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1. Introduction 
 
After the eruption of the global financial crisis, the European economy found itself confronted with a 
severe recession, from which the troubled GIIPS countries did not recover up until this point in time. Low 
productivity, weakened competitiveness and a limitation of policy instruments forced the governments to 
bridge the occurred deficits through the accumulation of public debt, which in turn exposed them to the 
financial institutions’ willingness to roll over these contracts. However, instead of taking actions to escape 
this vulnerability, debt positions soared and the initially national problems started to spill over to the 
European banking sector. Optimism evaporated and the threat of a country’s default through a self-
fulfilling crisis became probable. 
 

As a reaction on these happenings, the European Central Bank and other authorities were forced to 
intervene. Several policy measures were implemented, following the objective of calming the market’s 
distrust, by facilitating the countries’ task towards restructured public finances. However, the contrary 
case occurred and turbulences within the monetary union continued, expressed through an increase in 
public debt. Within this paper, the motives for these resulting government policy decisions are being 
analyzed. 
 

The basic framework used for this analysis was developed by Harold L. Cole and Timothy J. Kehoe in 
1996. Through the application of a dynamic stochastic general equilibrium model, its purpose is to provide 
optimal policy decisions for a strategic benevolent government, which is vulnerable to speculative attacks 
on the part of non-strategic financial institutions. Juan Carlos Conesa and Timothy J. Kehoe then 
established a modified version in 2011, introducing the applicability of martingale gambling strategies in 
recessionary times. Through this extension, a game theoretic investigation of the government policy 
decisions during the European sovereign debt crisis is enabled. 
 

As soon as a country is depending on the ability to roll over its debt contracts in order to remain capable of 
acting, it becomes vulnerable to uncoordinated investment stops on behalf of financial institutions. 
Therefore, in order to avoid the high costs of a default, the government has an incentive to run down its 
public debt positions in order to escape the danger of being hit by suchlike. These incentives can change in 
times of an economic downturn. Is the country suffering from a long lasting recession, martingale 
gambling strategies may dominate, inducing the government to increase public borrowing in order to 
avoid sharp cuts in expenditures. The idea behind this behaviour is to gamble on a recovery of the private 
sector and the subsequent recovery of tax revenues in the foreseeable future, enabling a repayment of the 
debt contracts under more advantageous conditions. However, as the country thereby builds up high levels 
of borrowing, this strategy bears as well the risk of being forced to default, if the end of the recession 
remains absent. The decision about which policy is being followed is thereby highly depending on the 
individual situation of the country.  
 

Using this theoretical framework, the characteristics of the EU authorities’ policy interventions are being 
applied, enabling an analysis of their influence on the optimal debt policy of a troubled country. Overall, 
the results show that policy measures, which increase the costs of a default, i.e. the risk premium and the 
default penalty, provide a government with the incentive to run down the current debt positions in order to 
avoid the costs following a self-fulfilling crisis. However, are the costs of default lowered through the 
intervention of a third party, the dominant strategy consists of running up the future borrowing level and 
gamble for redemption. While this outcome applies to the calibrated results of the European Economic 
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and Monetary Union as a whole, this unambiguousness does not necessarily persist in a country specific 
analysis.  
 

Related literature has been provided by different economists. The papers elaborated by Krugman (1979), 
Obstfeld (1986, 1996) and Calvo (1988) focus on self-fulfilling currency crises. Araujo et al. (2011) in 
turn used the basic framework, established by Cole and Kehoe (1996), to extend it for the investigation of 
self-fulfilling crises in various monetary and currency regimes. The work of Cohen and Villemot (2008) 
deals with the introduction of panglossian borrowers, acting in an environment where the government is 
more optimistic than the markets. Another related paper has been established by Morris and Shin (1998), 
assigning the reason for the occurrence of a self-fulfilling crisis to a lack of knowledge within a global 
game framework.  
 

Concerning the organisation of the paper, section 2 will provide an insight into the European sovereign 
debt crisis, explaining its emergence and the resulting central bank policy measures. Section 3 then 
presents the theoretical framework and the consequential determination of government policy, while in 
section 4, the developments in Europe will be analyzed, using the calibrated results of the model. The 
conclusion can be found in section 5.  
 
 
 
2. Historical Perspective 
 
Since the beginning of 2010, the European Economic and Monetary Union (EMU) is struggling with 
certain member countries in severe economic distress. Most affected of this downturn are Greece, Ireland, 
Italy, Portugal and Spain, commonly referred to as the GIIPS countries. The purpose of this section is to 
examine the cause for this crisis, the applied policy measures and the consequential reactions of the 
respective governments up until now. In a first section (2.1), the crucial factors leading to this sinister 
situation are being explained, in order to get an understanding for the facts that drove those countries into 
a state, where they had little chance to overcome their respective problems on their own. Being aware of 
those facts, the attention will then be turned to the policy interventions applied by different authorities, i.e. 
the European Central Bank, the International Monetary Fund and the European Commission (section 2.2). 
The focus thereby lies on the understanding of those measures’ respective mechanics as well as on the 
incentives and reactions they can evoke in the GIIPS countries’ governments and on the financial markets. 
By taking a look at the resulting current economic situation in section 2.3 then, a first confirmation for 
these incentives can be given, building the basis for the investigations within the theoretical framework in 
chapter 3 and 4.  
 

The graphs in Figure 1 provide an overview over the stylized facts of the European Economy, or more 
specifically the GIIPS countries, since the inception of the EMU. They include the real GDP growth rate, 
the fiscal deficit, the debt to GDP ratio and last but not least an overview over the annual change of the 
GIIPS’ countries consumer price index. As these variables will play an important role during the lecture of 
this thesis, they will serve as a reference for the forthcoming argumentations.  
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Figure 1: The Economy of the GIIPS countries vs. Germany (1999 – 2012) 
 

Real GDP Growth Rate 

-8

-6

-4

-2

0

2

4

6

8

10

12

1999 2001 2003 2005 2007 2009 2011

R e a l	
   G D P 	
   G r o w t h 	
   R a t e

-­‐2 0

0

2 0

1 9 9 9 2 000 2 001 2 002 2 003 2 004 2 005 2 006 2 007 2 008 2 009 2 01 0 2 01 1 2 01 2

Germany Greece Ireland Italy Portugal Spain

Public Debt / GDP

0

20

40

60

80

100

120

140

160

180

1999 2001 2003 2005 2007 2009 2011

Fiscal Deficit / GDP

-10

-5

0

5

10

15

20

25

30

35

1999 2001 2003 2005 2007 2009 2011

Annual Inflation (CPI percentge change)

-3

-2

-1

0

1

2

3

4

5

6

1999 2001 2003 2005 2007 2009 2011

 
                            _________________________________________________ 

Source Data: IMF (2012b) 
 
 

2.1 Emergence of the European Sovereign Debt Crisis 
 
The purpose of this chapter is to outline the determining factors, having contributed to the emergence of 
the European Sovereign Debt Crisis. The respective development of the GIIPS countries is thereby in the 
foreground and builds the basis for understanding the policy measures applied, among others, by the 
European Central Bank (ECB). Additional to that, it delivers an understanding for the behaviour of the 
troubled countries from the recession onwards. The chapter is subdivided into three sections, 
chronologically arranged. While section 2.1.1 deals with the inception of the European Economic and 
Monetary Union (EMU) in 1999, section 2.1.2 focuses on the chances, as well as on the costs of this 
framework, enlightening the origins of the crisis currently prevailing. In the last section (2.1.3), the 
outcome of these proceedings is then considered, by presenting the actual starting point of the crisis. 
 
 
2.1.1 The European Economic and Monetary Union 
 
Economists around the world are providing reasons for the occurrence of the sovereign debt crisis in 
Europe. Different views are being advanced, leading to a mixture of possible explanations. However, 
more or less commonly agreed is the fact that part of the crisis’ origins need to be searched back in time, 
around the end of the 20th century, the inception of the European Economic and Monetary Union (EMU).  
 

The cornerstone for this project was set in June 1988, the date at which the European Council agreed for 
the realization of a unified currency area within the European Community (ECB, 2012a). In order to 
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clarify the eligibility of the potential countries, the so called Maastricht Treaty was established, defining, 
besides many other, the economic requirements for a monetary unification (Arellano/ Conesa/ Kehoe 
2012, p.2) (De Grauwe 2007, p.143). Five major criteria were elaborated, guiding the countries through a 
process of gradualism and convergence towards the qualification of their economies to join. The first three 
convergence criteria contain requirements about inflation, long-term interest rates and currency exchange 
rate mechanisms. The fourth criterion dealt with the government’s budget deficit, stating that a maximum 
of 3% of GDP shall not be exceeded at the point of the entry, except the deviation can be considered as 
exceptional and temporary, or a positive trend towards this number can be anticipated within a short 
timeframe. The fifth and last criterion concerns the countries’ past debt policy. It states that a country, 
exceeding a boundary of 60% debt to GDP, will not be entitled to participate in the EMU, unless 
respective actions have been taken by the government, allowing for the anticipation of meeting this target 
in the near future.1 As a result of these targets, in May 1998 11 countries (Austria, Belgium, Finland, 
France, Germany, Ireland, Italy, Luxembourg, the Netherlands, Portugal and Spain) were tested and 
proven to be adequate with Greece following the 1st January 2001, completing the first 12 EMU countries. 
Nearly simultaneously with the countries’ admission to the union, the introduction of the Euro as common 
currency (1st of January 1999) became reality and the European Central Bank took over control from the 
former national central banks (De Grauwe 2007, p.144). Then, within the time between January 2007 and 
2009, Cyprus, Malta, Slovakia and Slovenia joined the EMU with Estonia as the last country in 2011 
(Arellano/ Conesa/ Kehoe 2012, p.3). However, the focus of this thesis lies on the five GIIPS countries, as 
their individual development until the year 2007 is of great importance for the situation currently 
prevailing. Figure 2 reviews again the initial position of the first 12 countries and shows that merely four 
of them have actually met targets four and five while joining the Euro area in 1999 and 2001 respectively.  
 

Figure 2: Starting point of the European Economic and Monetary Union 2 
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Source Data: Eurostat (2012) 

                                                
1 The last two requirements were then later on, in 1997, outlined to build the basis for the European Stability and 
Growth Pact (SGP), an agreement of the 27 EU Member States to ensure the stability of the EMU through the 
introduction of penalties for violating the mentioned requirements (Schuknecht et al. 2011, p.8 f.). Nevertheless, no 
penalties were imposed when Germany and France violated the requirements in 2003, which clearly reduces its 
credibility (Arellano/ Conesa/ Kehoe 2012, p.4). 
2 The idea for this illustration was provided by Baldwin and Wyplosz (2009, p.494).  
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Turning the attention to the GIIPS countries, one can see that none of them was eligible, which allows for 
inferences that a couple of countries have applied certain “creative” accounting tricks in order to become 
suitable for the entry into the EMU, as shown in Koen and Van den Noord (2005) and in Von Hagen and 
Wolff (2004).34

 
 

Before moving on to the detailed analysis of the benefits and costs this entry involved, I quickly want to 
draw the attention to the European Central Bank, which got in charge with the introduction of the Euro in 
1999. Its design was as well determined in the Maastricht Treaty and is based on the German central 
banking model, in which price stability is considered to be the primary objective. Although the pursuit of 
other goals e.g. stabilization of business cycles, ensurance of high employment and the maintenance of 
financial stability is followed as well, it remains always conditional on the premise that price stability is 
not endangered. To sustain this aim, it was clearly stated that the ECB enjoys complete political 
independence and therefore cannot be forced in any way to print money in order to finance governments’ 
budget deficits. Additional to that, a “no-bailout” clause was introduced, justifying the debt and fiscal 
deficit requirements in the Maastricht Treaty. A country with high debt positions faces a higher default 
risk and therefore increases the pressure for a bailout within the union. To forestall such a case, the treaty 
states that neither national governments, nor the central bank will ever bailout other member countries’ 
governments. By making this point, the ECB wanted to avoid that the semblance of a bailout guarantee 
(through the membership in a union) would have distorting effects, by lowering the risk premium of a 
country’s debt (De Grauwe 2007, p.162 ff.). How credible this statement was to the governments of the 
respective countries remains to be seen and will be part of the theoretic analysis later on. However, the 
knowledge over the primary objective, as well as the room for manoeuvres of this institution is important, 
as it contributes to the understanding of the respective policy decisions.   
 
 
2.1.2 Origins of the Crisis 
 
Prior to the introduction of the Euro on 1st of January 1999, most countries in the euro area faced a history 
of high inflation rates, which lead to increased risk premiums on government bonds due to the investors’ 
currency exposure (Gibson/ Hall/ Tavlas 2011, p.6) (Pessoa 2011, p.4). With the adoption of the Euro, the 
risk of such exchange rate fluctuations decreased sharply, lowering the countries’ vulnerability to 
competitive devaluations (Gibson/ Hall/ Tavlas 2011, p.6). The reason for these effects laid in the 
credibility of the European Central Bank. Through the release of the anti-inflation credentials, financial 
markets trusted the ECB delivering price stability, removing the risk of inflation contingent losses in 
peripheral countries’ debt investments (Gibson/ Hall/ Tavlas 2011, p.6) (Higgins/ Klitgaard 2011, p.3). 
The results of this phenomenon were bond spreads for the GIIPS countries constantly remaining between 
0.1 and 0.4 percentage points during the years 2001-2007, with Germany as a benchmark. Taking a look at 
these numbers, it becomes obvious that a peripheral country’s default risk was completely disregarded at 
this point in time. Rating agencies as well as investors assigned little probability to the occurrence of such 

                                                
3 So was for example Greece given the permission to enter the Euro zone even though their debt level was close to 
100 percentage points of GDP and fiscal deficit at around 3.7 percent. The reason for this decision was on one hand 
that debt was assessed to be on a declining path, and on the other that Greece reported a fiscal deficit of 3 percent at 
the beginning, which was not corrected up to 3.7 until after the entry into the monetary union (Higgins/ Klitgaard 
2011, p.8). 
4 A more detailed work on the violations of the Maastricht requirements is provided by Paul De Grauwe (2009).  
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a case, making it almost impossible to see a difference in the credit risk of e.g. Greek and German bonds. 
As a result, international investors evermore used those allegedly riskless assets to generate additional 
returns (Higgins/ Klitgaard 2011, p.2 f.).  
 

The mentioned effects are described in Figure 3. The milestones, having contributed to the current 
situation in Europe, are thereby highlighted with black dotted lines. Those involve: The introduction of the 
Euro in 1999, the accession of Greece in 2001, Lehman Brothers filing bankruptcy on the 15th September 
2008 and last but not least, Greece retrospectively announcing a fiscal deficit of 15.4 percent of GDP for 
2009, representing double the value announced earlier the year (~6%). The respective impact of those 
events will be part of the explanations while moving on in the thesis.  
 

Figure 3: 10-year government bond spreads – GIIPS vs. Germany (benchmark) 
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Source Data: ECB (2012e) 
 

The low interest rates opened major chances for the peripheral countries’ governments. First, improved 
confidence increased domestic demand and drove the incentive of consumers and investors to increase 
spending (Dadush/ Stancil 2010, p.8). In the same turn, due to the low debt servicing costs, the incentive 
for lending and borrowing at longer maturities increased, providing the government with the opportunity 
to stimulate private investment in order to advance economic growth (Gibson/ Hall/ Tavlas 2011, p.6). As 
a matter of fact, the GIIPS countries’ nominal public debt positions increased constantly over the years. 
The only exception thereby was Ireland, with debt positions remaining flat until the eruption of the global 
financial crisis in 2007. However, the reason for being at the mercy of the actors in the financial markets 
will become clearer soon (IMF 2012b).  
 

The extensive use of debt showed its impact and per capita GDP in the whole Euro area recorded an 
average annual growth of 2.3 percent during the years 1999-2007. Considering the peripheral GIIPS 
countries, one can see that annual growth was way above the European average with numbers for Ireland 
(6.0%), Greece (4.1%) and Spain (3.7%). Portugal (1.8%) and Italy’s (1.5%) growth performance was a 
little weaker, while Germany only grew at 1.7% (Favaro et al. 2011, p.222) (OECD 2012). All in all, the 
Euro area found itself in an economic boom phase and realised continuous increases in tax revenues 
through the advantages of low interest rates on debt. However, the crucial point to identify is what drove 
this accelerating growth.  
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With the decreased costs of servicing the current debt positions, resources became free to be used for 
other, productivity enhancing purposes. The up until now weak performing peripheral countries were 
given the chance to build up business plants and execute investments, driving up their competitiveness in 
the international markets (Gibson/ Hall/ Tavlas 2011, p.6). However, the current situation in Europe 
serves as an indicator that this advantage was not used by all the members of the monetary union. With the 
adoption of the Euro and the consequential increase in domestic demand, prices and wages of services and 
non-tradable sectors (e.g. housing) rose in relation to prices of exportable and importable goods exposed 
to international competition (Dadush/ Stancil 2010, p.8). The reaction on this development came 
promptly. While Greece and Portugal used the additional resources for increased consumption, Ireland and 
Spain invested the funds to fuel the domestic housing market.5 As a result, the gap between savings and 
investments, referred to a current account balance, steadily increased (Higgins/ Klitgaard 2011, p.4 f.).6 
The subsequent rapid growth in wages outpaced the countries productivity and lowered their 
competitiveness through an increase in unit labour costs of 25.7% between the years 1999 and 2007 
(Ameco 2012). As the domestic demand within the Euro countries continuously increased, the GIIPS 
countries were not able to serve this additional demand and a loss in export market shares became 
unavoidable (Higgins/ Klitgaard 2011, p.5 f.).7 But this trend didn’t apply for all of the EMU countries. 
The increased domestic demand within the GIIPS opened a wider market for exports on behalf of the core 
countries, e.g. Germany and the Netherlands. Through the adoption of the common currency, which was 
valued on the overall competitiveness trends of the Euro-zone, the goods of these countries became more 
affordable, as the value of the currency was lower than that of the Deutsche Mark or the Guilder. 
Additional to that, those countries invested into productivity enhancing projects during the boom years, 
enabling them to serve the additional demand in the GIIPS countries (Dadush/ Stancil 2010, p.8 ff.).8 An 
important factor, which needs to be considered within this context, is the countries’ real exchange rates. It 
is known that the peripheral countries of the EMU were facing relatively high inflation rates prior to their 
entrance into the monetary union. Even though those rates declined rapidly after 1999 (and 2001 for 
Greece respectively), they were still relatively high for the Euro-area standards (See Figure 1).  
 

Overall it can be seen, that the low interest rates indeed contributed to robust real growth rates, but from a 
stability perspective, the mix of savings and investments inducing this boom was anything but healthy. As 
a result of this expenditure driven expansionary fiscal policy, consumption and investment exceeded the 
country’s production, which shot down the chance for an increased foreign income stream (exports) in the 
future (Gibson/ Hall/ Tavlas 2011, p.6 ff.) (Higgins/ Klitgaard 2011, p.1 ff.). The outcome was a low 
saving rate leading to a huge debt burden, needed to be rolled over in order to stay capable of acting.  
 

The section up until now has shown the chances and potential benefits that came along with the entry into 
a monetary unified Europe. Nevertheless, the adoption of a common currency brought along as well high 
costs, especially in terms of a limitation of government policy instruments. Countries, entering the EMU, 
gave up the ability to set their own monetary policy, which foreclosed the possibility to devaluate the own 
currency in turbulent times (Gibson/ Hall/ Tavlas 2011, p.8). Against the background of regressive export 
                                                
5 According to Dadush and Stancil (2010), in the years 1999-2007, 4 percentage points of the GIIPS countries’ GDP 
were shifted away form industry to financial services and real estate. 
6 An overview over the current account balances in the 12 EMU countries is provided in Appendix A. 
7 Higgins and Klitgaard (2011) ran a regression to this topic and found out that export market shares would have 
been 20% higher for Greece and Spain and 10% higher for Portugal, if labour costs would have held steady. 
8 These developments, as well as the transformation of the German economy after the countries unification in 1990, 
contributed to make Germany the world’s largest export country (Dadush/ Eidelman 2010, p.17 ff.). 



 8 

market shares, this instrument would have been useful to strengthen the countries’ competitiveness in 
international trade. But the absence of this policy instrument was not only restricting the capability of 
generating revenue. It had as well an immediate effect on the accumulation of foreign debt, as the 
countries have lost the control over exactly this currency, in which their bonds are being issued (Pessoa 
2011, p.11). Actors on the financial markets perceive this limitation, which makes them unconfident and 
susceptible to speculations.9 According to De Grauwe (2011a), exactly this fact gives crises in a monetary 
union a fundamentally different character, as the vulnerability to self-fulfilling movements on behalf of 
the financial markets is way higher. Are creditors afraid of payment difficulties on the part of the 
countries’ government, they suddenly stop rolling over the debt (“sudden stop”), which may bring the 
country into a liquidity squeeze, as there is no flexible exchange rate, nor a foreign exchange market to 
stop this. Once this situation has arrived, distrust installs itself and transforms the liquidity emergency into 
a solvency crisis, as other creditors as well stop rolling their debt positions due to the rapidly increasing 
interest rates. In the end, the prophecy made earlier is fulfilled and a country is forced to default due to the 
investors’ fear of potential default in the future (De Grauwe 2011a, p.3 ff.).10 The reason for the 
occurrence of such a case lies in the lack of coordination among creditors (Cohen/ Villemot 2011, p.2). 
However, whether this situation occurred and in which way this threat influences the determination of 
government policy will become clear, while moving on in the thesis. 
 

The content of this section has shown how the wrong usage of chances can result in serious consequences, 
increasing the costs of a common currency many times over. Through the expansion of domestic demand 
and the associated increasing tax revenues, governments were given the impression of finding themselves 
in prospering times and therefore decided to run an expenditure driven fiscal policy. At this point in time it 
hasn’t been realised that this additional revenue needed to be considered as temporary and therefore 
should have been saved for a possible upcoming recession (Dadush/ Stancil 2010, p.8). 
 
