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1 Introduction

Dynamic game theory has been shown to be a valuable analytical tool for
economic policy analysis (see, e.g., Petit (1990), Dockner et al. (2000)). Dy-
namic games have been used as models for conflicts between monetary and
fiscal policies by several authors (e.g. Pohjola (1986)). There is also a large
body of literature on dynamic conflicts between policy makers from different
countries on issues of international stabilization policy (e.g. Hughes Hallett
(1986), Miller and Salmon (1985)). Both types of conflict are present in a
monetary union because a supranational central bank interacts strategically
with sovereign governments as national fiscal policy makers in the member
states. Such conflicts have previously been analyzed using either large empir-
ical macroeconomic models (e.g. Haber et al. (2002)) or small stylized models
(e.g. van Aarle et al. (2002), Engwerda et al. (2013), Neck and Blueschke
(2014)).

In the latter paper, we analyzed the consequences of a one-time debt relief
(“haircut”) for a country or a bloc of countries for macroeconomic variables
and showed that such a measure can be disadvantageous for both the indebted
and the donor country. One reason for this is the fact that financial markets
do not quickly “forget” that a country has failed to fulfil its obligations and
add a risk premium to the interest rate on such a country’s government bonds
over an extended period of time. For instance, the bail-out package for Greece
proposed by the troika of the IMF, European Central Bank and European
Commission included a debt relief of 50% by the banks. There is a long-
standing discussion about the costs of such a haircut for an economy (e.g.,
Bulow and Rogoff (1989), Panizza et al. (2009)). A recent study (Cruces
and Trebesch (2013)) has shown that financial markets punish the haircut
by introducing a higher risk premium. For a 40% haircut for the entire
“periphery” of a two-country monetary union, of which three quarters are
paid by the public sector of the “core”, we showed that the macroeconomic
consequences of such a measure are inferior to a scenario without such a debt
relief.

In the present paper, we add to this an analysis of the consequences
of endogenously triggered haircuts. This has some importance within the
context of the Euro Area’s present policy problems as some countries like
Greece or Cyprus may consider demanding another “haircut” after the first
one, which did not really succeed in reducing their public debt substantially.
One may ask whether a sequence of debt reliefs may improve the public
finances of such countries which are struggling with the consequences of many
years of irresponsible fiscal policy in the medium and long run. For this
purpose, we assume that more than one haircut can occur. In particular, we



consider “endogenous” haircuts, meaning that they are triggered if a certain
threshold of public debt in the “periphery” country or bloc of countries is
crossed.

As in the previous paper, we use a dynamic game analysis of the strategic
interactions between fiscal and monetary policy makers in a stylized mone-
tary union to answer the question about the macroeconomic consequences of
such endogenous debt reliefs. As the dynamic game model is too complex to
allow for an analytical solution, numerical solutions or approximations are the
only tool available. Here we use the OPTGAME algorithm (Blueschke et al.
(2013)) to analyze such a macroeconomic policy problem for a two-country
asymmetric monetary union. The OPTGAME algorithm delivers approx-
imate solutions for discrete-time nonlinear-quadratic difference games, i.e.
games with quadratic objective functions and a nonlinear dynamic system.
Dynamic games with a finite planning horizon are considered. We apply
OPTGAME to calculate the feedback Nash equilibrium solution and a co-
operative Pareto-optimal solution for our model of an asymmetric monetary
union. In spite of the simple character of the model, we can shed some light
on current sovereign debt problems in FEurope by comparing and interpreting
the results from this debt relief modeling exercise.

2 MUMOD1: A Dynamic Model of a Mone-
tary Union

In order to analyze the dynamic effects of a haircut in a monetary union we
use a dynamic macroeconomic model consisting of two countries (or two blocs
of countries) with a common central bank. This model is called MUMOD1
and slightly improves on the one introduced in Blueschke and Neck (2011).
For a similar framework in continuous time, see van Aarle et al. (2002). The
model is calibrated so as to deal with the problem of public debt targeting
in a situation that resembles the one currently prevailing in the European
Union.

