. On the other hand, the Declarations of G20 summits indicate that the
proposed regulation still has its full support 8 and also the EU will implement Basel III in
its new Capital Requirements Directive (Clifford Chance, 2010).
1.3.2.2

Institutional background and implications for Basel III

Not only may the regulation fail in its outcomes as we have seen in the case of Basel II; it
may even be the underlying incentives and processes that are flawed. On the following
lines, we first provide insight into the negotiations and lobby behind the creation of the
first two Basel accords and we describe the process behind Basel III.
We have indicated several times before that the international regulation is rather a political
issue than a technical one. Barth, et al. (2005) states that, in a broader context, it is
performed in an environment of political, legal, cultural and technological forces, and it

8

See the declarations of G20 Summits in Seoul (G20, 2010a; p. 8) or Toronto (G20, 2010b; pp. 4, 15-17).
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involves a sequence of agency problems and interest group pressures. Although this
scheme is rather simplified, the crucial point is that it is not possible to study banking
regulation without considering the motivation of those who set and implement the policies.
Figure 1.11: Banking regulation framework

Source: Authors inspired by Barth, Caprio, & Levine (2005)

Figure 1.11 depicts several interest groups connected together in a chain of agency
relationships. At the heart of the problem, there are three subjects, each with very different
objectives:


The banks seek to maximize profits while managing risks, notably the credit risk
arising from the selection of borrowers, and control whether they behave
responsibly. The banks are also trying to shape the regulatory environment by lobby,
corruption, and also by influencing the public opinion via the channel of media.



Regulators’ main objective is to create standards, rules and enforcement measures
that ensure that the banks behave in a way that does not threaten the stability of the
system and lead to external costs. However, their decisions are being influenced not
only by the incomplete information the banks provide but also with personal
connections, offers of jobs and other benefits (Barth, Caprio, & Levine, 2005).
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Moreover, although the regulators are not politically accountable, they may try to
expand their power by increasing complexity and extent of the regulation. 9


In order for the politicians to meet their objective of getting re-elected, they need
to respond to potential public demand for regulation via controlling and influencing
the work of the regulators and supervisors. Clearly, politicians not always pursue
the public interest. They are also often dependent on donations and financing by the
banks so they have to listen to their needs. Moreover, the politicians can be
influenced by the borrowers who lobby for favorable regulatory policies. Whom the
politicians listen to the most depends largely on the current stage of the political
cycle.

Because of the strong lobby by the banks, the processes behind the Basel accords creation
and implementation are sometimes regarded as regulatory capture whereby the large banks
with enough influence seize the procedure and turn it into their advantage. The best
description of such situation can be found in Lall, (2009), Lall (2010) or Tarullo (2008)
and the following analysis draws mainly on these works. The examples of the regulatory
capture begin right with Basel I. In 1983, the US Congress imposed capital requirements
on US banks in order to prevent future needs for expensive state aid. The American banks
complained that it would put them into competitive disadvantage, mostly compared to
Japanese banks, whose market share grew rapidly and who were not required to hold suc h
high capital levels. In response to fierce lobby, American regulators put lots of effort into
international negotiations which resulted in a common framework for capital regulation
and which increased US banks’ competitiveness.
In addition, we have already mentioned that the negotiations on Basel II commenced
mainly because of the large international banks’ complaints about the relevance of the
specified risk categories of assets. The changes in regulation originally seemed well intended, with set of strong objectives, as we can see in Table 1.6. However, after the six
years of preparations and pressure of the interest groups, the initial objectives could be
found only partly in the final version of Basel II. Instead, the Basel Committee came out

9

The incentive for the regulators to increase their control via increasing the extent of the regulation and disre garding
the costs it brings to the economy has a parallel in the “Hubris motive” used for the explanation of corporate takeovers.
According to the Hubris hypothesis, the managers of the bidding firms are acting against their shareholders’ interests
by paying too much for their targets. (Roll, 1986)
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with even looser regulation of the internationally active banks, which proved deadly in
2008. In the light of the recent situation, it is almost comical to read in the final version of
Basel II that “the Committee has benefited greatly from its frequent interactions with
industry participants and looks forward to enhanced opportunities for dialogue. “10
Table 1.6: Shift in the proclaimed objectives of Basel II
Original consultative document 11
“continue to promote safety and soundness in the
financial system and, as such, also at least maintain
the current overall level of capital in the system”
“continue to enhance competitive equality”
“constitute a more comprehensive approach to
addressing risks”
“focus on internationally active banks, although its
underlying principles should be suitable for
application to banks of varying levels of complexity
and sophistication”

Final version of Basel II 12
“develop a framework that would further strengthen the
soundness and stability of the international banking system while
maintaining sufficient consistency that capital adequacy
regulation will not be a significant source of competitive
inequality among internationally active banks”
“maintain the aggregate level of [capital] requirements, while
also providing incentives to adopt the more advanced risksensitive approaches of the revised Framework”
“arrive at significantly more risk-sensitive capital requirements
that are conceptually sound and at the same time pay due regard
to particular features of the present supervisory and accounting
systems in individual member countries”

Source: Authors based on BCBS (1999) and BCBS (2004b)

The process that led to Basel III can again be explained on the basis of Figure 1.11. In
contrast to Basel II, the recent change in regulation was not inhibited by the banks. The
major hallmark of the economic crisis was the failure of Lehman Brothers in September
2008, when the losses of the financial system finally spread into the real economy. 13 First,
it was the public anger and pressure for change of the banking regulation which induced
the politicians, in our analysis represented by the G-20, to call for capital adequacy reform.
At the summit in Pittsburgh a year after Lehman collapse, the G-20 introduced its
requirements for banking regulation including the leverage ratio, countercyclical measures,
liquidity standards and systemic charge for banks which are too-connected-to-fail (G20,
2009).
With due complaints of the banking industry, the Basel Committee started negotiations on
the new regulatory framework known as Basel III. However, in the second phase of the
process, the pressure of the disorganized public ceased as the economic situation in

10

(BCBS, 2004b; p. 4)

11

(BCBS, 1999; p. 5)

12

(BCBS, 2004b; pp. 2-4)

13

According to the IMF World Economic Outlook Database, the GDP growth in the US practically stopped in 2008
and fell to -2.6% in 2009. In the Euro area in 2008 it fell to 0.5% in 2008 and -4.1 in 2009 (IMF, 2011)
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advanced economies improved. From this point, the process has been again gradually taken
over by the well-organized international banks. As we know from Figure 1.11, these
institutions have two options for shaping the regulatory environment: direct influence
through personal connections, lobby and corruption, and indirect influence through the
media.


There are evident personal connections between the two opposing sides, with IIF
members getting jobs at the Basel Committee and otherwise. Lall (2010) provides
an overview of opinion shifts of the ex-Basel Committee members who joined the
IIF. The banking industry even managed to recruit Jacques de Larosière, authors of
the Larosière report, which was one of the first to point at the necessity of a
regulatory reform. Because of these links, the banking industry managed to get
closer to the Basel Committee and organize confidential discussions with its
members.



The banks were also directly influencing the public by predicting severe costs th e
new regulation would bring, and they had been doing so even before the Basel
Committee came out with specific figures in its proposals. Again, Lall (2010)
provides examples of the industry’s estimates of the new measures’ impact on loan
prices or GDP growth. These forecasts which the bankers were threatening the
public with “were based on pure guesswork”14 and they were becoming
increasingly extreme as the consultation period was approaching its closing date.

To these two tactics we must also add the constant pressure for implementation delays,
which resulted in the aforementioned situation of extended timescales for the new accord ’s
full operation. Moreover, the phase-in period is long enough for the banks to succeed in
watering down the measures that are yet to be calibrated or even devised, such as the
systemic surcharge, liquidity ratios and the leverage ratio.
1.3.2.3

Expected outcome of Basel III

Although the core documents of the new accord have already been published in December
2010, still lots to-dos remain: the measures need to be calibrated and implemented in the
individual countries, and the regulators need to prepare themselves for monitoring the
banks’ compliance with the new ratios. The banks, on the other hand, ought to start

14

(Lall, 2010; p. 30)
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planning their capital and liquidity needs and changes in their internal processes. It is clear
that the new accord will incur some additional costs to the banks, be it for raising more
capital or for the implementation of the new risk-management and reporting procedures,
and these costs are even likely to transfer to the economy in the form of higher interest
rates or transaction fees.
One such example will presumably be the trade finance, products of transaction banking
such as letter of credit, which are of vital importance for promoting economic activity. 15 In
contrast to other off-balance sheet products, these usually entail relatively low levels of
risk - according to ICC (2010), the empirical data show that there are only 1,140 defaults
in the full sample of 5,223,357 trade finance transactions provided by observed nine
international banks over a period from 2005 to 2009, which accounts for only 0.02% rate
of default. However, mainly because of the leverage ratio which will not take into account
the risk profiles of individual assets, the banks will be required to hold capital against the
whole value of their trade finance asset portfolio. According to Standard Chartered in Beck
(2010), Basel III will bring a $270 billion cut in international trade flows, which would
increase the price by 40% and result in 0.5% decrease of global GDP. On the other hand,
from several aspects, Basel III is a step in the right direction and the benefits are likely to
outweigh the costs. The increase in capital requirements, tighter capital definition and the
new liquidity charges will ensure that the financial system is again at least a little bit safer.
A question remains whether that is enough or not, however.
1.3.2.4

Alternative solutions

Many experts call for even tighter regulation, 16 some for an entirely different concept. We
agree with Dewatripont, et al. (2010) that the capital requirements need to be simplified.
It does not matter how sophisticated the capital ratios are, they can never capture all aspects
of risk the major financial institutions are facing. Moreover, the current setting of various
buffers is rather opaque and difficult to monitor by the regulators and also by the investors
and the public. Instead, simple and easily verifiable indicators are needed that quickly point
to problematic banks and allow for a quick discretionary reaction. Only in this setting the

15

In contrast to e.g. investment banking, transaction banking is one of the areas where the Czech banks can feel the
pressure of the new regulation as well.
16

See, for instance, the letter sent to FT on November 9, 2010, where 20 leading banking experts suggest capital ratios
of at least 15% (Admati, et al., 2010).
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regulation will not be designed only to “fight the previous crisis”.17 We suppose that as to
the capital requirements, much more attention should be given to the leverage ratio, which
is the ultimate measure of how a bank is able to cover its own losses. The leverage ratio
also tackles the Basel II problem with pro-cyclicality, since it automatically requires more
capital if the credit pool is expanding. 18

1.4 Chapter Summary
It is necessary to regulate banks’ operations because of the two types of market failures:
asymmetric information and existence of externalities. The overall aim of banking
regulation is protecting the depositor and assuring systemic stability, i.e. ensuring that the
distress of one or more banks will not bring the whole system to collapse. Since the banking
business has a cross-border character, the regulation has to be performed on an
international basis, chat still remains as a global chase, however.
The Basel committee was established to ensure international coordination of banking
regulation. In 1988, it published the first version of regulatory standards known as Basel I
which prescribed a simple capital ratio that the internationally active banks should have
been required to maintain. However, this prescription was criticized for its over-simplicity
and in 2004 it was followed by Basel II, a second regulatory document increasing the
complexity of the regulatory measures and giving the large banks the possibili ty to
calculate their individual capital requirements via the IRB approach. Nevertheless, the
recent financial crisis pointed at the deficiencies of Basel II. It showed that banking
regulation had fallen victim to regulatory capture by large international banks and that it
failed to protect the financial system since it did not ensure sufficient capital buffers.
Moreover, it even contributed to the economic downturn because of its pro-cyclical nature.
As a result of the 2008-2009 global market upheaval, a revision of the current regulatory
framework was needed, which finally escalated into the publication of a new set of
standards known as Basel III. This latest set of standards should increase the system ’s
resilience by redefining what constitutes the regulatory capital, and by raising the current

17

(Dewatripont, et al., 2010; p. 8)

18

However, since this measure alone would incentivize the banks to seek more risky assets with higher yield, there
ought to be also a measure that uses some simplified version of risk-weighted approach, presumably the simple capital
ratio of Basel I (Pakravan, 2010).
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capital ratios or adding new ones. It also adds measures for increasing the banks ’ liquidity
so that they are better able to withstand transient shocks. However, there are also doubts
about its efficiency – as with the Basel II, the lobby of the international financial
institutions has been again trying to shape the form of the new rules, or at least secure long
transition periods for their implementation. We agree with Teplý et al. (2012) who state the
Basel III regulation is not sufficient and will not prevent financial markets from future
crises due to its expected calibration, delayed implementation and strong pressure from the
banks’ lobbyists.
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2 Systemic risk of the global banking
system

Abstract

The global banking system proved significantly vulnerable to systemic risk during the
2007-2009 financial crisis. In this paper, we construct an agent-based network model of
systemic risk of a banking system, and use it for stress-testing several different regulatory
measures. First, our simulations confirm that sufficient capital buffers in individual banks
are crucial for protecting the stability of the whole system. Second, we show that the
regulatory measures installed as preventive measures to ensure that the banks possess
sufficient capital buffers have almost no positive effects to stability when the system is
collapsing. Finally, we highlight various data deficiencies which prevent the researchers
and regulators from fully understanding the complete range of systemic risk and make it
difficult to devise effective and targeted regulatory measures at this time.

JEL Classification: E61, G01, G21, G28
Keywords: agent-based modelling, banking regulation, Basel III, capital, interbank
network, systemic risk
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2.1 Introduction
The 2007-2009 global financial crisis highlighted the vulnerabilities and interdependencies
in the financial system, bringing about a revision of financial regulations. The crisis also
exposed the deficiencies of Basel II, showing that the regulatory measures had fallen victim
to regulatory capture by large international banks, failing to ensure sufficient capi tal
buffers (Lall, 2010, p.15). The subsequent regulatory framework revisions finally
coalesced into the publication of Basel III in December 2010. Basel III is intended to
increase the banking system’s resilience by redefining what constitutes the regulatory
capital, raising the current capital ratios and adding new ones (BCBS, 2010). It also adds
measures for increasing the banks’ liquidity so that they are better able to withstand
transient shocks. Although we can expect the new measures to bring minor improvements,
there are several reasons why ideal regulation is still wanting and not yet achievable (Teplý,
2010, p.2). First, it is necessary to eliminate the political and institutional pressures that
influence global financial operations. Second, the parameters of the regulatory measures
should be an outcome of rigorous research rather than lobbying by large financial
institutions and the systemic character of the banking system should be taken into account.
In this paper, we contribute to the discussion for better regulation by shedding light on
systemic risk and by showing a way how regulatory measures can be tested in a virtual
environment. Our method stems from the research on systemic risk using the network
approach, which became a trendy topic after the recent financial crisis. An overview of the
network character of the crisis can be found in Sheng (2010), in the risk assessment
framework for systemic linkages provided in IMF (2009) and in the recent advances in
modelling systemic risk using network analysis provided in ECB (2010). More recently,
Frait and Komárková (2011) or Geršl and Jakubík (2010) present systemic risk in the
context of financial stability and macroprudential policy from a view of the Czech National
Bank. On a related note, a detailed literature survey of research focused on the
interconnected financial structures is provided by Allen and Babus (2009).
Current research can be divided into two categories, the empirical studies and theoretical
models. The empirical studies are focused on modelling of the real-world interbank
exposures and the banking systems’ disposition to crisis caused by contagion effects. These
models usually describe local banking systems as documented by Boss, et al. (2004) for
the Austrian interbank market or Upper and Worms (2004), Wells (2004), Van Lelyveld
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and Liedorp (2006) or Muller (2006) for other countries. However, a frequent problem of
the empirical approach is that the data on the individual interbank exposures is unavailable
to the researchers who often rely only on the aggregate balance sheet data. For this reason,
the majority of empirical studies use the maximum entropy assumption, which supposes
that the banks spread their lending as evenly as possible given a certain sum of their
interbank assets (Upper, 2011, p.6). Clearly, this assumption is rather unrealistic and it
often underestimates the potential for contagion (Mistrulli, 2011) or underreported
inventory of bad loans carried on the books.
The theoretical models examine how system behavior is influenced by its general
characteristics. The first such model was constructed by Allen and Gale (2000) who
showed that the structures with more interbank links are more resilient to initial shocks.
Another early analysis is provided by Freixas, et al. (2000), who studied contagion in
systems where some banks are systemically important. The simple framework is extended
in Cifuentes, et al. (2005) and Shin (2008), who add a mechanism for price decrease of
illiquid assets as a second channel of contagion. Finally, there are models using simulations
on random networks such as Gai and Kapadia (2010), who find out that the interbank
exposures serve as a good shock absorber initially but when a crisis occurs, they can cause
a larger negative impact. Our paper is inspired by Nier, et al. (2007), who built an agentbased model of interbank systems and finds non-linear dependencies on certain parameters
when performing comparative statics exercises.
The paper is structured as follows: In the second section, we build a model of a banking
system that allows us to perform scenario stress analysis under various settings of structural
properties and regulatory environments. The third section presents detailed results of our
simulations. In the fourth section, we provide a results summary and discuss further
opportunities for our research. Finally, the last section concludes the paper and states the
final remarks.

