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Abstract

This paper focuses on the relationship between the financial system and sovereign debt crises
by analysing 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 analyse 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.
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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)
estimates 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) analyse behaviour 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) analyse the importance of bank s
liquidity management in a global low interest rate environment. Last but not least, Fidrmuc et
al (2014) or Dewally and Yingying (2014) discuss effects of bank funding problems on bank
lending and corporate loans.

On arelated 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.! 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 analyse 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 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.

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, were we added
three other support measures to the banks ion trouble (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,

! For general discussion on the formation of financial networks we refer to Gale and Kariv (2007), Farboodi (2014)
or Vuillemey and Breton (2014).



individlal sov(ITigns o flom downwald p[lss[[llon ass't plicls. Following th[Jinitial shock,
thst[Tss plopagat[$ thfe[gh th[In[twok and tligg[Ts actions of palfic[lalagnts s[ch as bank
ollsov[TTign dfallts, asst filT+sals ollstat[Jassistanc[Ito tfé[bld banks. Thlsim[lation
contin[T$ in a n[mb(Tlof laps [htil th(Jinitial shocks compltly dissolvd and aTinot fTTth(T]
tlansmitt[d onto oth[Tagts.

Table 1:
Input Parameters of the Model

Parameter Interpretation

N Number of banks in the system* 25
P Probability of connecting two banks with a directed exposure* 0.2
E Total sum of external assets in the system* 100,000
6 Interbank asset ratio (interbank/total assets)* 0.2
Y Capital ratio (net worth/internal + external assets)* 0.05
CAD 1 Capital ratio limit that triggers bank’s removal by the regulator 0
shocK,.ngom Shock on a random bank (in percentage of external assets)” 1
shock e,s Shock on all other banks (in percentage of external assets) 0.1
iterations Number of iterationsunder one set of parameters 500

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

2.1 Creating the Network

ThinfTastMct[THof thCmod(1 is fomd by a n[two 'k of banks and sov[TTigns. Filst, th['mod[l
cTatl$ an int[Tbank nftwok which is a [andom glaph dfinfd by two paldmi[ls st
[Xoglnolsly at thTblginning of Fach sim(lation. ThisalMth[following:

1. Nlmb[Tofnods N?, d(t[Imining th( In[imb[ T of agints in th{Jint  [bank n[twok,

2. Plobability p;;, d 't/ Imining thll[xist ncllof a dillctld [dgl!flom bank i to bank j, i.[]
th[plobability that bank i is [Xpos[d to bank j by holding a claim against it. Wl lass[im[]
this palam(t[] fix[d among all [dg[$?> bltw(Ih allnod(si,j € (1, ..., N?) and dlhot( it
as p?. As a [Ts(1t, not all banks alTlconn(¢t(d to all banks and th{Inltwolk st{Tct( 1T
changl$ fo[I[v[Ty sim[lation. Mo[Mov[T,as th][Xpos[TTs alTInot n[ttld, two links in
oppositlIdillctions may [Xist bltw[Th [ach pail of banks.

Thllint[ Ibank n(two(k is c(Tat[d in two st(ps. Filst, th[ITla[IN? banks add[d in th{Isyst(in,
and s[cond, folTach olilnt[d pailof banks, an [dg[Jis c[Tat'd with p[obability p.

SCcond, wiladd th{Isov[ITign agihts and link th{m with th[illdom[stic banks by [kpos[IT$
h1d by [ach bank to its hom[Isov[ITign. Wllabstlact flom oth[Ttyp[$ of connlctions sl ch as
[xpos[1Ts of stat[s-to-banks, stat[$-to-statls o[ banks-to-folllign-sov[ITigns. Follintlod ction

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



of sovereigns, the system takes one more exogenous parameter, initial sovereign node count
NSINIT | determining the number of sovereigns. Subsequently, for each bank i € (1, ..., N?), one
sovereign k € (1, ..., NS'NT) 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*.

2.2 Initializing the Balance Sheets®

Table 1: Balance sheet variables of a modelled bank

a;..TOTAL ASSETS l;... TOTAL LIABILITIES
S;...sovereign debt b;...interbank liabilities
q;...interbank assets d;...external liabilities (deposits)
e;...external assets c;...equity (capital buffer)

Source: Authors

Next, the model builds balance sheets of individual banks for the given network realization.
First, we calculate the aggregate variables of the system. The total value of all assets 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 such as households, foreign sovereigns and non-financial
institutions or derivatives.

The banks’ 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 8 are given exogenously. The total value
of all assets in the system A is determined by these as follows:

E+S
)

2. The sum of interbank assets is calculated from the total assets and the share of interbank

assets in total assets:

Q = 0A.