The model is formulated in terms of deviations from a long-run growth
path and includes three decision-makers. The common central bank decides
on the prime rate Rg;, a nominal rate of interest under its direct control. The
national governments decide on fiscal policy. g;; denotes country i’s (i = 1, 2)
real fiscal surplus (or, if negative, its fiscal deficit), measured in relation to
real GDP.

The model consists of the following equations:

Yir = 0i(mjy — i) — Y(rie — 0) + piyje — Bimis + KilYlig—1 — MiGa + 2dir, (1)



Tit = Ly — 7Tiet7 (2>

Iit = Rgy — Nigis + XDt + zhpg, (3)

Tit = T + &ilit, (4)

Ty = emig—1 + (1 —e)mi, .y, € €[0,1], (5)
Yee = wyie + (1 — w)yar, w €10,1], (6)

e = wry + (1 — w)my, w € 10,1], (7)

Dy =1+ Bliy1 — 75, 1)Dit—1 — git + 2hat, (8)

The goods markets are modelled for each country ¢ by the short-run
income-expenditure equilibrium relation (IS curve) (1) for real output y;
(the deviation of short-run output from a long-run growth path) at time ¢
(t =1,...,T). The natural real rate of output growth, 6 € [0, 1], is assumed
to be equal to the natural real rate of interest.

The current real rate of interest r;; is given by equation (2). The nominal
rate of interest I is given by equation (3), where —\; and x; (assumed to
be positive) are risk premiums for country ¢’s fiscal deficit and public debt
level. This allows for different nominal rates of interest in the union in spite
of a common monetary policy.

The inflation rates for each country 7;; are determined in equation (4) ac-
cording to an expectations-augmented Phillips curve. 7§, denotes the rate of
inflation expected to prevail during time period ¢, which is formed according
to the hypothesis of adaptive expectations at (the end of) time period ¢t — 1
(equation (5)). &; € [0,1] are positive parameters determining the speed of
adjustment of expected to actual inflation.

The average values of output and inflation in the monetary union are
given by equations (6) and (7), where parameter w expresses the weight of
country 1 in the economy of the whole monetary union as defined by its
output level. The same weight w is used for calculating union-wide inflation.



The government budget constraint is given as an equation for real govern-
ment debt D;; (measured in relation to (real) GDP) and is defined in equation
(8). The interest rate on public debt (on bonds) is denoted by BI;, which
assumes an average government bond maturity of six years, as estimated in
Krause and Moyen (2013).

The MUMOD1 model allows to include several exogenous shocks and
to analyze the dynamic behavior of the whole system as a result of these
shocks. The variables zd;(i = 1,2) represent demand-side shocks in the
goods markets, zh; allows us to model an exogenous shock on public debt,
zhpy allows for exogenous shocks on the nominal rate of interest.

The parameters of the model are specified for a slightly asymmetric mon-
etary union. Here an attempt has been made to calibrate the model param-
eters so as to fit for the EMU. The data used for calibration include average
economic indicators for the 17 EMU countries from EUROSTAT up to the
year 2007 (pre-crisis state). Mainly based on the public finance situation, the
EMU is divided into two blocs: a “core” (country or bloc 1) and a “periphery”
(country or bloc 2). The first bloc includes ten EMU countries (Austria, Bel-
gium, Estonia, Finland, France, Germany, Luxembourg, Malta, Netherlands,
and Slovakia) with a more solid fiscal situation and inflation performance.
This bloc has a weight of 60% in the entire economy of the monetary union.
The second bloc has a weight of 40% in the economy of the union; in the
EMU, it consists of seven countries with higher public debt and/or deficits
and higher interest and inflation rates on average (Cyprus, Greece, Ireland,
Italy, Portugal, Slovenia, and Spain). The weights correspond to the respec-
tive shares in EMU real GDP. For the other parameters of the model, we use

values in accordance with econometric studies and plausibility considerations
(see Table 1).