2.2 The Model
In this part, we provide a high-level overview and detailed description of the model
construction. Furthermore, we explain an impact of shocks to bank balance sheets and
discuss effects of systemic risk on bank capital regulation.
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2.2.1 Basic Description
We create a system that comprises a number of banks interconnected by exposures and
claims they hold against each other. Our interbank system is characterized by a graph where
the banks are represented by nodes and their exposures by oriented edges. Such system
may represent an interbank market, a network of over-the-counter (OTC) derivatives or
payment systems. In order to be able to study the relationship of the system behavior and
its characteristics, and because the data on interbank exposures are mostly unavailable, we
perform our simulations on a generic random network as described by Erdös and Rényi
(1959). Hence we assume identical and independent probability of interbank exposures
across all ordered pairs of banks. However, if in the future the data were available, the
model is applicable to any interbank network.
The interbank network is examined under a simulated stress scenario, when one or several
banks receive a negative shock to the asset side of their balance sheet. The shock is then
transmitted to the rest of the banks through one of the two main mechanisms described in
Brunnermeier et al. (2009, p. 15): the “domino” effect meaning the transfer of losses
through the edges of the network. 19 As the model represents only a very short period of
collapse, we assume that the banks are not capable of borrowing any extra funds and that
no edge can be added to the interbank network, and that the banks do not make any profits
during the simulation. In our study, we also restrict the possibility of state aid in the form
of bank bail-outs. Our analysis is based on comparative statics experiments where the
simulations are performed under varying combinations of input parameters. These
parameters are summarized in tab. 1 along with their base values used in Nier et al. (2007)
which we use for our simulations unless stated otherwise.
In contrast to Nier et al. (2007), our model is also able to capture rules that represent several
types of banking regulation contained in Basel III 20. Namely, in this paper we apply a
situation where the regulator deprives a bank of its license because of a low capital ratio.
To our knowledge, we are the first to study the effects of regulation in an agent-based
interbank network model.

The second contagion channel called the “asset price spiral” effect, which represent the asset price decline under
low liquidity of the system, will be left for further research.
19

For more details on Basel III and its predecessor Basel II see, for instance, Klinger (2011), Lall (2010), Matejašák
et al. (2009), Rippel and Teplý (2011) or Teplý et al. (2007).
20
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Table 2.1: Input parameters of the model
Parameter
𝑵
𝒑
𝑬
𝜽
𝜸
𝑪𝑨𝑫𝟏
𝒔𝒉𝒐𝒄𝒌𝒓𝒂𝒏𝒅𝒐𝒎
𝒔𝒉𝒐𝒄𝒌𝒐𝒕𝒉𝒆𝒓𝒔
𝒊𝒕𝒆𝒓𝒂𝒕𝒊𝒐𝒏𝒔

Base value
25
0.2
100 000
0.2
0.05
0
1
0.1
500

Interpretation
Number of banks in the system*
Probability of connecting two banks with a directed exposure*
Total sum of external assets in the system*
Interbank asset ratio (interbank/total assets)*
Capital ratio (net worth/internal + external assets)*
Capital ratio limit that triggers bank’s removal by the regulator
Shock on a random bank (in percentage of external assets)*
Shock on all other banks (in percentage of external assets)
Number of iterations under one set of parameters

Note: Parameters highlighted by asterisks are used by Nier, et al. (2007) and for the sake of comparability, we set them
to the same values in the basic setting. The rest of the parameters are original to our model.
Source: Authors

2.2.2 Model Construction
On the level of an individual simulation, the model is built as follows: first, the interbank
network is initialized along with the individual banks’ balance sheets. Second, we shock
the system by wiping out a portion of certain banks’ assets and several rounds of defaults
and loss transmission unfold. The model runs in several laps (rounds of defaults) until the
shock dissipates in the banking system and is not propagated further.
2.2.2.1 Interbank Network Creation
The interbank network is based on two main parameters, which are set at the beginning of
a simulation run and which define the form of the random graph:
1. Node count 𝑁, which determines the number of banks in the network,
2. Probability 𝑝𝑖𝑗 , with which there is an oriented edge between node 𝑖 and node 𝑗 in
the graph, i.e. the probability that the bank 𝑖 is exposed to the bank 𝑗. We expect this
number to be fixed among all edges between nodes (𝑖, 𝑗) and denote it as 𝑝. There
can be two links between a pair of edges, each in different direction.
Subsequently, the network is created in two steps: First, there are 𝑁 banks added to the
system, and second, for each oriented pair of banks, an edge is created with probability 𝑝.
2.2.2.2 Initialization of Balance Sheets
Next, we initialize the individual banks’ balance sheets for the given network realization.
This is done in such manner that the variables conform to the aggregate level identities as
well as the bank level identities. First, we calculate the global variables of the system. On
the aggregate level, the total value of assets is a sum of interbank assets (constituted by all
the loans represented by the edges of the interbank network) and external assets
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(constituted by individual banks’ exposures outside the network, e.g. securities and loans
to other entities such as households, sovereigns or non-financial institutions).
1. The sum of external assets in the system (denoted by 𝐸) and the ratio of interbank
assets to total assets (denoted by 𝜃) are given as input parameters. The total value
of assets in the system (denoted by 𝐴) is calculated as
𝐴=

𝐸
.
(1 − 𝜃)

2. The total sum of interbank assets is then determined as a portion of total assets.
𝐼 = 𝜃𝐴
3. If we denote the sum of outgoing edges from all the banks in the system as 𝑍, the
value of one individual edge is calculated as
𝐼
𝑤= .
𝑍

(1)

Subsequently, individual banks’ balance sheets are initialized:
4. An individual bank’s interbank assets (𝑖𝑖 ) and liabilities (𝑏𝑖 ) are calculated
according to the interbank network structure:
𝑖𝑖 = 𝑤 ∙ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑐𝑜𝑚𝑖𝑛𝑔 𝑒𝑑𝑔𝑒𝑠𝑖 ,
𝑏𝑖 = 𝑤 ∙ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑢𝑡𝑔𝑜𝑖𝑛𝑔 𝑒𝑑𝑔𝑒𝑠𝑖 .
5. The value of an individual bank’s external assets is a little more difficult to
determine. We use the same two-step algorithm as Nier, et al. (2007):
a. First, each bank‘s difference between the internal liabilities and internal
assets is balanced by a certain amount of external assets 𝑒̃𝑖 .
𝑒̃𝑖 = 𝑏𝑖 − 𝑖𝑖

if 𝑏𝑖 − 𝑖𝑖 > 0,

𝑒̃𝑖 = 0

if 𝑏𝑖 − 𝑖𝑖 ≤ 0.

b. The rest of the total sum of external assets is then distributed uniformly
among the banks. Finally, it holds that
𝐸 − ∑𝑁
𝑖=1 𝑒̃𝑖
𝑒𝑖 = 𝑒̃𝑖 + [
].
𝑁
6. Each bank’s net worth is calculated as a portion of total assets according to the
following capital ratio:
𝑛_𝑤𝑖 = 𝛾𝑎𝑖 .
7. External liabilities are calculated so that the balance sheet identity holds:

44

Tomas Klinger – Dissertation [DRAFT version as of 11 March 2016 for Pre-defence]
𝑑𝑖 = 𝑎𝑖 − 𝑛_𝑤𝑖 − 𝑏𝑖 .
Finally, as the balance sheets are populated, the whole system is initialized and ready for
the simulation.
Table 2.2: Balance sheet of an individual bank in the model
𝒂𝒊 ...TOTAL ASSETS

𝒍𝒊 ..... TOTAL LIABILITIES

𝑖𝑖 ....interbank assets

𝑏𝑖 …..interbank liabilities
𝑑𝑖 ......external liabilities (deposits)
𝑛_𝑤𝑖 ..net worth

𝑒𝑖 ....external assets
Source: Authors

2.2.2.3 Shock
After the initialization, the system is in inertia until we induce an adverse shock, which
initiates the first lap of the simulation. There are two types of shocks we can examine:


A certain portion (most often 100%) of external assets is wiped out from the balance
sheet of a random bank - we call this a “local shock”.



The external assets drop in value. This means that the percentage loss is applied to
all banks – we call this a “global shock”.

2.2.2.4 Shock Impact on a Bank’s Balance Sheet
The initial shock may result in knock-on “domino” effects, where in each lap of the
simulation, the set of banks that suffered losses transmit the shock further in a cascade
effect. Let us consider one representative bank that receives a shock. Whatever the shock
type, it is reflected in the balance sheet and the bank loses a certain part of its assets. Since
the sum of assets must equal the sum of liabilities, the bank writes off an equal value of
liabilities (firstly owners’ equity gets eradicated 21, then claims of other creditors). Let us
suppose that the bank suffered a shock of size ∆ and hence it holds that
𝑙 𝑖 − 𝑎𝑖 = ∆ 𝑖 .
The external behavior of the bank then depends on the size of the shock:
a) In the first place, the shock hits the bank’s net worth. If 𝑛_𝑤𝑖 > ∆𝑖 , which means
that the bank is able to cover the losses from its own funds, then the whole shock is
absorbed by the bank’s capital and it is not propagated further.
b) If 𝑛_𝑤𝑖 < ∆𝑖 , the residual shock further spreads to the interbank liabilities 𝑏𝑖 , which
means that it is uniformly transferred onto the creditor banks up to the value of the

21

As mentioned earlier, we simulate only a short period of banking system stress. Thus the net worth behaves only as
a shock absorber and cannot be replenished during the simulation, e.g. by accumulating retained earnings.
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interbank liabilities. Hence, if there are 𝑚 creditor banks, in the next round each
creditor bank receives a shock of
𝑚𝑖𝑛 (

𝛥𝑖 − 𝑛_𝑤𝑖 𝑏𝑖
, ).
𝑚
𝑚

As the propagating bank is not able to honor its debt, it defaults and it is removed
from the system. The creditor banks evaluate the received shock in the next lap of
the simulation. The simulation ends with a lap when no bank propagates the shock
further. Additionally, it holds that:
i.

If 𝑏𝑖 > ∆𝑖 − 𝑛_𝑤𝑖 , there is no residual shock to be transferred to the
depositors.

ii.

If 𝑏𝑖 < ∆𝑖 − 𝑛_𝑤𝑖 , the shock remainder is compensated by the external
liabilities which means that the residual loss is covered by the depositors.

2.2.2.5 Effects of Capital Regulation
Capital regulation is modelled by a rule which measures whether a bank meets a strict
capital adequacy ratio and in case of non-compliance it deprives the bank of its license. If
𝑛_𝑤𝑖
𝑎𝑖

< 𝐶𝐴𝐷1, where 𝐶𝐴𝐷1 is the strict capital adequacy requirement, the bank is removed

from the system similarly as if it defaulted :
a) In order to repay its debt, the bank sells all its assets. Subsequently, it settles its
debts from the funds it obtains by the asset sale. First, this pool of funds is u sed for
the repayment of external liabilities. Second, the creditor banks are compensated by
the repayment of interbank liabilities. If the bank is not able to repay its interbank
liabilities, it uniformly transfers the loss onto the creditor banks. Finall y, in the case
that there are any funds left after settling all the bank’s debt, they disappear from
the system.
b) To be able to finally remove the bank from the system, we also have to ensure that
it does not have any claims against other banks. As mentioned above, we assume
that the bank in liquidation sells all its assets. Since the claims on the debtor banks
are sold to some external entity, these banks move the equivalent amount from their
interbank liabilities to their external liabilities.
As the capital ratio varies in all simulations, the 𝐶𝐴𝐷1 ratio cannot be set directly. Instead,
we need to express the 𝐶𝐴𝐷1 ratio as a percentage of the initial capital ratio by using the
following parameter:
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𝐶𝐴𝐷1
(2)
𝛾
In our simulations, this parameter reaches values from 0 to 1, and can be interpreted as the
𝑟𝑒𝑚𝑜𝑣𝑎𝑙_𝑟𝑎𝑡𝑖𝑜 =

relative gap between the initial capital endowment to the critical 𝐶𝐴𝐷1 level. If the
removal_ratio equals zero, no banks are removed as the regulation is switched off. If, on
the other hand, the removal_ratio equals unity, it means that the capital the banks are
initialized with equals the 𝐶𝐴𝐷1 requirement and thus a bank is removed immediately
when its capital ratio falls below the initial level. Given a particular value of 𝛾 and
removal_ratio, we can always calculate the exact 𝐶𝐴𝐷1 requirement.

2.2.3 Model Control
For each comparative statics experiment, the model is run under several parameter settings
which vary in predefined ranges. These intervals from which we draw the parameter
combinations then form the axes of the charts. To obtain the observed values, for each
parameter combination we run the model in several iterations, each with a different
realization of the random network, and we average the result into a single data point.

2.3 Simulation Results
2.3.1 Basic Beavior under Several Types of Shocks
First, we run the model in the basic setting. All the parameters are left at values stated in
tab. 1 apart from 𝑛_𝑤𝑖 and 𝑝, which are on the axes of the charts, and 𝛼, which equals zero
for the first experiment and unity for the second one. Similarly to Nier et al. (2007) or Gai
et al. (2010), we hit a random bank in the system by wiping out all of its external assets.
The results of the first experiment are similar to Nier et al. (2007). On the left-hand chart
of fig. 1, we see that the model beavior is non-linear in both parameters. First, we look at
the comparative statics under varying capital ratio. When these ratios are sufficiently high,
at reasonably high connectivity levels, the only bank which defaults is the one on which
we imposed the original shock. When the capital ratio is between 1% and 4% (depending
on the connectivity), the loss buffers of the first line of the initial banks’ creditors are large
enough to absorb the losses, which is the reason the number of defaults stays almost
constant. However, if the capital ratio falls below this range, the first-line creditor banks
default as well, spreading the losses in further laps of failures.
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Figure 2.1: Number of defaults (local shock, basic parameter setting)
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Second, as the probability of connecting two nodes varies while the total amount of
interbank assets remains the same, since equation (1) holds, higher probabilities of
connection lead to lower interbank exposures and hence lower riskiness that the initial
shock triggers further rounds of defaults. Moreover, as we see in the left-hand chart of fig.
1, except for the situations with very low connectivity, the interbank system has high
potential of absorbing the initial shock. For higher probabilities of connection, the
relationship of the depositor losses and capital ratio is almost linear. On the other hand,
higher connectivity means that more banks are exposed to the initial shock-propagator, and
hence especially for capital ratios close to zero, it results in more defaults as we can see in
the left-hand chart of Figure 2.1.
Generally, the smaller the capital buffer, the larger connectivity is needed to prevent a
systemic crisis. Again, the left-hand chart of fig. 1 shows a “safe zone” of sufficient capital
level and reasonably high connectivity, where the only bank to default is the one that is
originally shocked. This area presents desirable parameter settings and in reality, both these
two parameters are subject to regulation: the capital measures are the main building block
of the Basel agreements and the regulation of connectivity is performed by the large
exposure limits which ensure that a bank’s interbank assets are diversified to reduce the
credit concentration risk. 22 Clearly, though, when the capital ratio is too small, the risk
cannot be absorbed even with very high connectivity levels. Figure 2.1 also confirms the
results by Mistrulli, (2011), who concluded that the ex-ante maximum entropy assumption

22

Credit concentration risk is addressed by the EU Directive No. 2006/48/EC.
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(which in our model equals the assumption that 𝑝 = 1) underestimates the risk of systemic
crisis.
Figure 2.2: Number of defaults (global shock)
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Also, a situation may occur when all banks suffer minor losses, which happens when
certain percentage of loans has to be written-off or when an asset which all of the banks
possess drops in price. Figure 2.2 displays a short interval of 7.5% to 10% on which
increasing connectivity results in shock dispersion and increased system resilience. With
even lower capital ratios, there is a threshold level behind which all banks in the system
default. The sudden occurrence of systemic break-down is caused by the relative
homogeneousness of the banks’ balance sheets. Since the only mechanism by which the
banks differ from each other is the random network initialization and since the interbank
assets account for relatively small portion of the total assets, the banks’ capital buffers are
of similar size.