 
2.1.3 From Boom to Bust 
 
The prosperous times of the early 2000’s came to an abrupt end with the breakdown of the United States 
mortgage market in 2007. Increased exposure in high risk products and excessive leverage ratios putted 
banks in the U.S, as well as in Europe, at danger of a potential default (Blundell-Wignall 2011, p.5). The 
result was a severe banking crisis, threatening the existence of the global financial system. Within a few 
days, all the benefits of the last decades’ prosperous economy evaporated and banks ran into huge 
liquidity problems, due to the literal closure of the interbank market. With the bankruptcy of Lehman 
Brothers in September 2008, the threat of a complete meltdown of the global financial system generated 
panic on the stock markets. Increased risk awareness made investors look for the few remaining save 
havens and induced them to increase their exposure on less dangerous assets like government bonds. The 
consequential drop in asset markets soon reached the industrial firms. International trade plunged and 
sales around the world started to decline rapidly. As a result, Europe found itself in the deepest recession 

                                                
9 A comparison of the member country Spain to the United Kingdom, maintaining an independent currency, supports 
this theory. Even though the UK has a much higher debt to GDP ratio (89% in 2011) than Spain (72%), interest rates 
on Spanish government bonds are nearly 200 basis points higher than those of the UK (De Grauwe 2011a, p.1 f.). 
10 However, De Grauwe (2011) is not stating the current crisis in Europe necessarily needs to be a result of these 
characteristics.  
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since the 1930s (European Commission 2009, p.8).11 The windfall gains through the continuous growth 
between 1999 and 2007 vanished and governments in Europe were forced to increase their foreign debt 
positions by roughly 15 percentage points, remarkably contributing to the current level of indebtedness 
(Schäfer 2012, p.3).12 Nevertheless, the effect on the peripheral countries 10-year bond spreads kept 
within bounds and reached a maximum of around 250 basis points, after Lehman Brothers filed 
bankruptcy in September 2008. By the end of 2009, spreads declined again and hovered around 1 percent 
afterwards (See Figure 3) (Gibson/ Hall/ Tavlas 2011, p.9).  
 

However, the second shock wasn’t long in coming and convulsed the financial markets at the beginning of 
2010, particularly affecting the economies of the European continent. The newly elected Governor of 
Greeks’ national bank, George Provopoulos, announced that the initial government’s projection of a 6 
percent fiscal deficit for 2009 was a mistake and needed to be corrected up to an actual number of 15.4 
percent of GDP. This announcement is commonly referred as the starting point of the European Sovereign 
Debt Crisis, as it galvanised investors around the world and arranged for a considerable increase in risk 
aversion (Pessoa 2011, p.4) (Gibson/ Hall/ Tavlas 2011, p.9 f.). Suddenly, concerns about the country’s 
fiscal sustainability rose. The illusion that the extremely low spreads were justified only through the 
elimination of currency devaluation risks was damaged and financial markets reacted with increased 
interest rates to account for the probability of a default (Gibson/ Hall/ Tavlas 2011, p.10). This in turn 
increased the costs of servicing debt and again putted pressure on the country’s fiscal position. A doom 
loop was created, making determination of policy decisions a lot more challenging.  
 

However, Greece was not the only country suffering from the damages of the subprime crisis. Except for 
Italy, the fiscal deficits of the remaining GIIPS countries developed the same way, although there were 
clear differences prior to Greek’s announcement. While Greece and Portugal were running huge fiscal 
deficits even before the crisis in 2008, Spain and Ireland had comparably strong fiscal positions. However, 
at the point in time (2008) when the Irish housing bubble burst, the country had to face large drops in tax 
revenue and the already sick banking sector got even more in trouble (Pessoa 2011, p.5). In order to 
prevent a collapse of this sector, the government of Ireland guaranteed the debts of the countries’ six 
major private banks, leading to surge of public deficit and debt. By contrast, Spain’s reactions on the 
recession of 2008 were massive Keynesian stimulus policies, pushing the country’s fiscal deficits up. As a 
consequence of these deficits, the previously comparable low public debt level increased rapidly 
(Arellano/ Conesa/ Kehoe 2012, p.4). The subsequent collapse of the Spanish housing market in 2009 then 
even worsened the situation. In the end, fiscal deficits of these countries reached values for Ireland 
(14.0%), Spain (11.2%), Portugal (10.2%) and, to a lesser extend, Italy (5.4%) in the year 2009 (Eurostat 
2012). 
 

Even though countries in Europe already suffered from high costs to support their sick banking sectors, 
the ongoing recession and the large fiscal deficits even worsened the situation. Countries, facing a weak 
competitiveness, lacked the ability to increase exports in order to generate additional revenue, as they gave 
up their own monetary policy to counteract this circumstance. Therefore, in order to account for the 
heightened fiscal deficits, the governments were forced to further increase their debt positions, or a least 

                                                
11 The data, provided by Eurostat (2012), supports this development and shows a negative annual growth rate of GDP 
of 4.25 percent for the whole Euro area at the peak of the subprime crisis in 2009. 
12 Between 2008 and 2010, public debt of the whole Euro zone increased from 70.1 to more than 85 percent of GDP 
(Eurostat 2012). 
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dependent on the ability to roll over maturing bonds (Higgins/ Klitgaard 2011, p.8). As a result, public 
debt and fiscal deficits increased over the years, massively jeopardizing the stability and trustworthiness of 
the EMU (See Figure 1).13 The reaction of the financial markets came abrupt, expressing the distrust into 
these countries with soaring interest rates (see Figure 3). Considering these developments, it becomes 
clear that the fiscal problems are for the most part the consequence, rather than the cause of the problems 
currently prevailing in the Euro zone (Dadush/ Stancil 2010, p.9). Not without good reason, Schuknecht et 
al. (2011, p.10) characterize the first decade of the Euro as “wasted good times”, laying the foundation for 
the present crisis in the EMU. 
 
 

2.2 Central Bank Policy Interventions 
 
Due to the happenings at the beginning of 2010, the EMU suddenly found itself confronted with several 
member countries in severe economic distress. The recent developments brought up problems which could 
not be handled by themselves and therefore forced the European Central Bank to intervene. The challenge 
was to determine measures, which induce a reduction of government spending, but without eliminating 
economic growth. This way, market distrusts can be calmed and additional liquidity enables the 
governments to reduce the debt burden and improve competitiveness (Pessoa 2011, p.3).  
 

The trigger for these interventions was the tension observable on the financial markets on the 6th and 7th of 
May 2010. Concerns about the fiscal situation of some countries in the Euro area caused disturbances and 
increased the investors’ fear. The sudden drop of the Dow Jones on the 7th of May substantiated this 
anxiety, as it served as an evidence for spillover effects (contagion) from the troubled countries to the 
financial markets more generally.14 The volatility on the markets rose, while liquidity decreased, induced 
through a flight to safety behaviour on behalf of the investors (ECB 2010b, p.36).  The risk for an 
impairment of the financial markets became possible and the European Central Bank realised that a 
downturn would have consequences on the transmission of monetary policy impulses. The primary 
objective of price stability was endangered, which made an intervention inevitable (ECB 2011, p.52).  
 

The purpose of this section is to deal with the applied policy measures of the European Central Bank, the 
European Commission and the International Monetary Fund from the year 2010 up until now. At this 
point it is important to notice, that only non-standard measures are being concerned, as their exceptional 
set up can have an impact on the countries’ decisions concerning future debt policy. Sections 2.2.1 and 
2.2.2 consider the policy measures applied on a national basis, i.e. the Securities Market Programme 
(SMP) and the country specific rescue packages provided through the European Financial Stability 
Facility (EFSF), the European Financial Stabilisation Mechanism (EFSM) and the International Monetary 
Fund (IMF). In section 2.2.3, the focus will then be laid on the Longer Term Refinancing Operations 
(LTRO’s) introduced in December 2011, a transnational policy measure mainly designed to support the 
troubled domestic banks of the EMU. The reason for choosing this order is that it allows us to go through 
the specific measures chronologically, which enables a detailed analysis of their respective effects. Section 
2.3 then sums up and shows the outcome of this turbulent time, laying the foundation for the model 

                                                
13 Debt to GDP levels of the GIIPS countries in 2010: Greece 143%; Ireland 92%; Italy 118%; Portugal 93%, Spain 
61% (IMF 2012b).  
14 The exact cause for the sudden plunge of the Dow Jones on the 6th of May is still under review (ECB 2010b, p.36). 
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theoretic analysis in section 3. Figure 4 provides a chronologic overview, depicting what impact those 
measures had on the spreads of the individual countries’ government bonds. 
 

Figure 4: Third party policy interventions (2010-2012) 
 

 
                 _______________________________________________________________________ 

Source Data: Thompson Reuters (2012) 
 
 
2.2.1 Securities Market Programme  
 
The first action was taken on the 10th of May 2010, through the ECB’s introduction of the Securities 
Market Programme (SMP). The purpose of this measure is to conduct interventions in the Euro area debt 
market, by buying bonds of troubled countries whose bond prices fall too low (high yields).15 With the use 
of this tool, the ECB aims to ensure liquidity and depth in troubled market segments through a decrease in 
the interest rates, which in turn leads to an appropriate functioning of the monetary policy transmission 
mechanism (Arellano/ Conesa/ Kehoe 2012, p.12) (ECB 2010a, p.8). While making this decision, the 
ECB has taken into consideration the troubled governments’ statement saying that they “will take all 
measures needed to meet their fiscal targets this year and the years ahead in line with excessive deficit 
procedures” (ECB 2010d).  The introduction of this programme raised questions, whether these 
interventions violate the ECB’s “no-bailout clause” (Art. 123) and endanger the price stability of the 
monetary union.16 Regarding these concerns, the mechanics of this instrument need to be lighted in more 
detail. It is crucial to understand that the European Central Bank is not providing liquidity to the 
governments’ directly, but to the holders of these government bonds, i.e. the monetary financial 
institutions (MFI’s). As these holders are typically domestic and foreign banks, legally no direct financing 
of government budget deficits has happened, circumventing the “no-bailout clause” (De Grauwe 2011b, 
p.11). Concerning the second question, the money base remained unaffected, as several bond purchases 
were settled on the secondary markets and financed through a sale of assets on behalf of the European 
Central Bank. This way, the consequences of buying bonds from distressed countries were sterilized and 

                                                
15 A detailed description of the eligibility criteria for debt instruments and counterparties is provided by the ECB in 
the “Decision of the European Central Bank of 14 May 2010 establishing a securities markets programme” (ECB 
2010c).   
16 Art. 123 of the Treaty states that it is prohibited for the for the European Central Bank to issue direct credits to 
member states or to purchase government bonds on the primary market (Schäfer 2012, p.11).  
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no inflationary effects were observable in the end (Schäfer 2012, p.11). The difference between the SMP 
and classic asset purchase programmes, designed to supply the economy with additional monetary 
stimulus (increase in money supply), is therefore given (ECB 2010b, p.24 f.). However, the side effect of 
this specific set up is in turn that the ECB’s capability to help distressed countries is limited, as no 
increase in the money base is realizable (Schäfer 2012, p.12). So was the total amount of purchased bonds 
until the 27th of July 2012 worth around 211 billion Euro (ECB 2012b). Unfortunately, a detailed 
deployment, showing the respective counterparties of the SMP is not publicly accessible, which makes an 
assessment of the individual transactions’ impact impossible. Nevertheless, taking a look at the 
deployment of the bond spreads in the months after the introduction, the upward trend foreshadows that 
the need for further policy actions was inevitable. 
 
 
2.2.2 EFSF and EFSM 
 
In contrast to the Securities Market Programme, the intend of the European Financial Stability Facility is 
not to buy bonds on the secondary market, but to build up a fund in order to provide rescue packages to 
governments of troubled countries.17 However, these rescue packages must no be understood as a simple 
provision of liquidity. Its purpose is to provide piecewise interest bearing loans in order to replace the 
countries’ maturing debt contracts (Chamley/ Pinto 2011, p.1). Considering the debt maturity structure of 
the respective countries, it becomes clear that their borrowing needs for the forthcoming years were 
almost entirely covered through these bailouts (See Table 1). Important to notice in this context is that 
these credits were provided at interest rates lower than the ones obtainable on the international bond 
markets (Arellano/ Conesa/ Kehoe 2012, p.12). As this set up immediately lowers the costs of borrowing, 
additional resources become free to be used for an improvement of the countries’ public finances 
(Arellano/ Conesa/ Kehoe 2012, p.1). 
 

Actuator for the implementation of this facility was the financial assistance demanded by Greece on the 9th 
of May 2010. As a reaction on this request, a consortium, composed of the International Monetary Fund, 
the ECB and the European Commission (thenceforth called “Troika”), jointly agreed to provide a rescue 
package with a total amount of 110 billion € to the Greek government. 30 billion € of this package were 
supplied by the IMF, while the 80 billion represent a collective amount, committed by several EU member 
countries (Seitz/ Jost 2012, p.3 f.). Through the application of this measure, the IMF and the EU promised 
themselves to achieve a reduction of the fiscal deficit (15.4% in 2009) and the debt burden (115% in 2009) 
to the levels defined in the Maastricht Treaty by 2014. In order to prevent against irrational behaviour, the 
package involved several requirements aimed to restructure Greece’s public finances and bring back 
economic growth (fiscal austerity measures). These requirements included budget cuts and tax increases to 
account for the fiscal and debt problems, as well as freezes in salaries and deep reforms in order to 
strengthen the country’s competitiveness (IMF 2010a).18  
 

Soon it became clear that due to the interconnectedness of the financial markets, such financial aid would 
be needed as well by other countries in the Euro zone (Chamley/ Pinto 2011, p.1). Two funds with a total 

                                                
17 This institution is comparable to the idea of a European Monetary Fund, serving as a substitute for the European 
Central Bank, as first proposed by Gros and Mayer (2010).  
18 A detailed overview over the terms and conditions demanded from Greek’s government and citizens can be found 
in (IMF 2010a).  
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capacity of 500 billion € were established. While the European Financial Stability Facility (EFSF) should 
lend up to 440 billion €, the European Financial Stabilisation Mechanism (EFSM) would provide the 
remaining 60 billion € in terms of a balance-of-payments support. The available amounts of this fund are 
comprised of guarantees from the Euro countries themselves.19 With an additional contribution of 250 
billion € on behalf of the IMF, a total amount of 750 billion € was available to support troubled countries 
within the monetary union.20  
 

Since the inception of this fund, three rescue packages (excluding the one granted to Greece in 2010) have 
been provided, all conditional on fiscal austerity requirements in order to prevent against moral hazard.21 
An overview over these packages is provided in Table 1 and brings the granted amounts in relation to the 
maturing debt of the receiving countries.  
 

Table 1: Granted rescue packages 
 

Date Country Total Amount in Bio 
€ 

Maturing Debt until 
2020 in Bio € 

May 09, 2010 Greece 110 233.4 
Dec 16, 2010 Ireland 85 83.4 
May 20, 2011 Portgual 78 105.3 
Mar 15, 2012 Greece 130 233.4 

                                     ___________________________________________________________________________________________ 

Source Data: (Seitz/ Jost 2012, p.4) (Statista 2012) 
 

The first package was issued on the 16th of December 2010, when Ireland’s real estate market collapsed 
and funds were needed to finance the state guarantees given to Ireland’s banking system. The package 
involved a total amount of 85 billion €, whereas 62.5 billion € were provided by the EFSF, EFSM and the 
Irish nations cash reserves and the remaining 22.5 billion € by the IMF (IMF 2010b) (Seitz/ Jost 2012, p.4 
ff.). Then, the second country who demanded the help of the “Troika” was Portugal in May 2011. The 
recession, the weak competitiveness and the high fiscal deficits directed the country into a situation, where 
government funding costs attained a level not bearable anymore. A total package of 78 billion €, equally 
apportioned between the EFSF, the EFSM and the IMF, was put together on the 20th of May 2011 to calm 
the situation on the capital markets (IMF 2011). Last but not least, Greece again asked for financial aid in 
July 2011 (Seitz/ Jost 2012, p.4 ff.). However, the conditions of this last package differed from the ones 
provided before. Already prior to the request, the European Union planned to force banks to accept a 
“voluntary” haircut of 50% on Greek bonds. Should enough bondholders agree to this policy, a 
fundamental write-down of Greek’s debt would be realizable. On the 15th March 2012, this policy was 
agreed and in combination with lengthened maturities and lowered interest rates on bonds, a total haircut 

                                                
19 A list of guarantor Euro-area members with their respective guarantee commitments can be found in the “EFSF 
framework agreement” (EFSF 2012).  
20 Later in time (2011), it was decided that this constellation should only be temporary and that a new permanent 
rescue fund, called the European Stability Mechanism (ESM), will replace it in 2013. With this introduction, the EU 
wanted to account for the fact that troubled countries would need much more time to get back to the capital markets 
in order to be able to finance themselves (Seitz/ Jost 2012, p.2 ff.). 
21 A fourth rescue package to Spain has been agreed in June 2012. However, up until this point in time, it is not yet 
clarified whether these funds will be provided through the EFSF or the ESM. Therefore, consideration of this fourth 
package is neglected (Financial Times 2012). 
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of 75% was accomplished (Arellano/ Conesa/ Kehoe 2012, p.3) (IMF 2012a).22 As a result, a total 
package of 130 billion € was put together and provided to the country (Seitz/ Jost 2012, p.5 f.). At this 
stage it needs to be noticed that Greece cancelled the requirements of the last package, as a adaptation of 
the public finances in accordance to the Maastricht Treaty was not achievable within the agreed time (IMF 
2012a). 
 

However, the country specific rescue packages and the associated fiscal austerity measures indeed showed 
their impact and the countries Greece, Ireland and Portugal managed to slightly run down their fiscal 
deficit to 9.2, 13.1 and 4.2 percent of GDP in 2011. Nevertheless, taking a look at the longterm interest 
rates on those countries’ debt, one can see that the bond spreads continued to increase, even though the 
“Troika” was set up to calm the market’s distrust by guaranteeing the roll over of the countries’ maturing 
debt positions. There are two reasonable explanations, considering the set up of the rescue packages on 
one hand, and on the other the influence of fiscal austerity measures.  
 

First, through the provision of interest bearing loans, countries are provided with additional liquidity 
without the explicit guarantee of an increase in the net present value of fiscal resources. Therefore, in case 
of a malfunctioning, the only ones gaining from these rescue packages are the bond holders whose 
contracts mature at the time, when the official loans through the Troika flow in. This discourages new 
investors, as the newly provided loans are perceived to be senior, devaluating their own claims becoming 
due in the future. The increase in the risk premium is therefore attributable to a lack of confidence into the 
success of the rescue packages (Chamley/ Pinto 2011, p.1 ff.) In context of the Russian crisis in 2001, this 
argumentation has already been provided by Kharas, Pinto and Ulatov (2001, p.43) stating that “A debt-
based liquidity injection that aims to boost confidence could worsen public debt dynamics while offering 
heavily exposed investors a convenient selling opportunity. In this sense the financing portion of the 
package could actually trigger a crisis if the market is sufficiently sceptical about the implementation of 
fiscal and structural reforms. This argument is even stronger if the liquidity injection involves debt that is 
perceived to be senior to the existing claims of private creditors.” The development of the credit default 
swap premiums during these years supports this argumentation, as shown in Appendix C. 
 

The second explanation refers to the fiscal austerity measures and their risk of being counterproductive in 
the end. Cutting down government spending automatically reduces growth and consequentially increases 
unemployment, while an increased tax base additionally worsens the investment behaviour of a country’s 
citizens (Pessoa 2011, p.10). The intent of achieving cost deflation (relative to the trading partners e.g. 
Germany), through decreased domestic demand and an internal devaluation of unit labour costs, can lead 
to lower economic growth, exacerbating the already prevailing debt problem (Favaro et al. 2011, p.230 f.). 
Is this case occurring, the mentioned counterproductive effects result and financial markets react by 
getting even more nervous (Pessoa 2011, p.10). Important to notice at this point in time is that especially 
short term funding became more expensive. Interest rates on e.g. two year government bonds massively 
exceeded the ones’ of longer term instruments and domestic banks entered a situation, where they became 

                                                
22 Through the fact, that more than 50% of bondholders agreed to the haircut, the Greek government has allowed to 
invoke collective action clauses (CAC’s), forcing the remaining bond holders to participate in the haircut (Arellano/ 
Conesa/ Kehoe 2012, p.3) 
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unable to raise unsecured funds. A spillover of the sovereign debt crisis on the banking sector was the 
outcome (BIS 2012a, p.1) (Chamley/ Pinto 2011, p.1 f.).23  
 

Since mid of 2010, the domestic banks of the countries Greece, Ireland Portugal were suffering from 
constant deposit outflows. The necessity for a rescue package in these countries has set a negative sign to 
the markets and investors decided to withdraw their money and deposit it in the few remaining save 
havens of the core euro countries. However, a dramatic situation was observed in the countries Italy and 
Spain. Although those countries recorded continuous capital inflows in 2010, suddenly investors got afraid 
and the domestic banks suffered a loss of literally 120 billion Euros within the fourth quarter of 2011 
(Dittli 2012a). These developments made evident that the crisis in Europe more and more takes on a 
systemic character, affecting the banking system as well as other member countries of the EMU (Pessoa 
2011, p.10 f.). The prevailing situation increased the investors’ fear and made them back out of peripheral 
countries’ bonds, denotable as self-fulfilling movements. Through this behaviour, countries became 
trapped in a liquidity crisis resulting in a collapse of bond prices through a substantial increase in interest 
rates between June and November 2011 (See Figure 4). As financial markets typically become highly 
integrated with the entry into a monetary union, most of these government bonds were held by banks in 
the Euro zone, which turned the sovereign debt crisis into a banking crisis, leading to a literal closure of 
Europe’s interbank market (De Grauwe 2012, p.1).24 The initial assumption of the EU authorities, 
considering the problems of the governments to be national, demanding for national policy measures, 
turned out to be wrong (Pessoa 2011, p.10 f.). Therefore, in order to avoid a credit crunch and assure 
further funding of the troubled economies, a transnational infusion of liquidity became unavoidable. 
 
 
2.2.3 Longer Term Refinancing Operations 
 
On the 8th of December 2011, Mario Draghi, the president of the European Central Bank, announced to 
supply the European banking sector with two money injections involving a maturity of 36 months and an 
interest rate, fixed at one percent.25 The instrument used to provide these two tranches is denoted as 
“Longer Term Refinancing Operations” (LTRO’s). This measure belongs, besides other instruments, to 
the repo auctions, which are the predominant instrument of the ECB to implement monetary policy. 
Through the provision of these credits, the ECB was able to assure the liquidity of the domestic banks, 
which was important for the continuous maintenance of price stability (Linzert/ Nautz/ Bindseil 2004, 
p.7). In order to receive these loans, banks of the respective countries had to hand in bids, containing the 
amount of money desired to receive. The first loan was provided on the 21st of December 2011 with a total 
amount of 489 billion €, while the second package of 529.5 billion € was injected on the 1st of March 2012 
(ECB 2012b). This additional liquidity was urgently needed by the Euro-area’s domestic banks, as it 
enabled them to cover their funding needs of the next few years in large parts.  
 

