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Abstract

We assess the nature of the European sovereign crisis in the light of
a model borrowed from the second generation of currency crises. We
bring the theory to the data to empirically test the presence of self-
fulfilling dynamics and to identify what may have driven the market
sentiment during this crisis. To do so we estimate the probability of
default of five European ”peripheral” countries during January 2006
to September 2011 with a panel smooth threshold regression. Our es-
timation results suggest that 1/ both the fundamentals and ”animal
spirit” ignited the European sovereign crisis; 2/ the sovereign Credit
Default Swap market (CDS) has served as a coordinating device for
speculation.
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Introduction

The fiscal crisis in Greece that began in the autumn of 2009 has turned into
a full-fledged sovereign crisis across Europe. The ten-year process of inter-
est rate convergence has been wiped out and two distinct categories have
now emerged, the peripheral and the core European economies. Yet, in some
countries interest rate spreads are hard to reconcile with the underlying eco-
nomic fundamentals. In Spain, for example, the public debt amounted to
less than 60% of GDP in 2009 (one of the Maastricht criteria). The Italian
primary budget surplus implied that if interest rates had stayed low, only
modest fiscal adjustment would have been necessary to service the debt.
Even invoking a broader set of economic fundamentals seems insufficient
to explain the sudden eruption of the crisis. Unemployment and the trade
deficit had been increasing progressively; in fact, Ireland’s trade balance had
been restored at the time of the crisis. According to some economists, these
observations suggest the presence of self-fulfilling speculation, or more pre-
cisely a situation where the fear of default is precisely what leads to default!.
Was speculation self-fulfilling? Did it make sovereign states vulnerable to er-
ratic speculative movements? If it has been the case, we would like to know
the channels of coordination of market expectations. What drove market
sentiments? The answers to these questions are important because they will
determine subsequent regulation responses to address self-fulfilling herd be-

haviors.

The academic answer to these topical questions is still being debated. On
the one hand, several empirical papers have evidenced nonlinearity in the
spread determination model. Two different regimes have been described, a
crisis and a non-crisis regime with additional fundamental factors important
to the crisis regime (Aizenman et al. (2011), Gerlach et al. (2010), Mont-
fort and Renne (2011), Borgy et al. (2011), Favero and Missale (2011)).
Investors have apparently priced risk differently since the beginning of the

crisis. However, in the absence of a structural model, the reason for a change

'see e.g. Krugman in ” A Self-Fulfilling Euro Crisis?” (the New York Times, August 7,
2011).



in the spread determination model remains unclear. A few theoretical pa-
pers have argued in favor of the presence of self-fulfilling speculation. In
these works, the surge in the spreads is due to a shift from optimistic to
pessimistic market sentiments (Arghyrou and Kontonikas (2011), Conesa
and Kehoe (2011), De Grauwe (2011)). Yet, these hypotheses have not been
tested empirically; and, if they are confirmed, a more precise idea about

what drives market sentiment would be needed.

Similar questions motivated the development of the ”second generation”
approach to currency crises?. In the second-generation model, the economic
fundamentals are not sufficient to explain the sudden eruption of a crisis.
The credibility of the government’s commitment to maintaining a fixed-
exchange rate regime becomes a subject of speculation by rational investors.
The expectation of devaluation increases the cost of maintaining a peg and
therefore the policy-maker will move to devalue. Such interaction between
investors’ beliefs and the government’s objectives gives rise to self-fulfilling
dynamics and multiple equilibria. In this paper, we draw on these theo-
retical elements to give a functional form to the European sovereign crisis.
More precisely, we use Jeanne and Masson’s (2000) escape clause model that
analyzes the benefits and costs to policymakers of exiting from a peg and
specifies the probability of devaluation as applied to the European Mon-
etary System crisis of 1993. We transpose their approach to model the
probability of default in the context of the European sovereign crisis. Their
framework has the advantage of proposing a linearized reduced form of the
self-fulfilling speculation model, which is amenable to the data using econo-
metric techniques. We extend the Jeanne and Masson’s (2000) model to
reduce constraints as much as possible. In particular, we obtain a linearized
form where not only the constant but also coefficients of the fundamentals
are allowed to vary. In sum, we rely on their framework to assess the plau-
sibility of self-fulfilling dynamics and multiple equilibria empirically during

the European sovereign crisis.

2Seminal papers include Obstfeld (1986), Eichengreen and Wyplosz (1993), Krugman
(1996), Flood and Marion (1996, 1999). Jeanne (2000) proposed a taxonomy of second-

generation models.



An important limit of Jeanne and Masson’s approach, however, is that
the variable that coordinates investors with optimistic or pessimistic expec-
tations is not observable. In other words, the model is tuned on the dynamics
of the beliefs of market participants. Yet, it is key to better understanding

the crisis and designing proper regulations.