2.3.2 CAD1 measure
As to the capital regulation, up until now we have focused only at the capital ratio
describing the actual size of the banks’ capital buffers. However, it is not possible to simply
prescribe a capital ratio and count on all banks’ compliance. There must be repressive
mechanisms ensuring that all the banks keep their capital levels high enough, such as a ban
on operation. Thus, we observe what happens if the banks that do not comply with the
regulation are deprived of their license. The results are presented as follows: the top left hand chart depicts the average number of banks that ended operation, either because they
defaulted or because they were removed for not meeting the regulatory requirements, the
top right-hand chart presents the number of banks removed by the regulator and the bottom
49

Tomas Klinger – Dissertation [DRAFT version as of 11 March 2016 for Pre-defence]
left one the banks that defaulted and imposed losses on the rest of the system. The top right
and the bottom left-hand charts result in the top left one when summed up. Finally, the
bottom right-hand chart depicts the losses suffered by the depositors. On one axis there is
the capital ratio, on the other one there is the removal ratio as defined by equation ( 2).
First, we examine a local shock hitting one random bank, a situation depicted in Figure
2.3. For high capital levels, the regulation takes out the banks that would not otherwise
default, but when the capital buffers are small, the banks default before the regulation
manages to remove them from the system. Hence, this measure fails to improve the system
resilience and moreover, we see that the same holds for the depositor protection.
Figure 2.3: CAD1 measure (local shock)
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Next, we study the case of a shock affecting all banks. Figure 2.4 implies that for small
capital buffers (until approximately 2.5%), no banks are removed since almost all of them
default right after accepting the shock. However, this situation differs from the one of a
local shock in two aspects. First, as we can see in the top right-hand chart of Figure 2.4,
high removal ratios cause the regulator to remove all banks in the system even though their
capital buffers would be large enough for them to withstand the shock, which is clearly a
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rather unrealistic result. 23 Second, there is an interval of capital ratios (approximately
[2.5%, 5%]), where the regulation succeeds in lowering the number of defaulted banks and
the depositor losses. However, this result is quite insignificant compared to th e number of
banks shut down by the regulator.
Figure 2.4: CAD1 measure (global shock)
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Finally, we must repeat that the removal of the troubled banks from the system might be
inefficient when a crisis emerges, but it is very important as a coercive measure to ensure
that the capital buffers of the banks are large enough. Clearly, without the threat of a ban
on operation, the banks would be much less willing to limit their leverage. When we think
about the 𝐶𝐴𝐷1 measure as a necessity for ensuring certain capital buffers, i.e. when we
fix the removal ratio and consider the inverted relationship 𝛾 = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙_𝑟𝑎𝑡𝑖𝑜𝑓𝑖𝑥 ∙ 𝐶𝐴𝐷1,
we see that there are obvious effects on the system’s resilience.

23

In reality, the removal threshold does not account for 100% of the capital the banks ought to have (for example,
according to The Act on Banks 21/1992 Coll., the Czech banks should end their operation when their capital ratios fall
below one third of the original Basel requirements). Also, we wo uld expect many of the institutions to be bailed out
instead of deprived of their licenses.
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2.4 Summary of simulation results and further research
opportunities
Table 2.3 presents a summary of the simulation results. First, it is obvious that the levels
of individual banks’ capital buffers are crucial for systemic stability. Moreover, the
relationship between the capital ratio and the number of defaults in most of the situations
appears to be of a “step-like” shape with sudden occurrence of a systemic break-down
rather than of a gradual nature. Hence, the regulatory protection needs to be scaled for
much larger shocks which may not be very likely to occur but when they do, once the stress
situation breaks through the capital barriers and triggers a system-wide crisis, the impact
is devastating.
Second, once a crisis breaks out, the ad-hoc discretionary measures alone, forcing the
troubled banks to end operation (or sell a part of their assets, even though this possibility
is left for further research), have almost no or very little effect on improving t he situation.
Moreover, when the illiquidity is high, any measure which increases the number of
removed banks and assets sold in the market would only aggravate the breakdown and be
rather counter-productive. However, since CAD1 contributes to maintaining the overall
capital ratios, it is worth the extra costs it generates. The best option would seem to be to
use it as preventive measure that forces the banks to have enough capital but do not use it
in major distress. On the contrary, during the crisis, measures that prevent the banks from
propagating the shocks through the network are more appropriate – such as are state bailouts. This forms a typical dynamic inconsistency problem and may result in increased
moral hazard.
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Table 2.3: Results summary
Experiment

Shock

Result

Local




Basic beavior

Global

Local

Global



Local,
global

CAD1 measure
(bank removal)













Large capital buffers are the essential means to ensure systemic stability.
Given a fixed value of interbank assets, the more is the system intertwined, the more
resilient it is against total breakdown.
On the other hand, higher number of interbank connections makes the system more fragile
when the capital levels are low.
There are “safe zones” where sufficiently high capital buffers and enough connectivity
ensure that the shock is absorbed in the system.
On a small range of capital ratios when the crisis is phasing in, the interbank connections
have shock dispersion effects and reduce the number of defaults.
The more heterogeneous are the banks’ balance sheets, the larger interval of capital ratios it
takes for the system to break down.
For high capital levels, the regulation takes out the banks that would not otherwise default
When the capital buffers are small, the banks default before the regulation manages to
remove them from the system.
This measure fails to reduce the number of failed banks as well as the amount of depositor
losses
High removal ratios cause that the all banks are removed even though their capital buff ers
would be large enough for them to withstand the shock.
There is a very small interval of capital ratios where the regulation succeeds to lower the
number of defaulted banks and the depositor losses.
When we think about the CAD1 measure as a necessity for ensuring certain capital buffers,
we see that it has obvious positive effects on the system’s resilience.

Source: Authors

Several further research opportunities exist since the basic modelling framework presented
in this paper is very flexible and easily used for simulations of financial systems beavior
in different institutional and regulatory environments. Firstly, it is interesting to explore
other parameter combinations as well. For example, the number of banks and particularly
the interbank assets ratio are parameters that also have effect on the stability of the banking
system. Nier, et al. (2007) describe how the system behaves under different interbank assets
ratios and finds that increasing this parameter up to a certain level leads to enhanced shock
propagation. Moreover, it would be interesting to endogenize this ratio and study how the
system would be affected if the banks were reluctant to renew their loans to counterparties
whose capital ratio fell below a certain level.
Second, our model can be easily extended to capture regulatory measures incorporated in
Basel III such as liquidity regulation or capital conservation buffer. Also, we are working
on the implementation of a systemic surcharge for the too-interconnected-to-fail banks.
Unfortunately, due to the scope of this paper, not all the aspects of the model could have
been described. In addition, our model assumes a random interbank network, which is an
assumption that can be replaced by more sophisticated network structures that are closer
to reality, e.g. the small-world networks or scale-free tiered structures. The occurrence of
the systemic breakdown would be also probably less sudden and more gradual if the
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modelled banks were more heterogeneous – in this case it is possible that given a certain
shock size, regulatory measures would prove efficient on a wider range of overall capital
ratio. Ideally, the effects of regulation may be studied on the real-world interbank network
data. Moreover, because of its agent-based nature, it is possible to extend the model with
other features, such as endogenous network creation or more types of agents, such as
central banks, hedge funds or individual depositors.

2.5 Conclusion
As a result of the recent global economic crisis, a revision of the current regulatory
framework was necessary. The latest set of standards, Basel III, should increase the
system’s resilience by redefining current capital requirements and adding new measures.
In order to better understand the effects of regulation on the systemic risk, we have
constructed an agent-based network model of a banking system and used it for stresstesting of several different settings of regulatory environment. First, our simulations
confirm that sufficient capital buffers of individual banks are crucial for protecting the
stability of the whole system. Second, we see that the regulatory measures work best as a
preventive measure which ensures that the banks possess sufficient capital buffers.
However, they are not very effective once the system is collapsing, and if the overall market
liquidity is low, they can even worsen the situation. Finally, there are issues with data
availability. Since even the regulators do not usually precisely know how the real -world
interbank exposures look like and because the maximum entropy approach used for
estimation of these data underestimates the systemic risk, it is necessary that the banks
provide more detailed data on their exposures so that the banking system models may be
more efficient in exposing potential weaknesses. Were the interbank relationships more
transparent, it would be much easier to pinpoint the potential weaknesses and devise
targeted regulatory measures for systemic stability protection.
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3 The Nexus Between Systemic Risk
and Sovereign Crises

Abstract
This paper focuses on the relationship between the financial system and sovereign debt
crises by analyzing sovereign support to banks and banks’ resulting exposure to the bonds
issued by weak sovereigns. We construct an agent-based network model of an artificial
financial system allowing us to analyze the effects of state support on systemic stability
and the feedback loops of risk transfer back into the financial system. The model is tested
with various parameter settings in Monte Carlo simulations. Our analyses yield the
following key results: firstly, in the short term, all the support measures improve the
systemic stability. Secondly, in the longer run, there are settings which mitigate the
systemic crisis and settings which contribute to systemic break-down. Finally, there are
differences among the effects of the different types of support measures. While bailouts
and recapitalization are the most efficient support type and guarantees execution is still a
viable solution, the results of liquidity measures such as asset relief or funding liquidity
provision are significantly worse.

JEL Classification: C63, D85, G01, G21, G28

Keywords: agent-based models, bailout, contagion, financial stability, network models,
state support, systemic risk
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3.1 Introduction
The recent global financial crisis emphasized the importance of the link between the
financial and the sovereign sector. The pre-crisis financial order is characteristic with risk
build-up connected to banking deregulation after the collapse of the Bretton Woods system
when the banks started racing for leverage. When the unsustainability of this setting
surfaced and the current Eurozone crisis broke out, the sovereigns started playing an active
role through several types of measures for financial system support including bailouts and
recapitalization, state guarantees, asset relief or provision of funding liquidity. European
Commission (2012) estimated that the volume of national support to the EU banking sector
between October 2008 and 31 December 2011 amounted approx. EUR 1.6 trillion (13 %
of EU GDP). It soon became obvious that the risks did not vanish but were transferred to
the sovereigns. As a result, sovereign bond yields and CDS spreads rose, access to new
funding became increasingly more expensive and the sovereigns found themselves in crisis
with their balance sheets deteriorating (Caruana, 2012). Since a large portion of sovereign
debt is held by the banking system, the crisis fed back to where it began in a vicious circle
of transferring the toxic debt back and forth between the sovereign and the financial sector.
From the onset of the financial upheaval, the topic of sovereign crises became the focus of
many researchers and numerous publications were written on this topic including Manasse
and Roubini (2009) who provide an empirical study of the conditions leading to a sovereign
crisis, Reinhart and Rogoff (2009) who explore the history of sovereign countries in
individual case studies. In terms of sovereign assistance, Enderlein, et al. (2012) analyze
behavior of governments which find themselves on the verge of default. Borensztein and
Panizza (2009) examine possible costs to the defaulting sovereign arising from its failure,
while Dias (2012) investigates the asynchronization between periphery countries and
resilient countries in the Eurozone. Laeven and Valencia (2008) and recently updated by
Laeven and Valencia (2012), provide a detailed catalogue of systemic banking crises along
with description of the links they had to the sovereign sector. Hansen (2013) highlights the
challenge of quantifying systemic risk and discusses pros and cons of modelling and
measuring systemic risk. In terms of liquidity funding problems of banks during financial
distress periods, Craig and Dinger (2013) propose a new empirical approach that is
concentrated on the relationship between deposit market competition and bank risk. More
recently, Bucher et al. (2014) analyze the importance of bank´s liquidity management in a
global low interest rate environment. Last but not least, Fidrmuc et al (2014) or Dewally
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and Yingying (2014) discuss effects of bank funding problems on bank lending and
corporate loans. On a related note, Estrella and Schich (2011) develop a valuation method
of bank debt insurance by troubled sovereigns, Pisani-Ferry (2012) describes problems that
arise from this linkage to the Euro area and Campolongo, et al. (2011) build a model
estimating the probability and magnitude of economic losses and liquidity shortfalls
occurring in the banking sector.
The overall aim of this paper is to contribute to the discussion on sovereign debt crises and
bank crises, which have occurred both in the EU and on the international level. It examines
the role of the sovereigns as providers of bank aid and members of the financial network
as such. 24 The main research question is how the stability of the financial system is affected
by its individual parameters associated with the link between the banks and the sovereigns,
how and when its stress can translate into sovereign crises and on the other hand, how and
when a sovereign crisis can feed back into the system through sovereign debt exposures.
Allen and Gale (2000) firstly presented the main idea that the banks may be represented
by their balance sheets, they form nodes in a network connected with mutual claims, and
that an adverse shock may spread through the financial system as a contagious event.
Another early analysis was carried out by Freixas, et al. (2000), who studied contagion in
systems where some banks were systemically important. The simple framework of pure
credit shock contagion is extended in Cifuentes, et al. (2005) and Shin (2008), who add a
market liquidity contagion channel decreasing the price of illiquid assets. Finally, there are
studies that analyze systemic stability by simulation experiments such as Nier, et al. (2007),
Gai and Kapadia (2010) or Battiston et al. (2012), who use simulation models to examine
how different banking system parameters affect its resilience. In general terms, the effects
of the network structure on financial contagion has discussed, among others, by Acemoglu
et al. (2013), Cochrane (2013), Georg (2013), Gofman (2014) and van Wincoop (2013).
Recently, Blasques et al. (2015) presents a dynamic network model of the unsecured
interbank lending market.
This paper is extension to Klinger and Teply (2014), where the authors used agent -based
network simulations to assess the impact of various settings of banking regulation on
systemic stability. Although using a similar modelling framework, this paper brings

24

For general discussion on the formation of financial networks we refer to Gale and Kariv (2007), Farboodi (2014) or
Vuillemey and Breton (2014).
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completely new insight into effectiveness and mechanism of state aid as it implements the
existence of sovereigns and their assistance to troubled banks. The rest of the paper is
structured as follows: in the second section, we construct an original model of a financial
system which will be used for testing the impact of sovereign assistance to banks and
researching the feedback loops that may arise when such assistance weakens the
sovereigns. In the third section, we test the model in Monte Carlo simulations to get better
understanding of its inner processes and its results. Finally, we conclude the paper with a
summary of our research and key findings.