3 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 behaviour of individual balance sheet variables, it is merely an algorithm for the system
initialization before the simulation is launched by an initial shock.



Finally, it holds that:
A=S+Q+E.

3. Inline 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?, the value of each individual edge is calculated as:

b b Q

Wij =w" = ﬁ.
. L s -
4. The value of each sovereign’s debt is given as v and it is assumed homogenous across

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

S

S _
Wi = —NSZ’ICN.

When the aggregate variables are determined, the model initializes the balance sheets of
individual banks:

5. The value of interbank assets (q;) and liabilities (b;) of each bank are determined by the
interbank edge value (weight) and number of edges in the system as:

— IN
CIi—WbZi )
— b OUT
b; =w”z "7,

where z/" is the number of i-th bank’s incoming edges and z”U” is the number of its

outgoing edges.*
6. The value of sovereign debt held on each bank’s balance sheet (s;) is equal to the value
of domestic government debt held by the bank.
S; = W,

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 €;:

~l_{bi—qi if bj—q; >0
% =o if bj—q; <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 b
4 On the aggregate level, it holds that ¥, z/N = ¥V Zl-OUT = 7P,



ei:éi-l_ Nb

b
E— ZIiV:1 ei]

8. Each bank’s capital buffer (c;) is determined as a share of its total assets (a;) according
to the capital ratio y;. 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 y:

C =va;.

9. The value of each bank’s external liabilities (d;) is calculated so that the balance sheet
identity holds:

dizai—ci—bi.

When the balance sheets are populated, the system is initialized. The final setting of banks’
balance sheets is depicted in Table 1.

For sovereigns, the model does not require balance sheet identities for sovereigns as there the
mechanics 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.

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:

= “Local shock”: A share of external assets is deducted from a random bank’s balance
sheet.

= “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.

= “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
A = 6 + 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
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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 on claims of other creditors. If in lap t the i-th
bank suffers a shock of size A; ;= l;; — a;, its external behaviour depends on the shock size
relative to its balance sheet structure:

a) At first, the shock hits the bank’s capital buffer. If ¢; ; > A; ;, 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 ¢;¢ < A;;, the residual shock overflows to the interbank liabilities b;, 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

Air —Ciy bi,t> 1)

Sijtr1 = min( )

4 M My
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 the received shock. The

simulation finishes when there is a lap when no bank propagates the shock further.
c) Additionally, it holds that:

i. If by > A;¢ — c;y, the shock is absorbed completely by the bank’s capital and
interbank liabilities.

ii. Ifb;; <A;;— c;¢, the shock overflows to external liabilities, meaning that the
residual loss is covered by the depositors.

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.> 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.

241 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

5> 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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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 external assets, which takes the form of

ND

PG, =exp| -2 > x, ), )

i=1

where x; ; is the total value of external and interbank assets sold by the i-th bank in the current
lap, a represents the market’s illiquidity (i.e. the speed at which the asset price declines) and
P(x), is the new discounted price of external assets calculated in each lap.® 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 revalued such that

€iy1 = ei,tP(x)t-

Hence, the losses stemming from such price adjustment result to a price shock of
PriceShock; ¢y, = €;(P(x);—1 — P(x),) to all banks.

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 A of interbank liabilities bj; = qj; of its debtor j gets erased
from the debtor j’s total liabilities such that

lj,t = lj,t—l - A’b]l,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 AP(x).bj;;. The value of the loss

(1 — P(x)¢)Abj;, is added to the j-th bank’s credit shock §.

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.

6 Upon the system’s initialization, the price is set to P(x)o = 1.



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 x; ; assets as described in the
basic model definition, but only (1 — k*F)x; . is sold on the market since k*%x;, is
bought-out by the bank’s domestic government. Assuming 1 — k4R fixed across all
banks and all sovereigns, the Equation 2 is replaced by:

ND

P(x); = exp| —a(1 — k4F) Z Xie |,
i=1

The amount of deficit*® = k#Rx; , 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:

Ait —Ciy by
§jeer = (1 — k5O)min (—— .
m;e mie

- . (Ai—cir by .

The amount of deficit’¢ = min (#C” , #) k56 is then added to the external debt of
it it

the i-th banks’ domestic sovereign as the domestic government needs to find external

financing for this rescue measure.

. 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 A; ., the sovereign covers kBRAL-,t, adding this value to the
bank’s external assets. Again, the amount of deficit®® = kBRA;, 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.

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 kfLP Abj; ¢ 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™" = kFF by, ,.

