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A Nash equilibrium for the euro
Insights from Game Theory on the fate of the euro zone
It’s all about incentives
In A Nash equilibrium for Greece, we established the idea of using Game
Theory for analysing the Greek PSI programme. In this note, we extend the
concept to the broader euro zone debt crisis in order to explain its dynamics and
likely future path.
The continued existence of the euro will hugely depend on the incentive
structure of its members to defend it. In order to do so, costs must be
appreciated and allocated. We therefore demonstrate how:
• Incentives to deal with these costs are aligned only under certain conditions;
• An imbalance of incentives could lead to a euro breakup;
• Incentives evolve through time and interventions;
• Brinkmanship and threats are used as tools to improve either party’s outcome;
• Market stress is a logical and intended consequence; and
• Markets can be used as a mediator to improve each player’s outcome
Based on this Game Theory analysis, we see two scenarios for the future of the
euro:
1)

A (catastrophic) breakup or (very expensive, probably catastrophic) exit of
at least one large member. We think this is possible but not likely. We
estimate the probability to be 10%-20%.

2)

A long, painful and volatile continuation of the crisis that can only be
slowly improved by some type of inter European enforceable contract.

Exhibit 1: Schematic future of the euro crisis
The timeline on the x-axis is for illustrative purposes only. The y-axis measures stress.
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Why Game Theory: It’s all about incentives!
In order to understand the European debt crisis, it is of crucial importance to understand
its drivers and dynamics. Without this understanding, predictions about its future
developments – short- or long-term – are not only extremely difficult, but virtually
impossible to make.
The very nature of the European debt crisis is that it is hugely driven by players whose
decisions are made in a way that protects their own interests – if not to say optimizes their
position – while understanding that any action by itself will have a direct impact on any
other party’s outcome and therefore will likely trigger a reaction. Assessing this likely
reaction is of paramount importance when deciding on one’s own actions in order for the
long-term relationship between counties not to be damaged. Therefore, the euro crisis is
all about incentives, and how these incentives of the participating countries, central
banks, investors, international institutions, etc. are interlinked.
One of the central observations the current publication is based upon is that these
incentives are not always aligned. It, therefore, is crucially important to understand under
what conditions they are aligned, how incentives of players can be changed by other
players and how incentives evolve over time.
This is the ideal situation to be described by Game Theory. The mathematical subject of
Game Theory involves players, strategies they can choose from, and pay-off functions that
evaluate the outcomes for each player. Game Theory is not only able to analyse a
situation that is as complex as the euro crisis, it also is capable of making predictions
about likely outcomes if all players act rationally.
We previously used the concept of Game Theory to analyse the Greek PSI in the so called
“participation game “ in A Nash equilibrium for Greece. In this more holistic approach to
the euro zone debt crisis, the game is different and we will use several of the results of
Robert J. Aumann and Thomas C. Schelling, who won the Sveriges Riksbank Prize of
Economic Sciences in Memory of Alfred Nobel in 2005, “for having enhanced our
understanding of conflict and cooperation through game theory analysis.”

Description of the Game
There are various ways one can define the European debt crisis: what exactly is being
negotiated, what the role of each player is and what the exact strategies are that each
player can embark on? In this note, we step back from the inane frequency of news items
for one moment and try to describe the crisis in the most simplistic and basic manner.
Essentially, the crisis is about how the costs of the euro can be allocated to the
beneficiaries and ultimately what share of these costs everyone has to bear?
We could now go into more details about the sometimes subtle differences among players
– for example, does the German political elite have exactly the same incentives as its
corporates, financials or even individuals, or do all the core countries have the same
incentives, etc. – but that would unnecessarily overcomplicate the game set-up. We rather
restrict ourselves to two players, a type of fiscal hawk on the once side, most easily
associated with a core or northern European country (or the ECB for that matter) and on
the other, some sort of fiscal dove, for these purposes most readily assigned to a
peripheral country. These country associations are only made in order to initially find
access to our way of thinking. These are generalizations, as every sovereign in fact is
some sort of mix of the two players, which becomes apparent when trying to categorise
France on the one hand or on the other, appreciating the heterogeneity of each country as
alluded to above.
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A key point to take away though, is that the core player wants to impose as large a portion
of the costs for the euro on the periphery by demanding more austerity while the periphery
player wants to allocate the costs away from itself, i.e., in the core.
This cost arises in our view as an offset to the (larger) past and future benefits of the euro.
But the past benefits have been recognised while the past costs have been underrecognised, in our view, creating the condition that is driving the current problems. See, for
example, our basic cost estimates in European Credit Flash: Stress!

How costs can be allocated
There are varied ways that costs could materialize. To mention just a few: inflation, bank
rescues and wind-downs and debt mutualisation. The first would likely impose losses on the
savers, particularly pensioners in the core as, if and when the ECB cuts rates further and
embarks on QE. Costs via the banking sector could materialize if more peripheral debt
losses would be imposed on the banks, which in turn would bring costs to the core via bank
guarantees, recapitalizations or even a reduction in lending activity to corporates and
households. Even a bank failure could be possible. Finally, debt mutualisation, for example,
via some sort of Eurobond, would impose costs on the core via higher borrowing rates.
The main method of enacting cost allocation to the periphery is via increased austerity and
labor market reforms. Most common examples include higher taxes, lower social benefits
and pension age increases.

Problem: the costs are rising
As long as neither of the two players is accepting the costs sufficiently and credibly, the
market is becoming increasingly suspicious as to where these costs will materialize with
the result that it allocates these in the most painful way. As we have described in Trading
correlation in the euro CDO, implied correlations are increasing, meaning that the market
is allocating the costs in ever more senior tranches, i.e., core European countries. This
process is accelerating with the result that in the week of 16 November 2011, the senior
tranche, i.e., all AAA rated sovereigns, disproportionally sold off in comparison to the more
junior tranches. This process hasn’t stopped but rather has become more extreme with
German government bonds one week later falling in a general market sell-off, meaning
that they traded as a credit for the first time in recent memory. The market thus seems to
be pricing in the ultimate level of systemic risk.

Game of Chicken: single step
The idea of the game of chicken, also known as the hawk-dove game, is that while each
player prefers not to yield to the other, the worst possible outcome occurs when both
players do not yield. Its name comes from a game in which two players drive towards each
other, where the player that swerves first loses and is called a chicken, while the other
player wins. If neither player swerves, they collide, and this crash outcome is clearly the
worst outcome for both players.
In this setup, the game has three equilibria: two pure and one mixed strategy equilibrium.
The pure are comprised of exactly one player swerving and one going straight. In the
mixed strategy equilibrium, each player chooses to go straight with a certain probability,
therefore making a crash possible.
The pure equilibria are plausible in situations where the two drivers are able to coordinate
on either equilibrium. Changing the symmetry of the payoffs in the game can lead both
players to expect hawkish behaviour by the player who has the most to gain from it, thus
rendering that equilibrium “salient” or “focal.”
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Exhibit 2: Game of chicken
Row player’s pay-off listed first in each cell and a>b>c>0

Straight

Swerve

Straight

0,0

a,c

Swerve

c,a

b,b

Source: Credit Suisse

In some conflict situations, the equivalent of a crash is less undesirable than the
humiliation that may be associated with swerving when the other player continues straight.
In such situations, the payoff from losing is negative, i.e. , a > b > 0 > c, and the game
becomes a prisoner’s dilemma, with both players not swerving as the ultimate outcome.