To address this issue, we estimate the model within a threshold regression
model. This specification has the advantage of offering a parametric solution
to explain the nonlinearity. Indeed, it allows the parameters to change as a
function of a threshold variable. We test different market signals that may
have coordinated the expectations of market participants during the crisis
and induced nonlinearity. We select six candidates among the financial vari-
ables that convey public information both about the economy as well as the
mood of the market participants®. Again, to relax constraints and allow an
infinite number of regimes, we adopt a smooth threshold regression model
that allows the coefficients to vary smoothly along the threshold variable. In
sum, we use the panel smooth threshold regression approach (PSTR), ini-
tially proposed by Gonzalez et al. (2005), to estimate the sovereign spreads
of five European ”peripheral” countries: Spain, Ireland, Italy, Portugal and
Greece during January 2006 to September 2011. This modeling strategy
allows us to test the hypothesis that the elasticities in the spread determi-
nation model changed smoothly over time according to market signals, a

nonlinear pattern that we interpret as evidence of multiple equilibria.

The contributions of this paper are threefold. First, we adapt and extend
an existing model of self-fulfilling speculation to obtain a structural approach
to assess the nature of the European sovereign crisis. Second, we bring the
model to the data. Our estimation results suggest that both the fundamen-
tals and “animal spirit” ignited the European sovereign crisis. Third, we

adopt an empirical strategy to explain the dynamics of investors’ beliefs

3For example, the Furibor-OIS spread, the difference between the Euro Interbank Of-
fered Rate and the overnight indexed swap rate, which reflects both the cost of lending as

well as the perception of risk by banks in lending to each other.



during the crisis. We show that the Credit Default Swap (CDS) market has
played a dominant role in driving market sentiments, an concerning finding
given the opaqueness and concentration of this market. We draw regulation

implications from our findings.

The remainder of this paper is organized as followed. In the first section,
we present our theoretical framework. In Section 2, we justify our empirical
strategy and, in Section 3, we present the estimation procedure and data.
Our empirical results are detailed in Sections 4 and 5. In Section 6 we draw

regulation implications and we conclude in Section 7.

1 The Escape Clause Model and Sovereign Crises

The basic logic of self-fulfilling multiple equilibria derives from the circu-
larity between market expectations and the policy-maker’s decision. In the
seminal model, the policy-maker’s decision is about maintaining the fixed
exchange rate or devaluing. In this Section, we transpose the reasoning to
a situation in which the government decides to default or not. We rely on
Jeanne and Masson (2000) (JM hereafter) and clarify which modifications we

introduce to extend their model with the objective of reducing constraints.

The benefit of defaulting arises from the reduction of the interest burden
on the outstanding debt. The authorities’ optimal policy may validate mar-
ket expectations ex post; that is, default if investors expect a default. This is
due to the fact that default expectations increase the policymaker’s benefit
from defaulting. In fact, if investors become pessimistic, they sell govern-
ment bonds, which increases the interest rate and interest rate payments
and thus leads to the burden of public debt and the subsequent required
austerity efforts. The benefit from defaulting then becomes higher. In sum,

whether or not a default occurs depends on market expectations.

Default expectations depress output by rising the interest rate, which

makes fiscal austerity more costly. In consequence on the one hand the ben-



efit function of default (B(.)) is higher than the cost (the loss of credibility in
the capital market) when fundamentals, ¢, fall short of a certain threshold,
¢*. On the other hand, this threshold results from a strategic complemen-
tarity between market expectations and the government’s decision rule. To
clarify this circularity, JM’s model defines both investors’ expectations and

the government’s benefit.

The expectations of identical rational investors are forward looking. They
not only depend on the investors’ beliefs about future fundamentals but also
on their own beliefs about the future beliefs of other investors. Rational
investors know that the expectations of other investors will influence the
benefits of defaulting in the next period as well as the objective probability

of default?®, 7

T = Prob[B(de1,m41) > 0]¢x] (1)

Denoting ¢*¢ as the level of the fundamental under which investors ex-
pect the policymaker to default, the default probability is precisely the prob-
ability that fundamentals will be lower than ¢*¢:

Ty = Probgii1 < ¢*|¢y] = F(¢r, ™), (2)

where F(.,.) is supposed to have a negative first partial derivative® F} .

In turn, the government chooses the optimal triggering level of the fun-
damental, ¢*, which makes its net benefit equal to zero, given investors’

expectations:
¢ = B(¢, F(¢,¢™)).

4Contrary to JM (2000), who consider the benefit from maintaining a peg, we consider

the benefit from defaulting.
5This property means that the fundamental process is not negatively autocorrelated,

or, in other words, that an increase in the current value of the fundamental shifts the
conditional cumulative distribution function of the next period fundamental in the same

direction.