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
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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 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
(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

deficity, = deficitis + deficity§ + deficitf? + deficitfP.

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 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):

1
Pe M = 1 | 3)
1 CDSy,
( t1= RR)
where p:’if AU i< the probability that a given sovereign defaults in one year, CDS}, , is the annual

CDS spread expressed as a decimal (e.g. if the spread is 500 basis points, CDSy ; 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, T = 1).”

Third, the link between sovereign deficits and credit risk is documented by 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:

deficity

GDP, @

CDSk,t+1 = CDSk,t + B

7 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 ¢ € (0,1) to account for the overestimation of the default probabilities.
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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 inlap t + 1 is then

default — Z 1— 1
ot c1(deficiti® + deficitiG + deficitER + deficitEi?
CDSe + ' o : :
1+ T=RR

At the beginning of each simulation lap, a sovereign k may default with probability p,f’etf ault

In that case, each creditor bank incurs a loss of GovernmentShock = s;(1 — RR) and revalues
the sovereign debt on its balance sheet accordingly.

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 analyse
the model’s behaviour 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 behaviour 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.

3.1 Model Control

Monte Carlo simulations are based on comparative statics experiments where the simulations
are performed under varying combinations of input parameters.® 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.

8 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 analysed in any statistical software.
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(2007). How[v[1,) sinclJol TImod[1 (consisting of 25 banks) [Ths fast [holgh to achilv[]th[]
[T$1ts of mIch high[Tit[Tation cont in [Tasonabltim[] w[Th [ach palamt[Tsltting 500 ol]
[ 1000 tim[s instCad of th(ofginal 100 it[Tations. This allows [ to pTs$nt [Tadablchalts
withot flTth[TIsmoothing and ns[TT§ highTIlob$tn($s of o[ T1Tsts (Kling(Tland Trply,
2014). BlealsJth[Osimations alMTnot basd on Mal-wo1d data bt fath[TdlsclibJth(grnTal
systlm blhaviol[,)w[Jal[l'mo[Tint[17st[d in th[lobs[IvablJpatt[ Ins than in pa'ticlal n[‘m[Tical
[Is[ts. Hinel) wlvis[aliz[ th[lsim[lation o[ tcom[s by s/ [faclJo hlat map plots, which allow
(s to obs[Iv[th[I[ffl cts of two valying paldam[t[Is at oncl]

3.2 Sovereign Assistance

This sCction [Vallatl$ thlpositivilimpact of stat[Js[ppolf on systmic stability as wll as th[’
cost of th{Js[ppo® mlas[TT7s. Not[Jthat th(fTTdback loops allnot intfodcld yt and altho[gh

it shows thl]costs of th(]s[ppolt mlas[ s, th(]following analysis do[s not incl[d[]th[]
plopagation of sov[1Tign wlakn[ss back into th[Tbanking syst[m. D[T]to th(llimit[d scop[lof
this papl ) wllill[stfatlth[lanalysis on bailouts and recapitalization of instit[tions that a(TJ
[Teliving nlgativiIshocks. As mntion[d in SC¢ction 2.5, in this cas(Ith[ldom[stic sov[Ilign
pays follsom[fTaction of th(Jloss[s b[foMth[JT¢chiving instit[tion wlit[$ down its capital and
hnellit is concptlally th[1sam[Jas ploviding additional capital to th[J[Meliving instit[tion.

Fig[TT1a shows how many of th[initial 25 banks d[fallt givih c[Tfain capital [dtio and c[Tfain

bailolt [dtio (i.[] how lalg[lpoffion of th[Ibank’s loss is covlIld by th{Ip[blic sCctol). It

dlmonstlat[$ thMativly high ({ficiThcy of this mas TTwhich manag[$ to p[Tvnt a syst[inic

bTakdown. With low bank capital latio 1[3[1s, th[TTlis always a sho[f int[Tval of th[Jamont of
stat[Js[ppo(f on which th[Is[ppoE mlasTTbltom[$ (T etiv(i.[] that thCinCmb[Tlof dfallts

is dlelTasing with th(bailolts [atio). MoMov[T,]it holds that th[Tlow[Tith[Jcapital [dtio, th(]
sho(t[ T this int[1val.