Breakup probability low if incentives across players are symmetric
In the current situation, every nation has an incentive to impose the costs of the euro as
much as possible on the other partners, while making sure that the euro project does not
fail. Since, in the current situation, a euro breakup would be disastrous for all parties
involved, the game we are dealing with is a game of chicken rather than a prisoner’s
dilemma.
Furthermore, It also is not a zero sum game; the cost must be borne by someone, but
pure periphery cost acknowledgement is not sufficient. The core must acknowledge the
costs, too.
We start by looking at this from a single step (i.e., not repeat game), non evolving (i.e., the
payoff functions stay constant) and symmetric setup, which we will gradually make more
realistic in successive sections.
In this setup, a player wins if he/she imposes as much of the costs of the euro on the other
party, while contributing as little as possible him/herself. Since the game is symmetric,
being at the losing end of this negotiation clearly is less beneficial, here expressed by the
fact that a>c. Furthermore, we are positive that a euro breakup, in the current more or less
symmetric situation (in game theoretic terms: balance of payoffs) would be the worst
outcome for both parties. For the sake of time and space, we do not go into detail why
each of the 17 members of the euro region shares this incentive in the current situation,
but refer to the appendix where we list the motives of some players. The fourth state, the
tie, where costs are shared by both parties, is deemed worse than a win, but better than a
loss and particularly better than a crash, e.g., euro breakup or exit.

Exhibit 3: Euro crisis: single step, non-evolving and symmetric game
The row player is the core; the column player the periphery

No more austerity

More austerity

No cost sharing

0,0

a,c

Cost sharing

c,a

b,b

Source: Credit Suisse

As in the original chicken game above, there are two pure Nash equilibria:
1)

“cost sharing” by the core and “no more austerity” by the periphery; and

2)

“no cost sharing” by the core and “more austerity” by the periphery.

And a third, mixed strategy Nash equilibrium, which seems more plausible in a game
without any commonly understood coordination principle. The “core” player in this case is
uncertain about the “periphery” player’s move, estimating the probability of it to implement
no further austerity to be p, and vice versa. The Nash equilibrium probability of choosing
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the hard1 strategy therefore is p = (a-b)/(a-b+c)2, which leaves each country indifferent to
chose the hard or soft strategy. The probability of a euro breakup therefore is
p × p = p 2 3 . As a consequence, the probability of such a breakup decreases as the
loser’s payoff increases. In order to minimise this probability, the goal must hence not only
be to contain the winner’s gain, but equally importantly to improve the loser’s payoff.
In the below table, we choose some numbers for the payoffs that reflect the adversity of a
breakup scenario. (The payoffs of all other outcomes are by a large margin higher than 0,
which represents the breakup outcome.) The result is that in the mixed strategy
equilibrium, each player chooses the hard option with probability 28.6%, assigning a
probability of 8.2% on a euro breakup.

Exhibit 4: Euro crisis: Example payoffs
No more austerity

More austerity

0,0

10,5

5,10

8,8

No cost sharing
Cost sharing
Source: Credit Suisse

Asymmetric interests generate breakup risks
Key to the three equilibria is that the game is symmetric. If it is not, it will impact the result.
The so called evolutionarily stable strategy (ESS), which is a refined type of Nash
equilibrium, that, once it is fixed in a population cannot be “invaded” by alternative new
strategies, plays an important role in this.
In order for row players to choose one strategy and column players the other, there must
be a way for each to know which role (column or row player) they are playing. If the game
is symmetric, then both players must choose the same strategy, and the ESS will be the
mixing Nash equilibrium. If the game is asymmetric, then the mixing Nash is not an ESS,
but the two pure – depending on the role – Nash equilibria will be.
The below table highlights how dangerous an asymmetric game could be for the euro. The
payoffs for the core player are unchanged, however, the payoffs from winning (i.e., the
core solely bearing the costs) has increased while the payoff for losing or a tie have
decreased. As a result, the mixed strategy equilibrium probability of the peripheral player
choosing to play “hard” would increase from 28% to 60%, making the probability of a
breakup more than double as likely4. We could imagine such a situation arising if the core
forced the periphery into ever harsher austerity measures that will not be reciprocated via
some cost acknowledgment by the core.
An (increasing) imbalance between the benefits of staying in the euro is hence one of the
most dangerous situations, and needs to be avoided.

Exhibit 5: Asymmetric game
No cost sharing
Cost sharing

No more austerity

More austerity

( 0,0 )

( 10,4 )

( 5,12 )

( 8,6 )

Source: Credit Suisse
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From here, we will refer to the core choosing to share costs and the periphery to implement more austerity by choosing the "soft"
and otherwise the "hard" option.
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The hard option generates a payoff (1 - p)a, while the soft option yields pc + (1 - p)b. Equating the two determines the
equilibrium probability.
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Where the assumption is made that the euro breaks up if both parties choose a hard strategy and that it continues in its current
form if at least one player chooses a soft strategy.
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Brinkmanship and threats as tactics to improve one’s situation
Brinkmanship is a tactic by one player that is intended to minimise the possibility of the
other player choosing an aggressive strategy. The idea here is that a player can make a
threat of irrational behaviour namely to counter the aggressive strategy by the opposing
player with one’s own aggressive choice. For this tactic to work, the necessary condition is
that the threat is credible.
The reaction from Chancellor Merkel and President Sarkozy to the former Greek PM’s
plan for a referendum to decide if Greece should agree to the second EU bailout plan was
a classic example of brinkmanship. In our opinion, their stipulation to let the Greek people
not decide whether they agree with the bail-out plan but rather if they want to stay in the
euro, was a threat of irrational behaviour. Now they have at least opened the possibility of
Greece leaving the euro, which currently would be a worse option for the remaining
countries in the euro. The fact that this threat was credible enough – Greece already had a
last chance when the Troika left Athens due to a lack of sufficient progress in the run-up to
the previous tranche payment and only came back after Greece acknowledged this – was
sufficient for Papandreou’s allies to abandon him, with the well known result of a new
government and a called-off referendum.
We think that the extended rhetoric of the German and French leaders with regards to
treaty changes that would allow a country to leave the euro without making an EU exit
mandatory, fall into the same category of brinkmanship, since preparing the grounds for
such a discussion in advance makes the eventual threat ever more credible. If acting this
way is to be successful, it will also depend on the symmetry of the game at the next stage,
as a significant imbalance in cost attribution to the core and periphery could make even a
credible threat harmless.
For any player, it is key to evidently choose the hard option rather than just threatening to
do so. The ECB is pre-committed to the euro. Any threats from this side are therefore not
really credible, in our opinion.
However, as tempting as these bargaining tactics may seem, if both players did use them
by making irreversible and incompatible commitments, a euro breakup may be the result.