Main recipients of the first LTRO tranche were banks in Italy and Spain with an amount of 300 billion €, 
and to a smaller extent Belgium and French Banks (150 billion €). Banks in Germany, Finland and 

                                                
23 A more detailed analysis of these spillover effects, particularly in the context of sovereign rating changes, is 
provided by Arezki, Candelon and Sy (2011).  
24 Appendix D shows the foreign bank claims on assets of the GIIPS countries. 
25 In the meantime, on 5th of July 2012, this interest rate has been decreased again by 25 basis points to an amount of 
0.75 percent (ECB 2012f, p.199). 
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Luxembourg didn’t bid for considerable amounts.26 However, their funding conditions improved 
indirectly, as large parts of the additional liquidity flowed as deposits into their books, increasing the 
liquidity on their balance sheets.27 Little change was also observable in the LTRO balance of Greek, 
Portuguese and Irish central banks. The reason for that was, that those banks already bid for a considerable 
amount of 165 billion € in the previously announced 12-month LTRO and may have been short on 
collateral to participate in the bidding (BIS 2012a, p.3). The situation didn’t change significantly in the 
second tranche (1st of March 2012). The main recipients were again domestic banks of Italy and Spain, 
asking together for an additional amount of 300 billion €. Contrary to the first LTRO, monetary financial 
institutions (MFI’s) of Greece applied for additional money, increasing their liabilities to the central bank 
over about 70 billion € (BIS 2012a, p.4).28  
 

Immediately after the introduction of this non-standard measure, bank funding conditions improved. 
Investors returned to the long-term bank debt markets and sales of uncollaterized bonds increased (BIS 
2012a, p.4). But the strengthening of the domestic banking sector was not the only objective the ECB 
promised itself, even though this was not officially stated. By implementing these measures, the European 
Central Bank circumvented the “no-bailout clause” and delegated the power to buy bonds of the troubled 
countries to the domestic banks (De Grauwe 2012, p.1). This was indeed done, particularly in the 
countries Spain, Italy and Ireland. The reaction of the interest rates on government debt came promptly 
and funding conditions improved, as visible in Figure 4 (BIS 2012a, p.4). 
 

Even though the implementation of the Longer Term Refinancing Operations helped to avoid a collapse of 
the European banking system and lead to a significant reassurance of the markets, it contained as well a 
few major disadvantages. The first and probably most significant problem is that the introduction of this 
measure didn’t address the main problems of the peripheral countries. Instead, it provided the countries 
and, above all, their respective banks with time and short-term market quietness to take care of the 
fundamental inefficiencies. This was as well supported by Mario Draghi himself, stating that the most 
significant achievement of the LTRO’s was “that it gave banks room for deleveraging in an orderly 
fashion” (ECB 2012d) (Meier 2012). This brings us to the second disadvantage of this measure. Banks 
were thought to use this additional liquidity to buy bonds of the troubled governments, denotable as “carry 
trade”. As government bonds provide a much higher return, this was an invitation to an almost riskless 
return, with the disadvantage of fostering moral hazard trough the availability of short-term gains. As a 
result, banks again exposed themselves and included assets of troubled countries into their already weak 
balance sheets. Once the concerns over the solvency of these countries return, the effect turns around and 
the domestic banks may find itself in the same situation as prior to the introduction of the LTRO’s (Meier 
2012). However, only a fraction of this liquidity was actually channelled into the government bond 
markets. The problem is yet that the remaining parts were mainly kept in the books of the domestic banks 
or parked at the ECB over night, instead of being invested into the real economy, helping to achieve an 
improvement of their respective fundamentals (De Grauwe 2012, p.1).  
 

                                                
26 Belgium and France needed to apply for additional funds, as due to the developments at the end of 2011, U.S. 
funds stopped providing their domestic banks with considerable amounts of U.S. Dollars (BIS 2012a). 
27 A more detailed analysis of this circumstance can be found in BIS (2012a).  
28 The total use of these 36-month repo auctions is depicted in Appendix E, showing the LTRO liabilities on the 
balance sheets of the domestic monetary and financial institutions (MFI’s). 
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2.3 Current Situation 
 
The last three sections have chronologically dealt with the different policy interventions, their mechanics 
and their respective effects on the economies, as well as on the financial markets. As we went along, it 
became clear that steadily new policy measures on behalf of the European Central Bank were needed in 
order to counteract against self-fulfilling crises to occur. With the implementation of the Longer Term 
Refinancing Operations in the end, a short-term relieve of the markets was achieved. Funding conditions 
for domestic banks and governments have improved and the investors appetite for risk returned, due to 
decreased concerns about the downside risks of market participants (BIS 2012b, p.1). In Greece, this 
relieve was additionally triggered trough the assurance of the second rescue package at the 1st of March 
2012. However, as explained above, the LTRO’s contained some substantial disadvantages, leading to 
doubts about the long term success of this operation. Recent developments of the markets have shown that 
these doubts were not unfounded. At the end of March 2012, the concerns about the Longer Term 
Refinancing Operations began to vindicate. The GIIPS countries still found itself in a recession and the 
actors on the financial markets realized that monetary policy measures (e.g. LTRO’s) alone wouldn’t be 
sufficient to address the fundamental problems of the Euro-area countries. As a result, interest rates on 
government bonds returned to move upwards, as investors were afraid of distorting growth effects through 
the introduction of fiscal austerity measures and the slow pace on the domestic labour markets. This trend 
was particularly observable in the countries Italy and Spain, the new victims of the systemic crisis. The 
downgrading of Spain to a Standard and Poor’s rating of BBB+ on the 26th of April 2012 clearly 
supported this development. It wasn’t long in coming until the domestic banking sector reacted, especially 
as it increased it’s exposure to the governments earlier in the year. During the months April and May, euro 
bank equity prices constantly underperformed and the markets tend to move into a comparable situation 
observed in the months of October and November 2011. However, the situation is still considered to be 
less worrisome by market participants, as with the additional liquidity of the Longer Term Refinancing 
Operations, banks have built up a certain liquidity buffer (BIS 2012b, p.5 ff.).  
 

Being aware of the different policy measures, established by the European Central Bank, the International 
Monetary Fund and the European Commission, the focus turns now to the specific situation of the Euro-
area countries and their progress during these turbulent times. By the end of April 2012, the condition 
looks rather depressing. With a total of 17 member countries, no more than four (Finland, Germany, 
Luxembourg and the Netherlands) enjoy the highest Standard and Poor’s rating of AAA. Contrary to that, 
the rating for government bonds of the five GIIPS was downgraded to junk bond status with BBB+ or 
lower. A clear exception thereby builds Greece, which was rated CCC in July 2011, then shortly became 
listed as selectively defaulted (SD) and returned, after the introduction of the second rescue package, again 
to CCC by May 2012 (Arellano/Conesa/Kehoe 2012, p.1) (Standard & Poor’s 2012). 
 

However, cutting it down to the essentials, the situation of the GIIPS countries is over all comparable. At 
the end of 2008, the subprime crisis erupted and drove the countries of the European Union into the 
deepest recession since the 1930’s. While core countries like Germany managed to achieve positive 
growth through a recovery of its private sector, the recession in the GIIPS countries is still ongoing. As a 
result of this recession, government revenue dropped, forcing the governments to bridge this missing 
liquidity through the issuance of public debt, as there is no foreign exchange market, nor a flexible 
exchange rate to counteract against these losses. Through this necessity, countries became highly 
dependent on the willingness of the actors on the financial markets to roll over their debt contracts, as 
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otherwise a sovereign default would be inevitable. However, instead of running down public borrowing to 
avoid the high costs caused through the steadily increasing interest rates, the debt positions continued to 
soar in all GIIPS countries (See Figure 1) (Conesa/ Kehoe 2012a, p.2 ff.).  
 

One argumentation for this behaviour might simply be a lack of rationality. Thereby, governments, as well 
as lenders, may have fooled themselves by thinking that “this time is different” and therefore a default of 
the respective countries cannot occur with positive probability (Reinhart/ Rogoff 2009). However, the 
developments and reactions in the markets during the last years provide reasons to believe that the actors 
in the markets perfectly understood the risks. Therefore another argumentation for this development can 
be that the policy measures introduced by the EU authorities may have been ill designed and fostered 
moral hazard. The idea is that through the expectation of a future bailout, driving down the interest rates 
on government bonds, countries may have decided to refrain from sharp cuts in expenditures and run up 
the their debt positions, gambling on a recovery of the private sector. The allegedly irrational behaviour is 
thereby the optimal response to the developments in the markets. The purpose of the theoretical 
framework in the next section is to investigate exactly this theory (Conesa/ Kehoe 2012a, p.1 ff.). 
 
 
 
3. The Model 
 
The sections above have shown the prevailing economic situation of the European Union and the 
consequential policy decisions taken by the European Central Bank and the governments of the respective 
countries. As we move on, we want to analyse those countries’ behaviour, and more specifically their 
reactions on the third party policy measures, within the dynamic stochastic general equilibrium model 
provided by Juan Carlos Conesa and Timothy J. Kehoe in 2011.  
 

Before starting with the illustration of the environment, a short instruction into the main deliberations of 
this framework needs to be given, to make the understanding of the following theoretical sections more 
comprehensible. As already denoted above, the government of a respective country has a need to roll over 
its debt into the next period, in order to stay capable of acting. Is this possibility not given, default is the 
only resulting option. However, the inability to meet its liabilities does not necessarily need to be a result 
of missing liquidity or insolvency, it can be as well induced through the fear of international investors, 
expecting a country to become unable to pay. Is this the case, we talk about a self-fulfilling prophecy, as 
the lenders’ or more specifically the banks’ fear of a forthcoming crisis, actually initiates suchlike. One 
option to proceed against this situation is to start running down the debt positions with the hope that the 
banks’ fear, and in the same move, the interest rates decline. The other option is a martingale gambling 
strategy, referred to as gambling for redemption. If a country finds itself in a recession, it wants to avoid 
the costs of running down its debt positions, as it assumes that the economy will recover at a certain point 
in time. This expectation gives a government the incentive to continue running up its borrowing level, 
speculating for the end of the recession and the subsequent recovery in tax revenues. Is this the case, the 
costs of repaying the debt lower, as the interest rates decrease. However, is the recession still prevailing, 
the country has built up such a high borrowing level that default is the only reasonable option. The basic 
assumption allowing for such strategies is the lack of coordination among the international bondholders 
(Conesa/ Kehoe 2012a, p.1 ff.). 
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In a first step, in section 3.1, the fundamental basics will be presented. Using this foundation enables us 
then to determine the optimal government policies for two special cases in section 3.2 and 3.3. Based on 
the knowledge gained from these two cases, in section 4, a calibration of the model is applied in order to 
calculate the equilibrium solution for a government, finding itself an environment comparable to the 
economy in Europe. 
 
 

3.1 Fundamentals 
 
Section 3.1.1 focuses on the environment of the theoretical framework, pointing out the similarities, as 
well as the distinctions of the basic and the extended framework mentioned in the introduction. With the 
use of this knowledge, the section 3.1.2 – 3.1.3 will then deal with the definition of the equilibrium and 
the derivation of certain debt thresholds and bond pricing functions. As a last step, in section 3.1.4, the 
general constraints of this model are being explained, guiding is to the two special cases referred to above. 
 
 
3.1.1 Environment 
 
There exists a continuum of infinitely lived agents, time is discrete and in each period t=0,1,…,T, a single 
good is consumed (Cole/ Kehoe 2000, p.93 f.) (Conesa/ Kehoe 2011, p.6 ff.). Individuals are subdivided 
into two types of people: consumers and international bankers. Additional to that, there is a benevolent 
government, taking the role of the strategic agent (Cole/ Kehoe 1996, p.310 ff.). In the following, the 
economy and each type of agents are described separately, to give an insight into the actors’ incentives 
and consequentially their behaviour in the framework.  
 

First, the influencing factors to a country’s current economic situation need to be defined, as this 
information is crucial to understand the triggers for an upcoming debt crisis. This aggregate state is 
denoted as s={B,a,z-1,ζ}, containing information about the current level of government debt B, the 
condition of the private sector (a=1 normal, a=0 recession), whether the government has already 
defaulted in the past z-1  {0,1} = {default, repayment}, and the value of an exogenous sunspot variable ζ , 
acting as an indicator for a future crisis (default) to occur. While B, a and z-1 are given through the 
outcomes of the last period, the value of the sunspot variable is randomly drawn at every period from the 
independent and uniform distribution on the interval [0,1]. Using part of the information, given through 
the aggregate state, enables then the theoretical derivation of a country’s GDP: 
 

yZAzay za −−= 11),( , 
 

where 0<A and Z<1. The setup of this equation points out the fact that a recession, as well as default, has 
a suppressive impact on the gross domestic product of a country. Considering first the variable z, one 
needs to know that the default of a country has an immediate and infinitely long lasting penalty-effect on 
its GDP, as by definition, once z=0, it stays equal to zero for all future periods (Conesa/ Kehoe 2011, 
p.6).29 There are two intuitive justifications for this supposition. On one hand, the default of a country 
involves a reputation damage. In this context, it is assumed that the government immediately loses access 

                                                
29 Please notice that the default penalty occurs in the same period as the crisis. Anyhow, substituting z against z-1 in 
the GDP equation wouldn’t have any qualitative effect on the results (Conesa/ Kehoe 2011, p.6). 
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to all international borrowing and lending for an infinitely long time, hurting its ability to operate, visible 
in a decreased output (Cole/ Kehoe 1998, p.7 f.). In the paper of Harold L. Cole and Patrick J. Kehoe 
(1998), these reputation spillover effects are analyzed in a more detailed way. On the other hand, the fall 
in productivity after a default can be induced through the reduction of the value of output, evoked by the 
government’s inability to engage in international trade (Cole/ Kehoe 1998, p.7). Reasons for such trade 
sanctions are provided by Obstfeld and Rogoff (1996), including loss of access to short term credits and 
the confiscation and seizure of goods and trade related assets. Being aware of these restrictions, the costs 
induced through the default penalty become clearer, as they deduct important resources available for 
government spending, private consumption and repayment of debt (Arellano/ Conesa/ Kehoe 2012, p.9). 
Going back to the equation explaining a country’s GDP, one can see that the second relevant variable is 
the condition of the economy’s private sector, a. If a country finds itself in a recession, its labour market 
experiences a downturn, which in turn lowers the government’s revenue generated through taxation. This 
again increases a country’s vulnerability to a self-fulfilling crisis, as the decreased tax revenue needs to be 
bridged by additional foreign borrowing. The mathematical coherence to this circumstance will become 
clearer in this and further sections of this thesis.  
 

Before moving on to the individual agents in the model, the country’s initial aggregate state s={B,a,z-1,ζ} 
in t=0 has to be defined, as this represents a major difference to the basic framework provided by Cole 
and Kehoe (2000). Prior to period t=0, the private sector is in normal conditions (a=1) and no default has 
happened so far (z=1). Then, in t=0, suddenly, the economy falls into a recession (a=0), which results in a 
decrease of GDP from y(a,z)= ȳ to y(a,z)=Aȳ < ȳ. This is contrary to Cole and Kehoe (2000), as in their 
model a stays equal to one all the time. Inserting this slight difference allows for the adaptation of the 
basic model on the European Sovereign Debt Crisis. The probability for an economic recovery is 
represented through the variable p, where with probability 0<p<1, a can become 1 in every period 
t=1,2,…,T, staying equal to one forever. Being aware of the fact that the economy might recover at a 
certain point time triggers the incentive of a government to gamble for redemption, given the assumption 
that it is able to continue rolling over its debt positions (Conesa/ Kehoe 2011, p.6).  
 

Having taken a look on the initial setup of the economy, we can now move on to the individual type of 
agents mentioned above. First, let’s focus on the consumers, representing the citizens of the domestic 
economy by paying taxes and consuming the private and public good. The consumer’s problem is 
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subject to its budget constraint c≤(1–θ)y(a,z). c is private consumption, g reflects government expenditures 
(public good), 0<θ<1 is the constant proportional tax rate on domestic income and 0<π<1 denotes the 
probability of a self fulfilling crisis (Cole/ Kehoe 2000, p.93) (Conesa/ Kehoe 2011, p.7). Further, the 
discount factor β is assumed to be 0<β<1 and u is continuously differentiable, strictly concave and 
monotonically increasing (Cole/ Kehoe 1996, p.311). Variables evaluated in the following period, e.g. 
tomorrows aggregate state of the economy s’, are denoted with a “prime”. Comparing the consumers in 
this model to the ones in the original framework, provided by Cole and Kehoe in 1996, on can see that the 
citizens of a country have no capital stock to optimize and therefore do not face private investment 
decisions. Abstaining from this detail leads to the fact that consumers do not save and therefore consume 
all of the GDP remaining after taxation (Arellano/ Conesa/ Kehoe 2012, p.9). 
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Now, let’s move on to the international bankers, acting as a lender, by purchasing government bonds 
period by period, dependent on the probability they assign to a crisis. Whether to buy future bonds or not 
is triggered through the random realization of the previously mentioned sunspot variable ζ, acting as a 
synonym for bad news about a country’s economic condition (Conesa/ Kehoe 2011, p.7) (Arellano/ 
Conesa/ Kehoe 2012, p.9 f.). If ζt>1-π, bankers expect there a crisis to occur and therefore won’t buy 
government bonds, in case this crisis turns out to be self-fulfilling. However, is the contrary case 
occurring, ζt≤1-π, the risk they assign to a crisis, and a consequential default, is not stopping them from 
buying additional bonds. Being aware of this causality, the probability of a crisis π, 0≤π≤1, becomes 
arbitrary, given the assumption that the level of debt is high enough, making such a crisis even possible 
(Conesa/ Kehoe 2011, p.7). This again shows, due to the fact that the sunspot variable is randomly drawn 
and varies over time, how countries are at the mercy of financial markets (Arellano/ Conesa/ Kehoe 2012, 
p.10). Another supposition needed to be mentioned at this point in time is the risk neutrality of the 
international bankers with a discount rate β (Conesa/ Kehoe 2011, p.8). The reason for this lies in the 
assumption that the bonds of this particular country only make a small fraction of the investor’s total 
portfolio (Arellano/ Conesa/ Kehoe 2012, p.7).30 The resulting problem function is the following: 
 

),;','','(max),;,',( πβπ psBbEWxpsBbW +=  
 

subject to its budget constraint, x ≤ x̄ + zb + qb’, and the constraint that the amount of purchased bonds 
does not exceed its current asset holdings, qb’ ≤  x̄  (Conesa/ Kehoe 2011, p.8) (Cole/ Kehoe 1998, p.5). x 
is the banker’s private consumption, x̄  is it’s endowment in each period and q is the price of a one-period 
government bond paying back b’ in t+1, if the government decides to repay (z=1) and otherwise zero (if 
z=0) (Cole/ Kehoe 1996, p.311).31 The height of this bond price q changes, depending on the probability 
the international bankers assign to the occurrence of a self-fulfilling debt crisis and therefore depending on 
the future debt level (Conesa/ Kehoe 2011, p.8). Anyways, a detailed derivation of these prices follows in 
section 3.1.3. In period t=0, each banker holds b0 units of government bonds (Cole/ Kehoe 1996, p.311). 
If the banker decides, not to spend the whole endowment, along with the earnings received through the 
bonds of the previous period, he consumes the remains later on in the period (Cole/ Kehoe 2000, p.93). 
Additional to the budget constraint, the following inequality b’ ≥ -A needs to hold in order to rule out 
Ponzi schemes (Conesa/ Kehoe 2011, p.8).32  
 

Last but not least, we need to take a look at the benevolent government, supplying a valued public good g 
to the citizens of the country. Its responsibility lies in the maximization of the consumers’ present values, 
without violating its budget constraint. The choices made in each period comprehend the future borrowing 
level B’, the default decision z and the level of government spending g, subject to its budget constraint: 
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So in every period, the government has to meet the requirement that the sum of resources spent in form of 
government expenditures (supplying the public good) and payments on bonds becoming due has to be less 

                                                
30 If we would assume that the bonds of this specific country represent a major part of the banker’s portfolio, then he 
or she would be risk averse and therefore pay less for a bond with the de facto same risk (Arellano/ Conesa/ Kehoe 
2012, p.7). The foreign bank claims in Appendix D support this assumption. 
31 The endowment x̄ is chosen to be large enough, in order to ignore corner solutions to the banker’s utility 
maximization problem (Cole/ Kehoe 1996, p.311). 
32 With A > 0, this constraint does not bind otherwise in the equilibrium (Cole/ Kehoe 2000, p.93). 
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than or equal to the collected tax revenues and receipts from the newly issued bonds (Arellano/ Conesa/ 
Kehoe 2012, p.6).33 Being aware of this inequality, the impact of a default, as well as of a recession, is 
now more visible than at the beginning of this section. As already indicated, both lead to an immediate 
drop in government revenue. This is due to the fact that the tax rate is assumed to be fixed, building a 
constant fraction of a country’s GDP (Conesa/ Kehoe 2011, p.6) (Arellano/ Conesa/ Kehoe 2012, p.9). 
The intuition behind this was explained by Cole and Kehoe (1998), arguing that the period over which 
crises can occur is assumed to be short, compared to the time it takes a government to adjust its tax 
policy.34 As the level of taxation is fixed, two major financing instruments remain to be investigated. One 
way to generate revenue is the usage of inflation, through an increase in money supply. However, against 
the background that the optimal government policy within an economic and monetary union is being 
derived, this possibility needed to be ruled out. Therefore, in accordance with the facts, public debt 
remains the only financing instrument, which can be varied in order to account for fluctuations in revenue 
and expenditures. Is the government therefore running a fiscal deficit, meaning that the tax revenues 
cannot cover the current expenditures, it has a need to frequently sell large quantities of bonds in order to 
avoid a default to occur (Arellano/ Conesa/ Kehoe 2012, p.6).35  
 

As mentioned at the beginning of this section, the government acts as the only strategic agent in this 
framework. Several decisions are made considering those decisions’ effects on the future debt price, 
upcoming government revenue and the level of private consumption (Cole/ Kehoe 2000, p.94). Being able 
to do this highly depends on the timing of actions in each period, denoted below (Cole/ Kehoe 2000, p.94) 
(Conesa/ Kehoe 2011, p.7):  
 

1. The sunspot variable ζ  is realized, determining the aggregate state of the economy s={B,a,z-1,ζ}. 
 

2. The government decides how much public debt B’ to issue, given the price schedule q. 
 

3. International bankers choose how much debt b’ to purchase. 
 

4. The government makes its default decision z and chooses the level of government expenditures g. 
 

5. Consumers, taking y(a,z) as given, choose how much to consume c. 
 
This timing of actions demands now for the introduction of one of the model’s key facts: the limited 
commitment assumption. The government is not able to commit for future policy decisions and therefore 
announces its policy, consisting of the choice whether to repay the debt or not, towards the end of a 
period. This is an important element of this framework, as it allows the government to issue new bonds B’, 
before deciding whether to pay back the old ones. Noticing this order, policy decisions can be made, 
dependent on the amount of money currently available and the expected expenditures in the future. Still, 
as bonds are assumed to have a maturity of one period, the government has a need to roll over its debt 
period by period, as otherwise it would be vulnerable to a self-fulfilling crisis (Cole/ Kehoe 2000, p.94). 
The fact, that the trigger for such a crisis is the amount of debt needed to be repaid B, underlines this idea 
(Conesa/ Kehoe 2011, p.8).  