As we suppose that the benefit function is a strictly decreasing function of
the fundamental, ¢* is the unique level of the fundamental at which the net
benefit is equal to zero. In sum, there is a unique equilibrium for each level

of investors’ expectations®.

Solutions with multiple equilibria, which are the key feature of JM’s
model, are due to shifts in investors’ expectations. More precisely, if expec-
tations shift from being optimistic to pessimistic, investors sell government
bonds, which increases the interest rate and thus the benefit to the policy-
maker from defaulting. The self-fulfilling character of the default expecta-
tions comes from the fact that a high default probability tends to validate
itself by increasing the net benefit of default.

To formalize this idea, JM (2000) suppose n different states, s = 1,...,
n, each one corresponding to a different level of the fundamental triggering
default, in our case, ¢}. If the state at date ¢ is s, the policymaker defaults
if and only if ¢; < ¢%. At time t, there are as many critical thresholds ¢}
as there are possible states of the economy’ as perceived by the agents.
The selection of the state depends on investors expectations. Therefore,
the probability of default is the sum of the default probabilities, F'(¢;, ¢%),
weighted by the probability to be in one of the n different states of the

economy in the future given the current state:

= ZPmb(sHl = s|st)F (¢, d%) (3)

s=1

From here forward, we extend JM’s model (2000) to relax linearity more
broadly. We assume that the government refers to a different fundamental
process, ¢;, at each state, s. More precisely, at each state, the government
refers to a combination of different fundamentals, such as debt to GDP, un-

employment, etc. We assume that the weights of the fundamentals in this

See the justification in Appendix.
" As in Jeanne and Masson (2000), we suppose a (strict) ordering of the different thresh-

olds. But, in our case, we suppose that ¢7 > ... > ¢y, if state s = 1 is better than state

s = 2 and so on.



combination vary with the state. For example, the deeper the recession (bad
state s), the higher the debt-to-GDP ratio and the closer to default. Hence,
the government is more sensitive to the level of the debt-to-GDP ratio in a
bad state of the economy than in a good state. We therefore have different

associated critical thresholds ¢%.

Accordingly, we introduce the probabilities F(5t:7) (45, ¢3¢) that funda-
mental qﬁ{ 41 in ¢+ 1 will be lower than the expected critical threshold, ¢,
conditionally on the current fundamental, ¢;*, for each couple of states, (s,

4)8. Equation (??) becomes:

mi(st) = ZPTOb(stH = jlse) FC09) (g5, 63°) (4)
=1

The circularity between market expectations and the policy-maker’s de-
cision is represented here precisely: at any date, ¢, the government takes into
account not only the state, s;, and the corresponding fundamental process,
@;', but also the expectations of the investors through the probalility m(s;)
specified in Eq.?7?. Accordingly, at each state s;(= 1, ..., n), the net benefit
function of the government becomes a function of ¢;* only, as specified as

follows :
ft N B[qﬁst, Z P?“Ob(st+1 = ]'|3t)F(St7j)(¢ft’ qb;e)]
=1

As previously, the government chooses the optimal triggering level of

fundamental ¢f,, which makes its net benefit equal to zero:

b5, = His) (01 s 01F)

In a rational expectations equilibrium, each ¢f, should satisfy the fixed

point equations:

8We suppose that each of these functions has the specific properties required in Jeanne

and Masson (2000). See the appendix for details.



Vs=1,...,n,¢5 = H(s)(¢7, ..., y;)

The vector of solutions (¢7...¢}) corresponds to the sunspot equilibria.
There are at least n equilibria , but JM(2000) prove that this result implies
an infinite number of equilibria. In addition, each equilibrium results from
self-fulfilling dynamics. In fact, the level of the fundamental under which
investors expect the policy maker to default, ¢i¢ is validated, ¢i¢ = ¢=.

Due to the properties of the different F-type functions and of the benefit

function, these solutions exist and are unique (see details in the appendix).

In our last step, to bring the model to the data, we need to linearize (Eq

?7). We specify the fundamental processes:

s /
¢t = Qp;s + ath + Ut, s,

where o, is the vector of coefficients. X; is a vector of relevant economic
fundamentals, and u; s is an i.i.d. stochastic term reflecting other exogenous
determinants of the policy maker’s behavior. As in JM, we suppose that
the fluctuations of the fundamentals are of limited magnitude at each state.
Thus linearizing the default probability around the mean value ¢t of o5t

yields:

T (st) & po,s, + P, Xt + g s, (5)

with pg s, and ps, given by :

2
pos = 3 Prob(sisn = j/s)[FC9) (¢(0), ¢7) + B (660, 65) (an s, — )]
j=1

2

ps = > Prob(seer = jlse = i) P (65, 6%)a,
j=1

where F7 is the first partial derivative of F (Details are given in appendix).