Balance of Terror by pre-commitment:
Suppose the core could pre-commit to no more cost sharing if the periphery did not
impose further austerity measures. More precisely: First the core chooses whether to
share costs or to rule out cost sharing if and only if the periphery did not implement further
austerity measures. Thereafter, the periphery observes the core’s move and decides
whether or not to add further austerity. If payoffs are as described in Exhibit 3, the
(subgame perfect) equilibrium outcome will be that the core threatens to not share the
costs, and both countries refrain from their hard strategy. Indeed, it is sufficient that either
country commits to its hard strategy with a sufficiently high probability 5 .This type of
deterrence tactics could help for the worst outcome to be prevented - a balance of terror.
Suppose, moreover, that country 1 is uncertain whether country 2 actually prefers a euro
exit/break-up to the negotiated outcome. In the terms of game theory, that means that
country 1 now has incomplete information about country 2’s payoffs. Does it still make
sense for country 1 to commit to a hard strategy if country 2 chooses to do so? According
to Schelling’s analysis the optimal commitment strategy is then often to choose a
probability of opting for the hard strategy that is less than one. In other words, if faced with
a player who is escalating the situation, the other player should threaten to let it “slip out of
hand” rather than commit to certain retaliation, or how Schelling said, make “threats that
5
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leave some things to chance.” The reason is that a modest probability of a euro breakup
may be enough to deter the other player’s hard strategy6. In our opinion, this is exactly
what has been intended by some European governments so far. Unfortunately, both sides
seem to understand game theory very well, meaning that threatening to call the other
one’s bluff has increased the pressure ever more.

Taking turns can help
One constructive way of dealing with the crisis could be to take turns in deciding whether
or not to acknowledge further costs by each country. The idea behind this is that, if the
solution of cost attribution can be done gradually, each player can threaten to stop this
incremental process at any time, thereby incentivising the other player to also commit to a
share of the cost. Simply put, some sort of ‘tit for tat’. The central positive scenario
therefore seems to be one in which ideally a contract between all or a majority of euro
member states is signed, under which each country (not only the periphery) commits to a
more prudent fiscal policy and in return, each time a certain milestone, for example a
constitutional debt brake, has been achieved, another step towards debt mutualisation (or
other way of imposing costs on the core) will be permitted. Maybe prolonging the “solution
to the crisis” is therefore part of the solution.
One of the conditions of such a strategy to work is that discount factors are either one or
close to one. The problem with the euro crisis is that for each party it is cheaper to commit
to certain costs in the future rather than imposing them immediately. In addition, discount
factors, particularly credit risky ones in the periphery, are currently very low. It therefore is
not quite clear if this strategy can work.

Evolution of the game
One of the key characteristics of the current crisis in Europe is that it is not a one stage
game, but rather an ever repeating one that has been dragging on for nearly two years. An
important corollary from this is that countries take into account the relationship they hold
with the other countries and how their actions will impact these relationships in the future.
To make a drastic example, all countries will hugely appreciate the fact that there has not
been a war on western European soil for nearly 70 years, resulting in a preferred behavior
that will not damage their international relationships too far.
Crucially, it also is a game that evolves over time, since for example after a couple of
rounds of successful austerity measures and fiscal reforms, the core would be more willing
to bear a larger share of the costs, in our opinion. Simultaneously, the periphery would
become ever more austerity fatigued such that the relative cost of a euro breakup would
become less punitive to it. So, while the crisis might have been symmetric at some stage
of the game, one important feature any model needs to reflect is that it is evolving in time
and payoff functions.
Stress, for example, has an important impact on the evolution of the crisis. The higher
government bond yields are trading and the more difficult it becomes as a result for
sovereigns to issue new bonds to finance the running of their state, the more willing they
should be to make concessions in order to strike a deal.
This stress is a result of the aforementioned brinkmanship and credible threats, that are
intended to force the other player into a soft strategy. The ECB’s tactic of not committing to
buy peripheral government bonds in size is a classic example of how stress is used for this
purpose. The central bank intentionally keeps the stress at high levels, knowing that it is
6
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Let theta be the probability that Country 1 assigns to the possibility that Country 2 prefers to play hardball regardless of the
retaliation threat. As shown above, for pi < pi*, Country 2 will still prefer a hard strategy for sure, so the payoff to Country 1 is
then (1 - pi) c, a decreasing function of pi. For pi >=pi* its expected payoff is theta(1 - pi)c + (1 - theta)b, again a decreasing
function of pi. Thus, it is optimal for Country 1 to choose to deter (choosing p = pi) if and only if theta(1 – pi*)c + (1 - theta)b is at
least as large as the payoff c from not retaliating (pi = 0), or, equivalently, if and only if theta <= (1 – c/b)/(1 - c/a).
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necessary for European governments to act and converge to tighter and more coordinated
fiscal policies. This clearly is in the core’s interest as evidenced by Merkel’s comments that
encouraged this type of behaviour by the ECB. However, the periphery is also using the
tool of stress, knowing that for example, an eventual inability of Italy to refinance its debt
on the primary market and the threat of an Italian default could potentially force the core
into last minute intervention. In such a make or break scenario, we would assume that the
core would prefer a last minute bailout to the alternative of a Italian default, which could
result in disastrous implications for the European banking system and economy,
particularly in the core. It thus becomes very clear why European debt and financial
markets are in such a high degree of distress and illiquidity. The reason is that both parties
are using it as a means of trying to make the other player react first. The inherent problem
with this is that an actual bad outcome, for example, a euro exit or breakup is not entirely
unimaginable anymore and unfortunately becomes a real risk.

Multi-step and stress dependent game
In the subsequent sections, we will model the following three features:
•

Multi-step nature of the game;

•

Its time evolution; and

•

Stress dependency.

We do so, by establishing a scenario dependent game whose stages are a function of
stress. In each scenario, the payoff functions of the two players are different due to a new
level of stress. We start with the original game as shown in Exhibit 4 and label this the
“very high” stress level stage game. Next, we add three stages in which the stress is
“little”, “medium” and “high”. These can be achieved from higher stress levels by at least
one player choosing a soft option. Finally, we add one more stage of the game in which
the stress level is “extreme.” This would be achieved by both players continuing with an
aggressive strategy while making implicit and/or explicit threats and exhibiting a typical
brinkmanship behavior with the result of escalating stress. These various stress levels and
the respective payoff functions are shown in Exhibit 6. The numbers we chose are
admittedly subjective, however, we chose them based on the following principles: As
stress increases, the payoff difference between:
•

Losing (payoff c) and a worst outcome (both choose to play aggressively) should
increase. In other words, the higher the stress, the worse a bad outcome will be
relative to the second worst scenario.

•

A tie (both parties choose the soft strategy, payoff b) and a worst outcome should
increase. Again, the higher the stress, the worse a bad outcome will be relative to a tie.

•

Winning and a tie should decrease. This means, that the higher the stress becomes,
the less important it becomes to win.

In the lowest stress stage, we actually assume that c<0, which makes this stage of the
game a classic prisoner’s dilemma, with only one pure Nash equilibrium, namely an
aggressive strategy from both players. This outcome will result in a step-up in the stress
ladder to the “medium” stress level. As we highlighted in A Nash equilibrium for Greece, in a
multi step game, this suboptimal outcome doesn’t have to materialise at every instance. In
fact, communication and past experience of this undesirable outcome as a result of noncooperative behavior can temporarily lead to the pareto optimal outcome of both parties
choosing the “soft” option. However, at the moment, we clearly are not at this stage,
meaning that previously both players have chosen the “hard” option. Furthermore, it remains
to be seen if they will act differently if this “little” stress stage is ever attained again.

European Credit Views
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Exhibit 6: Multi-step and stress dependent game
The higher the stress, the higher the payoffs for losing (c) and a tie (b) and the lower the difference between winning
and a tie (a-b). The lowest stress scenario is a prisoner’s dilemma, while all other stages are of the chicken type.