Figure 1: Bailouts and recapitalization effects

Panel A: Total defaults - Capital vs. Bailouts ratio Panel B: Total cost - Capital vs. Bailouts ratio

-~

Vi
=7
!QQ

Bailouts ratio
=4

24nseaw ay} Aq Pasned 3d1ap eix3

|
T

Low
Capital ratio

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 colour indicates a higher extra deficit caused by the measure.
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Fig[TT11b shows th[“costs” of th[bailo[ts [Tp[Ts'nt(d by th{total [xt(a d[ficit [Ts[Iting flom
thOOmlas[TT] Ws[Tlthat at low capital 173(1s, th{] [Mlationship bliw[Th th[d[Tficit and th[]
int[hsity of th(Ibailo® mas[TTlis positiviand lin[allp to a c[Tfain bailolt [dtio brhind which
it bfeom[s n[gativ(] falling back to Mativlly low 1 [1s. TK At a givin capital 1131, th(Thigh st
bailolt costs alis[lat th[[ V(1 of bailot int[hsity which is high ™o gh to [Tp Tt a significant
cost to th[ldom[stic sov[Ilign b(t still too low to p[Iv[nt th{Ishocks flom spilling ov[TIth[]
banks’ capital balTi[Is onto th[ n[kt linJof c[Tdito[s. MoTov[1)in this sitlation th[ failing bank
liqlidatls its asslts, fllth[TIwols[hing thl]sit[ation thlo[gh th[Imalk(t liqlidity channll.
Blyond slich 1¥[1 of bailolt int'hsity, th{In"mb[Tlof d[fallts sCddnly dlops as th(bailo[t
mlaslIlblcom's [fflctivl]

3.3 Cost Efficiency of the Support Measures

Individlal sppolt mlas[ 17§ may bl lcompalld in t[Tms of cost-bln[fit [ffici(ncy, as shown in
Fig[T112. To obtain thlJvalTs of cost [fficilncy foll[ach s[ppolt int[nsity vallT](holizontal
axis), wl ifi[st calc1at[d how many 1[$s banks fail compalTd to th{sit[ ation of no stat[Is[ppolf.
This mlas[ 1] [Mp[Tsnting th{bnlfit of thlindividlal mlas[1Ts, is th(n divid[d by th{][xt(a
dficit associat[d with its [kX[¢tion. As a [Ts[1t, th{individTal pan(ls of Fig[ T2 dlpict how
many banks alTsavld by on[Jc[TlTnhcy it of statTIsppolt.

Figure 2: Cost-benefit analysis of state support measures
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Source: Authors

Note 1: The scale of the response variable in panels A and B is ten times larger than in C and D.
Note 2: The darker colour indicates higher efficiency of state support for a particular measure.

Thfilst finding is that dilllct sippot sich as bailolts and glalant[1s plov$ mlch molT]
fficilnt than mlas[1ls which aim only on th[J [T§[1ting liqlidity iss([$. DI[T]to slch
displopo(fion in [ffletivinlss, in FiglT12a and FigTT2b, th(Is[ppolf [{ficilncy is plottld on
trh tim[$ high[Tscal[Jthan in cas{of Fig[TT12c and FiglT12d. ST¢ond, on both FiglT12a and
Fig[TT12b, ws[Tla diagonal patt[Tn whlTTth[stat[IsCppo (T is most [Tficiht. This colMTsponds
[g. with th(ldiagonal alTa in Fig[TT11a whh th{Jsystfi is changing its stat[Jflom stabl[to
failld. Th{int[Tp[Ttation of this finding is that th[lstat[Jaid wo'ks in th{imost cost-[ffl¢tiv(]
way whih th[syst[m is on the verge of collaps[] i.[] it is [8[1[$s to p[mp mo[TIfnds into it
whih it wolld collapsiat any [at[Ib[t also it is [5[1$s to hlp th[Tbanks whn th[3 alTlo[t of
dang[T] TK FTthTmolT] FiglTT2¢ shows that altho[gh th[fficilhcy in casJof asst [MilT is
tin tim[$ low[ [ th[patt(n is similal,Jonly with th(JalTa of high[ Tl ffici[ncy shiftld flTth[Tto
th[ [ight. Again, this is cals[d by th{lass[t [Tli’f bling [¥/[h 1[ss dilTet s[ppolt mlaslT)in
(Tation to th[Jinitial shock than stat /gl alant(Ts. Finally, it is cllalflom Fig[1112d that givin
this palam[t[1s[tting, flhding liqlidity plovision is not an [fflctivl]sippolt follsystimic
stability.