Table 1: Parameter values for an asymmetric monetary union, ¢ = 1,2
T 10| w | dmi&i| Bisvispiskis Ni | & Xi | Mis PE
303106 0.5 0.25 0.1 | 0.0125 | 0.333

Using the MUMOD1 model we consider an intertemporal nonlinear game
which is given in tracking form. The players aim at minimizing quadratic de-
viations of the objective (state) variables from given “ideal” (desired) values.
The individual objective functions of the national governments (i = 1,2) and



of the common central bank (F) are given by
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where all « are weights of state variables representing their relative impor-
tance to the respective policy maker. A tilde denotes the desired (“ideal”)
values of the respective variable.

The joint objective function for calculating the cooperative Pareto-optimal
solution is given by the weighted sum of the three objective functions:

J =S+ peds + ppde, (1 + po 4 ps =1). (12)

The dynamic system, which constrains the choices of the decision makers,
is given in state-space form by the MUMOD1 model as presented in equations
(1) to (9). Equations (10), (11) and the dynamic system (1)—(9) define a
nonlinear dynamic tracking game problem which can be solved for different
solution concepts. Using the OPTGAME3 algorithm (see Blueschke et al.
(2013)) we are able to solve this dynamic tracking game and to analyze
the dynamic effects of different shocks acting on the system. In this paper,
two alternative game strategies are considered, a cooperative Pareto solution
and a non-cooperative Nash equilibrium solution with feedback information
pattern.

3 Public Debt Relief

In a previous paper (Neck and Blueschke (2014)) we already investigated
the impact of a haircut in a monetary union modelled by MUMOD1. The
present study extends this research and uses a similar experiment setting.

First, we assume that the monetary union is confronted with a symmetric
negative demand shock (representing the economic crisis 2008-2010), which is
followed by another demand shock on the second country only (representing
the sovereign debt crisis in Europe affecting mainly the “periphery” bloc).
Table 2 summarizes these shocks.

Such a negative demand shock requires a countercyclical (expansionary)
fiscal policy. However, this leads to rapidly growing public debts, especially

6



Table 2: Negative demand shocks in the asymmetric monetary union

t 1 2 3 4 5 6 7 8 9
zdy |6 -1 -6 0 0 0 0 O 0 O
zdy | -6 -1 6 -6 -8 -6 -4 -2 0 0

for the periphery bloc. Greece is the most prominent example of the Furo-
pean sovereign debt crisis with its government bonds rated close to default.
One bailing-out package for Greece, which included a 53.5% haircut by non-
institutional foreign creditors, was implemented in 2011. In 2013, a bail-out
(or rather bail-in) deal was put into effect for the Cypriot economy, which
included a haircut of approximately 47.5% for bank deposits above EUR
100,000.

In order to simulate an event of this kind for the entire “periphery”, Neck
and Blueschke (2014) introduce a 40 percentage points haircut for the public
debt of country 2 (“periphery” bloc) at time 11. Three quarters of this haircut
are assumed to be paid by the governments of the “core” bloc. This results
in an increase in public debt of 20 percentage points for country 1 (the “core”
bloc). According to the study by Cruces and Trebesch (2013), larger haircuts
are not forgotten by the markets in the short run; instead, the country which
has experienced such a haircut has to pay a higher risk premium for several
years to come. Neck and Blueschke (2014) use the average values from the
results of that study to calibrate the exogenous variable zhp,; which denotes
the additional risk premium after the haircut. Table 3 summarizes the haircut
shock and the additional after-shocks which are triggered by such a haircut.

Table 3: Haircut and its after-effect shocks in the asymmetric monetary union
t 1 12 13 14 15 16 17 18 19 20 21
zhyy |40 O O O O O O O O O 0 O
zhyy 120 0 O O O O O O O O O O
zhpy | 10 6 55 5 45 4 35 3 2 1 0 0

The occurrence of the haircut shock (and the other after-shocks) is an-
alyzed in Neck and Blueschke (2014) in two different ways: as an expected
event (the players know already at the beginning of the game that in time
period 11 a haircut will occur) and as an unexpected event (the players are
informed in time period 11 about this shock). Neck and Blueschke (2014)
find that the proposal of a haircut can be counterproductive. A haircut
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creates different incentives and, as a consequence, different policies for the
countries in the monetary union. In anticipation of a haircut, especially if
it is foreseen, the best strategy for the “periphery” (given its policy makers’
preferences) is to produce even higher budget deficits before this event. This
result occurs for both the cooperative Pareto solution and the noncoopera-
tive feedback Nash equilibrium solution. Taking the higher risk premium into
account, which is usually paid after a haircut, results in a situation where
all the players in the monetary union perform worse than in the respective
scenario without a haircut.