Stage 5: extreme stress
No more austerity More austerity
No cost sharing ( 0,0 )
( 10,8.5 )
Cost sharing
( 8.5,10 )
( 9,9 )
Stage 4: very high stress
No more austerity More austerity
No cost sharing ( 0,0 )
( 10,5 )
Cost sharing
( 5,10 )
( 8,8 )
Stage 3: high stress
No more austerity More austerity
No cost sharing ( 0,0 )
( 10,4 )
Cost sharing
( 4,10 )
( 6,6 )
Stage 2: medium stress
No more austerity More austerity
No cost sharing ( 0,0 )
( 10,2 )
Cost sharing
( 2,10 )
( 4,4 )
Stage 1: little stress
No more austerity More austerity
No cost sharing ( 0,0 )
( 10,-1 )
Cost sharing
( -1,10 )
( 2,2 )
Source: Credit Suisse

Importantly, we think that the worst outcome from each stage is different, meaning that
while a worst outcome in a low stress stage will most likely mean that the game advances
into the next higher stress level; a worst outcome in the “extreme” stress stage will likely
lead to a catastrophic outcome such as a euro breakup.
Another conclusion we can draw from this is that with increasing stress level, the
probability p of each player choosing the aggressive strategy at each stage decreases and
2
hence the probability of a worst outcome p (we still assume a symmetric game) also
decreases. Based on the above stress levels, we highlight their respective probabilities p
2
and p in Exhibit 7.

Exhibit 7: Probability of aggressive behaviour
Scenario
Stage 5: extreme stress
Stage 4: very high stress
Stage 3: high stress
Stage 2: medium stress
Stage 1: little stress

Probability p
11%
29%
50%
75%
100%

Probability p squared
1%
8%
25%
56%
100%

Source: Credit Suisse
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Correlated equilibrium: Let the market be your friend
The game theoretic concept of a correlated equilibrium is a generalization of the better
known Nash equilibrium and was first treated by mathematician Robert Aumann. In a
correlated game, each player chooses their action as a response to observing the same
public signal. A player’s strategy assigns an action to every possible signal a player can
observe. If no player wants to deviate from his/her chosen strategy (assuming the others
don't deviate), it is called a correlated equilibrium. In other words, as for the Nash
equilibrium, a strategy is a correlated equilibrium if no player can improve his/her expected
outcome by altering his/her strategy selection.

Example: the game of chicken
If we start with the initial game of chicken for the euro crisis as in Exhibit 4 and add a third
party that randomly selects one of three signals (soft, soft), (hard, soft) or (soft, hard) from
a uniform distribution (i.e., each with probability 1/3), where soft means that the mediator
tells the periphery to implement further austerity measures while if shown to the core it
signals to bear more costs (if hard is shown, it obviously signals the opposite). The key
behind this is that players are only shown their own part of a strategy pair, i.e., they wont
see what the other player has been assigned, but the probability distribution of what the
other player has been shown will differ depending on one’s own signal.
For example, if the first player is shown a “hard” signal, then he/she would know that the
other player must have been shown a “soft”, meaning that if the other player doesn’t
deviate from his/her assigned strategy, it is better for the first player to follow the
recommended strategy and play “hard” (payoff 10 rather than 8). The other possibility is
that the first player sees a “soft” signal. In this case, the player has no information about
whether the other player has been recommended to play a “soft” or “hard” strategy. Again,
assuming the other player follows his/her assigned strategy, the probability that he/she will
play “soft” or “hard” is ½ (the probability of the other player seeing either signal is 1/3, but
conditionally on the first player seeing a “soft” is 1/3 divided by (1-1/3)=1/2. As a result, the
(conditional) expected payoff for the first player is (10 + 0)* ½=5 when playing “hard” and
(8 + 5) *1/2=6.5 when choosing “soft”. Hence it is preferential for the first player to chose
“soft” and therefore to follow the strategy: “Comply with the signal” if the other player does
so, too. Since the game is symmetric, the other player is in the same situation and the
strategy to follow the signal is a correlated equilibrium.
Since there are three types of signals that can be shown to a player, each happening with
a probability of 1/3, the (unconditional) expected payoff for each player is 10* 1/3 + 8* 1/3
+ 5* 1/3 = 7.67. Interestingly, this is higher than the expected payoff from the mixed
strategy in the original non-mediated game, which was 7.14. In other words, listening to
the mediator improves the situation of both players versus the original mixed strategy
equilibrium. Remarkably, even in the game with the five stages of stress, the expected
payoff from a game with these signals is higher than the one from the mixed strategy (or
the pure Nash equilibrium in the “little” stress stage) in a uncorrelated game.
Furthermore, as shown in the below table, the absolute and relative difference between
the equilibria in the mediated and non-mediated games both decrease the higher the
stress becomes.
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Exhibit 8: Expected payoff comparison

Stage 5: extreme stress

p

a

b

11%

10

9

c p(1-p)*a
8.5

(1-p)*(1-p)*b

Expected payoff
from mixed
strategy
(1-p)*p*c

Expected payoff
from
mediated game

Difference Difference (%)

0.94

7.20

0.80

8.95

9.17

0.22

2%

Stage 4: high stress

29%

10

8

5

2.04

4.08

1.02

7.14

7.67

0.52

7%

Stage 3: Medium stress

50%

10

6

4

2.50

1.50

1.00

5.00

6.67

1.67

33%

Stage 2: little stress
Stage 1: Very little stress

75%

10

4

2

1.88

0.25

0.38

2.50

5.33

2.83

113%

100%

10

2

-1

-

-

-

-

3.67

3.67

NA

Source: Credit Suisse

However, in the case of the “medium” stress scenario, the strategy of following the
recommended signal is not a correlated equilibrium. It would be dominated by a strategy in
which each player chose to play “hard” regardless of what they have been shown. For the
strategy of following the signal to become a correlated equilibrium again, the probabilities for
the (“soft”, “hard”) and (“hard”, “soft”) signals need to be increased from 1/3 to at least 43%.
To be precise, if the probability of exactly one player being shown a “soft” signal is 43%,
then the conditional probability of the other player being told to play “soft” under the
condition of having seen a “soft” signal oneself is (1-2*43%)/(1-43%)=0.25. Therefore, if
shown to play “soft”, the expected payoff for the first player is (10 *0.25 + 0*0.75) =2.5
when playing “hard” and (4*0.25 + 2 *0.75)=2.5 when choosing soft, i.e.. the player will not
prefer either option. Since he/she still prefers to play “hard” when instructed, the strategy
of following the signals becomes an equilibrium again. This can be generalized further:
The strategy to follow the signal is a correlated equilibrium if the probability of a “soft”
signal for each single player is pi and the probability both are shown a “soft” is (1-2*pi),
where pi must be greater than (a − b) /(2a − 2b + c ) .