3.2 The Model
As mentioned above, we follow a similar modelling framework for the bank network as
Klinger and Teply (2014). However, in this paper we expand our model by the nexus
between banks and sovereigns, which makes our methodology unique. While focusing in
our previous paper primarily on an impact of shocks on capital adequacy of the investigated
banks, here we add four state support measures to the banks in trouble, construct the
feedback loop between the failing states and the banking system and discuss the efficiency
of state aid (see also Section 3.5). For each individual simulation, the model is defined in
several iterations. First, the network of banks and sovereigns is initialized together with
the balance sheet data of individual agents. Second, the system is stressed by several types
of balance sheet shocks, which may originate from individual banks, individual sovereigns
or from downward pressure on asset prices. Following the initial shock, the stress
propagates through the network and triggers actions of particular agents such as bank or
sovereign defaults, asset fire-sales or state assistance to troubled banks. The simulation
continues in a number of laps until the initial shocks completely dissolved and are not
further transmitted onto other agents.

3.2.1 Creating the Network
The infrastructure of the model is formed by a network of banks and sovereigns. First, the
model creates an interbank network which is a random graph defined by two parameters
set exogenously at the beginning of each simulation. These are the following:
1. Number of nodes 𝑁 𝑏 , determining the number of agents in the interbank network,
2. Probability 𝑝𝑖𝑗 , determining the existence of a directed edge from bank 𝑖 to bank 𝑗,
i.e. the probability that bank 𝑖 is exposed to bank 𝑗 by holding a claim against it. We
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assume this parameter fixed among all edges 25 between all nodes 𝑖, 𝑗 ∈ (1, … , 𝑁 𝑏 )
and denote it as 𝑝𝑏 . As a result, not all banks are connected to all banks and the
network structure changes for every simulation. Moreover, as the exposures are not
netted, two links in opposite directions may exist between each pair of banks.
The interbank network is created in two steps. First, there are 𝑁 𝑏 banks added in the
system, and second, for each oriented pair of banks, an edge is created with probability 𝑝𝑏 .
Second, we add the sovereign agents and link them with their domestic banks by exposures
held by each bank to its home sovereign. We abstract from other types of connections such
as exposures of states-to-banks, states-to-states or banks-to-foreign-sovereigns. For
introduction of sovereigns, the system takes one more exogenous parameter, initial
sovereign node count 𝑁 𝑠,𝐼𝑁𝐼𝑇 , determining the number of sovereigns. Subsequently, for
each bank 𝑖 ∈ (1, … , 𝑁 𝑏 ), one sovereign 𝑘 ∈ (1, … , 𝑁 𝑠,𝐼𝑁𝐼𝑇 ) is sampled randomly and an
oriented edge is created between these two. The bank-sovereign edges represent claims of
banks on the domestic sovereign, i.e. the exposure that bank 𝑖 holds to sovereign 𝑘. At the
end of the edge initialization, the sovereigns having no links with any of the banks are
removed from the system and the number of sovereigns left is denoted as 𝑁 𝑠 .

3.2.2 Initializing the Balance Sheets26
Next, the model constructs balance sheets of individual banks for the given network
realization in two steps. First, we calculate the aggregate variables of the system. The total
value of all assets upon initialization is a sum of the following variables:
a. interbank assets, all the loans represented by the edges of the interbank network,
b. sovereign debt, individual banks’ exposures towards their domestic sovereigns,
c. external assets, individual banks’ exposures outside the network, e.g. loans to other
entities such as households, foreign sovereigns and non-financial institutions or
derivatives.

25

This assumption may be relaxed when the model is calibrated to relevant data. However, we leave this possibility to
the further research.
26

Please note that the relationships in this section are defined so that the virtual financial system may be described by
as few parameters as possible while keeping the possibility to compare simulation results of different settings of a few
variables given the others remain fixed (ceteris paribus). Hence, it does not mean that relationships in this section are
describing behavior of individual balance sheet variables, it is merely an algorithm for the system initialization before
the simulation is launched by an initial shock.
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Balance sheets are populated according to the following algorithm:
1. The sum of external assets in the system 𝐸, sum of sovereign debt towards all banks
𝑆 and the share of interbank assets in total assets 𝜃 are given exogenously. The total
value of all assets in the system 𝐴 is determined by these as follows:
𝐴=

𝐸+𝑆
.
(1 − 𝜃)

2. The sum of interbank assets is calculated from the total assets and the share of
interbank assets in total assets:
𝑄 = 𝜃𝐴.
Finally, it holds that:
𝐴 = 𝑆 + 𝑄 + 𝐸.
3. In line with Nier, et al. (2007) and Gai and Kapadia (2010), for Monte Carlo
simulation purposes the interbank exposures are assumed homogenous. Denoting
the sum of all interbank edges in the system as 𝑍 𝑏 , the value of each individual edge
is calculated as:
𝑤𝑖𝑗𝑏 = 𝑤 𝑏 =

𝑄
.
𝑍𝑏

4. The value of each sovereign’s debt is given as

𝑆
𝑁𝑠

and it is assumed homogenous

across sovereigns. Denoting the sum of outgoing edges from banks to 𝑘-th
sovereign as 𝑧𝑘𝐼𝑁 (as these are incoming to the sovereign), the value of each
individual edge is thus calculated as:
𝑤𝑘𝑠 =

𝑆
.
𝑁 𝑠 𝑧𝑘𝐼𝑁

When the aggregate variables are determined, the model initializes the balance sheets of
individual banks:
5. The value of interbank assets (𝑞𝑖 ) and liabilities (𝑏𝑖 ) of each bank are determined
by the interbank edge value (weight) and number of edges in the system as:
𝑞𝑖 = 𝑤 𝑏 𝑧𝑖𝐼𝑁 ,
𝑏𝑖 = 𝑤 𝑏 𝑧𝑖𝑂𝑈𝑇 ,
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where 𝑧𝑖𝐼𝑁 is the number of 𝑖-th bank’s incoming edges and 𝑧𝑖𝑂𝑈𝑇 is the number of
its outgoing edges. 27
6. The value of sovereign debt held on each bank’s balance sheet (𝑠𝑖 ) is equal to the
value of domestic government debt held by the bank.
𝑠𝑖 = 𝑤𝑘𝑠 ,
7. External assets’ value of each bank is determined by a two-step algorithm described
in Nier, et al. (2007):
a. First, the difference between the interbank liabilities and internal assets is
balanced by a certain amount of external assets 𝑒̃𝑖 :
𝑒̃𝑖 = {

𝑏𝑖 − 𝑞𝑖 if 𝑏𝑖 − 𝑞𝑖 > 0
0
if 𝑏𝑖 − 𝑞𝑖 ≤ 0

b. The rest of the total sum of external assets is distributed uniformly among
all banks so that the following holds for each bank’s external assets value:
𝑏

𝐸 − ∑𝑁
𝑖=1 𝑒̃𝑖
𝑒𝑖 = 𝑒̃𝑖 + [
].
𝑁𝑏
8. Each bank’s capital buffer (𝑐𝑖 ) is determined as its total assets (𝑎𝑖 ) times the capital
ratio 𝛾𝑖 . In line with Nier, et al. (2007) or Chan-Lau (2010), the capital ratios are
assumed the same across all banks and are denoted as 𝛾:
𝑐𝑖 = 𝛾𝑎𝑖 .
9. The value of each bank’s external liabilities (𝑑𝑖 ) is calculated so that the balance
sheet identity holds:
𝑑𝑖 = 𝑎𝑖 − 𝑐𝑖 − 𝑏𝑖 .
When the balance sheets are created, the system is initialized. The final setting of banks ’
balance sheets is depicted in Table 3.1.

27

𝑏

𝑏

𝐼𝑁
𝑁
𝑂𝑈𝑇
On the aggregate level, it holds that ∑𝑁
= 𝑍𝑏 .
𝑖=1 𝑧𝑖 = ∑𝑖=1 𝑧𝑖
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Table 3.1: Balance sheet variables of a modelled bank
𝒂𝒊 ...TOTAL ASSETS

𝒍𝒊 ... TOTAL LIABILITIES

𝑠𝑖 ...sovereign debt

𝑏𝑖 ...interbank liabilities

𝑞𝑖 ...interbank assets

𝑑𝑖 ...external liabilities (deposits)

𝑒𝑖 ...external assets

𝑐𝑖 ...equity (capital buffer)

Source: Authors

For sovereigns, the model does not require balance sheet identities as there the mecha nics
is driven by the relationship of CDS spread movements with budget deficits in individual
periods. Hence, the sources for funding budget deficits are not explicitly stated (and bank
credit is present explicitly mainly for modelling the shock transmission from sovereigns
back to the banks). However, bank credit is not the only source of funding budget deficits
other debt external to the model is allowed for. Upon the system initialization, we assume
this variable to be of zero value for all sovereigns.

3.2.3 Introducing Negative Shocks
When the network is prepared, the system is inactive until we impose an adverse shock
event, initiating the first simulation lap. There are several types of such events:
a. “Local shock”: A share of external assets is deducted from a random bank’s balance
sheet.
b. “Global shock”: The external assets price drops. In this case, a certain percentage
loss on these assets is applied to balance sheets of all banks.
c. “Sovereign shock”: A sovereign defaults on a portion of its debt. In this case, the
shock is transmitted to all banks that hold exposure towards this sovereign, i.e. the
banks “domestic” to the defaulting state.
Similarly, at the beginning of each next lap, each bank may receive a total asset-side shock
of Δ = 𝛿 + 𝑃𝑟𝑖𝑐𝑒𝑆ℎ𝑜𝑐𝑘 + 𝐺𝑜𝑣𝑒𝑟𝑛𝑚𝑒𝑛𝑡𝑆ℎ𝑜𝑐𝑘, whose individual components are described
in detail in the rest of this section.
If the banks affected by the primary shock do not possess sufficient capital buffers,
a process of cascade contagion effects unfolds, where in each lap of the simulation, the
banks that default transmit the shock further onto other banks in the system. Let us consider
a bank that receives a shock. Whatever the shock type, it is reflected in the balance sheet
and the bank loses a certain part of its assets. Since the sum of assets must equal the sum
of liabilities, the bank writes off an equal value of liabilities. Firstly, the shocks are
absorbed by own equity but if the capital buffers are not large enough, the banks default
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on claims of other creditors. If in lap 𝑡 the 𝑖-th bank suffers a shock of size ∆𝑖,𝑡 = 𝑙𝑖,𝑡 − 𝑎𝑖,𝑡 ,
its external behavior depends on the shock size relative to its balance sheet structure:
a) At first, the shock hits the bank’s capital buffer. If 𝑐𝑖,𝑡 > ∆𝑖,𝑡 , meaning that the bank
is able to cover the losses by its own equity, then the capital buffer absorbs the
shock completely and the bank does not send it further to other agents in the system.
b) If 𝑐𝑖,𝑡 < ∆𝑖,𝑡 , the residual shock overflows to the interbank liabilities 𝑏𝑖 , in which
case its value up to the value of the interbank liabilities is uniformly divided into
losses of all creditor banks. Formally, in case of 𝑚 creditor banks, in the next round
each creditor bank 𝑗 receives from bank 𝑖 a shock of
𝛥𝑖,𝑡 − 𝑐𝑖,𝑡 𝑏𝑖,𝑡
𝛿𝑖𝑗,𝑡+1 = 𝑚𝑖𝑛 (
,
).
𝑚𝑖,𝑡
𝑚𝑖,𝑡

(1)

As the propagating bank defaults, in the next lap it is removed from the system.
Also, in the next lap of the simulation, the creditor banks evaluate t he received
shock. The simulation finishes when there is a lap when no bank propagates the
shock further.
c) Additionally, it holds that:
iii.

If 𝑏𝑖,𝑡 > ∆𝑖,𝑡 − 𝑐𝑖,𝑡 , the shock is absorbed completely by the bank’s capital
and interbank liabilities.

iv.

If 𝑏𝑖,𝑡 < ∆𝑖,𝑡 − 𝑐𝑖,𝑡, , the shock overflows to external liabilities, meaning that
the residual loss is covered by the depositors.

3.2.4 Liquidity Risk Modelling
Generally, there are two types of liquidity issues that can affect a stressed financial system:
market illiquidity and funding illiquidity. 28 The former, described firstly by Kyle (1985),
represents a situation in which the assets that are sold have a negative impact on the asset
prices. The latter refers to inability to meet obligations when they are due. In the recent
financial crisis, we witnessed both: a sudden gap in short-term bank financing caused
funding illiquidity on the liability side and the subsequent fire-selling of assets as the only
means for cash replenishment resulted in further rapid decline in asset prices. Therefore,
both these types are accounted for in the model.
3.2.4.1 Market Liquidity
Along with Gai and Kapadia (2010), we assume that in case a bank is in default, it has to
liquidate all of its assets before it is removed from the system. While the sovereign debt is
assumed to be more liquid and hence is liquidated in full value, the low market depth may

28

For more details on liquidity risk and its modelling in Central and Eastern Europe we refer to Gersl and Komarkova
(2009) or more recently to Cernohorska et al (2012), Vodova (2013) or Mandel and Tomsik (2014).
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limit the capacity to absorb the external and interbank assets. As a result, these cannot be
sold for the price for which they are kept in the bank’s books. Following Cifuentes, et al.
(2005), we assume an inverse demand function for external assets, which takes the form of
𝑁𝑏

𝛼
𝑃(𝒙)𝑡 = exp (− ∑ 𝑥𝑖,𝑡 ),
𝐸

(2)

𝑖=1

where 𝑥𝑖,𝑡 is the total value of external and interbank assets sold by the 𝑖-th bank in the
current lap, 𝛼 represents the market’s illiquidity (i.e. the speed at which the asset price
declines) and 𝑃(𝑥)𝑡 is the new discounted price of external assets calculated in each lap. 29
The additional loss caused by the asset sales is then added to the initial shock on 𝑖-th bank
in the current lap and transmitted accordingly. Furthermore, assuming marking to market
accounting procedure, at the end of each lap the external assets of each bank are reval ued
such that
𝑒𝑖+1 = 𝑒𝑖,𝑡 𝑃(𝒙)𝑡 .
Hence, the losses stemming from such price adjustment result to a price shock of
𝑃𝑟𝑖𝑐𝑒𝑆ℎ𝑜𝑐𝑘𝑖,𝑡+1 = 𝑒𝑖,𝑡 (𝑃(𝒙)𝑡−1 − 𝑃(𝒙)𝑡 ) to all banks.
3.2.4.2 Funding Liquidity
As the failing bank liquidates all of its assets, it may withdraw a certain portion of its
claims on other banks classified as short-term credit. As a result, the debtors of the failing
bank may receive a funding liquidity shock which decreases their liabilities and may
require them to sell a portion of their assets to balance out the gap in funding (Chan -Lau,
2010).
If i-th bank defaults, the portion λ of interbank liabilities bji = q ij of its debtor j gets erased
from the debtor j’s total liabilities such that
𝑙𝑗,𝑡 = 𝑙𝑗,𝑡−1 − 𝜆𝑏𝑗𝑖,𝑡 .
Subsequently, the 𝑗-th bank is forced to fire-sale external assets in the value of the funding
shock. This amount of external assets is added to the total amount offered by the banks in
the current lap and the 𝑗-th bank receives for them 𝜆𝑃(𝒙)𝑡 𝑏𝑗𝑖,𝑡 . The value of the loss
(1 − 𝑃(𝒙)𝑡 )𝜆𝑏𝑗𝑖,𝑡 is added to the 𝑗-th bank’s credit shock 𝛿.