4 Endogenous Haircuts

In the present paper we extend the work by Neck and Blueschke (2014) by
introducing endogenously triggered haircut shocks. We use the MUMOD1
model and the nonlinear tracking game framework as presented in Section
2. We apply the same negative demand shock as presented in Table 2. We
also start with the same haircut shock as in Table 3 but do not define a
certain time period when the haircut occurs. Instead, we define a threshold
for the level of public debt in the periphery (denoted by thps). Whenever
the threshold is reached the haircut and the after-effects (as given in Table 3)
are triggered. In our first experiment we start with thps = 150 which means
that once the public debt in the periphery is above 150% of GDP, a haircut
will be triggered. The chosen value of 150% is slightly below the situation in
Greece in 2011 (170% of GDP) but above the public debt level in Cyprus in
2013 (112% of GDP) and hence seems to be a plausible value for a haircut
threshold in the EMU.

Before we can start with our experiments we need to define the initial
values for the state variables, the target values for state and control variables
considered in the objective function and the weights of the state variables as
presented by the as in equations 10 and 11 as inputs in the tracking game
framework. The MUMOD1 model represents a monetary union consisting of
three players, two national governments (or blocs) and a central bank. Both
national fiscal authorities are assumed to care about stabilizing inflation (7)),
output (y), debt (D), and fiscal deficits of their own countries (g) at each time
t. This is a policy setting which seems plausible for the real EMU as well,
with full employment (output at its potential level) and price level stability
relating to country (or bloc) i’s primary domestic goals, and government debt
and deficit relating to its obligations according to the Maastricht Treaty of
the FEuropean Union. The common central bank is interested in stabilizing
inflation and output in the entire monetary union, also taking into account



a goal of low and stable interest rates in the union. It attaches a weight of
2 to the inflation target and 0.5 to the output gap target. Several studies
report quite different weights of a central bank (see, e.g., Dennis (2004),
Mandler (2012), Assenmacher-Wesche (2006)). However, in all studies the
inflation target was found to be considerably more important than the output
target, and we think that a weight of 0.25 for the output target relative to
the inflation target underlines this difference quite well. The weights of all
objective variables (state and control) are given in Table 4.

Table 4: Weights of the variables in the objective functions

Qui, Ogi  Orp  Qup,Qr;  GQp]1 ap2 QORE
1 2 0.5 0.01 0.0001 3

The initial values of the state variables of the dynamic game model are
presented in Table 5. The ideal or target values assumed for the objective
variables of the players are given in Table 6. Country 1 (the core bloc) has
an initial debt level of 60% of GDP and wants to hold this level over time.
Country 2 (the periphery bloc) has an initial debt level of 80% of GDP and
aims at decreasing its level to 60% by the end of the planning horizon, which
means that it is going to fulfil the Maastricht criterion for this economic
indicator. The ideal rate of inflation is calibrated at 2%, which corresponds to
the Eurosystem’s aim of keeping inflation below, but close to, 2%. The initial
values of the two blocs’ government debts and budget deficits correspond
to those at the beginning of the Great Recession, the recent financial and
economic crisis. Otherwise, the initial situation is assumed to be close to
equilibrium, with parameter values calibrated accordingly.

Table 5: Initial values of the two-country monetary union
Yio Ti0 Wﬁo [i,O D1,0 D2,0 RE,O gi1,0 920
0 25 25 3 60 80 3 2 4

Table 6: Target values for the asymmetric monetary union
Dy Dy T Tee Ui Y i Bme
60 80N60 2 2 0 0 O 3




4.1 Endogenous haircuts with a 150% threshold

Using the OPTGAME algorithm we calculate three different solutions for
each experiment: a non-controlled simulation (a strategy without policy in-
tervention), the cooperative Pareto solution and the non-cooperative Nash
feedback solution. As a baseline scenario we use the experiment with the
demand side shocks (Table 2) but without a haircut. We do not analyze this
scenario in detail as it can be found in Neck and Blueschke (2014). Instead,
we use this scenario for comparison and a better understanding of the dy-
namics in the endogenous haircut scenarios. The alternative scenario is a
haircut shock (and after-shocks as detailed in Table 3) triggered if the public
debt of the periphery reaches 150% of GDP.