More realistic market signal probabilities
In reality, the probability of the market not giving any signal, or in fact, being interpreted to
have not shown a signal, has to be greater than zero. Furthermore, the interpretation of
the market by one player cannot be completely uncorrelated to the other player’s
perception, since market prices are publicly observable and commented on.
We therefore use a simple correlated latent variable model in which each player i (i=1,2)
interprets the market to have given a signal to play “soft” if a certain threshold ci has not
been exceeded by each player’s respective perception of the market ri , which itself is
driven by market prices Y and an idiosyncratic variable ε i that adds some subjectivity to
the objective market price observation. Mathematically speaking:

ri = ρ Y + (1 − ρ ) + ε i
Where, ε 1 , ε 2 and Y are all mutually independent and follow a standard normal
distribution. It follows that ri i=1,2 both are standard normal distributed random variables,
whose correlation is ρ , i.e., their joint distribution is bivariate normal with correlation
parameter ρ .
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Let us continue to assume a symmetric game with each player being shown a signal to
−1
play “soft” with probability q. It can be shown that ci = N ( q ) 7 . The following
probabilities can then be calculated using a bivariate normal distribution N 2 :
•

P(neither player is shown a “soft” signal)=

N 2 (−c1 ,−c2 , ρ ) 8

•

P( Only player 1 is shown a “soft” signal)=

N 2 (c1 ,−c2 ,− ρ )

•

P( Only player 2 is shown a “soft” signal)=

N 2 (−c1 , c2 ,− ρ )

•

P( Both players are shown a “soft” signal)=

N 2 (c1 , c2 , ρ )

While we think that a higher stress level will increase the probability q of a player being
shown a “soft” signal, there are two cases to consider:
1)

Positive and rising correlation as a function of stress; and

2)

Negative correlation

The former seems initially to be the more intuitive. Both players observe the same market
and their interpretation of its endogenous stress level should be more or less aligned. In
other words, we would find it difficult to imagine that one player thinks the market
represents a very high stress level, while the other disagrees entirely and considers it a
“little” stress level. We would also think that with increasing stress, the degree of
disagreement should decrease, meaning that correlations should increase.
The numbers in Exhibit 9 are examples of such a calibration. When we apply these to the
various stress levels, we find that the strategy to follow the signal from the market is not a
correlated equilibrium anymore. While it still would make sense for a player to follow a
“soft” signal (assuming the other player followed his/her signal as well), the best strategy
following a “hard” signal is no longer to play “hard”, making the assumption about the other
player to follow his/her signal flawed.

Exhibit 9: Positive and rising correlation between signals
The probability q is the probability of a “soft” signal being shown to a player. The probability of exactly one player receiving
such a “soft” signal is the probability of one player receiving a short signal and the other player not.

Scenario

q

rho

Exactly 1 signal

no signal

2 signals

Stage 5: extreme stress

80%

60.0%

20.2%

9.9%

69.9%

Stage 4: very high stress

60%

40.0%

35.6%

22.2%

42.2%

Stage 3: high stress

40%

20.0%

42.0%

39.0%

19.0%

Stage 2: medium stress

25%

0.0%

37.5%

56.3%

6.3%

5%

-20.0%

9.8%

90.1%

0.1%

Stage 1: little stress
Source: Credit Suisse

Our interpretation of this is that in a high stress environment that is recognized by each
player, there is little added value in following the markets signals, due to the already strong
incentive to play “soft” (expressed by the payoffs a, b and c all being high relative to the
(“hard”, “hard”) strategy’s payoff of zero). That is not to say that the market does not
convey any valuable information. In fact ,it probably is an important reason for a player to
recognize the stage of stress they are in.
However, the second environment with negative correlations, as for example shown in
Exhibit 10, actually constitutes a correlated equilibrium. In this case, both players are
incentivised to follow their interpretation of the market. The reason for this is that the
negative correlation increases the probability of outcomes in which only one player
interprets the market to be giving a “soft” signal. The three-card game explained above in
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fact is an extreme case of negative correlation, in which the probability q of a “soft” signal
for each player is 66.67% and the correlation ρ is -1. One can show that for sufficiently
negative correlation, the strategy to follow the market is not only a correlated Nash, but
also an equilibrium in which the expected payoff for each player exceeds the one from the
(uncorrelated) mixed strategy. Hence, it would improve both players’ situation to “listen to
the market.”

Exhibit 10: Negative correlation between signals
The probability q is the probability of a “soft” signal being shown to a player. The probability of exactly one player receiving
such a “soft” signal is the probability of one player receiving a short signal and the other player not.

Scenario

q

rho

Exactly 1 signal

no signal

2 signals

Stage 5: extreme stress

80%

-60.0%

39.1%

0.4%

60.4%

Stage 4: very high stress

60%

60.0%

66.6%

6.6%

26.7%

Stage 3: high stress

40%

-60.0%

66.6%

26.7%

6.7%

Stage 2: medium stress

25%

-60.0%

47.8%

51.1%

1.1%

0%

-60.0%

0.0%

100.0%

0.0%

Stage 1: little stress
Source: Credit Suisse

A possible interpretation of such a negative correlation scenario is that with increasing
stress the symmetry of the game will change, meaning that a player will “intentionally”
interpret the markets stress level in a different way9 than the other player due to the fact
that both know that one of them has more to gain or lose from a “soft” strategy than the
other10.
It is possible that these negative correlations exist in reality. We actually think that the
periphery has more to lose from choosing a “soft” strategy in a “medium” to “high” stress
stage, whereas the same is true for the core in an extreme stress scenario. One reason for
this is that if pushed to the very edge, the periphery will probably see less of a difference
between not being able to issue new bonds and actually defaulting on its debt, maybe
even via an exit from the euro, than the core. Italy for example has a primary budget
surplus, meaning it could actually keep running its state financed through tax receipts
(however that assumes that tax receipts could continue at current levels even after a
default, which we doubt). Germany’s loss from an Italian default on the other hand would
probably be worse than a last minute bailout.

Conclusion
Having applied game theory to the problem at hand, our interpretation is that the longer
the euro crisis is taking, the bigger the measures will have to be in order to reduce the
stress level. Time is money and so the more time that elapses without any sufficient
commitment from either side, the further the situation will drift up the stress level scale.
Furthermore, every time an agreement is achieved (first and second Greek bailout
package; announcement, increase and leverage of EFSF; announcement and increase of
PSI etc), if it is promoted to be the big solution to the crisis but either is lacking detail,
takes too much time to be implemented or doesn’t actually allocate costs but rather
postpones them, then the immediate stress reduction is shortly followed by a gradual
stress build-up. The result of this is that the frequency and scale of this oscillation is
increasing, i.e., the time it takes to go up in stress levels is becoming shorter and the
magnitude of the highest stress level in each cycle increases.
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As discussed, this could also be modelled via asymmetric payoff functions or different individual probabilities of being shown a
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The reason for this, is the incentive structure of the institutions involved. As long as the
highest stress level has not been reached, personal (e.g., Papandreou, Berlusconi),
domestic party political (e.g., PASOK vs. New Democracy in Greece) and national (e.g.,
Italy vs. Germany), interests are not aligned. The only factor that so far seems to have
prevented the whole system from collapse is that the market is assuming that the ECB will
step in at the final stage and buy government bonds to avert the worst. There are some
problems we foresee with this approach:
•

There is a risk the ECB misses the point of no return.

•

The market doesn’t know when that point has come.

•

The ECB has no incentive to end the crisis by buying government bonds, as it fears
that will increase the moral hazard problem and lead to inflation in the shorter or
longer run.

This seems to explain the way the ECB currently acts. It buys government bonds through
its SMP program whenever the stress in these increases to new highs, but it also tirelessly
highlights that the only solution to the crisis can only be bold moves by European
governments and not monetary policy.
We therefore expect the ECB and the European governments to continue preventing the
worst outcome; however, we see no incentive for any involved party to stop this cycle
through the stress levels.
We see two scenarios in the future:
1)

A (catastrophic) breakup or (very expensive, probably catastrophic) exit of at least
one large member .We think this has the probability of p1 × p2 , i.e., the probability
of both players choosing an aggressive strategy in an extreme stress scenario
multiplied by the number of times this extreme stress level will be reached. At the
moment, we estimate this to be between 10% and 20% depending on the degree of
asymmetry. As a corollary, we note that the longer the crisis takes, the more likely a
breakup becomes.