29

Upon the system’s initialization, the price is set to 𝑃(𝒙)0 = 1.
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3.2.5 Sovereign Assistance to Banks and Sovereign Distress
As a means of sovereign to support its domestic banks, we introduce four possibilities of
sovereign assistance: asset relief, execution of state guarantees, bailouts and
recapitalization and finally provision of funding liquidity.
a. Asset relief (AR) – the sovereigns may buy what assets their domestic banks need
to sell in fire sales. In this case, in each round every bank sells 𝑥𝑖,𝑡 assets as
described in the basic model definition, but only (1 − 𝑘 𝐴𝑅 )𝑥𝑖,𝑡 is sold on the market
since 𝑘 𝐴𝑅 𝑥𝑖,𝑡 is bought-out by the bank’s domestic government. Assuming 1 − 𝑘 𝐴𝑅
fixed across all banks and all sovereigns, the Equation 2 is replaced by:
𝑁𝑏

𝑃(𝒙)𝑡 = exp (−𝛼(1 − 𝑘 𝐴𝑅 ) ∑ 𝑥𝑖,𝑡 ),
𝑖=1

The amount of 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 𝐴𝑅 = 𝑘 𝐴𝑅 𝑥𝑖,𝑡 is then added to the external debt of the 𝑖-th
banks’ domestic sovereign as the domestic government needs to find external
financing for this rescue measure.
b. State guarantees execution (SG) – the sovereigns may reimburse the creditors of
their domestic banks to a certain degree to lower the negative shocks. In case this
measure is executed, the Equation 1 is replaced as each creditor 𝑗 of bank 𝑖 receives
a credit shock of:
𝛿𝑗,𝑡+1 = (1 − 𝑘 𝑆𝐺 )𝑚𝑖𝑛 (

𝛥𝑖,𝑡 − 𝑐𝑖,𝑡 𝑏𝑖,𝑡
,
).
𝑚𝑖,𝑡
𝑚𝑖,𝑡

𝛥𝑖,𝑡 −𝑐𝑖,𝑡 𝑏𝑖,𝑡

The amount of 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 𝑆𝐺 = min (

𝑚𝑖,𝑡

, 𝑚 ) 𝑘 𝑆𝐺 is then added to the external debt
𝑖,𝑡

of the 𝑖-th banks’ domestic sovereign as the domestic government needs to find
external financing for this rescue measure.
c. Bailouts and recapitalization (BR) – the sovereigns may pay for losses incurred by
the banks to replenish their capital buffers and keep them in business. In this case
when a bank 𝑖 receives a shock of Δ𝑖,𝑡 , the sovereign covers 𝑘 𝐵𝑅 Δ𝑖,𝑡 , adding this
value to the bank’s external assets. Again, the amount of 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 𝐵𝑅 = 𝑘 𝐵𝑅 Δ𝑖,𝑡 is
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then added to the external debt of the 𝑖-th banks’ domestic sovereign as the domestic
government needs to find external financing for this rescue measure.
d. Funding liquidity provision (FLP) – the sovereigns may provide funding liquidity
to balance out the funding shocks received by their domestic banks. In this case, the
sovereign provides funding of 𝑘 𝐹𝐿𝑃 𝜆𝑏𝑗𝑖,𝑡 to its domestic bank 𝑗 in case of a shock
coming from a failing bank 𝑖. As with all the previous measures, the sovereign needs
to finance such measure by raising additional debt of the amount 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 𝐹𝐿𝑃 =
𝑘 𝐹𝐿𝑃 𝜆𝑏𝑗𝑖,𝑡 .
However, resulting credit risk of sovereigns may feed back into the banking system, mainly
via direct holdings of government debt by the financial sector (Caruana 2012). Moreover,
Arslanalp and Tsuda (2012) confirm that domestic banks hold a significant portion of
sovereign debt. Additionally, Merler and Pisani-Ferry (2012), Pisani-Ferry (2012) or
Darvas et al (2014) point out that the bank holdings of sovereign debt show substantial
“home bias”. In the 2010 EBA Stress test sample, the average home bias in the banks’
holdings of government bonds was near 60% and was the strongest in case of banks of the
most distressed sovereigns of periphery countries (EBA, 2011). As a result, holdings of the
home sovereign debt are perhaps the most important part of the negative feedback loop and
so they form the cornerstone of our model.
First, sovereign assistance may work very well for short-term banking system stabilization,
but it puts significant pressure on the intervening sovereigns. State assistance t o banks
requires that the sovereigns immediately issue new debt to finance such measures, which
results in immediate increase in the sovereigns’ credit risk through the liability side of their
balance sheets (Acharya, et al. 2012). As mentioned previously, in the model, any type of
sovereign assistance to the banks results in an increase of the debt of the domestic
sovereign. The extra budget deficit resulting from the aid measures is the main driver of a
credit risk increase in the model and is given as
𝑆𝐺
𝐴𝑅
𝐵𝑅
𝐹𝐿𝑃
𝑑𝑒𝑓𝑖𝑐𝑖𝑡𝑘,𝑡 = 𝑑𝑒𝑓𝑖𝑐𝑖𝑡𝑘,𝑡
+ 𝑑𝑒𝑓𝑖𝑐𝑖𝑡𝑘,𝑡
+ 𝑑𝑒𝑓𝑖𝑐𝑖𝑡𝑘,𝑡
+ 𝑑𝑒𝑓𝑖𝑐𝑖𝑡𝑘,𝑡
.

Second, the sovereign credit risk in the model is represented by probability of default,
which under a certain assumed recovery rate may be approximated from CDS spreads.
Although strictly speaking, the extraction of this probability from the available 5-year CDS
spreads would require diligent modelling of both the default state and the no -default state
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cash flows, we can simplify the calculation by assuming a flat CDS spread curve and
implement a widely used approximation according to J.P. Morgan and Company and
RiskMetrics Group (1999):

𝑑𝑒𝑓𝑎𝑢𝑙𝑡

𝑝𝑘,𝑡

𝑑𝑒𝑓𝑎𝑢𝑙𝑡

where 𝑝𝑘,𝑡

= 𝜁 (1 −

1
),
𝐶𝐷𝑆𝑘,𝑡 𝜏
(1 + 1 − 𝑅𝑅 )

(3)

is the probability that a given sovereign defaults in one year, 𝐶𝐷𝑆𝑘,𝑡 is the

annual CDS spread expressed as a decimal (e.g. if the spread is 500 basis points, 𝐶𝐷𝑆𝑘,𝑡 is
equal to 0.05), 𝑅𝑅 is the recovery rate and 𝑡 is the number of years for the cumulative
default probability calculation (in our case, 𝜏 = 1). 30
Third, the link between sovereign deficits and credit risk is documented b y econometric
studies such as Attinasi, et al. (2009) or Cottarelli and Jaramillo (2012). We use the
following equation to update the sovereign CDS spreads at the end of each simulation lap:
𝐶𝐷𝑆𝑘,𝑡+1 = 𝐶𝐷𝑆𝑘,𝑡 + 𝛽

𝑑𝑒𝑓𝑖𝑐𝑖𝑡𝑘,𝑡
.
𝐺𝐷𝑃𝑘

(4)

Thus the CDS spread in period 𝑡 + 𝑛 takes into account the previous n periods and their
respective deficits. In other words, the CDS spread in period 𝑡 + 𝑛 takes into account the
accumulated debt.
Putting the previous three points together, at the end of each lap the model collects the total
amount of each sovereign’s deficit and feeds it into Equation 4 which is then itself plugged
into Equation 3. The resulting probability of default of a sovereign 𝑘 in lap 𝑡 + 1 is then

30

Moreover, as we agree with the criticism of using CDS implied probability of default pointing out that
the additional premiums such as the market price of risk or liquidity premium included in the spread may
result in biased estimations (e.g. Amato (2005) or Remolona, et al.(2007)), this relationship may be
parameterized by a factor 𝜁 ∈ (0,1) to account for the overestimation of the default probabilities.
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𝑑𝑒𝑓𝑎𝑢𝑙𝑡

𝑝𝑘,𝑡+1

1

=𝜁 1−
1+
(

𝐶𝐷𝑆𝑘,𝑡 +

𝐴𝑅
𝑐1 (𝑑𝑒𝑓𝑖𝑐𝑖𝑡𝑘,𝑡

.

𝑆𝐺
𝐵𝑅
𝐹𝐿𝑃
+ 𝑑𝑒𝑓𝑖𝑐𝑖𝑡𝑘,𝑡
+ 𝑑𝑒𝑓𝑖𝑐𝑖𝑡𝑘,𝑡
+ 𝑑𝑒𝑓𝑖𝑐𝑖𝑡𝑘,𝑡
)
𝐺𝐷𝑃𝑘
1 − 𝑅𝑅

(

))

At the beginning of each simulation lap, a sovereign 𝑘 may default with probability
𝑑𝑒𝑓𝑎𝑢𝑙𝑡

𝑝𝑘,𝑡

. In that case, each creditor bank incurs a loss of 𝐺𝑜𝑣𝑒𝑟𝑛𝑚𝑒𝑛𝑡𝑆ℎ𝑜𝑐𝑘 = 𝒔𝒊 (1 − 𝑅𝑅)

and revalues the sovereign debt on its balance sheet accordingly.

3.3 Monte Carlo Simulations
This section presents the results of the Monte Carlo simulations performed with our model.
First, we describe the simulation process and how the model is controlled. Second, we
analyze the model’s behavior under various settings of the network structure and global
parameters. Third, we introduce sovereign assistance to the banks and examine efficiency
of the individual support measures given that the states have unlimited access to funds.
Fourth, we describe the system behavior when a sovereign defaults and show what
parameters have the greatest effect on systemic stability in this case. Finally, putting it all
together with the risk transfer mechanism from the banks to sovereigns and a feedback
loop back to the banking system, we provide a comprehensive model allowing us to test
the individual support measures under various circumstances.

3.3.1 Model Control
Monte Carlo simulations are based on comparative statics experiments where the
simulations are performed under varying combinations of input parameters. 31 In each
experiment, the simulation is launched under a set of different parameter settings where
some of the parameters are fixed and some vary as they are fed to the model in a form of a
loop on a certain predefined interval. To obtain the results for each parameter combination,
we run the model in several repetitions, each with a different realization of its random
variables, and we average the resulting observed variable into a single data point. This
approach is in line with Nier, et al. (2007). However, since our model (consisting o f 25

31

The model was programmed in plain Java. The input parameters are set prior to the simulation launch. As an output,
the model produces a csv file with data that may be subsequently analyzed in any statistical software.
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banks) runs fast enough to achieve the results of much higher iteration count in reasonable
time, we run each parameter setting 500 or even 1000 times instead of the generally used
100 iterations. This allows us to present readable charts without furt her smoothing and
ensures higher robustness of our results (Klinger and Teply, 2014). Because the simulations
are not based on real-world data but rather describe the general system behavior, we are
more interested in the observable patterns than in particular numerical results. Hence, we
visualize the simulation outcomes by surface or heat map plots, which allow us to observe
the effects of two varying parameters at once.

3.3.2 Sovereign Assistance
This section evaluates the positive impact of state support on systemic stability as well as
the cost of the support measures. Note that the feedback loops are not introduced yet and
although it shows the costs of the support measures, the following analysis does not include
the propagation of sovereign weakness back into the banking system. Due to the limited
scope of this paper, we illustrate the analysis on bailouts and recapitalization of institutions
that are receiving negative shocks. As mentioned in Section 3.2.5, in this case the domestic
sovereign pays for some fraction of the losses before the receiving institution writes down
its capital and hence it is conceptually the same as providing additional capital to the
receiving institution. Figure 3.1a shows how many of the initial 25 banks default given
certain capital ratio and certain bailout ratio (i.e. how large portion of the bank ’s loss is
covered by the public sector). It demonstrates the relatively high efficiency of this measure
which manages to prevent a systemic breakdown. With low bank capital ratio levels, there
is always a short interval of the amount of state support on which the support measure
becomes effective (i.e. that the number of defaults is decreasing with the bailouts ratio).
Moreover, it holds that the lower the capital ratio, the shorter this interval.
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Figure 3.1: Bailouts and recapitalization effects
Panel A: Total defaults - Capital vs. Bailouts ratio

Panel B: Total cost - Capital vs. Bailouts ratio
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Source: Authors
Note to Panel A: Our modelling network consists of 25 banks. The vertical axis ticks are spaced by two defaults so the
maximum tick on the axis amounts to 26.
Note to Panel B: Darker color indicates a higher extra deficit caused by the measure.

Figure 3.1b shows the “costs” of the bailouts represented by the total extra deficit resulting
from the measure. We see that at low capital levels, the relationship between the deficit
and the intensity of the bailout measure is non-linear: positive up to a certain bailout ratio
behind which it becomes negative, with deficit falling back to relatively low values. At a
given capital level, the highest bailout costs arise at the level of bailout intensity which is
high enough to represent a significant cost to the domestic sovereign but still too low to
prevent the shocks from spilling over the banks’ capital barriers onto the next line of
creditors. Moreover, in this situation the failing bank liquidates its assets, further
worsening the situation through the market liquidity channel. Beyond such level of bailout
intensity, the number of defaults suddenly drops as the bailout measure becomes effective.

3.3.3 Cost Efficiency of the Support Measures
Individual support measures may be compared in terms of cost-benefit efficiency, as shown
in Figure 3.2. To obtain the values of cost efficiency for each support intensity value
(horizontal axis), we first calculated how many less banks fail compared to the situation of
no state support. This measure, representing the benefit of the individual measures, is then
divided by the extra deficit associated with its execution. As a result, the individual panels
of Figure 3.2 depict how many banks are saved by one currency unit of state support.
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The first finding is that direct support such as bailouts and guarantees proves much more
efficient than measures which aim only on the resulting liquidity issues. Due to such
disproportion in effectiveness, in Figure 3.2a and Figure 3.2b, the support efficiency is
plotted on ten times higher scale than in case of Figure 3.2c and Figure 3.2d. Second, on
both Figure 3.2a and Figure 3.2b, we see a diagonal pattern where the state support is most
efficient. This corresponds e.g. with the diagonal area in Figure 3.1a when the system is
changing its state from stable to failed. The interpretation of this finding is that the state
aid works in the most cost-effective way when the situation is serious enough but the
system has not yet collapsed entirely. Furthermore, Figure 3.2c shows that although the
efficiency in case of asset relief is ten times lower, the pattern is similar, only with the area
of higher efficiency shifted further to the right. Again, this is caused by the asset relief
being even less direct support measure in relation to the initial shock than state guarantees.
Finally, it is clear from Figure 3.2d that given this parameter setting, funding liquidity
provision is not an effective support for systemic stability.
Figure 3.2: Cost-benefit analysis of state support measures
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3.3.4 Feedback Loops
Putting together the results of banking crises, state support and the effects of state defaults,
we may close the feedback loop by implementing a mechanism connecting the state support
and state defaults. First, according to Equation 3 in Section 3.2.5, a sovereign may default
with probability implied from its CDS spread. As the CDS spreads contain not only the
premium for credit risk of the insured bonds but also additional premiums such as the
market price of risk or liquidity premium, we adjust the CDS-implied probability by a
parameter 𝜁 ∈ (0,1), which we set to 0.5. Although the decision on its value is rather
arbitrary, the results’ dependence on this parameter is linear with moderate slope and so
the choice of its value does not degrade the robustness of the model. We also implement
the relationship between state support and sovereign risk. Again, due to the scope of this
paper, we present detailed results only for bailouts and recapitalization. Finally, the results
of funding liquidity provision are not presented as this support measure did not prove to
have almost any significant positive effects.
Figure 3.3: Bailouts and recapitalization with feedback loops
Panel A: Bailouts ratio vs. CDS sensitivity,
Capital ratio = 0.04

Panel B: Bailouts ratio vs. CDS sensitivity,
Capital ratio = 0.08
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CDS sensitivity

Source: Authors
Note: Our modelling network consists of 25 banks. The vertical axis ticks are spaced by two defaults so the maximum
tick on the axis amounts to 26.