The probability of default is a nonlinear function of the fundamentals. Note



that, unlike in JM (2000), in our model, not only the constant but also the
coefficients vary with the state of the economy. The self-fulfilling specula-
tion model to sovereign crises can now be tested empirically by testing the

hypothesis of linearity. In the following, we explain our empirical strategy.

2 Empirical strategy: specification and estimation

The theoretical model involves non-linearity, a result that leads us to adopt a
regime-switching approach in the estimation. Instead of adopting a Markov
Switching Regime (MSR) approach & la Hamilton (1994) as JM (2000) did,
we estimate the model using a threshold regression (TR) model. In fact, the
MSR does not reveal the sources of nonlinearity: the determination model
of default probability changes because of a shift in investors’expectations
and these regime shift are due to a latent variable, a sunspot, that suddently
modifies the state of default expectations . In turn it is more realistic to allow
the expectations to change smoothly according to an observable signal that
reveals market sentiments. It is precisely the advantage of a TR model that
allows us to characterize nonlinearity as a function of an observable variable.

More precisely, the default probability can be estimated as follows:

m = [pog + P Xe] (1= glar, ¢) + [po2 + Mo X:] 9(ar, ) + us, (6)

where g(.) is an indicator function:

( ) 1 ifgs <ec
g\gs; ¢) =
0  otherwise

At each date, the observable variable, ¢;, that coordinates investors’ expec-
tations is compared to an estimated value called the location parameter, c.
For illustration, ¢ is the sovereign grade of the country by rating agencies. If
the sovereign grade is higher than ¢, the market is optimistic, which means
that the estimated default probability equals 71; = po1 + p} X¢ (regime 1). In

turn, if the sovereign grade is downgraded below the location parameter, the

10



market’s expectations shift to pessimistic and the estimated default proba-
bility is equal to m; = po2 + p5X¢ (regime 2) . However, this specification
allows only a sharp transition, a limit common with the MSR model. To
circumvent this limit, our solution is to use a smooth transition function —

a logistic function of order 1:

B 1
~ 1+exp[—y(g — ¢)]

g(g; 7. ¢) ;7> 0. (7)

This continuous function, bounded between 0 and 1, has an S-shape. The ~
parameter determines the smoothness, 7.e., the speed of the transition from
one regime to the other. The higher the value of the v parameter, the faster
(i.e., sharper) the transition. There is an infinite number of intermediate

regimes between regime 1 and regime 2 as defined above.

In sum, our empirical strategy has two enviable advantages over MSR.
First, the introduction of an observable variable explaining the nonlinearity
sheds light on what may coordinate investors’ beliefs. Second, the infinite
number of intermediate regimes allows us to confirm empirically the theo-

retical result of an infinite number of equilibria.

From now on, we present the STR specification applied to panel data
(PSTR model initially proposed by Gonzales et al. (2005)). The choice of
panel data is motivated by the low time dimension of macroeconomic data.
Indeed in our case, the countries of our panel are supposed to be governed
by the same type of economic forces. In addition, the PSTR model is a
solution to account for individual heterogeneity (Fouquau et al., 2008). The

PSTR specification of Eq(??) is the following:

i = i+ p1 X (1 — 9(qie; v, €)) + p5Xieg(qies v, €)) + wit
= pi + p1 X + (0 — P Xieg(qit; v, €) + uit
= i + B1 Xt + BoXirg(qit; v, €) + wit (8)

fori =1,...,n , with 8] = p} and 85 = (p5, — p}). The terms u;; are

11



ii.d. errors, u; represent individual fixed effects and ¢;; are the threshold
variables introduced above.

The estimation of the PSTR model consists of several stages. In the first
step, a null hypothesis of linearity is tested against the alternative hypoth-
esis of a threshold specification. Then, if the linear specification is rejected,
the estimation of the parameters of the PSTR model requires eliminating
the individual effects, p;, by removing individual-specific means and then
applying nonlinear least squares to the transformed model (see Gonzalez et
al., 2005).

In Gonzalez et al.’s (2005) procedure, testing the linearity in a PSTR
model (equation ??) can be done by testing Hy : v = 0 or Hy : [fy =
B1. In both cases, the test is non-standard since the PSTR model contains
unidentified nuisance parameters under Hy (Davies, 1987). The solution
is to replace the transition function, g(g;~,c), with its first-order Taylor
expansion around v = 0 and to test an equivalent hypothesis in an auxiliary

regression. We then obtain:

it = Wi + 600 Xie + 01 Xieqir + €. 9)

In these auxiliary regressions, parameter 6, is proportional to the slope
parameter, v, of the transition function. Thus, testing the linearity against
the PSTR simply consists of testing Hy : 61 = 0in (??) for a logistic function
with an usual LM test.