2)

A long, painful and volatile continuation of the crisis that can only be slowly improved
by some type of contract that spells out what milestones need to be met over time in
terms of
•

deficit (e.g., golden rule a la German debt brake);

•

debt load reductions;

•

improved competitiveness; and

•

economic convergence, etc.

that will lead onto a path that will still oscillate – since it will not be an immediate
solution – but the oscillation will be lower in magnitude and frequency and with a
negative drift in terms of stress. We therefore look for signs that such a contract11 is
on its way in the near future.
The test for its success will be if real costs will be allocated to both sides in a detailed and
balanced way. It needs to be balanced and fair in order to keep all countries invested and
committed. Furthermore, any proposals need to be detailed and binding for them to be
credible and thus allow stress to return to levels where the market starts to believe in the
possibility of a good outcome. As a result, confidence could return and the two forces of
market dynamics, greed and fear, could start to coexist again.

11
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Exhibit 11: Schematic future of the euro crisis
The timeline on the x-axis is for illustrative purposes only. The y-axis measures stress

Aug - 12

Jul - 12

May - 12

Apr - 12

Feb - 12

Dec - 11

Nov - 11

Good scenario
Bad scenario

Source: Credit Suisse
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Appendix
Individual player incentives
Germany
Germany benefits from the euro in many ways. Largely due to the size of its net exports
but also through the political power it enjoys in the euro as the largest economy; an
importance it would struggle to express as a single country due to its history. Germany
therefore has a great incentive to keep a large and stable euro region. However, costs of
continued bailout programs and the role of the ECB as a lender of last resort worry the
population as their deepest fear of inflation is becoming less distant. To some extent, there
is also a generational divide. The older generation still has memories of hyperinflation and
WWII, while the younger benefits from a lack of that recollection and has grown up in a
world without experiencing wars but plenty of international opportunities and relationships.
This alone provides for a slow evolution of incentives, but also the rapidly changing
economic and financial environment.

France
France’s incentives are to preserve the euro in a stable and ideally not reduced
membership form. One of its key objectives is to do so without deteriorating its own
creditworthiness and particularly not to lose its AAA rating. It also does not want to suffer a
reduction in power relative to other sovereigns, particularly Germany. This is obviously
hugely impacted by European history but also plays an even more important role in an
election year like 2012. French political leaders still have in mind that the rejection of the
European Constitution in 2005 was partly due to the fear of losing their sovereignty or
having fiscal policies imposed. For example, the fact that the French opposition is against
a debt brake in the Constitution highlights one of the important misaligned interests with
Germany and makes it therefore less clear if France is a “core” player in the game’s
theoretic sense.

The ECB
The ECB has a problem. On the one hand, its mandate is to secure price stability. This is
inherited from the Bundesbank whose sole purpose it was to prevent inflation.
Furthermore, it is acting as a sort of referee that is supposed to prevent moral hazard. On
the other hand, the ECB must be very much aware of the existential threat of a euro
breakup. We therefore believe that the ECB would act boldly if and only if an ultimate
stress scenario did arise. So far, potentially being accused of treaty breach is still a
deterrent.

Italy
Italy has had a very high public debt-to-GDP ratio for many years. Other metrics like
household and corporate debt, deficit and relative size of banking sector to economy are
not as worrying as for other countries as, for example, Spain. The reason why Italy
however is “under attack” by the market is because of its crucial role within Europe as the
euro’s third largest economy or as we would phrase it: “because of its position in the
capital structure within the euro sovereign CDO.” To put it simply, Italy is the one, if not the
key ingredient, for the euro’s survival. This continues after Mr. Berlusconi’s replacement as
PM by Mr Monti. One key component is also Italy’s primary surplus. Purely on that basis, a
potential threat to not pay its debt – if ever made – would have some credibility.

Greece
The impact of Greece seems to be less important lately. It still has the ability to cause
volatility in the markets, but the losses have gone up far into the capital structure of the
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euro CDO by now. We expect the renewed PSI discussions to generate a couple more
negative news items, but would not be surprised if a failure to achieve an agreement will
finally be the trigger for a CDS event.

Conditional probabilities
Correlation of the latent variables has a higher impact (i.e., if negative, reduces the
conditional probabilities) the lower the unconditional probability of a signal is.

Exhibit 12: Conditional probability as function of correlation
Rows two to five show conditional probabilities as a function of correlation in the first row. The middle column of zero
correlation, in this case, also means independence, hence shows the unconditional probabilities.

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

75%

76%

77%

78%

80%

82%

85%

87%

91%

39%

45%

50%

55%

60%

65%

70%

76%

83%

1%

5%

10%

15%

20%

26%

31%

38%

45%

0%

2%

7%

13%

20%

28%

38%

50%

65%

Source: Credit Suisse

European Credit Views

17

Credit Strategy and Quantitative Research

..