Figure 3.3 shows the behavior of the system when the crisis is tackled by bailouts and
recapitalization of the troubled banks. Figure 3.3a depicts a collapsing system at capital
ratio of 4%. Here we see that at low CDS sensitivity to deficits resulting from the support
measures (parameter 𝛽), bailouts are truly effective for crisis mitigation. Especially in the
first half of the bailout intensity interval, state action manages to decrease the number of
defaulted banks significantly. However, with increasing CDS sensitivity, the measure
becomes less and less effective. Also, at higher CDS intensity levels, an interesting pattern
appears where higher bailout intensity does not necessarily mean less total def aults. This
is because at bailout intensity of 0.8, state action weakens the sovereigns more than it
supports the banks. On even higher bailout intensities, however, the measure becomes
effective again as it almost completely blocks the systemic crisis, restraining it to only zero
to ten failed banks, depending on the CDS sensitivity.
Figure 3.3b depicts the situation at a higher capital ratio of 8%. We still see that, state
support may slightly ease the situation at very low CDS sensitivity levels. However, when
the market perceives additional deficits as more risky and hence the CDS sensitivity is
high, state support weakens the sovereigns significantly and is potentially harmful to the
system. Nevertheless, it holds again that with full bailout intensity, the bailout measure
remains effective for crisis mitigation.

3.3.5 Results Summary
In case of negative shocks, the banks may be supported by four main state aid measures:
bailouts, guarantees, asset relief or provision of funding liquidity which on one hand may
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weaken the sovereigns but one the other hand may contribute significantly to systemic
stability. In the simulation setting, bailouts and guarantees proved to be the best measures
in terms of effectiveness as well as cost efficiency. Asset relief was also effective but due
to its large costs did not measure up to the former two. Finally, funding liquidity provision
had very little effect on systemic stability but is rather expensive for the sovereigns. Unlike
Klinger and Teplý (2014), who focused on systemic stability as a result of different
regulatory settings, here we expand our research to four support measures to the banks in
trouble, which we discuss further: bailouts and recapitalization, guarantees execution, asset
relief and funding liquidity provision. Table 3.2 provides the summary of these support
measures.
Table 3.2: Impact of individual support measures
Measure

Effectiveness

Cost-efficiency

Description

Bailouts and
recapitalization

+++++

+++++

Captures shocks before they hit the receiving
bank

Guarantees
execution

++++

++++

Captures shocks the receiving bank propagates
onto its creditors

Asset relief

+++

+

Eases the asset price decline by absorbing
a portion of external assets that would be
otherwise fire-sold on the market

0

Captures funding shocks by providing liquid
assets to the banks whose creditor defaults and
who would not be able to renew their credit
lines

Funding liquidity
provision

+

Source: Authors
Note: The number of plus signs “+” represents the degree of positive effect. Zero “0” represents mixed or neutral effect.

Even though some are effective in the short run, in longer run the support measures weaken
the sovereigns through extra deficits and increase the probability of a sovereign default.
Failing sovereigns then return the shock to the banking system through negative feedback
loops. Generally, for systems in total collapse, state aid may significantly ease th e extent
of the crisis despite sovereigns being weakened by the support. However, especially in
situations when only some part of the system is destabilized and when the sovereigns ’
default probabilities are sensitive to extra deficits, the state support may be worse than the
case of no state intervention. Last but not least, the application of support measures was
biased by the ‘privatization of profits and socialization of losses’ approach by politicians
in many developed countries as documented by the mentioned EUR 1.6 trillion national
support to the EU banking sector between October 2008 and 31 December 2011. As a
result, the related costs were borne by the taxpayer through bail-outs rather than by
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financial institutions´ shareholders through bail-ins. Despite some pending regulatory
efforts to avoid taxpayers´ involvement in banks´ bail-outs, we agree with Sutorova and
Teply (2013; 2014) stating that the recent global banking regulation Basel III is not
sufficient and will neither protect financial markets from future crises nor the taxpayer
from further subsidies to banking industry.

3.3.6 Further research opportunities
In our further research, we plan to calibrate the model to the increasingly available and
more complete real world data. The interbank network may be modelled at aggregate scale,
using banking systems exposure matrix based on data from BIS International Financial
Statistics. In this case, foreign claims data on immediate borrower basis from the
consolidated banking statistics may be used similarly as in Chan-Lau (2010). Alternatively,
we may take a sample of real-world banks and construct an interbank exposure network
based on a probability map similar to the recent research of the ECB’s Halaj and Sorensen
(2013), who constructed such network for the banks that reported during the 2010 and 2011
EBA stress tests. As sources of the rest of the data necessary for the model calibration we
may use databases such as Bankscope, IMF International Financial Statistics database,
Arslanalp and Tsuda (2012) or individual central banks’ databases. Moreover, it is
important to stress out the flexibility and extensibility of our modelling approach, which
may lead to many more conclusions. In the future, it allows us to add features of financial
systems that will be subject to most current discussions.

3.4 Conclusion
In this paper we built an agent-based network model of an artificial financial system to
illustrate the interconnectedness between systemic risk and sovereign crises. Our approach
is suitable for stress testing of banks, determining the boundaries for parameters of banking
regulation and most importantly for testing the effects of various types of state support in
both the short- and the long run. Subsequently, we used Monte Carlo simulations and
testing the nexus between financial crises and sovereign crises through four types of
support measures: i) bailouts and recapitalization, ii) execution of state guarantees, iii)
asset buy-outs and iv) provision of funding liquidity. Our analyses showed that in the short
term or when the feedback loop of risk transfer from sovereigns to the financial system is
not active, all the support measures improve the systemic stability. When the feedback
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loops are implemented, the effects of state support depend on several parameters: there are
settings in which it significantly mitigates the systemic crisis and settings in which it
contributes to the systemic collapse. Finally, there are differences among rescue measure
types used by governments and central banks. While bailouts and recapitalization are the
most efficient support type and guarantees execution are still a viable solution, the results
of liquidity measures such as asset relief or funding liquidity provision are significantly
worse. These findings are intuitive and reflect the reality as asset relief is obviously very
costly for a government. On a related note, liquidity support from central banks means a
temporary help to the banks in liquidity problems but cannot help the banks facing solvency
problems in the long-term. We also show that especially in situations when only some part
of the system is destabilized and when the sovereigns’ default probabilities are sensitive to
extra deficits, the state support may be worse than the case of no state intervention.
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4 Systemic risk and sovereign crises

Abstract
This paper focuses on the link between financial system and sovereign debt crises through
sovereign support to banks on one hand and banks’ exposures to weak sovereigns on the
other. We construct an agent-based network model of an artificial financial system allowing
us to analyze the effects of state support on systemic stability and feedback loops of risk
transfer back into the system. The model is calibrated to the real-world data using a unique
dataset put together from various sources and tested with various parameter settings in
Monte Carlo simulations. Our analyses yield the following key results: Firstly, in the short
term, all support measures improve systemic stability. Secondly, in the longer run, the
effects of state support depend on several parameters but still there are settings in which it
significantly mitigates the systemic crisis. Finally, there are differences among the effects
of different types of support measures.

JEL Classification: C63, D85, G01, G21, G28
Keywords: agent-based models, bailout, contagion, financial crises, financial stability,
liquidity risk, network models, systemic risk
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4.1 Introduction
The recent global crisis started as a crisis of the credit system, continued as a crisis of
liquidity and with negative sentiment and overall market slowdown, it finally transformed
into economic crisis. In the earlier stages, the sovereigns took an active role, supporting
the economic system by bank aid, deposit guarantees, quantitative easing and econo mic
stimuli packages. However, large state support for the financial system as well as for the
economy represents a huge burden on government finances and in some cases, mainly in
Europe, it has already resulted in sovereign debt crises. Moreover, losing t heir status of
risk-free borrowers and facing increasing prices for credit, the sovereigns too are now
significantly weakened and some are in threat of default. Since a large portion of sovereign
debt is held by the banking system, there is a danger of the crisis feeding back to where it
began in a vicious circle of transferring the toxic debt back and forth between the sovereign
and the financial sector.
The overall aim of this paper is to contribute to the discussion on sovereign debt crises and
bank crises, which has been recently going on both on the EU and the international level.
The main research question is how the stability of the financial system is affected by state
aid, how and when a systemic crisis can translate into sovereign crisis and how and when
a sovereign crisis can feed back into the system through sovereign debt exposures. The
main idea is that banks represented by their balance sheets form nodes in a
financial network. Using a computational model, we simulate progression of shocks in the
network given various types and levels of state aid. Our approach stems from the recent
advances in agent-based network modelling of financial systems, mostly from Nier, et al.
(2007).
The following second section will focus on the description of the link between the financial
institutions and the sovereigns, mostly in regard to the recent financial crisis. The third
section will present the used concepts, presenting a literature review of the modelling
techniques that form the grounds for our analysis. In the fourth section, we construct an
original model of a financial system which will be used for testing the impact of the
sovereign assistance to banks and researching the feedback loops that may arise when such
assistance weakens the sovereigns. In the sixth section, we calibrate it to a unique dataset
collected from various sources in order to gain more insight into the current situation and
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outline some practical implications for setting new policies in case of a systemic banking
crisis. Finally, we close the paper with a conclusion summarizing our research and findings.

4.2 The Current Financial Crisis
The true mark of the systemic crisis outbreak was the failure of Lehman Brothers on 15
September, 2008. Even though its bankruptcy meant a very significant shock to the
interbank system, the other reason for the crisis to finally break out was psychological.
Understanding that state aid is no longer guaranteed even for large, systemically important
banks, the share prices of the banking sector plummeted as the investors were no longer
willing to consider financial institutions as an investment opportunity. Moreover, the
market of bank debt funding froze and liquidity evaporated from the interbank market. The
banking system thus found itself in a deadlock where it was not able to roll over the shortterm debt it used to finance most of its operations, but at the same time, the individual
institutions held unsettled overdue claims against each other. Moreover, due to the
increased cost of lending and severe credit shocks, the banks’ capital buffers did not suffice
to prevent the system from collapse. Had they not been replenished, a large portion of the
banking system would have failed.
Figure 4.1: Financial sector support in selected advanced economies, 2008 – Jul 2012

Panel A: Total direct support

Panel B: Unrecovered support – impact
on public debt

Source: IMF (2013a)

At this point, the states started playing an active role, introducing a number of measures to
support the troubled financial institutions. Amongst these measures were strengthening of
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the deposit insurance, state guarantee schemes, outright bail-outs for bank recapitalization
or loans to alleviate the severe lack of liquidity (Liikanen, 2012). Mostly in Europe, several
states introduced bad loan buy-outs or complete bank nationalizations (Petrovic & Tutsch,
2009).
Figure 4.1 shows the financial sector support in advanced countries as a fraction of the
2012 GDP along with its recovery values. The top rank in terms of GDP fraction belongs
to Ireland followed by Greece. In March 2013, Cyprus bailed out its banks using the EUR
10 billion in funds provided by the European Central Bank and International Monet ary
Fund as the fifth European country to receive such assistance (ECB, 2013). In the short
run, the support measures had a positive impact on systemic stability. Panetta, et al. (2009)
states that the government support managed to lower the banks’ credit default swap (CDS)
premiums, which is the main indicator of failure risk. The first drop came when a support
measure was announced and subsequently, the premiums fell even further when each of the
measures was implemented. Moreover, the larger the amount of funds employed in
a support measure, the sharper was the decrease of CDS premiums. Finally, there were
positive spill-over effects of these measures illustrated by falls of CDS premiums in
countries other than the one deploying the measure.
However, the above-mentioned support actions proved to be very expensive and
progressively, the situation started deteriorating for the sovereigns. As the balance sheet
weaknesses moved from the banks to the sovereigns and the tax revenues dropped, the
fiscal deficits began to surface. As the individual countries’ creditworthiness crumbled and
the rating agencies pointed out the associated risks, the investors began panicking and
losing confidence even in the sovereign states. As a result, sovereign bond yields and CDS
spreads rose and the access to new funding became increasingly more expensive. In a
situation like this, when a sovereign guarantee is exercised or a large bank needs to be fully
or partially bailed out and on top of that a country finds itself in an economic downturn,
the public accounts are in serious trouble.
Unfortunately, the sovereigns did not prove to be anything else than other type of agents
in the same financial system and thus by taking the risk on themselves, it did not vanish.
Instead, it returned in form of feedback loops from the sovereigns back to the banks later
when the sovereigns found themselves in crisis and their own balance sheets were
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deteriorating. In this manner, the risk and the losses oscillated between the privately-held
banks and “publicly-held” sovereigns.

4.3 Modelling approach
The modelling framework is based on two central concepts, network theory and agentbased modelling. Network theory is particularly useful for description of connected
structures and the pattern of their relationships. A network is a set of nodes connected with
edges. 32 Nodes may represent individual agents, for example servers and websites when
we study computer networks or people in case of social networks. In the framework of
finance, they may represent banks, sovereigns, depositors, companies or other entities in
a financial system. Edges contain data on connection of any two particular nodes in the
network, determining whether there is a link between two nodes and what is its value and
direction. When the network theory is applied to modelling of financial systems, such
properties allow us to define the creditor/debtor relationships as well as the size of the
mutual claims of individual banks (Klinger, 2011). Network theory proved to be
a particularly interesting means of studying impulse transmissions, which includes
transmission of negative shocks. We use this methodology for simulating credit shocks in
banking systems since when one bank fails and there are no supporting mechanisms such
as bail-outs or state guarantees, the losses are transmitted to its creditor banks.
Agent-based modelling is a bottom-up approach that examines how numerous subjects that
are each equipped with basic set of data and behavioral rules are interacting in a virtual
environment. According to Tesfatsion (2006, p. 835), “[an agent] refers broadly to bundled
data and behavioral methods representing an entity constituting part of a computationally
constructed world.“ The individual agent’s actions finally lead to certain aggregate
behavioral patterns on the systemic level. Probably the most well-known paper describing
macro-level effects stemming from micro-level behavior is the one by Schelling (1969),
who described how a simple set of individuals’ preference of the composition of their
neighborhood may lead to a pattern of segregation on a systemic scale. In our model, the
agents represent individual financial institutions or sovereigns, the basic data they hold are

32 More rigorously, network is a graph defined as G = (N, E, f), where N is a set of nodes, E is a set of edges and f: E →
N × N is the mapping function which plots the edges onto individual pairs of nodes (Lewis, 2009).
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their balance sheets and a set of behavioral rules such as when to default, when to sell of
a particular amount of assets or when to bail out a certain institution.
Current research applying the previously mentioned methods to the field of financial or
banking system stability divides into two main streams: empirical research and theoretical
models. Several studies concentrate on the real-world interbank exposure modelling. For
example Boss, et al. (2004), Upper & Worms (2004), Wells (2004), Van Lelyveld &
Liedorp (2006) or Muller (2006) analyze the banking systems of Austria, Germany, the
United Kingdom, the Netherlands and Switzerland respectively. Recently, Halaj and
Sorensen (2013) tried to approximate a network of the banks who reported during the 2010
and 2011 EBA stress tests. However, most of the researchers face the problem of virtually
non-existent reliable data on individual interbank exposures.
Theoretical models examine how system behavior is influenced by its general
characteristics. The first such model was constructed by Allen & Gale (2000) who studied
contagion of funding liquidity shocks. Another early analysis was carried out by Freixas,
et al. (2000), who studied contagion in systems where some banks were systemically
important. Cifuentes, et al. (2005) and Shin (2008), add a market liquidity contagion
channel decreasing the price of illiquid assets. Finally, there are studies that analyze
systemic stability by simulation experiments on random networks such as Gai & Kapadia
(2010), or Nier, et al. (2007). Finally, Klinger & Teply (2013) add regulatory aspects into
this framework. This paper combines theory and empirics as the model is calibrated to the
real-world data.