                                                
33 The benevolent government in the model is therefore not required to balance its budget in a traditional manner by 
equalizing tax revenues with expenditures (Arellano/ Conesa/ Kehoe 2012, p.6). 
34 However, changing this assumption would have no significant effect on the qualitative results (Cole/ Kehoe 1996, 
p.95). 
35 This allows for a modification of the budget constraint to the following term: Fiscal deficit = expenditures – tax 
revenues = receipts from new bonds – payments on maturing bonds (Arellano/ Conesa/ Kehoe 2012, p.6) 



 23 

3.1.2 Recursive Equilibrium 
 
Given the fact that the government has a limited ability to commit for future policy choices, a recursive-
Markov-equilibrium is applied. This way, all agents choose their actions sequentially in reverse order to 
the timing of actions defined above. Utilizing this backward induction is in line with the environment’s set 
up, allowing the government, and any other agent in the framework, to choose its policy with awareness of 
the optimal choices done by the other respective agents in the economy (Cole/ Kehoe 2000, p.95). This 
way, an optimal time-consistent policy can be found to account for the possibility of confidence crises, 
encouraged through the limited commitment assumption (Cole/ Kehoe 2000, p.92). 
 

At the beginning of each period, the aggregate state, s={B,a,z-1,ζ}, is defined. Taking this information and 
considering other variables, affecting an agent’s maximization problem and its state in a future period, 
leads us to the current individual state of an agent. With respect to this individual state, the solution to an 
agent’s maximization can be found, expressed through a value function, maximizing the agent’s utility, 
and a policy function, leading to this maximized utility through the optimal selection of its choice 
variables (Cole/ Kehoe 2000, p.95). In summary, the following functions are being derived within the 
recursive equilibrium: the government’s value function V(s) and its policy functions B’(s), z(B’,s,q;p,π) 
and g(B’,s,q;p,π); the bankers’ value function W(b,B’,s;p,π) and its policy function b’(b,B’,s;p,π); and the 
bond price function q(B’,s;p,π) (Conesa/ Kehoe 2011, p.12). As we can see at this point in time, the 
choices of the individual consumer’s are omitted. This is due to the fact that, contrary to the basic 
framework developed by Cole and Kehoe (2000), the model of Conesa and Kehoe (2011) abstains from 
the fact that individual consumers have a capital stock to optimize. Therefore, with the assumption that the 
government is benevolent, consideration of their decisions is already assured and can therefore be 
neglected.  
 

Now we can start with the definition of the recursive equilibrium, analyzing first the problems of the 
government. The government has to make its decisions at two points in time: at the beginning and at the 
end of a period. As we work backwards, we start with its default choice z, having a direct impact on GDP 
y(a,z) and the level of government spending g. The policy functions for those two variables can be 
derived, using the consumers’ problem and the government’s budget constraint. The resulting problem at 
the end of the period takes the following form: 
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z=0 or z=1. 
 

Solving this problem then leads to the policy functions for z(B’,s,q;p,π) and g(B’,s,q;p,π), building the 
foundation for a country’s optimal spending path, given the fundamentals explaining its current situation 
(Cole/ Kehoe 2000, p.96 f.) (Conesa/ Kehoe 2011, p.12). Being aware of this coherence, we can now 
move on to the problem of the international bankers.  
 

At the point in time, the banker faces its decisions, he is aware of its current holdings of government debt 
b, the aggregate state of the economy s and the amount of new debt B’, the government is offering at the 
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beginning of the period (Cole/Kehoe 2000, p.96). Given this information, the individual state of a banker 
is defined as (b,B’,s;p,π). Using now the bankers’ dynamic programming problem enables us to perform 
the calculation of the bond price q, dependent on the aggregate state of the economy s, and the amount of 
bonds B’, the government is offering for sale (Conesa/ Kehoe 2011, p.9). The problem takes the following 
form: 
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subject to 
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where b’(b,B’,s;p,π) represents the bankers policy function (Conesa/Kehoe 2011, p.12). Using the first 
order condition solved after q, leads to the bond price function (perfect foresight condition): 
 

),);,;,'(,,'(),;,'( ππβπ ppsBqsBEzpsBq = , 
 

allowing for the calculation of the implicit interest rate i through i = (1/q)-1 (Conesa/ Kehoe 2011, p.9). 
As long as the price for a bond satisfies this function, an international banker is willing to purchase the 
amount of debt offered by the government. Simply said, the expected gross return on a bond needs to be at 
least 1/β, underlining the bankers’ risk neutrality mentioned before (Cole/ Kehoe 2000, p.96). In order to 
define the exact bond prices, conditional on the fundamentals of the environment, and especially the 
newly offered amount of foreign debt, we have to define certain debt thresholds first. Section 3.1.3 will 
cover that. 
 

As a last step, we can now move on to the government’s decision at the beginning of the period: the 
choice of the new debt amount B’. At this point in time, the government is aware of the bond price 
q(B’,s;p,π)’s dependency on the aggregate state of the economy and the new borrowing level. Additional 
to that, it knows what policy decisions, concerning expenditures g(B’,s,q;p,π) and the default z(B’,s,q;p,π), 
it will face later on in the period and what effect these decisions have. Baring in mind its objective to 
maximize the utility of the consumers, the decision over B’ is being made (Cole/ Kehoe 2000, p.96). 
Anyhow, due to the limited commitment assumption, the government is not able to promise a repayment 
of debt later on in the period. Therefore, if the sunspot variable indicates a self-fulfilling crisis to occur, 
bankers are not willing to roll over the debt, guiding the government into immediate default without the 
ability to react (Conesa/ Kehoe 2011, p.12 f.). Considering these reflections, the government’s problem at 
the beginning of the period takes the following form: 
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with B’(s) as the resulting policy function (Conesa/ Kehoe 2011, p.12). 
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This set up of the individual value functions and the respective agents’ corresponding maximization 
choices defines the recursive equilibrium of this environment. Strategic decisions being made by the 
government are underlined through the selection of this certain pattern, expressed by the increasing 
amount of information and dependencies from step to step. Again, the specific reason for the choice of this 
set up is the government’s lack of ability to commit to a repayment of its debt at the beginning of the 
period. The uncertainty prevailing in the market allows for crises of confidence which need to be taken 
care of through an optimal time-consistent policy (Cole/ Kehoe 2000, p.92). Literature examining these 
theories has been provided by Lucas and Stokey (1983) and Chari and Kehoe (1990).  
 

However, evaluating the described equilibrium from a sustainability and credibility perspective, as defined 
by Chari and Kehoe (1990, 1993) for the former and by Stokey (1991) for the latter, two crucial 
assumptions differ. The first is the major attribute of a recursive-Markov-equilibrium, visible in the ability 
of the agents to react on the policy choices made by other individuals. The second one is that prices and 
quantities are not set by the government and the agents, as the individuals’ decisions can be changed, 
depending on the government’s decision on future borrowing (Cole/ Kehoe 2000, p.98). Being aware of 
this defined equilibrium, the exact bond prices are now being derived, laying the foundation for the 
determination of government policy in section 3.2 and 3.3. 
 
 
3.1.3 Bond Pricing 
 
As already mentioned above, the crucial factor, driving the results of the model, is the government’s need 
to roll over its debt to the next period (Cole/ Kehoe 1996, p.312). Whether this is possible, solely depends 
on the current borrowing level and the international bankers’ willingness to buy additional bonds, while 
this lending behaviour is triggered by the probability the banker assigns to the default of a country π. 
Being aware of the fact that π is an expression of the sunspot variable’s realization ζ, we can now focus on 
the determination of current debt levels B, making such a crisis (and consequential default) even possible. 
In order to this, we work with so called thresholds (Cole/ Kehoe 2000, p. 98 f.). 
 

There are five state space regions described by four different threshold (cut-off) functions b̄(a;p,π) and     

B̄(a;p,π) with a=0,1. Function b̄(a;p,π) defines the country’s maximum borrowing level for which no 

default can occur, called “the upper safe debt limit”. B̄(a;p,π) in turn is denoted as “the upper sustainable 
debt limit”, describing the maximum level of debt where an equilibrium, with positive lending on the part 
of international bankers, is still realizable (Cole/ Kehoe 2000, p.98 f.) (Conesa/ Kehoe 2011, p.8 f.) 
(Arellano/ Conesa/ Kehoe 2012, p.9).  
 

Taking a look at the general case without consideration of the private sector’s condition, three zones can 

be identified. The first one is the “no-crisis-zone” with a current debt level of B≤b̄(a;p,π). As in this 
situation a country is not vulnerable to a potential default, the risk premium on bonds is particularly low. 
Bankers do not run the risk of a government’s default and are therefore willing to lend, independent of the 
sunspot variable’s realization. The second zone is called the “crisis-zone”. With debt levels between the 

two thresholds, b̄(a;p,π)<B≤B̄(a;p,π), a crisis can occur with positive probability. This has an immediate 
effect on the behaviour of the international bankers, as their decision becomes dependent on the 
realization of the sunspot variable. If ζt>1-π, international bankers’ forecast the government’s default and 
are therefore not willing to lend additional money in the equilibrium. This inability to roll over the current 
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debt drives the government into a default. However, is the contrary case, ζt≤1-π, observable, then no 
inability to pay is predicted by the international bankers, giving the government the chance to roll over its 
debt and meet its commitments. Last but not least, let’s consider the situation, where current debt is higher 

than the upper threshold, B≥B̄(a;p,π), denoted as the “default-zone”. Here, immediate default is the only 
possible outcome, as bankers’ correctly predict the government’s default in the current period, no matter 
the realization of the sunspot variable (Cole/ Kehoe 2000, p.98 f.) (Conesa/ Kehoe 2011, p.7 ff.). 
 

Being aware of these assumptions, conclusions over a government’s default decision can be made, 
accounting for the current debt level, the condition of the private sector and the international bankers’ 
lending behaviour. The strategies for the four thresholds are summarized as follows, keeping in mind that 
each rule has to be considered for a=0 and a=1 (Conesa/ Kehoe 2011, p.8 f.): 
 

1. If B≤b̄(a;p,π), the government is able to repay its debt (no default) even if international bankers do 

not lend, while with B>b̄(a;p,π), the government is not able to meet its obligations when further 
borrowing is not possible. 

 

2. If B≤B̄(a;p,π), the government is able to repay its debt only if international bankers lend, while 

with B>B̄(a;p,π), it defaults, even though the bankers would be willing to roll over the debt. 
 
Looking at the different thresholds underlying the model, one can see that for a government, finding itself 

in the crisis-zone, b̄(a;p,π)<B≤B̄(a;p,π), it is absolutely necessary to have bankers agreeing to roll over the 
public debt, as otherwise immediate default is the only resulting option (Cole/ Kehoe 2000, p.98).  
 

Being aware of the different thresholds underlying the model, and particularly the role of the sunspot 
variable within the “crisis-zone”, we can now move on to the exact calculation of the bond prices. As 
already betoken above, the prices of foreign debt are depending on the amount of new debt being offered 
by the government B’, and the condition of the private sector a. However, whether a crisis in a country 
takes place is triggered by the amount of debt the government has to repay B (Conesa/ Kehoe 2011, p.8). 
In the previous section, the price function for bonds q was deduced through the solution of the 
international bankers’ dynamic programming problem. The resulting equation defines the price as the risk 
neutral discount rate of an international banker β times the expected value of a country’s default z, 
depending on the fundamentals of the given period. 
 

),);,;,'(,,'(),;,'( ππβπ ppsBqsBEzpsBq =  
 

Using the four different debt thresholds defined above, the objective of this section is now to assign a 
bond price to each of the five state space regions. In this context, two major conditions, related to the 
assumption of an infinitely long lasting default penalty z, need to hold. First, if a country has already 
defaulted once in the past (z-1=0), it is excluded from international borrowing from this period onwards, 
resulting in a zero bond price, due to the unwillingness of bankers to lend. The second assumption refers 

to the crisis-zone, b̄(a;p,π)<B≤B̄(a;p,π). If the realization of the sunspot variable indicates a forthcoming 
crisis, ζ>1-π, bankers as well desist from rolling over the government’s debt into a future period, setting 
q=0:  
 

0),);,1,,(,'(),);,0,,(,'( == πζπζ paBBqpaBBq . 
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Therefore, in the crisis zone, the sunspot variable needs to predict an advantageous outlook ζ≤1-π, in order 
to make further lending even possible. Is this given, the bond price q can be assigned to the different zones 
(Conesa/ Kehoe 2011, p.8 f.). The way to do this is intuitive, without the use of complex mathematics. 
The only thing needed in advance is a basic equation, denoting the expected default decision of a country. 
As all variables in the environment are conditioned on the probability of an economic recovery p and the 
probability of default π, those indicators will be used for the formulation, representing the risk premium 
on public debt. The basic expression resulting is the following:36 
 

))1)(1()1((),);,,,(,'( 1 ππβπζ −−+−=− pppzaBBq  
 

Now considering the information given from the debt thresholds above, the probability for a crisis can be 
assumed, given the potential probability for a recovery. As the economy is in a recession (a=0) from 
period t=0 onwards, this probability is again dependent on the last threshold that has been exceed by the 
new level of debt B’. So, in order to be able to orientate ourselves, these thresholds have to be sequenced 
first. From the characterisation of the cut off levels, four structural conditions can be elicited:  
 

b̄(0;p,π) < b̄(1;p,π) ; b̄(0;p,π) < B̄(0;p,π) ; b̄(1;p,π) < B̄(1;p,π) and B̄(0;p,π) < B̄(1;p,π). 
 

However, still not entirely clarified is the relationship between b̄(1;p,π) and B̄(0;p,π). The further 
investigation will be restricted to the following case: 
 

b̄(0;p,π) < b̄(1;p,π) < B̄(0;p,π) < B̄(1;p,π) 
 

as the other two possibilities, b̄(1;p,π) > B̄(0;p,π) and b̄(1;p,π) = B̄(0;p,π), are only realizable for very low 
values of A. Nevertheless, for the purpose of completeness, bond prices for those cases are derived in 
Appendix F. Applying now the basic equation defined above, the following bond prices result (Conesa/ 
Kehoe 2011, p.9 ff.): 

 

if B’ ≤ b̄(0;p,π) 

if b̄(0;p,π) < B’ ≤ b̄(1;p,π) 

if b̄(1;p,π) < B’ ≤ B̄(0;p,π) 

if B̄(0;p,π) < B’ ≤ B̄(1;p,π) 

if B’ > B̄(1;p,π) 
 

Taking a look at the equations, it is visible that prices decrease with an increase in future debt. The model 
therefore assumes a positive correlation between the current debt level and the risk premium on 
government debt. 
  

The number of thresholds varies to the framework of Cole and Kehoe (2000), as the economy 
unexpectedly runs into a recession in period t=0. Through the introduction of the variable, denoting the 
probability for a recovery, cut-off levels increase from three to five. Applying the basic equation defined 
above, it is straight forward to derive the bonds prices fitting to this environment, where s={B,1,1,ζ}: 
 

                                                
36 Please notice that the approach of using a basic equation has not been confirmed by the authors Cole, Conesa and 
Kehoe. However, given their definition of the respective bond prices dependent on the level of future debt, the 
application of this function makes sense in my opinion. 
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if B’ ≤ b̄(1;p,π) 

if b̄(1;p,π) < B’ ≤ B̄(1;p,π) 

if B’ > B̄(1;p,π). 
 

The gained knowledge over the sequence of the thresholds and the resulting bond prices allows now for a 
clarification of the martingale gambling strategies applied in this framework. As stated above, default is 

the only outcome as soon as the current debt level exceeds the upper threshold, B≥B̄(a;p,π). However, 
through the consideration of the private sector’s conditions and the prevalent recession since period t=0, 
this assumption changes. The idea behind this is the following: Is the private sector of the economy 
staying in a recession, immediate default is the only possible outcome, due to the effects on the implicit 
interest rates. However, does the aggregate state predicate that the private sector has turned into normal 

conditions, default does not necessarily need to happen, as the upper threshold increases to B̄(1;p,π)>       

B̄(0;p,π), enabling the government to return back into the new “crisis zone”, where B≤B̄(1;p,π) (Cole/ 
Kehoe 2000, p.98 f.) (Conesa/ Kehoe 2011, p.8 ff.). The challenge thereby is to find the optimal point in 
time to exceed this upper sustainable debt limit, as otherwise default is the only reasonable option. 
 

The knowledge gained from this section is summarized in Figure 5, containing the defined thresholds and 
the implications extracted from the bond pricing functions. Please notice that the red dotted lines refer to 
the limited case, where the economy finds itself in normal conditions, resulting in three instead of five 
bond prices.  
 

Figure 5: Debt thresholds and bond pricing functions 
 

 
                                  __________________________________________________________________________________________________________________ 

Idea for this figure provided by Conesa and Kehoe (2011, p.11) 
 
 
3.1.4 General Constraints 
 
Having defined the fundamentals of the model, last but not least two major constraints need to be intro-
duced, ensuring rational behaviour on behalf of the government in an equilibrium with positive lending. 
 

The functions Vn
g(B,a,q;p,π) and Vd

g(B,a,q;p,π) define a government’s payoff in the case of not defaulting 
and defaulting, labelled through the subscripts. The realization of these functions happens after the 
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issuance of the new debt B’. Is the payoff of not defaulting bigger or equal than the value of defaulting, 
the government is willing to meet its repayment liabilities with the bankers, as long as it is able to perform 
further borrowing. The satisfaction of this inequality is denoted as the “participation constraint”: 
 

),;,,(),;,,( ππ pqaBVpqaBV g
d

g
n ≥ . 

 

Equalizing those two value functions in the equilibrium, enables then the definition of the upper 

sustainable debt limit, B̄(a;p,π), for which positive lending in an equilibrium is still possible.  
 

The second constraint is referred to as the “no-lending continuation condition”, building the fundament for 
making a crisis even possible. The basic idea is that a government in the crisis zone, which is not able to 
issue further debt, indicated through a bond price q=0, strictly prefers defaulting instead of repayment. 
The inequality related to this condition is the following: 
 

),;0,,0(),;0,,0( ππ paVpaV g
d

g
n < . 

 

Contrary to the participation constraint, the no lending constraint is used to derive the upper safe debt limit 

b̄(a;p,π), the country’s maximum borrowing level for which no default can occur (Cole/ Kehoe 1996, p. 
319 f.) (Cole/ Kehoe 2000, p. 100 f.).  
 

Having derived the fundamentals of the theoretical framework, we can now move on to the determination 
of government policy, contingent on the conditions prevailing in the investigated economy. Main 
objective is to account for the situation of the countries currently involved in the European Sovereign Debt 
Crisis, in order to get an understanding of their behaviour in terms of external financing. This issue is 
denoted as the general model, characterized through a prevailing recession (a=0), an existing probability 
of a country’s default (0<π<1) and a positive possibility for a recovery of the private sector within the 
next years (0<p<1). However, the derivation of a unique equilibrium, given these characteristics, involves 
technical complexities due to two essential factors. The first problem arises through the discontinuity of 
the bond prices q(B’,s;p,π), caused through the debt thresholds. As no constant price for foreign debt can 
be applied during the solution of the model, the government’s value function V(s;p,π) has kinks which 
directly affects its policy function B’(s;p,π). The second problem is connected to the limited commitment 
assumption introduced at the beginning of this chapter. As the government is not able to commit for future 
policy choices, the manual derivation of a continuous value function V(s;p,π) becomes impossible 
(Conesa/ Kehoe 2012b, p.33). 
 

In order to account for these facts, the deduction of the equilibriums has to be done by focussing on two 
limited cases, accounting for self-fulfilling crises and for martingale gambling strategies separately. The 
first case (section 3.2) considers an economy where the private sector has recovered (a=1), asking for a 
neglection of the government’s incentive to gamble for redemption. This is a modified version of the basic 
model provided by Cole and Kehoe (2000). The second case (section 3.3) then refers to an economy, 
where there is indeed a recession prevailing (a=0 and 0<p<1), but without the possibility for self-
fulfilling crises to occur. This set up allows for the analysis of the governments’ incentives to gamble for 
redemption (Conesa/ Kehoe 2011, p. 13 ff.). Based on the results derived within these two cases, 
assumptions about the behaviour of the countries’ governments in the general model can then be made. 
However, an assurance of these assumptions can only be guaranteed with the subsidy of numerical 
experiments. These calibrations will then be part of section 4.   
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3.2 Self fulfilling Debt Crises 
 
To sum up again, a financial crisis is considered to be self-fulfilling if the fear of a country’s default, on 
the part of the international bankers, actually leads to this default, even though the government would 
have been able to pay for the bonds becoming due. For a such an event to be possible, the current debt 
level has to be within the “crisis zone”, as for borrowing rates below the upper safe debt limit or above the 
upper sustainable debt limit, the expression of the sunspot variable has no impact on the decisions of the 
international bankers (Arellano/ Conesa/ Kehoe 2012, p.9). The purpose of this section is to deduce a 
country’s optimal strategies and analyse what main thoughts, on the part of the government, are behind 
them. The way to do this is the following: We derive the value maximizing government policy and its 
resulting payoffs, considering this sections fundamental assumption, the recent recovery of the private 
sector from the prevailing recession (a=1). The fact that the economy finds itself in normal conditions 
disposes the government’s incentive to gamble for redemption, making the probability for a recovery p 
irrelevant. As a result, two policy options remain to be considered, dependent on the prevalent level of 
foreign debt and the realization of the sunspot variable. These two options include either keeping the 
current borrowing level constant, or running it down and exiting the danger of a default (Conesa/ Kehoe 
2011, p.13).  
 