William Porter, Managing Director

Christian Schwarz, Vice President

Group Head
+44 20 7888 1207
william.porter@credit-suisse.com

+44 20 7888 3161
christian.schwarz.2@creditsuisse.com

Chiraag Somaia, Associate

Joachim Edery, Analyst

Jessica Orts, Analyst

+44 20 7888 2776
chiraag.somaia@credit-suisse.com

+44 20 7888 7382
joachim.edery@credit-suisse.com

+44 20 7888 4188
jessica.orts@credit-suisse.com

Disclosure Appendix
Analyst Certification
Christian Schwarz, William Porter, Chiraag Somaia, Joachim Edery and Jessica Orts each certify, with respect to the companies or securities that he or she
analyzes, that (1) the views expressed in this report accurately reflect his or her personal views about all of the subject companies and securities and (2) no
part of his or her compensation was, is or will be directly or indirectly related to the specific recommendations or views expressed in this report.
Important Disclosures
Credit Suisse's policy is only to publish investment research that is impartial, independent, clear, fair and not misleading. For more detail, please refer to
Credit Suisse's Policies for Managing Conflicts of Interest in connection with Investment Research: http://www.csfb.com/research-andanalytics/disclaimer/managing_conflicts_disclaimer.html
Credit Suisse’s policy is to publish research reports as it deems appropriate, based on developments with the subject issuer, the sector or the market that
may have a material impact on the research views or opinions stated herein.
The analyst(s) involved in the preparation of this research report received compensation that is based upon various factors, including Credit Suisse's total
revenues, a portion of which are generated by Credit Suisse's Investment Banking and Fixed Income Divisions.
Credit Suisse may trade as principal in the securities or derivatives of the issuers that are the subject of this report.
At any point in time, Credit Suisse is likely to have significant holdings in the securities mentioned in this report.
As at the date of this report, Credit Suisse acts as a market maker or liquidity provider in the debt securities of the subject issuer(s) mentioned in this report.
For important disclosure information on securities recommended in this report, please visit the website at https://firesearchdisclosure.credit-suisse.com or call +1-212-538-7625.
For the history of any relative value trade ideas suggested by the Fixed Income research department as well as fundamental recommendations provided by
the Emerging Markets Sovereign Strategy Group over the previous 12 months, please view the document at http://research-andanalytics.csfb.com/docpopup.asp?ctbdocid=330703_1_en. Credit Suisse clients with access to the Locus website may refer to http://www.creditsuisse.com/locus.
For the history of recommendations provided by Technical Analysis, please visit the website at http://www.credit-suisse.com/techanalysis.
Credit Suisse does not provide any tax advice. Any statement herein regarding any US federal tax is not intended or written to be used, and cannot be used,
by any taxpayer for the purposes of avoiding any penalties.
Emerging Markets Bond Recommendation Definitions
Buy: Indicates a recommended buy on our expectation that the issue will deliver a return higher than the risk-free rate.
Sell: Indicates a recommended sell on our expectation that the issue will deliver a return lower than the risk-free rate.
Corporate Bond Fundamental Recommendation Definitions
Buy: Indicates a recommended buy on our expectation that the issue will be a top performer in its sector.
Outperform: Indicates an above-average total return performer within its sector. Bonds in this category have stable or improving credit profiles and are
undervalued, or they may be weaker credits that, we believe, are cheap relative to the sector and are expected to outperform on a total-return basis. These
bonds may possess price risk in a volatile environment.
Market Perform: Indicates a bond that is expected to return average performance in its sector.
Underperform: Indicates a below-average total-return performer within its sector. Bonds in this category have weak or worsening credit trends, or they may
be stable credits that, we believe, are overvalued or rich relative to the sector.
Sell: Indicates a recommended sell on the expectation that the issue will be among the poor performers in its sector.
Restricted: In certain circumstances, Credit Suisse policy and/or applicable law and regulations preclude certain types of communications, including an
investment recommendation, during the course of Credit Suisse's engagement in an investment banking transaction and in certain other circumstances.
Not Rated: Credit Suisse Global Credit Research or Global Leveraged Finance Research covers the issuer but currently does not offer an investment view
on the subject issue.
Not Covered: Neither Credit Suisse Global Credit Research nor Global Leveraged Finance Research covers the issuer or offers an investment view on the
issuer or any securities related to it. Any communication from Research on securities or companies that Credit Suisse does not cover is factual or a
reasonable, non-material deduction based on an analysis of publicly available information.
Corporate Bond Risk Category Definitions
In addition to the recommendation, each issue may have a risk category indicating that it is an appropriate holding for an "average" high yield investor,
designated as Market, or that it has a higher or lower risk profile, designated as Speculative and Conservative, respectively.
Credit Suisse Credit Rating Definitions
Credit Suisse may assign rating opinions to investment-grade and crossover issuers. Ratings are based on our assessment of a company's creditworthiness
and are not recommendations to buy or sell a security. The ratings scale (AAA, AA, A, BBB, BB, B) is dependent on our assessment of an issuer's ability to
meet its financial commitments in a timely manner. Within each category, creditworthiness is further detailed with a scale of High, Mid, or Low – with High
being the strongest sub-category rating: High AAA, Mid AAA, Low AAA – obligor's capacity to meet its financial commitments is extremely strong; High
AA, Mid AA, Low AA – obligor's capacity to meet its financial commitments is very strong; High A, Mid A, Low A – obligor's capacity to meet its financial
commitments is strong; High BBB, Mid BBB, Low BBB – obligor's capacity to meet its financial commitments is adequate, but adverse
economic/operating/financial circumstances are more likely to lead to a weakened capacity to meet its obligations; High BB, Mid BB, Low BB – obligations
have speculative characteristics and are subject to substantial credit risk; High B, Mid B, Low B – obligor's capacity to meet its financial commitments is
very weak and highly vulnerable to adverse economic, operating, and financial circumstances; High CCC, Mid CCC, Low CCC – obligor's capacity to meet
its financial commitments is extremely weak and is dependent on favorable economic, operating, and financial circumstances. Credit Suisse's rating opinions
do not necessarily correlate with those of the rating agencies.

Credit Suisse’s Distribution of Global Credit Research Recommendations* (and Banking Clients)
Global Recommendation Distribution**
Buy

4%

(of which 93% are banking clients)

Outperform

36%

(of which 88% are banking clients)

Market Perform

49%

(of which 91% are banking clients)

Underperform

11%

(of which 74% are banking clients)

Sell

<1%

(of which 100% are banking clients)

*Data are as at the end of the previous calendar quarter.
**Percentages do not include securities on the firm’s Restricted List and might not total 100% as a result of rounding.

Backtested, Hypothetical or Simulated Performance Results
Backtested, hypothetical or simulated performance results have inherent limitations. Unlike an actual performance record based on trading actual client
portfolios, simulated results are achieved by means of the retroactive application of a backtested model itself designed with the benefit of hindsight.
Backtested performance does not reflect the impact that material economic or market factors might have on an adviser's decision-making process if the
adviser were actually managing a client's portfolio. The backtesting of performance differs from actual account performance because the investment strategy
may be adjusted at any time, for any reason, and can continue to be changed until desired or better performance results are achieved. The backtested
performance includes hypothetical results that do not reflect the reinvestment of dividends and other earnings or the deduction of advisory fees, brokerage or
other commissions, and any other expenses that a client would have paid or actually paid. No representation is made that any account will or is likely to
achieve profits or losses similar to those shown. Alternative modeling techniques or assumptions might produce significantly different results and prove to be
more appropriate. Past hypothetical backtest results are neither an indicator nor guarantee of future returns. Actual results will vary, perhaps materially, from
the analysis. As a sophisticated investor, you accept and agree to use such information only for the purpose of discussing with Credit Suisse your
preliminary interest in investing in the strategy described herein.