3 Data

The estimation of the model of Eq. (??) is subject to two major data con-
straints. On the one hand, the macroeconomic variables included to mea-
sure economic fundamentals have a low frequency (quarterly or monthly)
and some are available with a lag of two quarters. On the other hand, the
sovereign crisis started in 2009, representing three years of crisis at the time
of this analysis. Therefore, to obtain a critical number of observations, our

estimation is based on an unbalanced panel of the five peripheral European

12



countries in which the sovereign yield has been most under pressure, Greece,
Ireland, Italy, Spain and Portugal, between January 2006 and September
2011.

Our dependent variable is an estimate of the default probability, in per-
centage, measured as the sovereign bond spread, which prices the default
risk of a country. It is defined as the difference between the sovereign bond
yield and the risk-free rate of the same maturity. For each country in the
sample, we use the long-term German yield, which is the benchmark risk-
free rate for the Euro area, and the government yield of this country at
the same maturity. We rely on monthly observations of Maastricht criterion

bond yields provided by the Eurostat database.

A key choice is the set of explanatory variables included in X; in Eq
(?7). We test the following variables: debt-to-GDP ratio, unemployment,

unit labor cost, risk, liquidity.

First, the country’s credit risk is traditionally related to fiscal sustain-
ability. We therefore include the debt-to-GDP ratio from Eurostat?. The

fiscal data are revised data.

Other variables relevant in forming default expectations are those vari-
ables that may appear in the authorities’ objective function. The economic
activity and the country’s competitiveness are potential candidates because
the deterioration of these fundamentals increases the social cost of austerity
efforts and thus the benefit from defaulting. We proxy the economic activity
using the unemployment rate rather than GDP to avoid colinearity issues
with the debt-to-GDP ratio. The unit labor cost is included to proxy the
country’s competitiveness. These data are taken from Eurostat. The trade
balance (a proxy for competitiveness) is excluded from the vector of determi-

nants because of the specific behavior of Ireland, which ran a trade surplus

9We exclude deficit data to avoid collinearity with the rest of the economic variables.
The correlation between the primary deficit and unemployment is 0.46 and that between

the primary deficit and the unit labor cost is -0.37
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(the variable is positive), contrary to the other countries in the sample. This
variable was found to be not significant in other studies (De Grauwe, P., Y.
Ji, 2012). An issue with our macroeconomic data is that they are available
only at a quarterly frequency (debt, unemployment and unit labor cost). To
transform them to monthly frequencies, we used a local quadratic with the

average matched to the source data'®

In line with the literature, we include a variable of liquidity risk and a
measure of international risk aversion. Our proxy for liquidity is the size of
the government’s bond markets. For each country in the sample, liquidity is
measured as the share of total outstanding Euro-denominated long-term gov-
ernment securities issued in the Euro zone. Data are available on a monthly
basis from the European Central Bank. Following Borgy et al. (2010), our
measure for international risk aversion is computed as the spread between
US AAA corporate bonds and US 10-year sovereign bonds. Data are avail-
able on a daily basis from Bloomberg. We compute the average of daily
data to obtain monthly frequencies. In the following, we proceed to the

estimation of Eq(??) in two steps.

4 TV-PSTR Estimation Results

We start the empirical estimation of Eq(??) using a TV-PSTR and then
proceed to the PSTR in the next section. In this case, the threshold vari-
able is imposed to be time. The primary objective is to check the rejection
of linearity, which will be interpreted as evidence of multiple equilibria. In
fact, if the linearity hypothesis in the test presented below is rejected, this
will indicate that the determination of default probability (proxied by the

spread) was modified during the period of the estimation.

10We used Eviews software for this transformation. To check the robustness, we com-
pared our results with a transformation based on a cubic spline with the last observation

matched to the source data. We present the results in Table 4.
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The TV-PSTR equation is the following;:

it = i + 81Xt + By Xig(T;v, ¢) + ui (10)

fori=1,..,nand t =1,...,T , u; represent individual fixed effects and
u;; are i.i.d. errors. Xj;; include: debt-to-GDP, squared debt-to-GDP, un-
employment, unit labor cost, risk, liquidity. As the effect of debt is usually
found to be nonlinear and this effect is captured through the introduction
of the squared debt-to-GDP ratio (De Grawe and Ji, 2012), we include it to

avoid the rejection of linearity due only to this effect.