In the following, the derivation of the equilibrium is subdivided into three major steps. In a first step, the 
general problem of the government is solved. In order to do this, we assume for the time being that the 
possibility for a self-fulfilling crisis to occur is set to zero (π=0). This enables on one hand the 
determination of the equilibriums in the “no-crisis zone” and the “default zone”, but on the other as well 
the definition of the thresholds applying in this particular setting. As we proceed then to the “crisis zone”, 
this assumption well be neglected (π>0), in order to assure an appropriate derivation of this equilibrium. 
 
 
3.2.1 The Problem of the Government 
 
The problem of the government takes the following form (Conesa/ Kehoe 2011, p.13 f.):37 
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Plugging the first budget constraint, solved after ct, into the problem function of the government and using 
a Lagrange multiplier for the second constraint, the new problem results, denoted as:  
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37 Please note that the specific set up discussed in this section has an immediate effect on the budget constraint in the 
government’s problem set.  
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After the differentiation with respect to g, we receive the following first order conditions: 
 

ttg
t gyu λθβ =− ),)1((      and     tt βλλ =+1 . 

 

Taking a look at these conditions, one can see that a constant government spending rate of gt+1=gt=ĝ is the 
immediate consequence, as ug((1-θ)ȳ,gt)=ug((1-θ)ȳ,gt-1). Applying this knowledge to the government’s 
second budget constraint, solved after g, and considering the assumption of a constant level of borrowing 
Bt=B over the future periods, the following expression results:  
 

Byg )1(ˆ βθ −−= . 
 

This implies that the optimal strategy for a government, finding itself in the situation where no 
vulnerability to a self-fulfilling crisis exists, is a stationary debt and expenditures policy. In order to 
support this, attention needs to be given to the transversality condition (Conesa/ Kehoe 2011, p.13 ff.): 
 

0lim 1 ≥+∞→ ttt Bλ . 
 

Its purpose is, in combination with the first order conditions, to define a unique optimum in this 
maximization problem, by assuring that the deviation of the variables from this solution won’t lead to an 
increased utility (Becker 2012). This in turn shows, that the equilibrium solution does not allow for 
negative debt levels over all periods in time. Relating to this condition, one can see that a too low 
government spending path ĝ would violate this condition, while a massive increase in spending would 

demand for a debt level, running the danger of hitting the upper sustainable debt limit B̄(1;p,π). It is 
understandable that both of these spending paths cannot lead to an optimal solution (Conesa/ Kehoe 2011, 
p.14). 
 

Having solved the government’s problem function in a general way, we are now able to apply this on the 
“no-crisis zone” and on the “default zone”, as for those two, the assumption of π=0 is still justified. Let’s 
start with the “no-crisis zone”, where the underlying assumption is that the current debt level has not 

passed the lower threshold (B≤b̄(a;p,π)). Under the premise that future borrowing will as well stay below 
this upper safe debt limit, no crisis is possible, leading to a bond price of q=β. In this case, the future level 
of foreign borrowing B’ satisfies the “participation constraint”. Keeping in mind the general results 
derived above, it becomes clear that the optimal behaviour is a stationary debt policy by maintaining a 
borrowing level constant below the lower threshold (Cole/ Kehoe 2000, 101 ff.). As a result, the 
government’s expected payoff in the state s={B,a,z-1,ζ}={B,1,1,ζ} results (Conesa/ Kehoe 2011, p.14): 
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In a next step, the government’s optimal behaviour within the “default zone” needs to be investigated. 
Here we consider a hypothetical case in which the government has chosen to default in the previous 
period, even though it would have had the possibility to perform further borrowing (s={B,1,0,ζ}). 
Although this behaviour will not be observed within the equilibrium, it is still useful to be examined, as it 
helps to define the upper safe debt limit with the help of the “no lending continuation condition” (Cole/ 
Kehoe 2000, p.101). As by definition, after a default the government is excluded from further international 
borrowing and lending, the default probability π and the sunspot variable ζ become irrelevant (supporting 
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our restriction). Applying this knowledge, including the implications of the GDP defined in the 
environment, the derivation of c, g and the government’s payoff is straight forward (Conesa/ Kehoe 2011, 
p. 14 f.). 
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As visible in this value function, a government which is not able to perform further borrowing due to a 
bond price q=0 will choose immediate default instead of repayment, as this option leads to a higher 
expected payoff. This is as well expressed through the variables g and c, showing that a government, 
having defaulted in an earlier period, only consumes its revenue generated through taxation, as it is 
excluded from the international credit market by definition (Cole/ Kehoe 2000, p.101).  
 
 
3.2.2 Defining the Thresholds 
 
Having defined the expected payoff of a government finding itself in the “no-crisis zone” and in the 
“default zone”, we now want to move on to the analysis of the optimal behaviour within the “crisis zone”. 
The fundament for doing this investigation requires first the mathematical definition of the upper safe- and 
the upper sustainable debt limit, as with the help of those it can be proven that this particular zone, where 
the participation constraint as well as the no-lending continuation constraint is satisfied, actually exists. As 
a basis for this definition, the information derived above is used, still applying the limiting case where a=1 
and π=0. We start with the no-lending continuation condition, where under a stationary debt policy B=B’ 
the government prefers to default instead of repaying, if the price of new debt B’ is zero:  
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Equalizing these expressions and solving them after the current debt level, defines the upper safe debt 

limit b̄(1;p,0). The resulting value is the largest level of debt, where the no-lending continuation constraint 
is not satisfied, meaning that the government prefers to repay its debt liabilities, even though it is not able 
to perform further borrowing (q=0) (Cole/ Kehoe 2000, p.103 f.) (Conesa/ Kehoe 2011, p.15):  
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Having defined the upper safe debt limit, we can now move on to determine the upper sustainable debt 

limit B̄(1;p,0) with the help of the participation constraint. However, the upper threshold cannot be 
defined with the use of a constant ĝ, as within the crisis zone, the optimal government policy does not 
necessarily involve a constant debt level. In order to account for this circumstance, an upper stationary 

debt limit B̄s(1;p,0) is introduced, describing the highest level of government debt for which repayment 
can still be achieved through a stationary debt and expenditures policy, on condition that future debt can 

be sold for a positive price. Later on it can be seen that B̄s(1;p,0) = B̄(1;p,0) (Conesa/ Kehoe 2011, p.15). 
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Using the same methodology than above, this approach results in the following equation (Cole/ Kehoe 
2000, p.103 f.) (Conesa/ Kehoe 2011, p.15 f.):38 
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Assuming now that the government finds itself with a debt level b>B̄s(1;p,0), its optimal strategy, 
considering the participation constraint, would be the immediate default. Being aware of this, one can see 

that there is a nonempty interval of stationary debt levels, b̄(1;p,0)<b≤B̄s(1;p,0), where crises with zero 
probability are possible. The upper stationary debt limit defines the maximum debt level for this interval, 
as at this point the participation constraint holds as equality (Cole/ Kehoe 1998, p.20). 
 
 
3.2.3 Equilibrium 
 
Having derived the thresholds, we can now move on to the investigation of the government’s optimal 
behaviour in the “crisis-zone”. As the amount of current debt is now between the two debt limits,              

b̄(1;p,π)<B≤B̄(1;p,π), a country’s vulnerability to a crisis has increased, expressed through the probability 
variable π>0. The fact that default is only a matter of time finds expression in the risk premium on 
government bonds, depressing the prices to β(1-π)<β. Being aware of this situation, a government has the 

following policy choices in period t=0: immediate default, run down the future debt to BT≤b̄(1;p,π) in 
t=1,2,…,T periods, or last but not least, never run down its debt positions. The objective of this paragraph 
is to find this policy option, which leads to the maximum expected payoff, on condition that such a one 
even exists (Cole/ Kehoe 2000, p.101). Please notice at this point in time that the lower threshold defined 

before doesn’t change, given the fact that the government now finds itself in the crisis zone, b̄(1;p,0)=b̄
(1;p,π). Therefore, besides the objective to find the optimal policy decision of a government, only the 

upper threshold B̄(1;p,π) needs to be taken care of, as a stationary debt policy not necessarily needs to be 
the best policy option in this respective situation (Conesa/ Kehoe 2011, p.16 ff.). 
 

First, let’s suppose that the government decides to run down its debt positions to the lower cut-off level    

b̄(1;p,π) in T periods (Conesa/ Kehoe 2011, p.17). Under the assumption that the current debt level is 

below the upper stationary debt limit (B0≤B̄s(1;p,0)), the government’s problem can be solved through the 
application of a stationary expenditures policy (Cole/ Kehoe 1998, p.25). In order to determine this 
particular spending level g, we use the first order conditions derived above (section 3.2.1) and the 
government’s budget constraint, resulting in the following expression:39 
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38 Please notice that the bond price applied is q=β, as the assumption that no self-fulfilling crisis can occur is still 
prevalent. The detailed steps of this derivation have been displaced to Appendix G. 
39 Please notice that the detailed steps of this derivation are displaced to Appendix H. 
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So, if the government manages to hold this lowered level of expenditures constant over the defined 

periods, the decreasing debt level will reach the lower threshold exactly in period T, BT=b̄(1;p,π). As the 
vulnerability to a default is still existent for all the periods except t=T, we can rule out that there is an 
optimal solution, where BT falls below the upper safe debt limit. Nevertheless, such a solution would 
anyway require to lower gT, which cannot be utility maximizing (Cole/ Kehoe 2000, p.102).  
 

Now, let’s consider the second policy option of the government: the choice to never run down the debt. 
Following the same procedure, the government expenditures g are defined as follows:  
 

00 ))1(1();( ByBg πβθπ −−−=∞  
 

As limT→∞ gT(B0;π) equals g∞(B0;π), we are now ready to compute the expected payoff of running debt 
down, as the periods can simply be extended to infinity, T=1,2,…,∞. In order do this, a backward 
induction is applied, using the value functions Vt

T(B0;π), where t denotes the remaining number of periods 
(Conesa/ Kehoe 2011, p.17 ff.). Here again, the results are presented below, while the detailed derivation 
has been displaced to Appendix I, in order to save space. The resulting value function of running debt 
down in T periods is: 
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Analyzing this expression, the following implications can be read out. In the first part of the equation, 
dealing with the periods t=1,2,…,T-2, one can see that the government expenditures remain constant at the 
level gT(B0;π) while the vulnerability to a default is still omnipresent (π>0). Entering period T-1, there is 
still a positive probability for a crisis, but as soon as the sunspot variable indicates an advantageous 

outcome ζt≤1-π, the government will announce its future borrowing level of BT=b̄(1;p,π) automatically 
setting π equal to zero (Cole/ Kehoe 2000, 102). As an immediate effect, in period T, the bond prices 
increase to q=β, providing the government additional liquidity which results in a rise of consumption and 
government spending to c=(1-ȳ)θ and g=ȳθ (Conesa/ Kehoe 2011, p.18). At this point in time, the 
government enters the equilibrium of the “no-crisis zone” (Cole/ Kehoe 2000, 102).   
 

Last but not least, the upper threshold B̄(1;p,π) needs to de derived. As a method to find this limit, and in 
the same move the optimal number of periods T to run the debt down, we maximize over all value 
functions from t=0 until t=∞ (Cole/ Kehoe 2000, p.103) (Conesa/ Kehoe 2011, p.18 f.). As limT→∞ 
Vg

T(B0;π) = Vg
∞(B0;π), with the value function for an infinite time period: 
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the existence of such a maximum is guaranteed (Cole/ Kehoe 2000, p.103):  
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3.2.4 Results 
 
During this section, we have addressed several policy possibilities and resulting expected payoffs for an 
economy, whose private sector has recovered from the prevailing recession. Depending on the initial debt 
level in period t=0, different strategies needed to be applied in order to maximize the expected payoff. The 
resulting value functions are summarized below. The corresponding strategies, under the supposition that 
a crisis is being avoided during the periods, are then again visualized in Figure 6 and consequentially 
described underneath (Conesa/ Kehoe 2011, p.19). 

 
if B≤b̄(1;p,π) 

 

if b̄(1;p,π)<B≤B̄(1;p,π) and ζ≤1-π 
 

if b̄(1;p,π)<B≤B̄(1;p,π) and ζ>1-π 
 

if B̄(1;p,π)<B 
 
 

 
Figure 6: Value maximizing debt paths when a=1 and π>0  

 

 
                 ___________________________________________________________________________________________________________________________ 

Idea for this illustration provided by Conesa and Kehoe (2011, p.19) 
 

First, let’s start with the case where the government finds itself in the no-crisis zone in t=0, expressed 

through the path b1. If B0≤b̄(1;p,π), all variables in the equilibrium are stationary for the periods t>0: 
c=(1-θ)ȳ, ĝ=θȳ-(1-β)B, B=B0 and q=β. In this case, there is no probability for a default, making the 
occurrence of a crisis impossible (Cole/ Kehoe 2000, p.105 f.). The reason for this behaviour is that the 
government wants to avoid the costs of a default by all means and is therefore willing the repay the bonds 
becoming due, even though this requires a drop in government expenditures. As this behaviour can be 
anticipated, international bankers are willing to pay a comparably high price for the government bonds, 
due to the low default risk. Additional to that, bad news, indicated through the sunspot variable, have no 
influence on the behaviour of the other bankers, offsetting the danger of an uncoordinated investment stop 
(Arellano/ Conesa/ Kehoe 2012, p.9). 
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Moving on to the case, where the government finds itself in the crisis zone (b̄(1;p,π)<B0≤B̄(1;p,π)), the 
incentives of the investors change, as there is a positive probability for a future crisis to occur π>0. An 
indicator for this vulnerability is given through the decreased bond prices, encouraging the government to 
run down its debt level in order to escape the exposure of a self-fulfilling crisis. Depending on the height 
of the initial debt B0, in relation to the defined thresholds, two different policy options result: 
The first option considers the case, where the initial debt level is lower or equal to the stationary debt 

limit, B0≤B̄s(1;p,π), indicated through the paths b2 and b3. In this situation, the participation constraint does 
not bind and therefore the government should reduce its foreign borrowing to the upper safe debt limit 
within T periods, by smoothing its expenditures. The reason behind this smoothing strategy is that sharp 
cuts in expenditures are relatively painful. Therefore, accounting for the government’s objective to 
maximize the consumers’ utility, the repayment of debt is portioned over multiple periods, increasing in 
B0. As soon as the debt level has reached this particular lower threshold and the sunspot has not indicated 

a crisis so far (ζt>1-π), the equilibrium converges to the one, where B≤b̄(1;p,π) and q=β, as the probability 
for a default disappears (Cole/ Kehoe 2000, p.106 f.) (Arellano/ Conesa/ Kehoe 2012, p.10).  
The other case within the “crisis zone” can be, that the initial level of debt is above the stationary debt 

limit, B0>B̄s(1;p,π), expressed through the path b4. Has this level been reached, the ability to run down the 
debt with the help of a standard consumption smoothing policy disappears, demanding for a sharp drop of 
debt in period t=0. The reason for that is that in period t=0 the participation constraint binds, encouraging 
the government to repay its debt, as new debt still can be sold for a positive price. However, in order to be 
able to repay constantly over periods, B1 has to be set below B0 immediately requiring the government 
expenditures to be more restricted than in the case of a stationary debt policy (g0<gT(B0;π)). Has this 
action been taken in the first period, the government can follow the path of a standard consumption 

smoothing policy (B≤B̄s(1;p,π)) from period t=1 onwards (Cole/Kehoe 2000, 105 ff.). 
 

Having defined the two strategies within the “crisis zone”, we can now move on the last case:             

B0>b̄(1;p,π). If the government finds itself above the upper sustainable debt limit, the only possible 
outcome is default, as the “no lending continuation condition” binds. In this equilibrium, all variables are 
stationary from period t≥1 onwards: c=(1-θ)Zȳ, ĝ=θZȳ, B=0 and q=0 (Cole/ Kehoe 2000, p. 106). 
 

Please notice, that the studied case, where the economy has recovered from the recession can as well be 
modified to the special case, where the recession is still prevailing (a=0), but without the possibility for a 
recovery of the private sector (p=0). In order to do this, GDP simply has to be changed from ȳ to Aȳ. The 
government of the respective country is now confronted with a vulnerability to self-fulfilling crises, but 
has no incentive to gamble for redemption, as the probability for a recovery is set to zero. The resulting 
optimal strategies in this case are similar to the ones discussed above: Either leaving the debt positions 
constant or running them down in order to avoid an upcoming default (Conesa/ Kehoe 2011, p.13).  
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3.3 Gambling for Redemption 
 
Having derived the equilibrium outcomes for an economy in normal conditions (a=1), we now want to 
proceed to the analysis of the contrary case, a prevailing recession, expressed through the aggregate state 
s{B,a,z-1,ζ}=s{B,0,1,ζ} (Conesa/ Kehoe 2011, p.20). Initiated through this bad economic condition, it is 
assumed that the incentives of a country’s government change, as there is now the opportunity to speculate 
on an economic boom. Its strategy may therefore include only a slight cut in government spending, but a 
steady increase in public debt, gambling for a recovery of the private sector and the concomitant increase 
in tax revenues, enabling a reduction of the debt positions afterwards. This strategy is as well valued by 
the citizens of the country, as due to the fact that government spending is smoothed over time, sharp drops 
in utility are being avoided. However, is the recovery not arriving, the country has exposed itself to a 
much riskier position, leading to immediate default due to the comparably high debt positions. Please 
notice at this point in time that a default following this strategy cannot be considered as self-fulfilling, as 
foreign investors and the government correctly predict the economic situation of the respective country 
(Arellano/ Conesa/ Kehoe 2012, p.10 f.). Being aware of this approach, one can imagine that the variable 
p, describing the probability for a recovery, becomes very important and sets the fundament for these 
strategies. Anyhow, the crucial factor, allowing for a theoretical derivation of this game theoretic 
behaviour, is the fact that the probability for a self-fulfilling crisis is set to zero π=0. This way, a country 
has no restrictions on foreign borrowing, allowing for an unrestricted increase of indebtedness. Against 
the background of the European sovereign debt crisis and the resulting central bank policy actions, this set 
up can also be interpreted as an environment where a country’s default is quite possible, but where all the 
actors, namely the government and the international bankers, assign zero probability to it (Conesa/ Kehoe 
2011, p.20).40  
 
 
3.3.1 Defining the Thresholds 
 
In order to perform an analysis of the government’s incentives to gamble for redemption and run the risk 
of a potential default, one can imagine that the definition of the thresholds, particularly the upper ones      

B̄(1;p,0) and B̄(0;p,0), is absolutely key. In the previous section, the upper sustainable debt limit in good 

times, B̄(1;p,0), has already been defined. For the determination of the upper threshold in a recession        

B̄(0;p,0), a similar approach is being applied. The strategic assumption is that the government increases its 
foreign borrowing up to a point, where it is less than or equal to the mentioned upper threshold. Then, it 

again heightens its debt burden to B̄(0;p,0)<B≤B̄(1;p,0) at a bond price q=βp(1-π), speculating on a 
recovery of the economy.41 If the recession ends, the governments is able to perform the repayment of 
debt, while otherwise, in an ongoing struggling economy, it defaults. Being aware of the methodology, the 

resulting equation, defining the upper sustainable debt limit B̄(0;p,0) is as follows, while the preceding 
steps are displaced to Appendix J (Conesa/ Kehoe 2011, p.20 f.): 
 

                                                
40 In the paper written by Cristina Arellano (2008), default can also be a result of a too low GDP. The idea behind it 
is that a country, managing an absolutely save debt level, suddenly rushes into a recession. This recession leads to 
such a huge drop in GDP that the upper sustainable debt limit lowers to the extent, that the default of the managed 
debt becomes unavoidable. 
41 Please notice that the bond price reduces to βp, as the probability for a crisis has been set to zero. 
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Considering the restrictions of this limited case, one could assume that due to the zero probability of a 
crisis, the government might have an incentive to borrow even more than the upper sustainable debt limit 

in good times, violating the constraint B’≤B̄(1;p,0). However, borrowing at the upper sustainable debt 

limit in a recession (B̄(0;p,0)) is the highest value of debt B’, at which the bond price is still q=β(1-π), 

which means in fact q=β, as π=0. Nevertheless, if the constraint B’≤B̄(1;p,0) is not binding, the optimal 
future debt B’ can simply be determined by maximizing the government’s value function Vn

g after the 
future debt level: 
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resulting, after a few cancellations, in the following first order condition: 
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where a constant debt level B̂’(B) would be the solution to the problem: B’(B)=min[B̂’(B), B̄(1;p,0)]. 

However, as the government finds itself in a recession and a debt exceeding the threshold B̄(0;p,0) would 
lead to an immediate default, unless the private sector recovers, this possibility needs to be ruled out. 
Noticing this restriction, two policy options remain to be considered (Conesa/ Kehoe 2011, p.21 f.):  
 

First, the government decides to never exceed the upper threshold B̄(0;p,0), avoiding the vulnerability to 
an immediate default, if no recovery occurs (section 3.3.2). The result is a convergence of the debt level to 

B̄(0;p,0) for an infinitely long time, as π was set to zero. The second option is the gambling for redemption 

strategy. Here, the government runs up its debt, violating the constraint B≤B̄(0;p,0), an defaults, unless the 
private sector recovers (section 3.3.3).  
 