References in this report to Credit Suisse include all of the subsidiaries and affiliates of Credit Suisse AG operating under its investment banking division. For more information on our
structure, please use the following link: https://www.credit-suisse.com/who_we_are/en/.
This report is not directed to, or intended for distribution to or use by, any person or entity who is a citizen or resident of or located in any locality, state, country or other jurisdiction where
such distribution, publication, availability or use would be contrary to law or regulation or which would subject Credit Suisse AG or its affiliates (“CS”) to any registration or licensing
requirement within such jurisdiction. All material presented in this report, unless specifically indicated otherwise, is under copyright to CS. None of the material, nor its content, nor any
copy of it, may be altered in any way, transmitted to, copied or distributed to any other party, without the prior express written permission of CS. All trademarks, service marks and logos
used in this report are trademarks or service marks or registered trademarks or service marks of CS or its affiliates.
The information, tools and material presented in this report are provided to you for information purposes only and are not to be used or considered as an offer or the solicitation of an offer
to sell or to buy or subscribe for securities or other financial instruments. CS may not have taken any steps to ensure that the securities referred to in this report are suitable for any
particular investor. CS will not treat recipients of this report as its customers by virtue of their receiving this report. The investments and services contained or referred to in this report may
not be suitable for you and it is recommended that you consult an independent investment advisor if you are in doubt about such investments or investment services. Nothing in this report
constitutes investment, legal, accounting or tax advice, or a representation that any investment or strategy is suitable or appropriate to your individual circumstances, or otherwise
constitutes a personal recommendation to you. CS does not advise on the tax consequences of investments and you are advised to contact an independent tax adviser. Please note in
particular that the bases and levels of taxation may change.
Information and opinions presented in this report have been obtained or derived from sources believed by CS to be reliable, but CS makes no representation as to their accuracy or
completeness. CS accepts no liability for loss arising from the use of the material presented in this report, except that this exclusion of liability does not apply to the extent that such liability
arises under specific statutes or regulations applicable to CS. This report is not to be relied upon in substitution for the exercise of independent judgment. CS may have issued, and may
in the future issue, other reports that are inconsistent with, and reach different conclusions from, the information presented in this report. Those reports reflect the different assumptions,
views and analytical methods of the analysts who prepared them and CS is under no obligation to ensure that such other reports are brought to the attention of any recipient of this report.
CS may, to the extent permitted by law, participate or invest in financing transactions with the issuer(s) of the securities referred to in this report, perform services for or solicit business
from such issuers, and/or have a position or holding, or other material interest, or effect transactions, in such securities or options thereon, or other investments related thereto. In addition,
it may make markets in the securities mentioned in the material presented in this report. CS may have, within the last three years, served as manager or co-manager of a public offering of
securities for, or currently may make a primary market in issues of, any or all of the entities mentioned in this report or may be providing, or have provided within the previous 12 months,
significant advice or investment services in relation to the investment concerned or a related investment. Additional information is, subject to duties of confidentiality, available on request.
Some investments referred to in this report will be offered solely by a single entity and in the case of some investments solely by CS, or an associate of CS or CS may be the only market
maker in such investments.
Past performance should not be taken as an indication or guarantee of future performance, and no representation or warranty, express or implied, is made regarding future performance.
Information, opinions and estimates contained in this report reflect a judgement at its original date of publication by CS and are subject to change without notice. The price, value of and income
from any of the securities or financial instruments mentioned in this report can fall as well as rise. The value of securities and financial instruments is subject to exchange rate fluctuation that may
have a positive or adverse effect on the price or income of such securities or financial instruments. Investors in securities such as ADR’s, the values of which are influenced by currency volatility,
effectively assume this risk.
Structured securities are complex instruments, typically involve a high degree of risk and are intended for sale only to sophisticated investors who are capable of understanding and
assuming the risks involved. The market value of any structured security may be affected by changes in economic, financial and political factors (including, but not limited to, spot and
forward interest and exchange rates), time to maturity, market conditions and volatility, and the credit quality of any issuer or reference issuer. Any investor interested in purchasing a
structured product should conduct their own investigation and analysis of the product and consult with their own professional advisers as to the risks involved in making such a purchase.
Some investments discussed in this report may have a high level of volatility. High volatility investments may experience sudden and large falls in their value causing losses when that
investment is realised. Those losses may equal your original investment. Indeed, in the case of some investments the potential losses may exceed the amount of initial investment and, in
such circumstances, you may be required to pay more money to support those losses. Income yields from investments may fluctuate and, in consequence, initial capital paid to make the
investment may be used as part of that income yield. Some investments may not be readily realisable and it may be difficult to sell or realise those investments, similarly it may prove
difficult for you to obtain reliable information about the value, or risks, to which such an investment is exposed.
This report may provide the addresses of, or contain hyperlinks to, websites. Except to the extent to which the report refers to website material of CS, CS has not reviewed any such site
and takes no responsibility for the content contained therein. Such address or hyperlink (including addresses or hyperlinks to CS’s own website material) is provided solely for your
convenience and information and the content of any such website does not in any way form part of this document. Accessing such website or following such link through this report or
CS’s website shall be at your own risk.
This report is issued and distributed in Europe (except Switzerland) by Credit Suisse Securities (Europe) Limited, One Cabot Square, London E14 4QJ, England, which is regulated in the
United Kingdom by The Financial Services Authority (“FSA”). This report is being distributed in Germany by Credit Suisse Securities (Europe) Limited Niederlassung Frankfurt am Main
regulated by the Bundesanstalt fuer Finanzdienstleistungsaufsicht ("BaFin"). This report is being distributed in the United States and Canada by Credit Suisse Securities (USA) LLC; in
Switzerland by Credit Suisse AG; in Brazil by Banco de Investimentos Credit Suisse (Brasil) S.A; in Mexico by Banco Credit Suisse (México), S.A. (transactions related to the securities
mentioned in this report will only be effected in compliance with applicable regulation); in Japan by Credit Suisse Securities (Japan) Limited, Financial Instruments Firm, Director-General of
Kanto Local Finance Bureau (Kinsho) No. 66, a member of Japan Securities Dealers Association, The Financial Futures Association of Japan, Japan Securities Investment Advisers
Association, Type II Financial Instruments Firms Association; elsewhere in Asia/ Pacific by whichever of the following is the appropriately authorised entity in the relevant jurisdiction: Credit
Suisse (Hong Kong) Limited, Credit Suisse Equities (Australia) Limited, Credit Suisse Securities (Thailand) Limited, Credit Suisse Securities (Malaysia) Sdn Bhd, Credit Suisse AG,
Singapore Branch, and elsewhere in the world by the relevant authorised affiliate of the above. Research on Taiwanese securities produced by Credit Suisse AG, Taipei Branch has been
prepared by a registered Senior Business Person. Research provided to residents of Malaysia is authorised by the Head of Research for Credit Suisse Securities (Malaysia) Sdn Bhd, to whom
they should direct any queries on +603 2723 2020. This research may not conform to Canadian disclosure requirements.
In jurisdictions where CS is not already registered or licensed to trade in securities, transactions will only be effected in accordance with applicable securities legislation, which will vary
from jurisdiction to jurisdiction and may require that the trade be made in accordance with applicable exemptions from registration or licensing requirements. Non-U.S. customers wishing
to effect a transaction should contact a CS entity in their local jurisdiction unless governing law permits otherwise. U.S. customers wishing to effect a transaction should do so only by
contacting a representative at Credit Suisse Securities (USA) LLC in the U.S.
This material is not for distribution to retail clients and is directed exclusively at Credit Suisse's market professional and institutional clients. Recipients who are not market professional or
institutional investor clients of CS should seek the advice of their independent financial advisor prior to taking any investment decision based on this report or for any necessary explanation
of its contents. This research may relate to investments or services of a person outside of the UK or to other matters which are not regulated by the FSA or in respect of which the
protections of the FSA for private customers and/or the UK compensation scheme may not be available, and further details as to where this may be the case are available upon request in
respect of this report.
CS may provide various services to US municipal entities or obligated persons ("municipalities"), including suggesting individual transactions or trades and entering into such transactions.
Any services CS provides to municipalities are not viewed as “advice” within the meaning of Section 975 of the Dodd-Frank Wall Street Reform and Consumer Protection Act. CS is
providing any such services and related information solely on an arm’s length basis and not as an advisor or fiduciary to the municipality. In connection with the provision of the any such
services, there is no agreement, direct or indirect, between any municipality (including the officials, management, employees or agents thereof) and CS for CS to provide advice to the
municipality. Municipalities should consult with their financial, accounting and legal advisors regarding any such services provided by CS. In addition, CS is not acting for direct or indirect
compensation to solicit the municipality on behalf of an unaffiliated broker, dealer, municipal securities dealer, municipal advisor, or investment adviser for the purpose of obtaining or
retaining an engagement by the municipality for or in connection with Municipal Financial Products, the issuance of municipal securities, or of an investment adviser to provide investment
advisory services to or on behalf of the municipality.
Copyright © 2011 CREDIT SUISSE GROUP AG and/or its affiliates. All rights reserved.

Investment principal on bonds can be eroded depending on sale price or market price. In addition, there are bonds on which
investment principal can be eroded due to changes in redemption amounts. Care is required when investing in such instruments.

When you purchase non-listed Japanese fixed income securities (Japanese government bonds, Japanese municipal bonds, Japanese government guaranteed bonds, Japanese corporate
bonds) from CS as a seller, you will be requested to pay purchase price only.