3.4 Feedback Loops

Priting togth(Tth([T$ts of banking clis($, stat[sppolf and th[[fTets of stat[IdTallts, wll
may clos[th[fTTdback loop by impliim[hting a mIchanism connl¢ting th(Istat[ s ppo( and
stat[|d[fallts. Filst, accolding to Eqlation 3 in Sl¢tion 2.5, a sov[Ilign may d[fallt with
plobability implild flom its CDS sp(Tad. As th{JCDS sp(Tads contain not only th[p[Timilim fo[]
c[Idit [isk of th'lins[1Td bonds b[t also additional p[Tmilims s ch as th['malk(t plic[Jof [isk ol
liglidity p/Tmilm, w(ladj[ st th[ICDS-implild plobability by a palam[t[1{ € (0,1), which w(]
s[t to 0.5. Althogh thd ¢€ision on its val[Tlis [ath[Tabitlaly, th[1[Tsts’ dpmdmcllon this
palam(tTlis linfalwith mod(Tat[IslopTJand so th(lchoicllof its vallTIdols not d[gfadth]
loblstnlss of thl)modll. Wil also implimlnt th(] [Tlationship bltw[Th statl]s[ppolt and
sov[ITign lisk. Again, d[ T to th[scoplJofthis pap[ L, wlp[I$nt d[tail’d [Ts 1ts only fol bailouts
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and recapitalization. Finally, th(1[T$[1ts of funding liquidity provision allinot pT§[ht(d as this
s[ppo @ mlaslTTldid not pfovJto havJalmost any significant positiv[ I [fflcts.

Figure 3: Bailouts and recapitalization with feedback loops

Panel A: Bailouts ratio vs. CDS sensitivity, Panel B: Bailouts ratio vs. CDS sensitivity,
Capital ratio = 0.04 Capital ratio = 0.08
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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.

FiglTT 3 shows th{] brhaviolT]of th(]systfim whin th{J cfisis is tackl[d by bailouts and

recapitalization of th[1t[o[bl[d banks. FiglTT13a dlpicts a collapsing syst[m at capital [atio of
4%. HlITlwls[Tthat at low CDS s[nsitivity to dlficits [[s[1ting flom th{Is[ppolt mlas[ 1T

(palam[tT]B), bailo ts alTtMly [(ffletiviifolclisis mitigation. Espleially in th{Ifilst half of th{]
bailolt intlhsity int[Ival, stat[]action manag(s to dl¢[lasIthlIn[mb[Tlof dlfallt’d banks

significantly. How[V[T] with inc[Tasing CDS slhsitivity, thCimlas[TTIblcomTs 1(8s and 1[$s

[(ffretivl] Also, at highlTICDS intlhsity 17%[1s, an int[TT$ting patt[Tn applals whiTllhighT]
bailoltint nsity do[s notnl¢lssalily mlan 1[$s total d[fallts. This is bl ¢al 5[ at bailo[t int[nsity

of 0.8, stat[laction wlak[ns th(lsov[ITigns mo(llthan it s[ppolts th[lbanks. On [¥/[h high[T]
bailolt inthsiti’s, how [V TJthCmlas[TTblcom[$ [Tl ctivlagain as it almost compl Ty blocks

th[J systimic clisis, Tstfdining it to only z[To to tfh failld banks, dlpihding on th[1CDS

sihsitivity.

Fig[T113b dlpicts th{sit[ation at a high[Ticapital [atio of 8%. Wistill s[T]that, stat s/ ppo!t
may slightly [as[th[Jsitlation at vl Iy low CDS slnsitivity 1[¥[1s. How[¥[1Jwhln th[Jmalk[t
pllelivls additional dficits as mo[llisky and hlnc[Ith[ICDS slhsitivity is high, stat[Js[ppo't
wlaklns thlsov[ITigns significantly and is pot/ntially halmf(1 to th{lsystlm. N¥/[1th[1[ss, it
holds again that with fT1l bailolt intlhsity, th(Ibailo[t mlasTT] [Mmains [ffTctiv] folclisis
mitigation.

3.5 Results Summary

In cas[Tof nlgativ]shocks, th(1banks may b[Js[ppord by folTImain stat(laid mlasTTs:
bailolts, glalant(Ts, ass[t [Tlilf olIplovision of flnding liqlidity which on on[lhand may
wlakln thlsov[1Tigns b['t on[thTloth Thand may contlib[t[Isignificantly to syst/mic stability.
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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 Teply
(2014), who focused on bailouts and recapitalization, here we expand our research to other three
support measures to the banks in trouble: guarantees execution, asset relief and funding liquidity
provision.

Table 2 provides the summary of these support measures.

Table 2: Impact of individual support measures

Measure Effectiveness  Cost-efficiency  Description
Bailouts and . -
S +++++ +++++ Captures shocks before they hit the receiving bank
recapitalization
Guarantees Captures shocks the receiving bank propagates
. ++++ ++++ - .
execution onto its creditors

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

Captures funding shocks by providing liquid assets
0 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 the 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 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.

3.6 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
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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.

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 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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