Whether the first or the second option is chosen, depends on the height of the default penalty Z. If a 
default has a severe downside effect on the country’s GDP, saying that Z is only slightly above zero, the 
government will choose not to gamble for redemption, as the costs associated to a default are too high. 
However, is Z particularly near to 1, the costs of a default are moderate and trigger the incentive to run up 
the future debt level (Conesa/ Kehoe 2011, p.23). Each of these two policy options will now be 
investigated in a more detailed way, defining their respective equilibrium’s expected payoffs. 
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3.3.2 Equilibrium without Default 
 
Generally, in order to allow the strategy B≤B̄(0;p,0) to be an equilibrium, two conditions need to hold. 
First, the government’s expected payoff of holding a debt level at the upper sustainable debt limit in a 
recession needs to be higher than the payoff of defaulting, after the international bankers have rolled over 

the bonds B’=B̄(0;p,0) at the price q=β. Second, the decision to violate the constraint B≤B̄(0;p,0), by 
buying additional debt at the price q=βp and repaying it in case of a recovery, or defaulting otherwise, 

does not lead to a higher expected payoff than holding the debt level constant at B’=B̄(0;p,0). If those two 
conditions are satisfied, the dynamic programming problem takes the following form (Conesa/ Kehoe 
2011, p.22 f.): 42 
 

)','()',)1((max),( 11

',
aBEVBByAyAaBV aa

BB

g ββθθ +−+−= −−  

subject to: B≤B̄(0;p,0). 
 

The equation above is commonly referred to as a Bellman’s equation, stating that the future decisions 
must always depict an optimal policy with regard to the initial state occurring through the first decision 
(Sargent 1987, p.11 ff.). Considering the first order condition VB’

g(B,a) and the envelope condition 
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the envelope condition shows, that the government’s expected payoff is decreasing in B, which implies 
that V(B,a) is concave in B. Turning the attention to the first order condition, it can be seen that the policy 
function B’(B,a) is increasing in B, while the policy function for government spending g(B,a) decreases 
with an increase in current debt (Conesa/ Kehoe 2011, p.22 ff.). 
 

At this point a major assumption of this model needs to be introduced, describing the incentive for 
martingale gambling. Basically, it is assumed, that for any level of current debt in a recession, such that 
Aȳ – b is the realizable amount of government expenditures g, the following condition holds: 
 

),)1((),)1(( byyubyAyAu gg −−>−− θθθθ  
 

This condition states that during a recession, a government always has the incentive to transfer resources 
from future recovered periods into the current period, in which the recession is still prevailing (Conesa/ 
Kehoe 2011, p.7). Noticing this incentive makes clear, that it is impossible to achieve a stationary debt 

policy during a recession, unless the constraint B≤B̄(0;p,0) binds. Is this constraint not binding, the 
government of a troubled country has an incentive to run up its public debt, implying B’(B,0)>B. As 
shown earlier, this incentive is not given in an economy with a recovered private sector, as a stationary 
debt policy B’(B,1)=B is considered to be the optimal policy decision (Conesa/ Kehoe 2011, p.24). Figure 
7 summarizes these thoughts again and depicts a few exemplary government strategies as a function of the 
initial debt level. 
 

                                                
42 The inequalities behind those two assumptions have been displaced to Appendix K. 
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Figure 7: Value maximizing debt paths when B≤B̄(0;p,0) 
 

 
                 ___________________________________________________________________________________________________________________________ 

Idea for this illustration provided by Conesa and Kehoe (2011, p.25) 
 
 
3.3.3 Equilibrium with Default 
 

Having defined the equilibrium, where the government decides not to exceed the upper threshold B̄(0;p,0), 
we now consider the contrary case. Purpose of this section is to find out, whether there is an equilibrium 
solution, where a government sells additional debt to the international bankers in period t, speculating on a 
recovery of the private sector in t+1, and defaults otherwise. The implications in the section above have 
already shown that the government has an incentive to transfer potential resources from the future into the 
current period. However, the challenge in applying this strategy is to find the optimal point in time, as 
otherwise default is the only resulting option. This set up demands for a finite horizon dynamic 
programming problem, as it is able to account for the strategy proposed above (Conesa/ Kehoe 2011, 
p.25). This is comparable to an uncertainty tree with branches of a=0 and a=1. The optimal policy we’re 
looking for is the one, where the government moves along the branch with a=0 until at=0, betting one a 
recovery of the private sector in period t+1 (Conesa/ Kehoe 2012a, p.26).43 
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In order to solve this problem, a backward induction needs to be applied, using the terminal value function 
VT(BT,0), which builds the basis for choosing the optimal number of periods T before crossing the 

threshold B̄(0;p,0), maximizing V0(B0,0):  
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subject to: BT+1≤B̄ (1;p,0). 
                                                
43 Please notice that for the solution of this dynamic programming problem, the notation has changed using t’s 
instead of primes in order to be able to denote the steps of the following backward induction properly. 
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The bottom line delivered through this terminal value function is, that as long as the constraint         

BT+1≥B̄(0;p,0) binds, the expected payoff in period t=0, V0(B0,0), can be increased by increasing the 

number of periods T staying below the threshold B̄(0;p,0) (Conesa/ Kehoe 2011, p.25 f.). Figure 8 depicts 
two exemplary optimal policy paths, depending on B0. In b1 T is set to one, while in b2 T is set to two. 
 

However, in order to calculate the optimal policy path, a computed policy function iteration is inevitable. 
The detailed algorithm to perform this application can be found in the Appendix L. 
 

Figure 8: Value maximizing debt paths when B>B̄(0;p,0) 
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Idea for this illustration provided by Conesa and Kehoe (2011, p.26) 
 
 
3.3.4 Results 
 
Within the last sections, we have attained the special case, referring to an economy in a prevailing 
recession (a=0), but without being threatened of bankers, suddenly ceasing to roll over the debt contracts 
(π=0). Within this general scheme of things, the preferences of a country’s government change. The hope 
that the ongoing recession might have an end within a short period of time (0<p<1) triggers the incentive 
to cut government spending very slowly but to remain in the same time at a high level of indebtedness, or 
even to further increase the liabilities against international bankers. Whether to run this strategy or not is 
influenced by two factors, summarized as the costs of default: the default penalty and the interest rates on 
government bonds. If the costs of a default are high, the government has an incentive to maintain a level 
of indebtedness, at which it is not running the danger of being forced to default. As the probability of a 
self-fulfilling crisis is set to zero in this limiting case, this level is exactly at the upper sustainable debt 

limit B̄(0;p,0). However, are the costs following a country’s default moderate, gambling for redemption 
dominates (Arellano/ Conesa/ Kehoe 2012, p.10 f.) (Conesa/ Kehoe 2011, p. 1 ff.). Exactly these costs of 
default are going to be the key element while evaluating the behaviour of the European GIIPS countries 
against the policy decisions of the ECB, the IMF and the European Commission, as encouraging the 
wrong incentive can prolong or even worsen the crisis in the European Monetary and Economic Union. 
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4. Analysis 
 
The two limited cases discussed above have shown the optimal policy paths for a government, dependent 
on the fundamentals of the environment. While explaining these fundamentals, it became evident that the 
solution of the general model for an economy, suffering from a recession, but being threatened by self-
fulfilling crises in the same time (a=0; 0<π<1 and 0<p<1), is not deducible in a theoretic manner, which 
makes an underpinning through numerical experiments unavoidable. 
 

The purpose of this chapter is to realize these numerical experiments through a calibration of the general 
model (section 4.1).44 The results thereby serve as a benchmark scenario, providing the optimal policy 
decisions for a country, finding itself in either good (no recession) or bad times (recession). By inserting 
this direct comparison, the change in incentives, caused through an alteration of the country’s private 
sector, can be analyzed. The variables used for these calibrations represent a benchmark economy with the 
characteristics of the troubled countries in the European Economic and Monetary Union. This allows for a 
first assessment of the GIIPS countries’ behaviour during the European Sovereign Debt Crisis. 
 

Being aware of the results, provided through the general model, attention will then be turned to the policy 
interventions applied by the European Central Bank, the International Monetary Fund and the European 
Commission (section 4.2). The incorporation of these policy measures’ characteristics in to the theoretical 
framework allows for an assessment of their individual influence on the benchmark economy’s optimal 
debt policy. Noticing the outcomes, last but not least a country specific calibration is applied (section 4.3), 
followed by a discussion to qualify the results (section 4.4).  
 

Before starting with the calibration of the general model, Figure 9 depicts the optimal policy paths, 
achievable in the theoretical framework. These four cases include stationary debt policies on the three 

thresholds b̄(0;p,π), b̄(1;p,π) and B̄(0;p,π), as well as gambling for redemption, visualized in case 4. While 
analyzing the forthcoming results, this figure serves as a point of orientation and will be referred to in the 
prospective argumentations.  
 

Figure 9: Phase diagrams in the general model 
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Idea for this illustration provided by Conesa and Kehoe (2011, p.28) 

                                                
44 At this point in time, I would like to thank Juan Carlos Conesa and Timothy J. Kehoe for providing me with the 
Fortran-codes, allowing me to perform the calibration of the general model on my own. The used codes are denoted 
in Appendix M.   
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4.1 Calibrated Results of the General Model 
 
In order to proceed, a functional form of the utility function u(c,g) has to be determined. The specification 
applied by Conesa and Kehoe (2012a) is denoted below, while the used parameter values are pooled in 
Table 2.  

ρ
γ

ρ

ρρ )(),( ggcgcu −
+=  

 
Table 2: Parameter values used for the benchmark scenario 

 

Parameter Value Comments 
ȳ 100      Normalization of the Gross Domestic Product 
A 0.90      Average government revenue loss between 2007 and 2009 
Z 0.95      Default Penalty (Proposed by Cole and Kehoe in 1996) 
p 0.20      Assumed average recovery of the private sector within 5 years 
β 0.97      Riskless return on safe bonds is 3% (i.e. Germany in 2009) 
π 0.03      Average risk premium on bonds at the beginning of 2010 
γ 0.50      Share of consumption in the utility function 
θ 0.4041      Tax revenues as a share of the GDP 
ρ -1      Standard value from the literature 
ḡ 28      Assumption45 

             _____________________________________________________________________________________________________________________________ 

Conesa/ Kehoe (2012a, p.30) (IMF 2012b) (Thompson Reuters 2012) 
 

While taking a look at these variables, it becomes clear that those represent a benchmark economy, which 
reflects an average of all GIIPS countries at the end of 2009. The reason for choosing this base year is the 
following. After the eruption of the global financial crisis, countries in Europe were forced to immediately 
run up their indebtedness. However, to what extent this increase in borrowing was an expression of 
martingale gambling is albeit questionable, as initially those funds were needed in large parts to avoid a 
collapse of the domestic banking sectors, biasing the results. Nonetheless, when the European Sovereign 
Debt Crisis began to deploy, with the announcement of Greece’s fiscal deficit for 2009, a continuation of 
this trend was observable, which persisted up until now. Whether this applied strategy is considered to be 
optimal by the theoretical framework shall be identified with the help of the forthcoming calibrations. 
Further, it allows for a direct assessment of the introduced policy measures, as the provision of those 
started at the beginning of 2010. Even though the countries’ individual indicators are not yet separately 
incorporated, the results reveal the outcomes of the theoretical framework’s general model, laying the 
foundation for a country specific analysis later on (section 4.3). 
 

In order to enable a correct interpretation of the results, one important implication needs to be introduced. 
During the derivation of the model in the sections above, it was assumed that the government faces its 
policy decisions period by period, while one period was typically referring to one year. However, as this 
would apply for the analysis of developing countries, typically borrowing short-term, it does not reflect 
                                                
45 The value of this parameter has been chosen arbitrarily. It can interpreted as the level of expenditures, which has 
been committed by the respective county’s government and cannot be changed within a short period of time. 
However, it is understandable that the higher this value is, the harder it is for a government to decrease spending, 
increasing the incentive to gamble for redemption (Conesa/ Kehoe 2012a, p.30).  
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the average maturity of the GIIPS countries’ debt (See Appendix B). In order to account for this fact, the 
model has been rescaled to a period length of 6 years. The resulting effect of this modification is that 
theoretically only 1/6 of the total debt burden is due to be financed at the beginning of each period.46 
Clearly, a direct mapping between the average maturity and the fraction of debt becoming due is not 
given, as it depends on the composition of the total portfolio. However, inserting simplification does not 
significantly change the qualitative results, but allows for a proper analysis of the calibrated outputs 
(Conesa/ Kehoe 2011, p.31). Being aware of this implication, we can now proceed to the assessment of 
the results depicted in Figure 10. 
 

Figure 10: Benchmark economy in good (left panel) and bad times (right panel)  
 

 
 

The provided graphs show the upper safe (grey) and the upper sustainable debt limits (violet), as well as 
the government’s optimal debt policy function B’(B) (green). The current level of debt is thereby provided 
on the abscissa, while the ordinate denotes the optimal future borrowing amount, given the initial level of 
indebtedness. In order to facilitate the assessment of the results, a 45 degree line is inserted. Is the policy 
function below this line, the optimal strategy is to run down the debt positions, while in the contrary case, 
gambling for redemption dominates. To enable a connection to the European Economic and Monetary 
Union, the red vertical line depicts the average debt to GDP level of the GIIPS countries at the end of 
2009 (~81%) (OECD 2012). 
 

First, let’s focus on the left graph of the figure, representing the optimal policy response of an economy in 
good times (a=1). The thresholds show, that a country exceeding a roll over amount of 11% (which refers 
to a debt to GDP level of 66% in total) enters the crisis zone and exposes itself to the decisions of the 
international bankers.47 However, is the country exceeding the upper sustainable debt limit, fixed at 41% 
(246% debt to GDP), immediate default is the only reasonable option (Conesa/ Kehoe 2012a, p.31). Now, 
what is the optimal strategy for a country, given these fundamentals? For a current borrowing level below 
the upper safe debt limit (“no-crisis zone”), a stationary debt policy maximizes the utility of the consumers 

                                                
46 In general, an increase in the maturity reduces the vulnerability to self-fulfilling crises, as the roll over amounts 
decrease, which in turn heightens the upper safe debt limit (Cole/ Kehoe 2000, p.108). 
47 The actual amount of debt is calculated as the calibrated amount times 6, as only 1/6 of the total debt burden is due 
to be refinanced every period. 

0

5

10

15

20

25

30

35

40

45

0 5 10 15 20 25 30 35 40 45

Initial Debt Level

Fu
tu

re
 D

eb
t L

ev
el

B'(B)

0

5

10

15

20

25

30

35

40

45

0 5 10 15 20 25 30 35 40 45

Initial Debt Level

Fu
tu

re
 D

eb
t L

ev
el

B'(B)

),;0( πpB),;0( πpb),;1( πpB),;1( πpb ),;1( πpb ),;1( πpB



 45 

in the environment. Has the country entered the crisis zone, however, the optimal policy changes. The 
vulnerability to an uncoordinated investment stop on behalf of the international bankers and the increased 
interest rates on bonds provide an incentive to run down the debt positions to the upper safe debt limit. 
This decrease is done step by step, as sharp cuts in government spending are rather painful for the 
government itself, as well as for the consumers in the environment. Once having reached the level of 
indebtedness, where this vulnerability to a crisis disappeared, the country proceeds to a stationary 
expenditures and debt policy at the upper safe debt limit. In the same turn, bankers perceive the country’s 
increased safety and are therefore willing to pay a high price for government bonds, no matter the 
realization of the sunspot variable (Arellano/ Conesa/ Kehoe 2012, p.9 f.). This is in line with the basic 
model provided by Harold L. Cole and Timothy J. Kehoe derived in section 3.2 and is reflected though 
case 2 in the phase diagram above (Conesa/ Kehoe 2011, p. 30).  
 

Now, let’s turn the attention to the contrary situation: a country in a recession (a=0) (right graph). As soon 
as this economic downturn erupts, the upper and the lower thresholds decrease immediately (highlighted 
with arrows). A country, which was initially save at 11% is suddenly vulnerable to a self-fulfilling crisis 
and has to pay a risk premium on its sovereign debt. The same logic applies to a country with an initially 
high indebtedness, but with the danger, that the occurrence of a recession may force it to immediate 
default.48 The new lower and upper thresholds are now 7% and 33% respectively, which refers to an actual 
debt to GDP level of 42% and 198%. However, the most important fact observable in the results for this 
particular situation is the change in the optimal debt policy. A country, finding itself in the “no-crisis 
zone” after the eruption of the recession, suddenly has an incentive to run up its debt positions to the upper 

safe debt limit b̄(0;p,π). This result is intuitively understandable, as due to the economic downturn and the 
consequential decrease in tax revenues, liquidity gaps have to be bridged through additional borrowing. 
However, has the debt level exceeded this threshold, the optimal policy changes. Running down future 
debt to the upper safe debt limit becomes utility maximizing, as the payment of increased interest rates 
wants to be avoided (Case 1 in Figure 9 above). Nevertheless, this strategy only applies for intermediate 
roll over amounts (up to 13%). For amounts higher than 13%, the incentives change, and the government 
indeed starts to gamble for redemption, running up the debt positions until reaching the upper sustainable 

debt limit B̄(0;p,π) (Case 3 in Figure 9). The trigger for this result is the large drop in expenditures, which 
would be necessary in order to compensate for the decreased liquidity, released trough the restrictive debt 
policy. If, however, the government manages to outstand the recession, the thresholds rise again and tax 
revenues prosper due the recovery of the private sector. In the same turn, the costs of rolling over the debt 
positions decline and the additional liquidity allows the government to run down its debt positions, leading 
to the equilibrium in case 2. Interesting to observe within this context is that this complete change in 
strategy is only depending on the level of debt and the corresponding interest rate at the point in time, 
when the recession erupts. So can two countries, suffering from the exact same loss in revenue and the 
same probability for a panic, decide to run completely contrary strategies from this point onwards. Please 
notice, that this does not apply when the recession has different downturn effects, as then the situation is 
not directly comparable anymore (Conesa/ Kehoe 2012a, p.32 f.). Exactly this circumstance will be part of 
the discussions in the country specific analysis in section 4.3. 
 

The results discussed above have clearly shown how a prevailing recession changes the optimal policy 
path of a country. The main basis of decision-making is the current debt level and the corresponding risk 
                                                
48 This circumstance is analyzed in a more detailed way in the paper provided by Christina Arellano in 2008. 
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premium at this point in time. Is the risk premium still low, a country has an incentive to run down its debt 
positions in order to avoid being vulnerable to self-fulfilling movements on the part of the international 
bankers. However, is the country facing a high indebtedness, gambling for redemption turns out to be the 
optimal strategy. Applying these results on a surrogate of the troubled GIIPS countries in Europe, it 
becomes visible that at the end of 2009, the optimal policy involved gambling for redemption, speculating 
on a recovery of the private sector in the near future. The history shows that this strategy has indeed been 
followed in the last years. Whether the policy measures introduced by the EU authorities reinforced this 
behaviour shall be identified in the next sections’ analysis. 
 
 

4.2 Central Bank Policy Implications 
 
In section 2.2, we turned our attention to the third party policy interventions in the European sovereign 
debt crisis. The development of the GIIPS during the years 1999-2007 has revealed that the deep seated 
problem lies in those countries’ weakened competitiveness and in the inability to counteract with a 
devaluation of the own currency. This was as well perceived by the actors on the financial markets, 
answering with constantly rising risk premiums on government bonds during the years 2010 – 2012. 
However, even though the EU authorities intervened in the markets, the steady increase in indebtedness 
persisted. This raises the question, whether these policy measures may have been ill designed and 
provided the wrong incentives.  
 

Altogether, they share two common characteristics. Those involve lowered yields on government bonds 
and a decrease of the costs in case of a default. With the use of the calibration, we will separately insert 
both of these specifications, in order to enable an individual assessment of the effects those policy 
measures have on a country’s optimal debt policy. This will as well be done as a calibration of the defined 
benchmark economy, representing the GIIPS countries as a whole (Figure 11).49  
 

First, let’s focus on the implications a reduced yield has on the policy decision of country. A theoretic way 
to implement this in the model is to set the risk premium within the crisis zone to zero. Keeping all other 
variables equal to the general model, the following calibration outcomes result, depicted in Figure 11. 
 

The green policy function represents the results received from the general model, while the blue function 
refers to the new case provided above. Considering the thresholds first, one can see that an omission of the 
risk premium increases the upper sustainable debt limit and therefore makes the default of a country less 
likely. This is intuitively understandable, as the ability roll over the debt contracts under better conditions 
increases liquidity and allows the government to accumulate more public debt before being forced to 
default. This fact has a direct implication on the optimal policy of a country. In a recession, the country’s 
incentive to gamble for redemption reinforces and becomes beneficial at considerably lower debt levels. 
Therefore, a country, which was initially in the act of leaving the crisis zone, may suddenly have an 
incentive to apply martingale gambling strategies, as further lending does not necessarily lead to increased 
roll over costs. Next to this, an interesting observation is that even in good times, above a certain level of 
debt, the optimal policy response changes and the government maximizes the value of the economy by 

                                                
49 Please notice that only the Fortran-code for the calibration of the general model has been provided in Appendix M. 
However, as all variables are equipped with comments, the calibrated results for these and the forthcoming analyses 
can be rebuilt and will therefore not be included in the Appendix.  
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increasing public borrowing, until reaching the upper threshold (Conesa/ Kehoe 2012a, p. 34 f.). However, 
as this policy is only optimal for a debt level above 216% of GDP, it is likely that a self-fulfilling crisis 
forces a government to default earlier, before being able to follow this despair-strategy. 
 

Figure 11: Calibrated results for a bailout below market rates in good (left) and bad times (right) 
 

 
 

Being aware of these results, the underlying theory can now be generalized with the bond pricing 
functions of the theoretical framework. Suppose the benchmark economy is hit by a recession and finds 
itself in the low range of the crisis zone, following the strategy of running down its current debt positions 
to the upper safe debt limit. However, during this process, the sunspot variable changes and indicates a 
self-fulfilling crisis to occur within the upcoming period. The provision of a loan above the interest rate:  
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would be able to prevent this crisis to become self-fulfilling and keep the government on its current 
strategy of running debt down.50 However, is the interest rate on the loan provided by the third party 
below this certain value (which means below market standard), the bailout may admittedly avert the panic 
to become self-fulfilling, but it would in the same turn give the government the incentive to change its 
strategy and start gambling for redemption (Conesa/ Kehoe 2012a, p.33). Whether such a complete change 
in the optimal policy installs itself in some countries of the European Economic and Monetary Union will 
be seen in the country specific calibration. 
 