4.4 The Model
For each individual simulation, our model is defined in several steps. First, the network of
banks and sovereigns is initialized together with the balance sheet data of individual agents.
Second, the system is stressed by a credit shock, which may originate from a particular
bank in the network. Following the initial shock, the stress propagates through the network
and may trigger actions of the particular agents such as bank or sovereign defaults, asset
fire-sales or state assistance to troubled banks. The simulation continues in several laps
until the initial shocks completely dissolve and are no more transmitted further onto other
agents.
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First, the network is built from the calibration dataset. The total value of all assets in the
system upon initialization is a sum of:
a. interbank assets, constituted by all the loans represented by the edges of the
interbank network,
b. sovereign debt, constituted by individual banks’ exposures towards their domestic
sovereigns,
c. external assets, constituted by individual banks’ exposures outside the network, e.g.
loans to other entities (e.g. households, businesses or foreign sovereigns) or
derivatives.
The final setting of banks’ balance sheets is depicted in Table 4.1.
Table 4.1: Balance sheet variables of a modelled bank

𝒂𝒊 ...TOTAL ASSETS

𝒍𝒊 ... TOTAL LIABILITIES

𝑠𝑖 ...sovereign debt

𝑏𝑖 ...interbank liabilities

𝑞𝑖 ...interbank assets

𝑑𝑖 ...external liabilities (deposits)

𝑒𝑖 ...external assets

𝑐𝑖 ...equity (capital buffer)

Source: Authors

When the network is prepared, the system is inactive until we impose a shock event
initiating the first simulation lap. Similarly, at the beginning of each next lap, each bank
may receive a total asset-side shock of Δ = 𝐶𝑟𝑒𝑑𝑖𝑡𝑆ℎ𝑜𝑐𝑘 + 𝑃𝑟𝑖𝑐𝑒𝑆ℎ𝑜𝑐𝑘 + 𝐺𝑜𝑣𝑡𝑆ℎ𝑜𝑐𝑘,
where


𝐶𝑟𝑒𝑑𝑖𝑡𝑆ℎ𝑜𝑐𝑘 represents losses that banks incur due to default of another bank in
the network to which they hold an exposure.



𝑃𝑟𝑖𝑐𝑒𝑆ℎ𝑜𝑐𝑘 represents losses that banks incur due to overall drop in asset prices
caused by market liquidity effects.



𝐺𝑜𝑣𝑡𝑆ℎ𝑜𝑐𝑘 represents losses that banks incur due to default of a sovereign in the
network to which they hold an exposure.

These individual components are described in detail on the following pages.

4.4.1 Shock Reaction and Contagion
If the banks affected by the primary shock do not have sufficient capital buffers, a process
of cascade contagion effects may unfold, where in each lap of the simulation, the banks
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that default transmit the shock further onto other banks in the system. Figure 4.2 depicts
the mechanism of shock propagation; the shock-transmitting banks are colored grey
whereas the failed banks are depicted in black.
Figure 4.2: Scheme of banking system contagion

Source: Klinger (2011) inspired by Sell (2001)

Let us consider a bank that receives a shock. Whatever the shock type, it is reflected in the
balance sheet and the bank loses a certain part of its assets. Since the sum of assets must
equal the sum of liabilities, the bank has to write off an equal value of liabilities. Firstly,
the shocks are absorbed by owners’ equity but if the capital buffers are not large enough,
the banks default on claims of other creditors. If in lap 𝑡 the 𝑖-th bank suffers an initial
shock, its external behavior depends on the shock size relative to its balance sheet structure:
a) At first, the shock hits the bank’s capital buffer. If the shock is smaller than the
bank’s capital reserve which means that the bank is able to cover the losses by its
own equity, then the capital buffer absorbs the shock completely and the bank does
not send it further to other agents in the system.
b) If the capital reserve is not large enough, the residual shock overflows to the
interbank liabilities, in which case its value up to the value of the interbank
liabilities is uniformly divided into losses of all creditor banks which receive a
CreditShock proportional to the size of their exposure to the failing bank. As the
failing bank defaults, in the next lap it is removed from the system. Also, in the
next lap of the simulation the creditor banks evaluate the received shock. The
simulation finishes when there is a lap when no bank propagates the shock further.
c) Additionally, it holds that:

90

Tomas Klinger – Dissertation [DRAFT version as of 11 March 2016 for Pre-defence]
i.

If the shock is smaller than the sum of the bank’s capital reserve and its
interbank liabilities, it is absorbed completely by these two balance sheet
items

ii.

If the shock is larger than the sum of the bank’s capital reserve and its
interbank liabilities, the shock overflows to external liabilities, meaning that
the residual loss is covered by the depositors.

4.4.2 Market Liquidity Risk Modelling
Market illiquidity, described firstly by Kyle (1985), represents a situation when
transactions in which the assets are sold have a negative impact on the asset prices. 33 Along
with Gai & Kapadia (2010), we assume that in case a bank is in default, it has to liquidate
all of its assets before it is removed from the system. While the sovereign debt is assumed
to be more liquid and hence is liquidated in full value, the low market depth may limit the
capacity to absorb the external and interbank assets. As a result, these cannot be sold for
the price for which they are kept in the bank’s books. Following Cifuentes, et al. (2005),
we assume an inverse demand function for the external assets, which takes the form of
𝑁𝑏

𝛼
𝑃(𝒙)𝑡 = exp (− ∑ 𝑥𝑖,𝑡 ),
𝐸

(1)

𝑖=1

Where 𝑁 𝑏 is the number of banks in the system, 𝑥𝑖,𝑡 is the total value of assets (external
and interbank) sold by the 𝑖-th bank in the system in the current lap, 𝛼 represents the market
illiquidity (i.e. the speed at which the asset price declines) and 𝑃(𝑥)𝑡 is the new discounted
price of external assets calculated in each lap. 34 The additional losses caused by the asset
sales are then added to the initial shock on 𝑖-th bank in the current lap and transmitted
accordingly. Furthermore, assuming marking to market accounting, at the end of each lap
the external assets of each bank are revalued such that
𝑒𝑖+1 = 𝑒𝑖,𝑡 𝑃(𝒙)𝑡 .

33

Market liquidity is usually measured by indicators such as market depth, resiliency, tightness, and volatility. These
indicators may be aggregated into liquidity indices, which then can be used to quickly compare markets in time and
cross-sectionally. Examples of market liquidity indices are found e.g. in Gersl & Komarkova, (2009) or Teply, et al.
(2012).
34

Upon the system’s initialization, the price is set to 𝑃(𝒙)0 = 1.
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Hence, the losses stemming from such price adjustment result in a price shock of
𝑃𝑟𝑖𝑐𝑒𝑆ℎ𝑜𝑐𝑘𝑖,𝑡+1 = 𝑒𝑖,𝑡 (𝑃(𝒙)𝑡−1 − 𝑃(𝒙)𝑡 ) to all banks.

4.4.3 The role of sovereigns
As a means of a sovereign to support its domestic banks, we introduce two possibilities of
sovereign assistance. These include:
a. Bailouts and recapitalization (BR) – the sovereigns may pay for losses incurred by
the banks to replenish their capital buffers and keep them in business. In this case
when a bank 𝑖 receives a shock of Δ𝑖,𝑡 , the sovereign covers 𝑘 𝐵𝑅 Δ𝑖,𝑡 , adding this
value to the bank’s external assets. Again, the amount of 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 𝐵𝑅 = 𝑘 𝐵𝑅 Δ𝑖,𝑡 is
then added to the external debt of the 𝑖-th banks’ domestic sovereign as the domestic
government needs to find external financing for this rescue measure.
b. Asset relief (AR) – the sovereigns may buy what assets their domestic banks need
to sell in fire sales. In this case, in each round every bank sells 𝑥𝑖,𝑡 assets as
described in the basic model definition, but only (1 − 𝑘 𝐴𝑅 )𝑥𝑖,𝑡 is sold on the market
since 𝑘 𝐴𝑅 𝑥𝑖,𝑡 is bought-out by the bank’s domestic government. Assuming 1 − 𝑘 𝐴𝑅
fixed across all banks and all sovereigns, Equation 1 is replaced by:
𝑁𝑏

𝑃(𝒙)𝑡 = exp (−𝛼(1 − 𝑘 𝐴𝑅 ) ∑ 𝑥𝑖,𝑡 ),
𝑖=1

The amount of 𝑑𝑒𝑓𝑖𝑐𝑖𝑡 𝐴𝑅 = 𝑘 𝐴𝑅 𝑥𝑖,𝑡 is then added to the external debt of the 𝑖-th
banks’ domestic sovereign as the domestic government needs to find external
financing for this rescue measure.
As we mentioned previously, sovereign assistance may work very well for short-term
banking system stabilization, but it puts significant pressure on the intervening sovereigns.
According to Acharya, et al. (2012), state assistance to banks requires that the sovereigns
immediately issue new debt to finance such measures, which results in immediate increase
in the sovereigns’ credit risk through the liability side of their balance sheets. In the model,
any type of sovereign assistance to the banks results in an increase of the debt of the
domestic sovereign. The extra budget deficit resulting from the aid measures is the main
driver of a credit risk increase in the model.
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The sovereign credit risk in the model is represented by probability of default, which under
a certain assumed recovery rate may be roughly approximated from the CDS spreads.
Credit default swaps are contracts insuring against credit events on bonds in case the
counterparty defaults. The buyer pays periodically to the seller until either the CDS
matures or until a credit event occurs, in which case the buyer of the insurance is entitled
to sell to the seller of the insurance the insured bonds for their face value (Hull, 2008). As
our model is of short-term character and later on, we calibrate it to yearly data, we chose
to implement the probability that a given sovereign defaults in one year. Although strictly
speaking, the extraction of this probability from the available 5-year CDS spreads would
require diligent modelling of both the default state and the no-default state cash flows, we
can simplify the calculation by assuming a flat CDS spread curve and implement the widely
used approximation according to J.P. Morgan and Company & RiskMetrics Group (1999):

𝑑𝑒𝑓𝑎𝑢𝑙𝑡

𝑝𝑘,𝑡
𝑑𝑒𝑓𝑎𝑢𝑙𝑡

where 𝑝𝑘,𝑡

= 𝜁 (1 −

1
),
𝐶𝐷𝑆𝑘,𝑡 𝜏
(1 + 1 − 𝑅𝑅 )

(2)

is the probability that a given sovereign defaults in one year, CDSk,t is the

annual CDS spread, RR is the recovery rate and τ is the number of years for the cumulative
default probability calculation (in our case, τ = 1 and in line with common practice, RR =
0.6).
The link between sovereign deficits and credit risk is documented by econometric studies
such as Attinasi, et al. (2009) or Cottarelli & Jaramillo (2012). We use the following
equation to update the sovereign CDS spreads at the end of each simulation lap (parameter
𝛽 is later on referred to as the CDS sensitivity):
𝐶𝐷𝑆𝑘,𝑡+1 = 𝐶𝐷𝑆𝑘,𝑡 + 𝛽

𝑑𝑒𝑓𝑖𝑐𝑖𝑡𝑘,𝑡
.
𝐺𝐷𝑃𝑘

(3)

Putting the previous points together, at the end of each lap the model collects the total
amount of each sovereign’s deficit and feeds it into Equation 3 which is then plugged into
Equation 4. At the beginning of each simulation lap, a sovereign 𝑘 may default with
𝑑𝑒𝑓𝑎𝑢𝑙𝑡

probability 𝑝𝑘,𝑡

. In that case, each creditor bank receives a 𝐺𝑜𝑣𝑡𝑆ℎ𝑜𝑐𝑘 equal to the

size of exposure to the defaulting sovereign multiplied by 1 − 𝑅𝑅. The sovereign debt on
its balance sheet is then revalued accordingly.
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4.5 Empirical Analysis
In the following chapter, we calibrate our model to the real-world banking data in order to
contribute to the current debate on systemic stability and the link between banks and
sovereigns. As documented by many authors (e.g. Mistrulli, (2011)), the data on individual
banks’ mutual exposures is not available. Therefore, we resort to proxy data inferred from
available sources to build the interbank network. Instead of individual banks, the agents in
our study represent banking systems of countries which report their banking positions to
BIS (referred to as subsystems since they are all part of the global banking system) and
these agents’ balance sheets are composed of aggregated figures of all banks reporting in
their domestic countries. The “interbank” exposure data are complemented with banking
system data collected from several sources to provide a complete picture of the global
banking system.

4.5.1 Data Definition
To calibrate the model to the real-world figures, we collected data from several sources.
Table 4.2 shows the main items which we describe further in greater detail.
Table 4.2: Banking system balance sheet with data sources

TOTAL ASSETS (EBF Database, Central banks)
Government debt
External liabilities
(Arslanalp & Tsuda (2012), IMF IFS
(Calculated)
Database)
Interbank liabilities
Interbank assets
(BIS International
(BIS International Statistics)
Statistics)
External assets
Equity
(Calculated)
(BankScope)
+GDP (World Bank), CDS Spreads for the individual countries (Bloomberg)
Source: Authors

4.5.1.1 Interbank Assets and Liabilities
The interbank exposure dataset describes the interlinkages in the global banking system.
These are collected from the banking section of BIS International Financial Statistics
(BCBS, 2013), where the central banks report compiled national aggregates calculated
from data on individual banks’ in their jurisdiction. To form the interbank exposure matrix,
we employ data from the consolidated statistics of foreign claims on immediate borrower
basis. The consolidated data provides information on exposures of domestically-owned
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parent banks on the highest consolidation level and hence they include external exposures
of own foreign offices and exclude all internal inter-office positions in the consolidation
group (BCBS, 2009). The selection of countries whose banking sectors we included in the
analysis was based on data availability and includes Australia, Austria, Belgium, Brazil,
Canada, Denmark, France, Germany, Greece, Ireland, Italy, Japan, Netherlands, Portugal,
Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United States. 35
Nevertheless, it is not possible to obtain directly the pure bank-to-bank exposures between
the individual countries’ banking sectors, and some level of approximation is inevitable.
To estimate the bank-to-bank exposures from the reporting banking sectors’ pool of total
claims, we employ another dataset of the BIS statistics, which is the total claims on each
country’s banking sector by all the reporting sectors, grouped by the type of the debtor
institution (i.e. whether it is a bank, public sector or a non-bank private sector). By taking
a fraction of bank debt on the total debt, we obtain proxy variables for individual
counterparties. Finally, we multiply the whole column of the exposure matrix represen ting
the given counterparty’s debts by this variable to calculate the estimated interbank
network.
When the network is created, it can be plotted as in Figure 4.3. For better readability, we
provide two different views for the same dataset. In Panel A, we show the edges of the
network (interbank exposures) colored according to the source of the funds (i.e. the
creditor, the bearer of the risk). These visualizations provide an efficient overview of the
situation and a quick grasp of the basic relationships. For example, in the center of the
network, we see the “core” sectors, (highly interlinked nodes such as the United States, the
United Kingdom, Japan, France, Germany or Switzerland) and around them there are mor e
“peripheral” banking systems. Also, as the visualization algorithm 36 takes into account the
relationships in the network and places the nodes accordingly, we can see patterns that are
in line with our anticipation based on the individual countries’ location or cultural
relationships. Note for example the pairs of countries being placed together, such as
Sweden and Denmark or Turkey and Greece. Also, the clusters of related countries are

35

Czech Republic was not included in the analysis as it does not report its international banking exposures to BIS.