Table reports the estimated parameters of the TV-PSTR and the lin-
earity tests. The result of the parameter constancy test rejects the null
hypothesis of a linear relationship at the 1% significance level (LM = 87, 3).
It confirms the theoretical model according to which the determination of
the probability of default changed during the period. Other papers have
also shown that the spread determination was not constant during the same
period using break models or regime-switching features (Borgy et al. 2011,
Mody, 2009). However it is not realistic to consider a sharp transition given
the progressive increase in the spreads. Our approach has the advantage of
allowing a smooth transition process (see Figure 1). The threshold value,
¢, representing the inflexion point of the transition process, is located in
March 2010. The complete modification of the spread determination oc-
curred within one year between October 2009 and October 2010 (in October
2009, the spread determination was defined at 97% by regime 1 and in Octo-
ber 2010 at 97% by regime 2). Our TV-PSTR model thus correctly captures
the increase in market tensions about the European sovereign starting with
the announcement of the revision of the fiscal deficit in Greece by Prime
Minister Papandreu in November 2009. The determination model of default
probability for the European sovereign had radically changed in Fall 2010
in respect to Fall 2009, a result that we interpret as evidence of a shift in

investors’ expectations.

In fact, Table 1 indicates that most coefficients increased: debt (from

15



B1 = 0.05 to A1 + B2 = 0.26), risk (from 0.48 to 1.33), and unemployment
(from -0.05 to 0.25). We mention that the increase in the weight of debt is
slightly reduced by the negative coefficient of the squared debt in the second
regime (from 0 to -0,001). The effect of liquidity also increases significantly.
While it has a sign contrary to expectations in the first regime (ﬁl = 1.54),
it becomes highly negative in the second extreme regime (Bl +BQ = —13.15),
implying that the lack of liquidity increases the probability of default (con-
sistent with the linear findings in Beber et al. (2009)). In addition, the
coefficient of our competitiveness indicator (ULC) goes from -0.04 to -0.19,
contrary to the expected effect. However, eliminating ULC does not mod-
ify the value of the other estimated coefficients'!'. In total, the estimation
reveals the increasingly important constraint on fiscal policy played by fi-
nancial markets. At the same time, investors also became sensitive to the
business cycle, a result that shows the potential counter-effective impact of
fiscal austerity. The estimation results illustrate the dilemma faced by Euro-

pean policy makers between fiscal austerity and stimulating growth policies.

This first step confirms the existence of multiple equilibria and identifies
precisely the period of transition and its specific dynamics. Now, we would
like to go one step forward and identify the drivers that instantaneously co-
ordinated the expectations of all investors. To do so, in the following section,
we proceed with the estimation of a PSTR model that allows the nonlinear-

ity to depend on an observable variable.

9 Sunspots or observable drivers of investors expectations?

We test different market signals that may have coordinated the expectations
of market participants. We recall that the PSTR specification of the spread

is as follows:

it = wi + B1 Xt + B5Xitg(qi; v, €) + wit (11)

"Results available upon request to the authors.

16



fori=1,..,nand t = 1,...,T, u; represent individual fixed effects and
u;; are i.i.d. errors. In order to estimate the PSTR model, we need thresh-
old variables g;; . We select six candidates among financial variables that
convey public information both about the economy as well as the mood of
the market participants. The candidate threshold variables g;; are: rating,
sovereign CDS, bank CDS, i-traxx FKurope, i-traxx Crossover, Euribor-OIS

spread.

First, rating is the average of the sovereign grades published by the three
main international rating agencies, Standard and Poors, Moodys and Fitch
(taken from Reuters). In fact, the sovereign crisis brought credit ratings
agencies to the front. Rating agencies help investors overcome their lack
of information about the variables that will determine whether a borrower
will service debt. These agencies use qualitative letter ratings in descending

2

order'?. We use the linear transformation of Afonso, Gomes and Rother

(2007) to obtain a continuous numerical scale from the letter ratings.

Second, sovereign CDS is the premium of sovereign credit default swaps,
which are bilateral contracts between a buyer and seller under which the
seller sells protection against the credit risk of the reference country. The
CDS premium, the insurance cost, is used here to measure market assess-
ments of the health of borrowers and the likelihood of default. We select
the 5-year maturity, which is the most traded contract in the CDS market,

taken from Bloomberg.

Third, bank CDS denotes the premium of CDS on the main banks in
the country where the default probability is estimated. The nexus of the fi-
nancial sector, sovereign credit risk, is a feature of financial crises in general
(Reinhard and Rogoff, 2009) and the European sovereign crisis in partic-
ular (De Grauwe, 2010, Acharya et al. 2011). To avoid a credit crunch

and loss of real sector output, governments engaged in large-scale financial-

125 & P and Fitch use similar ratings from AAA to CCC-, while Moody’ system goes
from Aaa to Caa3. Although they do not use the same qualitative codes, there is a corre-

spondence between each rating level.
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sector bailouts. Such bailouts are costly because they require immediate
issuance of additional debt by the sovereign. This leads to an increase in
the sovereign’s credit risk. We use the average of the CDS premia of major

banks weighted by the CDS market volume, taken from Reuters.

Fourth and fifth, we consider two broader indicators of the health of
the corporate sector in Europe: i-Traxx Europe and i-Traxx Crossover are
credit default swap index products. i-Traxx Europe comprises the most lig-
uid 125 CDS referencing European investment grade credits while Crossover

comprises the most risky 40 constituents at the time the index is constructed.