Being aware of the interest rates’ influence on the optimal debt policy within a recession, the attention is 
now turned to a decrease of the default penalty (Z=0.98), as visualized trough the orange functions in 
Figure 12 below. 
 
 
 

                                                
50 This was done by the government of the United States to avoid a self-fulfilling crisis in Mexico in 1995, as 
examined by Cole and Kehoe (1996). 
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Figure 12: Calibrated results for Z=0.98 in good (left) and bad times (right) 
 

0

5

10

15

20

25

30

35

40

45

0 5 10 15 20 25 30 35 40 45

Initial Debt Level

Fu
tu

re
 D

eb
t L

ev
el

B'(B)

0

5

10

15

20

25

30

35

40

45

0 5 10 15 20 25 30 35 40 45

Initial Debt Level

Fu
tu

re
 D

eb
t L

ev
el

B'(B)

),;0( πpB),;0( πpb),;1( πpB),;1( πpb

 
 

Considering first the thresholds, one can see that the upper safe and the upper sustainable debt limit 
decline in good times, as well as in a recession. This is reasonable, as a decrease in the default penalty 
lowers the incentive of a government to undertake painful cuts in expenditures. So is a government, which 
has to face decreased costs in the case of a default, running the same strategy as in the general model, but 
with the important difference, that the decision to file bankruptcy already dominates at debt to GDP levels 
of 114% and 78% in good and bad times respectively. However, this result does not automatically allow 
for the inference that the optimal strategy for Greece would have involved immediate default after the 
introduction of the haircut (with a debt level of 142% of GDP), as the fundamentals for the calibration of 
these graphs reflect an average of the GIIPS countries. 
 

In summary, the analyses above have shown that policy measures, which involve increased default 
penalties and risk premiums, provide governments of troubled countries with the incentive to run down 
their debt positions and exit the crisis zone. In contrast, is the policy decreasing the interest rates and 
lowering the costs following a default, gambling for redemption dominates (Arellano/ Conesa/ Kehoe 
2012, p.12). Important to notice is that a country within a recession already has an incentive to follow this 
martingale gambling strategy, but with the introduction of policy measures, like the ones implemented by 
the EU authorities and the IMF, the application of such a strategy becomes beneficial at considerably 
lower debt levels. So can a country be given the incentive to run up its debt positions in situations, where 
running down the borrowing level would have been optimal in the first place. 
 

Being aware of these results, the policy measures introduced during the years 2010 and 2012 are now 
being assessed separately. Considering first the Securities Market Programme, it is much likely that this 
policy encouraged gambling for redemption. As explained above, the intent of the SMP is to buy bonds of 
countries, whose yields reach too high. By intervening in the market this way, the ECB aims to ensure 
liquidity in troubled market segments through a decrease in the interest rates. However, in the same turn, 
this reduces the incentive of the countries to run down their debt positions and escape the crisis zone, as 
there is prevention against high risk premiums (Arellano/ Conesa/ Kehoe 2012, p.12).  
 

The same logic applies to the rescue packages provided by the EFSF and IMF, with the slight difference 
that these institutions intervene directly in the countries’ debt roll over. This fact even advances the 
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countries’ alleged safety, as through the provision of these packages, a full replacement of the countries’ 
maturing debt of the next years is guaranteed. However, in this context it needs to be remembered that the 
eligibility to receive a rescue package was coupled on the requirement to enforce fiscal austerity measures. 
Nonetheless, these requirements were violated later on, as pointed out when Greece applied for a second 
bailout in July 2011. As discussed, this second package included a 75 percent haircut. By implementing 
this measure, the Greek government indicated to the other GIIPS countries that such a decrease in the 
default penalty can be achievable. The calibration above has shown what impact this might entail 
(Arellano/ Conesa/ Kehoe 2012, p.12). 
 

Considering the Longer Term Refinancing Operations, the methodology is slightly different, as this 
measure was introduced on a transnational basis. With the cut down of the repo interest rate, the European 
Central Bank provided nearly complimentary credits to the domestic banks of the troubled countries, 
reinforcing their incentive to buy government bonds. This was indeed done and showed its impact through 
a short term decrease in the risk premiums. Even though the actual intervention was not coupled on lower 
interest rates on bonds, its outcome enforced the incentive to gamble for redemption (Arellano/ Conesa/ 
Kehoe 2012, p.12). In the same turn, banks had an incentive to increase their exposure, as there was an 
invitation to a nearly riskless trade (Meier 2012). 
 

However, the calibrations above focussed on a benchmark economy, representing an average of the GIIPS 
countries at the end of 2009. Therefore, country specific statements were not possible up until this point in 
time. In order to account for this circumstance, individual calibrations have been applied and will be 
examined in the next section. 
 
 

4.3 Country Specific Calibration 
 
In order to enable an individualized assessment of the respective countries, the variables A, π and θ are 
customized, as they determine the variety of the starting points at the end of 2009 (Table 3).51 Equal to the 
previous sections the green policy function reflects the general model, the blue policy function refers to a 
decrease in the interest rates and the red vertical line depicts the countries’ current debt level. To account 
for the haircut policy, an orange policy function has been inserted in the graph for Greece (Figure 13). 
 

Table 3: Calibration inputs for the country specific analysis 
 

Variables Greece Ireland Italy Portugal Spain 
A 0.93 0.85 0.98 0.95 0.89 
π 0.06 0.03 0.01 0.03 0.02 
θ 0.39 0.34 0.46 0.42 0.36 

                ________________________________________________________________________ 

Source Data: (IMF 2012b) (ECB 2012e) 
 
 
 
 
 
 
 

                                                
51 The remaining inputs align with the ones used to calibrate the general model. 
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Figure 13: Country-specific calibrated results 
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Overall it can be seen that according to the theoretical framework, literally all GIIPS countries found 
themselves in the crisis zone at the beginning of 2010, running the danger of suffering from speculative 
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attacks on behalf of the international bankers. This observation is supported by the history, as during the 
years 2010 and 2011, the governments’ problems more and more began to spill over to the domestic 
banking sectors. As a result, actors on the financial markets started to get nervous and threatened to back 
out of the GIIPS countries’ bonds, justifying the intervention of the EU authorities (BIS 2012a, p.1) (De 
Grauwe 2012, p.1). Nevertheless, according to the model only Ireland and Spain would have had an 
incentive to gamble for redemption in the first place. The optimal debt policy for the remaining GIIPS 
countries Greece, Italy and Portugal in turn involved running down the future debt positions to avoid an 
upcoming default. These results seem counterintuitive, considering the observations in section 2. The 
crucial factor driving these contrary strategies is the output loss experienced trough the recession (A). The 
incentive to gamble for redemption is only given, when the revenue loss takes on a substantial amount, as 
otherwise a slight drop in revenue can be counteracted through a bearable decrease in expenditures. 
Additional to that, the tax rate θ needs to be considered, as it serves as an indicator for the dependence on 
sovereign debt. Is the share of tax revenues from the total GDP rather high, the need for further borrowing 
is lower, which alleviates the incentive to transfer future resources into the current period. Comparing 
these implications to Table 3 above, this mentioned tendency can be recognized. The sensitivity analysis 
in Appendix N supports this argumentation. 
  

Being aware of this initial position, we now turn our attention to the impact of the introduced policy 
interventions. The results of section 4.2 have shown that these interventions fostered the incentive to apply 
martingale gambling strategies. However, this generalization is not observable in the country-specific 
results. While the effects were simply reinforced for countries already running up the debt positions 
(Ireland and Spain), the optimal policy for Italy and Portugal did not change. Running down the future 
borrowing level still remains the dominant strategy, as the economic downturn through the recession was 
particularly low. However, turning the attention to Greece, a significant outcome resulted. According to 
the model, prior to the introduction of the third party policy measures, the optimal strategy for Greece 
would have involved running down its liabilities in order to leave the crisis zone. With announcement of 
financial aid, however, martingale gambling strategies became dominant. Incorporating as well the 75 
percent haircut, an immediate default would have been the equilibrium solution. This serves as a proper 
illustration of how the wrong set up of third party policy measures can induce a country to follow a 
strategy, which was not considered to be optimal in the first place. The bond pricing theories in the 
previous section support this statement (Conesa/ Kehoe 2012a, p.33). 
 

Overall, the calibrated results show that the expansive debt policy in the last years was not the optimal 
strategy for all the GIIPS countries. So have governments decided to start gambling for redemption, even 
though efforts to leave the crisis zone would have lead to an increased expected utility. Clearly, the 
calibrations above serve as a snapshot at the end of 2009. But against the background that increasing 
interest rates and an increased probability for a panic provide incentives to escape the crisis zone (see the 
sensitivity analysis in Appendix N), it can be assumed that no sudden change in strategy would occur at a 
later point in time.  
 

The behaviour of the countries can have many reasons. In forthcoming section, a reasonable argument-
tation is being elaborated, incorporating the thoughts of the theoretical framework, but as well the 
observations on the markets from section 2. The main attribute thereby is the distinction between liquidity 
and solvency problems and its influence on the incentive to display opportunistic behaviour (i.e. moral 
hazard).  
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4.4 Discussion 
 
The history has shown that all of the five GIIPS countries have increased their debt positions since the 
inception of the crisis. While the immediate necessity to bridge the missing liquidity in 2008 would 
deliver an explanation for a sudden short-term increase in debt, it does not outline why this enhancement 
persisted over the years. Certainly, an essential factor for this development was the continuous increase of 
the risk premiums and the countries’ necessity to replace maturing debt with new bonds at a higher price. 
Low productivity and weakened international competitiveness prevented a recovery of the private sector 
and made the countries dependent on the ability to roll over their debt contracts. However, while this 
serves as an explanation for the bad condition of those countries’ domestic economy, it does not entirely 
explain why all of the GIIPS followed this risky strategy instead of enforcing measures to decrease the 
exposure to the actors in the financial markets. Therefore, it is likely that the conveyed safety though the 
introduced policy measures may have played a part in contributing to the increased indebtedness. 
 

With the elaboration of the European Financial Stability Facility (EFSF), the European Central Bank, the 
European Commission and the International Monetary Fund set a sign to the members of the union that 
financial aid would be available in times of distress. Before that establishment, this kind of assurance was 
not available, keeping in mind the no-bailout clause of the ECB, defined in the Maastricht Treaty (De 
Grauwe 2007, p.162 ff.). Even though the financial markets’ data does not directly reflect this 
circumstance, it is assumable that governments of the troubled countries perceived this increased security 
(Conesa/ Kehoe 2011, p.4). Against this background, it needs to be remembered that the available 
amounts of this fund are comprised of guarantees from the Euro-area countries themselves (Seitz/ Jost 
2012, p.2 ff.). This provides reasons to believe that the strategies followed by the countries during these 
years might be an expression of moral hazard. However, in order to evaluate whether this motivation was 
triggering the continuous increase in debt, the respective development the GIIPS countries has to be 
assessed in a more detailed way. 
 

From 2010 onwards, the countries most suffering from increasing interest rates were Greece, Ireland and 
Portugal. This heightening of debt servicing costs forced the countries to substantially increase their 
indebtedness, as due to the low productivity and the weakened competitiveness, maturing bonds were 
needed to be financed through the issuance of further debt (Higgins/ Klitgaard 2011, p.8). As a result, the 
lack of confidence extended and forced one after another country to apply for a bailout at the Troika 
(Seitz/ Jost 2012, p.4 ff.). However, even though the roll over of the maturing debt contracts was 
guaranteed through the provision of these rescue packages, risk premiums continued to soar. As explained 
in section 2.2.2, this serves as an indicator for fundamental solvency problems, as it expresses the 
investors’ distrust in the sustainable success of the coherent fiscal austerity measures. Additional to that, it 
might as well signalize that long term investors got afraid of being perceived as junior by the markets, as 
the official loans would be the ones first served in case of a default. As in this case the only ones profiting 
from the bailout packages are the ones currently holding bonds, this might induce a sell-off in order to 
avoid losses in the future. The consequential drop in liquidity after such a sudden stop forces the countries 
to accumulate new debt at considerably higher interest rates, especially when the requirements of the 
austerity measures have not been implemented until this point in time (Chamley/ Pinto 2011, p.4). 
Following this theory, it is assumable that the behaviour of those three countries is not attributable to 
moral hazard in the first place, but rather to efforts preventing an upcoming default. However, Greeks 
cancellation of the fiscal austerity measures provides reasons to believe that opportunistic behaviour may 
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have influenced the decision. In this context it needs to be remembered that contrary to the monetary 
policy, fiscal policy remained decentralized, triggering during this political turmoil the incentive to use 
debt instead (Collignon 2012, p.5). The fact that this action leads to a doom loop, as a steadily increasing 
indebtedness even worsens the evaluation on the financial markets, was obviously not considered. 
 

Moving on to Italy and Spain, the circumstances change. From 2010 onwards, the funding costs for those 
two countries remained more or less stable, even though their public finances as well recorded worrisome 
levels at the beginning of the crisis (Eurostat 2012). Through the provision of these low risk premiums, the 
market may have signalled to the lenders, as well as to the governments, that the debt problems are 
considered to be an expression of missing liquidity, without having serious concerns about an upcoming 
default. Additional to that, it might as well express that the actors in the markets perfectly understand the 
risks a default of such a country would entail, as their health is of high economic importance for the core 
countries of the European Union.52 The height of the foreign bank claims (Appendix D) and the export 
volumes are just a few factors to be mentioned.53 This delivers reasons to believe that the strategy 
followed by these countries may be an expression of moral hazard, as the awareness of a potential bailout 
in times of financial distress triggers the incentive to gamble for redemption (Conesa/ Kehoe 2011, p.4). 
The recent commitment of the rescue package for Spain supports this theory. Another way to think about 
this circumstance is that Italy and Spain may have been less optimistic concerning their future recovery 
and therefore considered their risk premiums as under-priced. In this case, the costs of public borrowing 
lower relatively, which makes martingale gambling strategies a reasonable policy decision. The contrary 
case has been analyzed by Conesa and Kehoe (2012b), introducing panglossian borrowers into the 
theoretical framework. The result was a decrease in future debt. 
 

However, in order to assess the argumentations above, it needs to be analyzed what interest may have 
been followed through this increased indebtedness. In order to do this, the fundamentals of the model have 
to be reconsidered. In the theoretical framework, the triggering factor leading to an end of the recession is 
the variable p. Given this set up, the model does not explain why at a particular point in time the private 
sector recovers, but with which probability. The incentive of the countries in the model to run up their 
debt positions is therefore only to avoid sharp cuts in expenditures, maximizing the utility of the whole 
economy (Conesa/ Kehoe 2011, p.6 ff.). However, the motivation of the GIIPS countries might not have 
been entirely the same during the years 2010-2012. So can increases in debt be an expression of 
Keynesian stimulus policies, trying to increase aggregate demand and lower unemployment (Seidman 
2011, p.4). This is reasonable in view of the fact that unemployment steadily increased in the last years 
(Eurostat 2012).54 Is this the case, the probability of a recovery would then be dependent on government 
expenditures p’(g)>0, making the increase in public debt economically legitimate. This is as well backed 
by the theoretical framework, as incorporating this feature would intensify the incentive to gamble for 
redemption (Conesa/ Kehoe 2012a, p.36 f.).55 The history has revealed that Spain applied such deficit 
spending in 2008. Considering the other GIIPS countries, it is visible that investments increased in Italy 
about 10% from 2009 to 2010, while in the other countries this measure steadily declined, even though the 

                                                
52 In this context it needs to be noticed that the Italian and the Spanish economy have about 9 and 5 times the size of 
the Greek economy, as measured by GDP (IMF 2012b). 
53 Germany’s exports to Italy and Spain formed nearly 10% of its total Export volume in 2011 (Statistisches 
Bundesamt 2012). 
54 In Spain, the unemployment rate reached a level of 24.8 percent in June 2012 (Eurostat 2012). 
55 The underlying utility function, used for this special case, can be found in Conesa and Kehoe (2012b, p.63 f.). 
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continuous reduction of the ECB base rate would have encouraged such proceedings (IMF 2012b) (ECB 
2012f, p.196 ff.).56 
 

Overall, the country individual calibrations have revealed that martingale gambling strategies are not 
considered to be the optimal policy path for each of the GIIPS countries at the beginning of 2010. 
Therefore, the behaviour of those countries during the European sovereign debt crisis is not entirely 
explainable through the applied theoretical framework. While part of the steadily increasing debt positions 
can be explained through the continuously increasing interest rates on bonds, it is not clarified why the 
GIIPS followed this risky strategy instead of adopting measures to run down the exposure to the actors in 
the financial markets. In the paragraphs above, an argumentation, affiliating the increased indebtedness to 
moral hazard, triggered through the indicators provided by the market participants, has been elaborated. 
All in all, it is assumable that countries, whose problems are considered to be an expression of missing 
liquidity, had an incentive to display opportunistic behaviour due to their relevance in the markets. In 
contrast, the increased indebtedness in countries with fundamental solvency problems can be addressed to 
efforts avoiding an upcoming default. However, the theories above only point out a few assumptions, 
based on the observations in the markets. This does not mean that there may not have been other actuators 
for this behaviour. In this context, e.g. political aspects cannot be neglected and certainly played a key role 
in the developments of the last years. However, to completely clarify the exact cause of the expansive debt 
policy in Europe during the prevailing crisis, further research is indispensable.  
 
 
 
5. Conclusion 
 
During the European sovereign debt crisis, troubled countries, lacking the ability to overcome the 
prevailing recession, continuously increased their indebtedness, which exposed them to the financial 
institutions’ willingness to roll over these contracts. Increasing risk premiums and the threat of a country’s 
default through a self-fulfilling crisis made an intervention of the European central bank inevitable. 
However, even though the intention of the ECB’s policy measures was to calm the markets, the countries’ 
debt positions continued to rise over the years. The purpose of this paper was to deliver an explanation for 
these developments through the application of a dynamic stochastic general equilibrium model, providing 
the optimal debt policy for a country being vulnerable to self-fulfilling movements on the financial 
markets. 
 

Overall, the results have shown that the exceptional set up of the third party interventions provided 
countries in the EMU with the incentive to apply martingale gambling strategies. The provision of 
lowered risk premiums and decreased penalties diminished the costs of an upcoming default, inducing a 
government to take additional risk, expressed through an increase in indebtedness. The application on a 
benchmark economy, representing an average of the troubled GIIPS countries, confirmed these results. 
However, with an individualized calibration for each country, this unambiguousness disappeared. 
Reasonable argumentations for this deviation incorporate the countries’ persistent budget deficits, as well 
as the incentive to display opportunistic behaviour, initiated through the awareness of a potential bailout in 
turbulent times. The influence of political aspects should thereby not be overlooked. Nonetheless, against 
the background that the crisis is still prevailing, further research is indispensable to confirm these theories. 
                                                
56 Lately, on the 5th of July 2012, the ECB base rate has been lowered to 0.75% (ECB 2012f, p.199). 
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While a general assessment of the third party policy interventions’ influence on the individual countries’ 
debt policy was enabled with the use of the theoretical framework, it raised in turn a few open questions, 
which demand for future work. The developments in Europe have revealed the increasing inter-
connectedness of the financial markets, induced through the entrance into the monetary union. While the 
theoretical framework enables the determination of the optimal policy path for one member country, it 
does not account for the effects these decisions have on other members or the union as a whole. A related 
paper, dealing with contagion of self-fulfilling crises due to diversification of investment portfolios, has 
been established by Goldstein and Pauzner (2004), but without taking into consideration the limitations of 
a monetary union. Further, Vitek and Bayoumi (2011) examined spillovers effects from the European 
sovereign debt crisis on other member countries, pointing out that a spread of financial distress can entail 
serious consequences for the union as a whole. Therefore it would be interesting to observe how the 
introduction of a certain responsibility towards the union would change the optimal debt policy in the 
theoretical framework. In this context, the lack of fiscal integration can be taken into account.  
 

Another observation in the financial markets was that risk premiums on government bonds increased 
steadily, which substantially contributed to the increased indebtedness on the affected countries. This 
circumstance is not fully incorporated in the theoretical framework. Through the introduction of such time 
varying risk premiums, the optimal policy may change, as a country, continuously being confronted with 
increasing borrowing costs, may be tempted to reconsider its chosen strategy. This idea was as well raised 
by Conesa and Kehoe (2012b), but has not been incorporated into the model until now. An introduction of 
this circumstance would in the same turn allow decoupling the interest rate from the future debt level, as 
positive correlation between those variables is not observed in every country. 
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Appendix 
 
A: Current Account Balance as a percentage of GDP 
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Idea for this figure provided by Favaro et al. (2011, p.222) / Source Data: (OECD 2012) 
 
The current account balance is defined as: Net exports + net factor payments = domestic saving – 
domestic investment spending. Is a country running a current account deficit, it consumes more than it 
produces, forcing the government to run up net exports or otherwise borrow additional debt from abroad 
to account for the shortfall. Is the contrary case occurring, the country has the ability to send its surplus 
abroad in order to purchase foreign assets (import) (Abel/ Bernanke/ Croushore 2008, p.40 ff.).  
 
 
B: Debt Maturity Structure of the GIIPS countries in Bio €: 2010 – 2020 
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Source Data: Statista (2012) 
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C: 10-year Credit Default Swap Premiums in basis points 
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Source Data: Thompson Reuters (2012) 
 
The ordinate shows the CDS prices for the GIIPS countries in basis points. A level of 1’000 basis points 
means that it costs 1 million € to protect 10 millions of debt for 10 years. Please note that the prices for 
Greece have been cut off, as the premiums reached levels around 10’000 basis points at the beginning of 
2012. 
 
 
D: Foreign Bank Claims in Mio US $   
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Source Data: BIS (2012c) 
 
 
E: Total use of the ECB Longer Term Refinancing Operations in Bio € 
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Data Source: Bank of Greece (2012), Central Bank of Ireland (2012), Banca d’Italia (2012), Banco de Portugal (2012), Banco de 
Espana (2012), National Bank van Belgie (2012) and Banque de France (2012) 
 
 
F: Determination of Bond Prices for b̄(1;p,π) > B̄(0;p,π) and b̄(1;p,π) =B̄(0;p,π) 
 
Changing the sequence of the respective thresholds has a direct effect on the zones of the framework. 
However, by using the basic equation defined in section 3.1.3, the bond prices for these particular cases 
can as well be defined.  