36

The visualizations were prepared in Gephi software. For the calculation of the node layout, we used the Force Atlas
algorithm, which places the nodes in the graph according to the values of edges in the network matrix. While the
scientific article on Force Atlas algorithm is still awaiting acceptance and publication, more information on graph
clustering and layouting may be found in Noack (2007).
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placed logically together, such as Italy, Spain and Portugal forming the Southern Europe
cluster with proximity to Brazil. Also note that after its default, Greece is placed on the
edge of the network with very low connection to other banking systems.
Figure 4.3: Interbank network of the selected countries as of Q4 2011

Panel A:

Panel B:
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Source: Authors based on data from BIS International Financial Statistics
Note: Panel A shows the edges colored by the creditor node (e.g. exposure of Switzerland against the United States is
colored in blue, which is the color of Switzerland on the chart) whereas in Panel B, they are colored according to the
debtor node (e.g. exposure of Germany against the United Kingdom is colored in green as well as the UK node)

It is necessary to mention that this dataset provides information only on interbank lending
and not on external financing of banks by sovereigns or central banks, which may be quite
significant, especially in the Eurosystem. On the same note, these data do not provide
information on balances in the TARGET2 system, which has been lately discussed in
Cecchetti, et al. (2012) and which now form a significant part in the mutual exposures of
the Eurosystem banks. The above-mentioned facts mean that Figure 4.3 does not provide
the entirely complete picture of the global banking system. However, in our model, bank
financing of these different types is captured in the external assets part of the bank’s
balance sheet.
4.5.1.2 Sovereign Debt to Banks
To introduce the link between banks and sovereigns into the banks’ balance sheets, we
collected two sovereign debt datasets which were then added together. These are exposures
to the domestic banking system, collected mainly from Arslanalp & Tsuda (2012) and
supplemented by data from the IMF IFS database (IMF, 2012), and exposures to other
banking systems, collected from the BIS International Financial Statistics (BCBS, 2013).
While the first dataset collection is straightforward, in case of the second one we have to
employ a similar calculation as in the case of interbank assets. Again, the data is taken
from the consolidated statistics of foreign claims on immediate borrower basis. To estimate
the banks’ exposures to sovereigns from the reporting banking sectors’ pool of total claims,
we multiply the whole column of the exposure matrix representing the given state ’s debts
by the fraction of its sovereign debt on the total debt. The same approach was used in
Arslanalp & Tsuda (2012) for the calculation of foreign banking sector holdings of
sovereign debt. However, we must note that this data provide information only on the
individual sovereigns’ debt towards the banking sectors in our sample. Thus it does not
describe the countries’ total debt positions.
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Figure 4.4: Selected banking systems’ exposures to sovereign debt as of Q4 2011

Source: Authors’ calculations based on data from Arslanalp & Tsuda (2012), IMF International Financial Statistics and
BIS International Financial Statistics

Figure 4.4 visualizes the figures for each sovereign’s debt to the foreign as well as to the
domestic banks. We see that for all banking systems except of the United Kingdom and the
Netherlands, there is a relatively strong bias towards the domestic banks (note the
logarithmic scale of the chart). This phenomenon already documented in Pisani-Ferry
(2012), Merler & Pisani-Ferry (2012) or Acharya, et al. (2012), results in a strong link
between sovereigns and their domestic banks through balance sheet exposures and is one
of the reasons why sovereign risk translates through feedback loops into the domestic
banks’ risk.
For better insight into the interlinkages between banks and sovereigns, one has to study
also the individual exposures. Figure 4.5 presents this data as a plot of the bipartite network
of sovereigns and banking systems in our sample. Similar to Figure 4.4, the edges represent
the sovereign debt towards the individual banking system. Here we see the home bias
phenomenon as the largest links are always to the domestic banking system. Also for the
individual countries, interesting patterns emerge where the debt to foreign banks is
determined largely by geographical or cultural proximity of the individual countries.
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Figure 4.5: Detailed banking systems’ exposures to sovereign debt as of Q4 2011
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Source: Authors’ calculations based on data from Arslanalp & Tsuda (2012), IMF International Financial Statistics and
BIS International Financial Statistics
Note: The edges are colored by the debtor node (e.g. exposure of Canadian banking system to the US sovereign is
colored in red). The edges’ thickness represents the exposure size on a natural log scale and all exposures amounting
to less than USD 5 billion were filtered out for better readability.

4.5.1.3 Other data
The banking systems’ total assets represent another important input into the model as it is
used for calculation of capital, external assets and external liabilities of the individual
banking sectors. Despite it being an important variable for comparison of banking systems
in time as well as in cross-section, the data on sums of total assets is not readily available
and vary significantly across data sources.37 To keep our dataset as consistent as possible,
the main source we used is the Banking Sector Statistics database of the European Banking
Federation (EBF, 2013), which provides data on all European countries in the sample. The
data on countries not represented in this primary source were taken from the databases of
the individual central banks.

37

E.g. taking the same data from BankScope, the differences in some cases were significant. We explain this by the
fact that BankScope is not the best source for total sums of variables for individual banking sectors (Bhattacharya
2003), and resort to the aggregated data from EBF and the central banks.
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The size of the capital buffers is the main determinant of the stability of the individ ual
banks as well as the whole system. In contrast to the total assets data, in case of banking
sector capitalization, we are interested in the proportion of capital to total assets rather than
the total sum and hence, the capital ratios were taken from the BankScope database.
Besides balance sheet data for the individual countries’ banking systems, the model
requires two more datasets for a complete calibration: GDP and CDS spreads of the
individual sovereigns. The gross domestic product data was collected from the World Bank
database (World Bank, 2013), data on 5-year credit default swap spreads were obtained
from Bloomberg.

4.5.2 Model Calibration
Put all together, the collected data provide a complex picture of the modelled global
banking system according to Table 4.2. The internal assets of individual subsystems are
calculated as the sum of their exposures to other subsystems; the sovereign assets as the
sum of their exposures to sovereigns and the external assets as the total assets minus the
internal and the sovereign assets. Similarly, capital is calculated as the collected capital
ratios times the total assets of the individual subsystems; their internal liabilities are sums
of their debt towards other subsystems, and the external liabilities are total assets minus
capital and the internal liabilities.
Figure 4.6 provides the final overview of the calibrated balance sheets which are loaded
into the model. As we can see on Figure 4.6A, the external assets constitute the majority
of the bank’s balance sheets, in fact around 80%, while the sovereign assets account for
12% and the interbank assets only for 8%. Similarly on the liability side depicted in Figure
4.6B, external liabilities form an overwhelming 86% of the total liabilities while the banks ’
equity accounts for 6% and the interbank liabilities for 8%. The fact that the interbank
network forms only a small portion of the total banking assets value is the main
shortcoming of the pure credit contagion approach. It points at the fact that without
oversimplified extrapolation of the interbank network to the rest of the banking system, it
is difficult to draw any conclusions from works such as Chan-Lau (2010) that study only
the effects of the direct contagion and funding shocks and relies solely on the BIS interbank
network data. In fact, our finding stresses the significant gap in the knowledge of banking
exposures and demands further data collection which would enable us to break the external
assets into more detail.
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Figure 4.6: Balance sheets of the calibrated model as of Q4 2011

Panel A: Banks’ assets

Panel B: Banks’ liabilities

Source: Authors’ calculations

As opposed to Chan-Lau (2010), we incorporate the full size of the banking system and
the indirect channel of contagion through market liquidity as described by Brunnermeier,
et al. (2009) and Cifuentes, et al. (2005). Given the amount of external assets, we expect
that the liquidity channel will play a significant role for systemic stability. This channel is
recognized also by authors focusing on the direct credit contagion, as documented by
Upper (2011).

4.5.3 Effects of Sovereign Assistance
In this section, we will explore the effects of sovereign assistance on the calibrated global
banking system. We will describe the impact and costs of the two support measures. Please
note that in this phase the mechanism of risk transmission from the sovereigns back to the
financial system (feedback loops) is not yet implemented.
We first look at the bailouts support measure. Chyba! Nenalezen zdroj odkazů.7A depicts
the number of bankrupt banking subsystems given various levels of market illiquidity (𝛼,
referred to as alpha) and various intensities of state support (𝑘 𝐵𝑅 , referred to as bailouts
ratio). The positive effects of this measure are clearly visible and with maximum bailout
support, no bank defaults as the shock is captured right at its origin. We see that at low
values of alpha, the effect of state aid is very low and almost linear. However, with growing
illiquidity, the state support is increasingly important and at maximum alpha, we see a
“step-like” dependence where a very small increase in state support may prevent default
of three banking subsystems. As to the sovereign deficits caused by this measure, Chyba!
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Nenalezen zdroj odkazů.7B demonstrates that at very low levels of alpha, the costs
increase almost linearly with the support intensity. However, for low capitalized systems,
under high levels of alpha, the costs rise only until some level of support intensity beyond
which they fall sharply. This is caused by the support measure effectively blocking the
contagion through market liquidity channel and corresponds to the sharp drop of defaults
in Figure 4.7A.
Figure 4.7: Bailouts and recapitalization effects

Panel A: Total defaults - Alpha vs. Panel B: Total cost – Alpha vs. Bailouts
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Secondly, looking at the effects of asset relief programs as depicted in Figure 4.8A, we see
that they do not cause such sharp drops in numbers of failed banks as those of outright
bailouts, but still are very significant. Because asset relief is tied to the liquidity channel,
we see that the shape of the dependence of systemic stability on the support intensity (𝑘 𝐵𝑅 )
is similar to the shape of its dependence on (1 − 𝛼). Also, in contrast to outright bailouts
which may be targeted to the initial propagator, in case of asset relief, the banks which are
hit by the primary shock always fail. Looking at the costs of this measure, Figure 4.8B
shows that at the peak they are higher than those of the bailouts. Also, except for the area
of support intensity of 0.8 to 0.9 where they are smoother, they have very similar shape as
the costs of bailouts. The reason for asset relief to prove such efficiency is that external
assets form a large portion of total assets of the system and hence the liquidity effects are
very strong.
Figure 4.8: Asset relief effects

Panel A: Total defaults - Alpha vs. Panel B: Total cost - Alpha vs. Bailouts
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1
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1

0-500000
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Source: Authors

4.5.4 Effect of Feedback Loops
Finally, we implement the feedback loops of risk transmission back from the sovereigns t o
the banking system and study the effects of state aid on the complete model. The figures
showing results of this analysis (in the appendix) depict the number of failed banking
subsystems in dependence on state aid intensity and accounting for different levels of CDS
sensitivity.
First, Figure-Appendix 1 demonstrates the effects of bailouts and recapitalization. We see
that the measure has large impact on the banking system stability, which may be both
positive and negative depending on the initially shocked bank and CDS sensitivity setting.
Generally, setting CDS sensitivity equal to zero represents a situation in which the
sovereigns are not negatively affected by the state aid as increases in their deficits do not
result in growth of their CDS spreads and hence also growth of their implied probabilities
of default. With non-zero CDS sensitivities, 38 the feedback loops are in their full function
as higher deficit resulting from the state aid increases the default probabilities of
sovereigns. In case of bailouts and recapitalization, when the CDS sensitivity is set to zero,
the count of failed banking subsystems is a decreasing function of the support intensity.
When large subsystems having high systemic importance (France, Germany, the United
States and the United Kingdom) are initially shocked, the effects of support come only at
relatively high support intensity as the systemic break-down is prevented only at bailouts

38

Our choice of CDS sensitivity values of 1.5 and 3 in the figures is in line with econometric studies such as Sand
(2012) or Cottarelli & Jaramillo (2012).
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ratio exceeding 50%. Moreover, for these countries’ subsystems, the number of defaults is
never significantly higher with the state support than without it, even though at CDS
sensitivities of 1.5 and 3 the positive effects come much later at higher support intensity
levels. If other banking subsystems are targets of the initial shock, we see that at non-zero
CDS sensitivities, the default count usually increases in the middle of the support intensity
interval as the state aid is still insufficient to significantly support the banks but already
weakens the sovereigns. This pattern is visible throughout the majority of the initially-hit
banking systems. Also, even at non-zero CDS sensitivity levels, in case of almost all initial
propagators, the system is better off with full state support than without it. The only
exception is Belgium, Brazil and Greece, where state support clearly worsens the systemic
crisis. The reason is that they are neither too large nor too interconnected systems and
supporting them after they are initially hit only adds another channel of contagion through
a sovereign crisis.
Third, Figure-Appendix 2shows the effect of asset relief. In case of zero CDS sensitivity,
the positive effects of this measure are less significant than in the case of bailouts. On the
other hand, as the CDS sensitivity progresses to higher values, the situation stays very
similar and thus for high CDS sensitivity cases, this measure would seem as the most fitting
one. However, we suppose that this result is somewhat biased because of the dataset
employed. First, high portion of external assets in the system results in overestimating the
measure’s effectiveness. Moreover, the linkages between sovereigns and their nondomestic banks form a minor portion of the total sovereign assets and each country’s
banking system is aggregated into a single agent. As a result, even though the sovereign
which is performing the asset relief program is severely weakened, its default affects
mainly its already failed domestic banking system. If an interbank dataset that more
precisely captures the reality was available, we expect this measure to perform
significantly worse than bailouts and recapitalization.

4.6 Conclusion
In this paper, we focused on the link between systemic risk and sovereign crises. We
modelled how state support may influence a distressed financial system on a model
calibrated to 4Q 2011 data collected from several sources. Our model contributes
methodologically to agent-based modelling of systemic stability by adding the sovereign
sector and the mechanisms of risk transfer between the banks and the sovereigns.
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The model implements two types of state support to banks: bailout and asset relief. In the
short run when the feedback loops are not yet implemented, the effects of both measure
types are positive. In the longer run after implementation of the feedback loops through
sovereign defaults on bonds held by the banks, we found that a support measure’s real
efficiency depends on the measure intensity and CDS sensitivity, i.e. the market perception
of the increase in sovereign risk. These effects were the most pronounced in case of bailouts
and recapitalization, which according to our simulations may significantly improve the
systemic stability. However, with higher CDS sensitivity, it depends on which country is
initially hit: in case of banking systems that are systemically important, bailouts are
effective throughout the whole support intensity interval, whereas for the banks with lower
systemic importance, the support may actually worsen the situation. Table 4.3 provides the
complete overview of the feedback loops analysis.
Table 4.3: Impact of individual support measures on a calibrated model
Measure
Description




Bailouts and
recapitalization




Asset relief




At zero CDS sensitivity, the count of failed banks is a decreasing function
of support intensity on its whole interval
For systemically important subsystems, state support always improves
systemic stability, even though it is effective only at relatively high
support intensity.
At higher CDS sensitivities and in the middle of the support intensity
interval, the effects are:
- Negative when the initially failed subsystem has lower systemic
importance
- Neutral when the initially shocked subsystem is systemically
important, the effects come in the second half of the support
intensity interval
At full support intensity, the measure has a positive effect for all countries
except for Belgium, Brazil and Greece
Efficient at the whole support intensity interval
At zero CDS sensitivity the effects are less pronounced than in case of
bailouts but still significant
At non-zero CDS sensitivity levels, the positive effects stay significant
The model is likely to overestimate this measure’s efficiency due to the
dataset employed. However, currently there is no better data on interbank
exposures available

Source: Authors

In general, the model proves that in the short run without the feedback loops, state aid may
significantly support the system and in the longer run with the feedback loop effects, it
may be effective or harmful depending on the system’s parameters. Moreover, the results
are indeed different for each individual type of state aid.

105

Tomas Klinger – Dissertation [DRAFT version as of 11 March 2016 for Pre-defence]
Also, we found that majority of the total assets in our system are constituted by external
assets. This points out the shortcomings of studies that examine the systemic stability only
on the BIS interbank network data such as Chan-Lau (2010), as this dataset amounts only
to a small fraction of the total banking assets. It stressed the need for deeper analysis and
more data availability on the structure of the interbank and state-bank exposures.
Finally, because of the agent-based modelling approach, we may extend our model in the
future with other types of financial market agents such as large multinational institutions,
pension funds, insurance companies or even individual depositors. Moreover, we may add
the real economy along with its input/output flows and observe the effects on individual
sectors when one sector is hit by a credit crunch or a drop in output. The flexibility and
extensibility of our modelling approach is another strong benefit, which may lead to many
more conclusions in the future research.
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Appendix
Figure-Appendix 1: Bailouts and recapitalization with feedback loops

Source: Authors
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Figure-Appendix 2: Asset relief with feedback loops on the calibrated model

Source: Authors
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