Last, Euribor-OIS spread captures the difference between the Euro In-
terbank Offered Rate and the overnight indexed swap rate. It reflects the
risk banks perceive in lending to each other (the higher the spread, the more
reluctant the banks are to lend to each other). The three last variables are

taken from Reuters.

Before proceeding to the estimation we need to be cautious about a
potential risk of simultaneity and more generally endogeneity between the
dependent variable and three threshold variables, sovereign CDS, bank CDS
and rating. To address this issue a solution is to lag the variables to reduce
endogeneity bias due to simultaneity. As a month lag may imply a significant
loss of financial information about agents’ expectations though, we imple-
ment two estimations, one with lagged threshold variables and another with
contemporaneous variables. In addition our TV-PSTR estimations serves
as a benchmark since time is an exogenous variable. We will conclude that
our findings are robust if we obtain similar coefficient results in the three

estimations.

For each model, the first step is to test the linear specification of the
spread against a specification with threshold effects. The results of these
tests are reported in Table 2. The linearity tests clearly reject the null hy-
pothesis of a linear relationship regardless of which threshold variable is in-

cluded in the specification. The remarkably high level of rejection makes the
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presence of multiple equilibria a given. This is consistent with our prelim-
inary result from the time-varying specification. The second step consists
of selecting the best threshold variables, with the objective of identifying
the drivers that mostly coordinate investors expectations. As suggested by
Gonzalez et al. (2005), the ”optimal” threshold variable corresponds to
the variable that leads to the strongest rejection of the linearity hypothesis.
Among the six variables tested, the sovereign CDS is unambiguously the
market variable that drives investors’ expectations as it yields the strongest
rejection statistics of the null hypothesis (LM= 282)!3. This first result il-
lustrates the crucial role that the sovereign CDS market has played during
the crisis. It is consistent with the findings of Delatte, Gex and Lopez (2012)
pointing to the amplification role played by the credit derivative market in
times of market distress. According to the estimation, the CDS market plays
a more important role in coordinating investors’ expectations than do the
rating agencies, which rank second, also with very high rejection statistics
(LM= 231). Bank CDS rank third, also with high rejection statistics (LM=
186).In comparison, the European corporate CDS indices (i-Traxx Europe
and i-Traxx Crossover) and the Euribor-OIS spread have much lower re-
jection statistics (LM= 51.8, 77.9 and 39.9), which suggests that they are
not good candidates for threshold variables. In total, the PSTR specifica-
tion identifies three market variables that coordinate investors’ expectations,

with the sovereign CDS market clearly issuing the leading signal.

We examine more precisely the impact of these variables on the determi-
nation of default probabilities by investors. We consider which determinants
have their weight changed most when the sovereign CDS premia increase.
We also consider which determinants matter most to investors when their

expectations based on these indicators become strongly pessimistic.

Table 3 reports the value of the estimated coeflicients in the three models
that best reject linearity. The coefficients are defined at each date and for

each country as weighted averages of the values obtained in the two extreme

3The order is not affected in the estimations using lagged threshold variables (results

reported in Table 4)
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regimes. The coefficients in the PSTR model can therefore be different from
the estimated parameters defined in the extreme regimes, i.e., the parame-
ters 3} and 3, + 3, in equation 11. For each model, we first need to interpret
the sign of parameter Bé, which indicates an increase (Bé > () or a decrease

(Bé < 0) in the estimator as the threshold variable increases.

Table 4 reports the estimation results using the lagged threshold vari-
ables. We observe that the estimated coefficients in Tables 1 (TV-PSTR) 3
and 4 are very similar, a fact that suggests that the simultaneity bias does
not influence the results. The estimated coefficient of the determinant vari-
ables risk and unemployment unambigously increase in the second regime.
The way investors price the fiscal situation is captured by the interaction
of debt and squared debt, which makes a direct interpretation of the co-
efficients impossible. We plot it below. The coefficient of ULC becomes
negative in the second regime, which is contrary to the expected sign. Only
the evolution of liquidity is ambiguous as it is not consistent across the three
models. Removing ULC and liquidity does not change our results'*.Last we
find similar patterns for a majority of the coefficients in the three selected

models, which suggests that our estimations are robust.

We would like to examine the variation in the impact of each deter-
minant during the period. However, as mentioned above, the coefficients
could be different from the estimated coefficients in the extreme regimes.
Therefore, we plot the evolution of each estimator multiplied by the vari-
able using the historical values of the threshold variable (for example, ﬁ{m‘sk
+ Bérisk: * g(qit; Y, ¢)). (Figure 2). To interpret the proper evolution of the
fiscal situation, we plot the sum of debt and squared debt multiplied by their
respective coefficients. For the sake of synthesis and for statistical argument,
we do this exercise for the sovereign CDS model only. In fact, this model
performs better in rejecting linearity and minimizes the sum of the squared
residuals. In sum, this specification best captures the determination model

used by investors to price the spread of a country.