This case refers to the situation, where b̄(1;p,π) > B̄(0;p,π), resulting in the following pricing functions: 
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if B’ ≤ b̄(0;p,π) 

if b̄(0;p,π) < B’ ≤ B̄(0;p,π) 

if B̄(0;p,π) < B’ ≤ b̄(1;p,π) 

if b̄(1;p,π) < B’ ≤ B̄(1;p,π) 

if B’ > B̄(1;p,π) 
 

Considering the case where b̄(1;p,π) equals B̄(0;p,π), the following bond prices result (Conesa / Kehoe 
2011, p.11): 
 

if B’ ≤ b̄(0;p,π) 

if b̄(0;p,π) < B’ ≤ b̄(1;p,π) 

if b̄(1;p,π) < B’ ≤ B̄(1;p,π) 

if B’ > B̄(1;p,π) 
 
 
G: Derivation of the upper stationary debt limit B̄s(1;p,0) 
 
Let’s assume that the government finds itself in a situation where the current holdings of public debt 

exceed the upper stationary debt limit: B0>B̄s(1;p,0). In this situation, it cannot be optimal for the country 
to run down its expenditures within one period by setting g0=θȳ-B0+βB1 in t=0 and then gt=θȳ-(1-β)B1 for 
all periods following. In order to demonstrate this, let’s assume the contrary case and refer to the 
participation constraint, stating that the utility of not defaulting is higher than the utility of defaulting, as 
long as new debt can be sold at a positive price, e.g. q= β: 
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In order to maximize the left hand side of the equation, the utility of not defaulting, a stationary debt 
policy is applied by setting B0=B1. Having done this, the following inequality results: 
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This resulting expression shows that as long as π=0, the utility of keeping debt high is bigger than the 
utility of running debt up or down for any B0≠B1. This in turn contradicts the assumption that the initial 
debt level was above the upper stationary debt limit, as in such a situation, immediate default would have 
been the dominant strategy (Conesa/ Kehoe 2011, p.16).   
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H: Determination of government spending in b̄(1;p,π)<B≤B̄(1;p,π) with π>0 
 
Let’s suppose that the government finds itself confronted to a debt level higher than the upper safe debt 

limit (B0>b̄(1;p,π)) and decides to reduce its debt positions to the same in T periods. Considering the first 
order conditions derived for the case where π=0, the following expression for government expenditures 
results: gt=gT(B0;π). 
Applying this expression to the governments’ budget constraints, under the assumption that Bt≠Bt-1, the 
following constraints result: 
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Multiplying each of these equations by (β(1-π))t and adding them, the following expression is obtained: 
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which results in (Conesa/ Kehoe 2011, p.17): 
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I: Backward Induction in b̄(1;p,π)<B≤B̄(1;p,π) with π>0 
 
In this section, the value functions VT(B0;π) for each of the policies of running down the public debt 
positions with T=1,2,…,∞ is compued. Thereby, Vt

T(B0;π) denotes the value of the policy, for which there 
are still t periods in running down debt to go. The resulting value functions are the following: 
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As visible in the last equation above, the level of government spending in period T increases from gT(B0;π) 
to θȳ. In order to calculate now the value function VT(B0;π), a backward induction is being applied: 
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As per definition, VT(B0;π) = VT(B0;π), resulting in the following expression: 
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Being aware of this procedure, please notice that (Conesa/ Kehoe 2011, p. 17 f.): 
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J: Determination of the upper sustainable debt limit B̄(0;p,0) in a recession 
 
To determine the upper sustainable debt limit in a prevailing recession, we follow the same procedure as 
in section 3.2.2 by equalizing the value functions of the participation constraint: 
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The strategic assumption is that the government increases its foreign borrowing up to a point, where it is 

less than or equal the mentioned upper threshold. Then, it again heightens its debt burden to B̄(0;p,0)<B≤ 

B̄(1;p,0) at a bond price q=βp, speculating on a recovery of the economy.57 The value of borrowing 

additional debt B̄(1;p,0) at the price q=βp, then repaying the current debt positions and again repaying the 
incorporated debt in the forthcoming period if the private sector recovers, or defaulting otherwise, is: 
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57 Please notice that the price for a bond has changed from q=βp(1-π) to q=βp, as the probability for a future crisis to 
occur was set to π=0.  
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Contrary to that, the value of borrowing additional debt B̄(1;p,0) at the price q=βp and directly defaulting 
is: 
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Equalizing those two equations and solving them brings us then to the upper sustainable debt limit in a 
recession B̄(0;p,0) (Conesa/ Kehoe 2011, p.21):  
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K: Gambling for Redemption – Equilibrium without Default 
 
The government’s expected payoff of holding a debt level at the upper sustainable debt limit in a recession 
needs to be higher than the payoff of defaulting, after the international bankers have rolled over the bonds 

B’=B̄(0;p,0) at the price q=β(1-π).  
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The decision to violate the constraint B≤B̄(0;p,0), by buying additional debt at the price q=βp(1-π) and 
repaying it in case of a recovery or defaulting otherwise, does not lead to a higher expected payoff than 

holding the debt level constant at B’=B̄(0;p,0). 
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with B’(B)=min[B̂’(B), B̄(1;p,0)]. 
 

Is the satisfaction of those two conditions assured, the problem function leading to this optimal 
government policy takes the following form (Conesa/ Kehoe 2011, p. 22 f.): 
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L: Gambling for Redemption – Equilibrium with Default – Algorithm 
 
In order to calculate the optimal policy for a country willing to gamble for redemption, a policy function 
iteration needs to be applied. The underlying principle is a backward induction starting in the period, 
where the government exceeds the upper sustainable threshold and borrows at the bond price q=βp(1-π), 
leading to a default of the country, unless the private sector of the economy recovers. Considering this 
way of proceeding, the labelling of the value functions is reversed the following way: 
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subject to: 
 

)0,;1()0,;0(. pBBpB ≤≤ . 
 

The detailed steps of the algorithm are thereby the following: 
 

1. First, the lower debt limit B_ is set, determining the interval of possible debt levels [B_, B̄(0;p,0)]. 
Having defined this grid of bonds, the value function V0(B,0) and the policy function B0’(B) are 
then being solved. The analytical solution to this problem has already been provided in section 

3.3.1 with B’(B)=min[B̂’(B), B̄(0;p,0)], unless B’(B)<B̄(0;p,0), in which case B0’(B)=B̄(0;p,0). As 
a result:  

 

B0’(B)=max[B̄(0;p,0),min[B̂’(B), B̄(1;p,0)]]  
 

The solution of this policy function shows that for future debt levels below the upper sustainable 
debt limit, it is not optimal to set the number of periods T  before crossing the threshold to zero. 
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2. Set t=0 and let )0,;0(~
0 pBB =  

 

3. Use the bellman’s equation to solve the value Vt+1(B,0) and the policy function Bt+1’(B): and let 

thereby B̃t be the largest amount of debt, for which the future value is bigger or equal to the 
current value Vt+1(B,0)≥Vt(B,0): 
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4. This step is repeated until B̃t=B_, whereas the number of periods until crossing the upper threshold 

is determined by B̃T=B_. It can be proven that B_<B̃T-1<B̃T-2<…<B̃1<B̄(0;p,0). We the use of this 

algorithm, the interval [B_, B̄(0;p,0)] is subdivided in to the following subintervals: [B_, B̃T-1), [B̃T-1, 

B̃T-2), …, [B̃1, B̄(0;p,0)]. If the initial debt level B is in the subinterval [B̃t, B̃t-1], then the optimal 
debt policy involves gambling for redemption by selling additional debt contracts,                         

B̄(0;p,0)<B<B̄(1;p,0), in period t-1, and defaulting in period t unless the private sector recovers. 
The optimal sequence of debt is thereby B0, Bt-1’(B0), Bt-2’(Bt-1’(B0)), ..., B0’(B1’(...(Bt-1’(B0)))) 
(Conesa/ Kehoe 2012, p.27 f.). 

 
 
M: Code for the Calibration of the General Model in FORTRAN 
 
program values 
 
 
implicit none 
 
integer,parameter:: prec=selected_real_kind(15,307) 
 
! PARAMETERS 
 
integer,parameter:: ndebt=1000 ! Size of debt grid 
 
! Tecnhology and Policy Parameters  
real(prec),parameter:: A=0.90 ! Output in bad (relative to good) times 
real(prec),parameter:: Z=0.95 ! Output loss upon default 
real(prec),parameter:: y=100.0  ! Output in good times and no default 
real(prec),parameter:: theta=0.4041  ! Tax rate 
real(prec),parameter:: Btop=50.0 ! Maximum level of debt in the grid 
 
! Preference Parameters 
real(prec),parameter:: gamma=0.5  ! Share of consumption in utility function 
real(prec),parameter:: beta=0.97 !0.832972=0.97**6   ! Individual discount factor (in 
year terms) 
real(prec),parameter:: rhoc=-1.0  ! Curvature in C 
real(prec),parameter:: rhog=-1.0  ! Curvature in G 
real(prec),parameter:: gbar=28.0  ! Reference G 
 
! Crisis Parameters 
real(prec),parameter::  p=0.20 !0.737856=1-(1-0.20)**6   ! Probability of a recovery 
real(prec),parameter:: pi=0.03 !0.167028=1-(1-0.03)**6  ! Probability of a panic 
real(prec),parameter:: pi2=0.03 ! Premium charged on interest rate 
 
 
! VARIABLES AND FUNCTIONS 
real(prec):: BLowW,BHighW ! Thresholds in good times 
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real(prec):: BLow,BHigh ! Thresholds in bad times 
 
real(prec),dimension(ndebt):: B,Bopt,BoptW ! Level of debt today and policy functions 
integer,dimension(ndebt):: posBopt,posBoptW !position in the grid of policy functions 
 
 
real(prec):: Vdef,Wdef       ! Value of default in bad and good times 
real(prec),dimension(ndebt):: Wfun,WfunAux       ! Value function in good times 
real(prec),dimension(ndebt):: Vfun,VfunAux       ! Value function in good times 
 
 
! COUNTERS 
 
integer:: cdebt,cdebt2  
real(prec):: bb 
 
 
real(prec):: tol=1.0e-4,val,q(ndebt) 
real(prec)::  BLowNew,BLowWNew,BHighNew,BHighWNew 
integer:: iter,posBLowNew 
 
 
! Grid on the level of debt 
 
B(1)=0.0 
do  cdebt = 2,ndebt 
  B(cdebt) = B(cdebt-1)+Btop/(ndebt-1.0) 
end do 
 
print*, 'Grid debt ', B 
 
! Compute the values upon default 
Wdef=(1.0/(1.0-beta))*U((1.0-theta)*Z*y,theta*Z*y) !In good times 
Vdef=(1.0/(1.0-beta*(1.0-p)))*U((1.0-theta)*A*Z*y,theta*A*Z*y)+(beta*p/((1.0-
beta)*(1.0-beta*(1.0-p))))*U((1.0-theta)*Z*y,theta*Z*y) !In bad times 
print*, ' Wdef,Vdef ', Wdef,Vdef 
pause 
 
! Initial guess of the thresholds 
BLow=10.0 
BLowW=15.0 
BHigh=25.0 
BHighW=30.0 
 
! Compute the value function in good times and we do not default (value of the sunspot 
is small) 
 
10 WfunAux=0.0 ! Initial guess of value function 
 
! Do interations 
do iter=1,1000 
 
 do cdebt=1,ndebt 
 
 Wfun(cdebt)=-1.0e5 
   do cdebt2=1,ndebt 
 
    ! ZONE 1: Choose low debt tomorrow 
 if ( B(cdebt2)<= BLowW ) then 
 val=U((1.0-theta)*y,theta*y+beta*B(cdebt2)-B(cdebt))+beta*WfunAux(cdebt2) 
   if ( val>=Wfun(cdebt) ) then 
  Wfun(cdebt)=val 
  posBoptW(cdebt)=cdebt2 
  BoptW(cdebt)=B(cdebt2) 
   else 



 XIX 

   end if 
 
    ! ZONE 2: Choose debt tomorrow in crisis zone 
 else if ( B(cdebt2)> BLowW .and. B(cdebt2)<= BHighW ) then 
!  q(cdebt2)=beta*(1.0-pi)  ! Accurate pricing of bonds 
  q(cdebt2)=beta*(1.0-pi2) ! Subsidized interest rates 
 val=U((1.0-theta)*y,theta*y+q(cdebt2)*B(cdebt2)-B(cdebt))+beta*(1.0-
pi)*WfunAux(cdebt2)+beta*pi*Wdef 
   if ( val>=Wfun(cdebt) ) then 
  Wfun(cdebt)=val 
  posBoptW(cdebt)=cdebt2 
  BoptW(cdebt)=B(cdebt2) 
   else 
   end if 
 
 else 
 end if 
 
   end do 
 
 end do 
 
 
! print*, 'Max error in value function iteration ',iter,maxval(abs(Wfun-WfunAux)) 
  if ( maxval(abs(Wfun-WfunAux))<tol ) then  
  go to 50 
  else 
 WfunAux=Wfun 
  end if 
 
end do 
 
50 print*, 'Convergence achieved in Wfun in iteration ',iter 
 
 
! Compute the value function in bad times and we do not default (value of the sunspot 
is small) 
VfunAux=0.0 ! Initial guess of value function 
 
! Do interations 
do iter=1,1000 
 
 do cdebt=1,ndebt 
 
 Vfun(cdebt)=-1.0e5 
   do cdebt2=1,ndebt 
 
    ! ZONE 1: Choose low debt tomorrow 
 if ( B(cdebt2)<= BLow ) then 
 val=U((1.0-theta)*A*y,theta*A*y+beta*B(cdebt2)-B(cdebt))+& 
        beta*p*Wfun(cdebt2)+beta*(1.0-p)*VfunAux(cdebt2) 
  if ( val>=Vfun(cdebt) ) then 
  Vfun(cdebt)=val 
  posBopt(cdebt)=cdebt2 
  Bopt(cdebt)=B(cdebt2) 
   else 
   end if 
 
    ! ZONE 2: Choose debt tomorrow in crisis zone if no recovery 
 else if ( B(cdebt2)> BLow .and. B(cdebt2)<= BLowW ) then 
!  q(cdebt2)=beta*(p+(1.0-p)*(1.0-pi))  ! Accurate pricing of bonds 
  q(cdebt2)=beta*(p+(1.0-p)*(1.0-pi2)) ! Subsidized interest rates 
 val=U((1.0-theta)*A*y,theta*A*y+q(cdebt2)*B(cdebt2)-B(cdebt))+& 
        beta*p*Wfun(cdebt2)+beta*(1.0-p)*(1.0-pi)*VfunAux(cdebt2)+beta*(1.0-p)*pi*Vdef 
   if ( val>=Vfun(cdebt) ) then 
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  Vfun(cdebt)=val 
  posBopt(cdebt)=cdebt2 
  Bopt(cdebt)=B(cdebt2) 
   else 
   end if 
 
    ! ZONE 3: Choose debt tomorrow in crisis zone for sure 
 else if ( B(cdebt2)> BLowW .and. B(cdebt2)<= BHigh ) then 
!  q(cdebt2)=beta*(1.0-pi)  ! Accurate pricing of bonds 
  q(cdebt2)=beta*(1.0-pi2) ! Subsidized interest rates 
 val=U((1.0-theta)*A*y,theta*A*y+q(cdebt2)*B(cdebt2)-B(cdebt))+& 
        beta*p*(1.0-pi)*Wfun(cdebt2)+beta*p*pi*Wdef+& 
        beta*(1.0-p)*(1.0-pi)*VfunAux(cdebt2)+beta*(1.0-p)*pi*Vdef 
   if ( val>=Vfun(cdebt) ) then 
  Vfun(cdebt)=val 
  posBopt(cdebt)=cdebt2 
  Bopt(cdebt)=B(cdebt2) 
   else 
   end if 
 
    ! ZONE 4: Choose debt tomorrow in crisis zone if there is a recovery and default 
zone if no recovery 
 else if ( B(cdebt2)> BHigh .and. B(cdebt2)<= BHighW ) then 
!  q(cdebt2)=beta*p*(1.0-pi)  ! Accurate pricing of bonds 
  q(cdebt2)=beta*p*(1.0-pi2) ! Subsidized interest rates 
 val=U((1.0-theta)*A*y,theta*A*y+q(cdebt2)*B(cdebt2)-B(cdebt))+& 
        beta*p*(1.0-pi)*Wfun(cdebt2)+beta*p*pi*Wdef+beta*(1.0-p)*Vdef 
   if ( val>=Vfun(cdebt) ) then 
  Vfun(cdebt)=val 
  posBopt(cdebt)=cdebt2 
  Bopt(cdebt)=B(cdebt2) 
   else 
   end if 
 
 else 
 end if 
 
   end do 
 
 end do 
 
  if ( maxval(abs(Vfun-VfunAux))<tol ) then 
  go to 100 
  else 
 VfunAux=Vfun 
  end if 
 
end do 
 
 
100 print*, 'Convergence achieved in Vfun in iteration ',iter 
 
 
! UPDATE THRESHOLDS 
 
do cdebt=1,ndebt 
 
 if ( U((1.0-theta)*A*y,theta*A*y-B(cdebt))+beta*p*Wfun(1)+beta*(1.0-p)*Vfun(1)>Vdef ) 
then 
 BLowNew=B(cdebt) 
 posBLowNew=cdebt 
 else 
 end if 
 
 if ( U((1.0-theta)*y,theta*y-B(cdebt))+beta*Wfun(1)>Wdef ) then 
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 BLowWNew=B(cdebt) 
 else 
 end if 
 
if ( Bopt(cdebt)<=BHigh ) then 
!  q(cdebt)=beta*(1.0-pi) 
   q(cdebt)=beta*(1.0-pi2)   ! Subsidized interest rates 
else if ( Bopt(cdebt)>BHigh ) then 
!  q(cdebt)=beta*p*(1.0-pi) 
  q(cdebt)=beta*p*(1.0-pi2)   ! Subsidized interest rates 
end if 
 
 if ( Vfun(cdebt)>U((1.0-
theta)*Z*A*y,theta*Z*A*y+q(cdebt)*Bopt(cdebt))+beta*p*Wdef+beta*(1.0-p)*Vdef ) then 
 BHighNew=B(cdebt) 
 else 
 Vfun(cdebt)=Vdef 
 Bopt(cdebt)=0.0d0 
 end if 
 
 if ( Wfun(cdebt)>U((1.0-theta)*Z*y,theta*Z*y+q(cdebt)*BoptW(cdebt))+beta*Wdef ) then 
 BHighWNew=B(cdebt) 
 else 
 Wfun(cdebt)=Wdef 
 BoptW(cdebt)=0.0d0 
 end if 
 
end do 
 
! Check convergence in Thresholds 
print*, 'Old Thresholds ', BLow,BLowW,BHigh,BHighW 
print*, 'New Thresholds ', BLowNew,BLowWNew,BHighNew,BHighWNew 
 
!print*, 'No Default ', U((1.0-theta)*A*y,theta*A*y)+beta*p*Wfun(1)+beta*(1.0-
p)*Vfun(1) 
!print*, 'Default ', Vdef 
 
if ( abs(BLowNew-BLow)>0.0001 .or. &  
abs(BLowWNew-BLowW)>0.0001 .or. & 
abs(BHighNew-BHigh)>0.0001 .or. & 
abs(BHighWNew-BHighW)>0.0001 ) then 
BLow=BLowNew 
BLowW=BLowWNew 
BHigh=BHighNew 
BHighW=BHighWNew 
go to 10 
else 
print*, 'Thresholds converged! ' 
end if 
 
!print*, 'W(0),V(0) ',Wfun(1),Vfun(1) 
 
if ( Bopt(posBLowNew)>BLowNew ) then  
print*, ' YES gambling for redemption ' 
else 
print*, ' NO gambling for redemption ' 
end if 
 
 
! Save results to files 
open(unit=10,file='Res.txt') 
 
  do cdebt=1,ndebt 
  write(10,'(5f20.4)') 
B(cdebt),Wfun(cdebt),BoptW(cdebt),Vfun(cdebt),Bopt(cdebt) 
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  end do 
 
 write(10,*) BLow 
 write(10,*) BLowW 
 write(10,*) BHigh 
 write(10,*) BHighW 
 write(10,*) Wdef 
 write(10,*) Vdef 
 
close(10) 
 
 
contains 
 
function U(c,g) 
implicit none 
real(prec),intent(in):: c,g 
real(prec):: U 
 
 if (c<=0.000001) then 
  U=-1.0e8 
  else if ((g-gbar)<=0.000001) then 
  U=-1.0e8 
 else  
 
!  U= gamma*log(c)+(1.0-gamma)*log(g) 
!  U= gamma*(-c**(-2.0))+(1.0-gamma)*(-(g-0.1)**(-2.0)) 
  U= (c**rhoc)/rhoc+gamma*((g-gbar)**rhog)/rhog 
!  U= log(c+g) 
 end if 
 
end function U 
 
end program values 

 
 
N: Sensitivity Analysis 
 
The sensitivity analysis involves changes in the revenue loss incurred through the recession A, the 
probability of a crisis π, the probability of a recovery of the private sector p and the tax rate θ. All 
calibrations are thereby provided for the benchmark economy, suffering from a recession. 
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Changes in the tax rate
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Changes in the probability of a recovery
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Changes in the probability of panics
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Considering first the impact of the recession on a country’s revenue positions, one can see that the height 
of this variable is crucial for the decision over the future debt positions. The incentive to gamble for 
redemption is only given, when the revenue loss takes on a substantial amount. This is intuitively 
understandable, as a slight drop in government revenue can be counteracted through a decrease in 
expenditures. Is this the case, the optimal policy includes running down the debt positions and exiting the 
crisis zone, as the costs of suffering from self-fulfilling debt crisis want to be avoided by all means.  
Another significant effect is provided through a change in the tax rate. Is the revenue share generated 
through taxation high, the incentive to run down the future debt dominates even for high levels of 
indebtedness. However, is the dependency on debt comparably high, gambling for redemption turns out to 
be the optimal strategy.  
The influence of the probability for a panic and on the probability of a recovery in the future provides less 
significant results. A change in these variables indeed determines at which point in time it is optimal to 
follow martingale gambling strategies, but not whether to follow this strategy at all.  
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