Figures 1-13 show the simulation and optimization results of our exper-
iment. Figures 1-3 show the results for the control variables of the players
and Figures 4-13 show the results of selected state variables.
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Figure 1: Country 1’s fiscal surplus gy (left: scenario without haircut; right:
scenario with haircuts)
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Figure 2: Country 2’s fiscal surplus go; (left: scenario without haircut; right:
scenario with haircuts)
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out haircut; right: scenario with haircuts)

In the baseline scenario, both countries suffer dramatically (output drops
by more than 6%) from the economic downturn modelled by the demand
side shock in the first three periods. The periphery suffers even more in the
periods 4-8 due to the second negative demand shock, hitting the second
bloc only. The calculated solutions of the baseline scenario imply that the
optimal policies of both the governments and the common central bank are
countercyclical during the immediate influence of the demand shock but not
afterwards; instead, if governments want (or are obliged by the union’s rules)
to keep their public debt under control and avoid state bankruptcy, they have
to implement prudent fiscal policies as soon as the crisis is over. The core
bloc, which gives higher importance to the public debt target, follows this
strategy and creates budget surpluses. In contrast, the periphery bloc runs
a less prudent fiscal policy. As a result, the public debt of the periphery bloc
goes up to 240% of GDP in the case of the Pareto solution and up to 290%
of GDP in the case of the Nash feedback solution.
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Figure 4: Country 1’s output 3y, (left: scenario without haircut; right: sce-
nario with haircuts)
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Figure 5: Country 2’s output ys; (left: scenario without haircut; right: sce-
nario with haircuts)
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Figure 6: Country 1’s inflation rate 7y, (left: scenario without haircut; right:
scenario with haircuts)

If we run the scenario with endogenous haircuts at thp, = 150 (and
assumed to be unexpected by the players) we see identical results to the
baseline scenario until the first haircut occurs. After it the players are con-
fronted with an unexpected shock and have to adjust their game strategies.
The most remarkable result is that this scenario produces several haircuts.
In the case of the Pareto solution these haircuts occur in time periods 18,
23, 26, and 28. In the case of the Nash feedback solution we even see five
haircuts, namely in time periods 17, 22, 24, 27, and 29. The two blocs (or
countries) react to these shocks very differently. The core bloc runs an even
more prudent fiscal policy. In contrast, the periphery bloc creates additional
deficits. Monetary policy is required to be more expansionary than without
the haircuts.

These haircut shocks lead to additional losses in output of around 1 per-
centage point for the core and 2 percentage points for the periphery. This
results in decreasing inflation for both countries. In the case of the Nash
feedback solution an ongoing deflation is expected. Due to the skyrocketing
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Figure 7: Country 2’s inflation rate 7y, (left: scenario without haircut; right:
scenario with haircuts)
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Figure 8: Country 1’s debt level Dy, (left: scenario without haircut; right:
scenario with haircuts)

interest rate in the periphery the initially positive effect of a haircut on public
debt disappears very quickly, and in many cases just two periods afterwards
the next haircut is required. But each time a haircut for the public debt in
the periphery bloc is executed, the core bloc has to pay for it with an increase
in its own public debt. A relatively large number of such haircuts leads to
the absurd situation that the public debt of the core becomes higher than
the public debt of the periphery at the end of the planning horizon (160%
of GDP in the Pareto case and 190% of GDP in the Nash feedback case).
Altogether, the results show the uselessness and non-sustainability of such
haircuts. In addition, such a scenario is not very realistic due to political rea-
sons, as the core will not agree to such a solution of the periphery’s sovereign
debt problem.
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Figure 9: Country 2’s debt level Dy, (left: scenario without haircut; right:
scenario with haircuts)
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Figure 10: Country 1’s nominal interest rate I3, (left: scenario without hair-
cut; right: scenario with haircuts)

4.2 Scenario with two different thresholds

In the experiment with the haircut threshold given by 150% of GDP, the
system leads to a situation with several haircuts (4 in the Pareto case and 5 in
the Nash feedback case). This development becomes obviously unsustainable,
“too expensive” for the core and politically non-affordable. Next, we intend
to design the endogenous haircut scenario in a more realistic way and adjust
it by making additional assumptions. We assume that the threshold changes
after the first occurrence of the haircut (using a threshold thpy = 150). The
next haircut will be triggered by a threshold th/,, = 200, which means that
now the public debt in the periphery bloc is allowed to grow up to 200% of
GDP. Furthermore, we assume that only two haircuts are allowed to occur.

Figures 14-20 show the simulation and optimization results of this exper-
iment. Figures 14-15 show the results for the control variables of the players
and Figures 16-20 show the results of selected state variables.

In this scenario the first haircut occurs in the same period as in the
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Figure 11: Country 2’s nominal interest rate Iy, (left: scenario without hair-
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Figure 12: Country 1’s real interest rate ry; (left: scenario without haircut;
right: scenario with haircuts)

previous scenario with thps = 150, namely in ¢ = 18 (the Pareto solution) and
t = 17 (the Nash feedback solution). The second haircut occurs significantly
later, namely in ¢ = 26 (the Pareto solution) and ¢ = 25 (the Nash feedback
solution). The optimal strategies are similar to the previous scenario with
thps = 150 but with some changes: monetary policy is required to be more
expansionary and fiscal policy depends on the player. The core bloc runs a
more prudent fiscal policy and the periphery bloc creates budget deficits.
This experiment leads to smaller losses in output for the core and higher
losses in output for the periphery. Realizing just two haircuts instead of four
(Pareto) or five (Nash feedback) haircuts in the previous experiment has a
significant impact on public debt. The public debt of the periphery rises to
240% of GDP in the case of the Pareto solution and to 300% of GDP in the
case of the Nash feedback solution. The public debt of the core stays within
a more or less reasonable range, namely about 120% of GDP. However, we
see again that the interest rate dynamics dominate the development of the
public debt and lead to the result that the haircuts are counterproductive as
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Figure 13: Country 2’s real interest rate ro; (left: scenario without haircut;
right: scenario with haircuts)
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Figure 14: Prime rate Rg; controlled by the central bank

long as the targets and preferences of the players remain unchanged.
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Figure 16: Country 4’s output y;; for i = 1 (core; left) and ¢ = 2 (periphery;
right)
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Figure 19: Country ¢’s nominal interest rate I; for i = 1 (core; left) and

i = 2 (periphery; right)
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5 Concluding Remarks

We apply a dynamic game analysis to the MUMOD1 model, a simple macroe-
conomic model of a monetary union consisting of two countries (two blocs)
and a central bank. The monetary union is assumed to be asymmetric in
the sense of consisting of a “core” with less initial public debt and a “pe-
riphery” with higher initial public debt. We analyze the effects of multiple
endogenously realized haircuts, which can be regarded as consequences of
a negative demand shock and resulting increases in public debt. We run
two experiments with different thresholds at which a haircut is triggered and
compare their results among others to a baseline solution without haircuts.

In the first scenario with endogenous haircuts we assume as threshold
the public debt in the periphery to be above 150% of GDP. This scenario
results in four haircuts in the case of the Pareto solution and in five haircuts
in the case of the Nash feedback solution. The frequency of the haircuts
is increasing and the public debt of the core is growing even above the one
of the periphery, which indicates that such a scenario is unsustainable and
politically non-affordable.

In the second scenario we allow for two endogenous haircuts triggered
first at 150% of GDP and later at 200% of GDP level of the public debt in
the periphery bloc. In this scenario the public debt of the core stays more
or less stable but the public debt of the periphery becames unsustainable.
Summarizing both experiments we conclude that the suggested alternative
of haircuts is counterproductive for both the core and the periphery under
our assumptions.
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