14Results available upon request.
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We note that sovereign CDS continuously increased during the period.
Figure 2 indicates that the fiscal situation has become more and more influ-
ential in the determination of European spreads during the period, a finding
that confirms our time-varying results and the existing results in the recent
literature (Haugh et al. 2009, Borgy et al. 2011). In addition, this influence
becomes primary at the end of the period. For example, in September 2011,
the estimated fiscal situation alone implied a spread equal to 796 bp in Por-
tugal, while it was 951 bp in reality. Figure 2 also plots the evolution of
the coefficients of risk and unemployment. The graphical representation in-
dicates that the influences of unemployment and risk are almost null in the
optimistic state and they become very important in the pessimistic state. In
particular, the level of unemployment was not priced in the spread before
the crisis but it became a significant driver afterwards, which confirms the
argument that the business cycle matters to investors. In sum, unemploy-
ment adds to the fiscal situation in the macroeconomic variables monitored
by investors, a pattern that implies no simple economic resolution of the

crisis. In the next Section we draw regulation implications.

6 Regulation implications

We obtain empirical support of an intuition often heard from market practi-
tioners that CDS prices affect market sentiment and serve as a coordinating
device for speculation. In sum abrupt movements in the CDS market can
potentially generate panic in the cash market. This pattern is a matter of
concern because CDS are traded on a concentrated and opaque market, two
features that can lead to abusive behaviors. In particular there is a risk of
prices manipulation, in that a few trades could move prices. Since 2008 CDS
have attracted much interest in policy circles. In the European Union two
regulatory approaches have been implemented in parallel. In this Section,
we argue that a lot has still to be done because the current regulation moves
are too slow and suffer from severe loopholes.

Similarly to most financial derivative products, transactions in the CDS

market are traded “over-the-counter” (OTC) as opposed to on a centralized
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exchange. The SEC published a study that profiled all the actors in the
credit default swaps market, in order to try to determine who’s who (SEC,
2012). The report looked at all CDS transactions for 2011, both in terms
of monthly positions and transaction data. It reported that 87.2 per cent of
the CDS trading activity was coming from the top 15 dealers, over 1000 en-
tities involved in the CDS market in 2011. In other terms, only 12.8 percent
of all trading was made by true end users of the credit default swaps for

“non-dealer” in the terminology of Depository Trust

sovereigns (reported as
and Clearing Corporation ). In sum a few big dealers are controlling the
credit derivatives market. A serious matter of concern is that this high con-
centration may be favorable for prices manipulation. In fact, as our results
suggest, few trades in the CDS of a sovereign could amplify the impression
that the sovereign is in trouble, which would drive down the bond price.
The manipulator could then benefit by establishing short positions in the
cash market!.

Since 2008 the CDS market has been under scrutiny of regulators because
of its role as risk transmitter in the bankrupt of Lehman Brother and the
bail-out of AIG. The prohibition of holding uncovered CDS positions has
been debated in both the US and the European Union and finally aban-
doned in the US in 2009. Two arguments against the proposal were first,
that it is difficult to disentangle between speculation and hedging positions
and second that the ban severely reduces liquidity and ends up being un-
favorable to hedgers (Stulz, 2010). Notwithstanding that, the European
Union has adopted a hard position and implemented a ban of uncovered
CDS on sovereign entity'®. From November 2012 investors willing to trade
sovereign CDS in a European Union country must hold the underlying bond
or a portfolio of assets correlated to the value of the sovereign debt. However

two exemptions in the European regulation constitute severe loopholes that

seriously mitigate its impact. First the corporate CDS are excluded from

15The SEC filed the first action on insider trading in 2009, but it was ultimately un-
successful. Two anti-trust investigations into the CDS market have been launched by the
Furopean Commission in April 2011. However observers often argue that the lack of trade

reporting makes it difficult to find evidence.
'60n arguments in favor of a ban see R. Portes, “CDS: useful, misleading, dangerous?”

in Vox, April 30, 2012)
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the ban, an inconsistency in the light of our findings that CDS on bank-
ing assets also drive market sentiments'”. The exclusion of banking CDS
clearly introduces a regulatory arbitrage between corporate and sovereign
CDS likely to imply distortions in the corporate segment. Second the reg-
ulation provides an exemption from the prohibition on entering into an un-
covered sovereign CDS to holders providing market making activities. Yet,
as mentioned above, almost 90 percent of trades are conducted by large in-
vestment banks who precisely provide market making activities in the CDS
market (a market participant is considered as a market maker when her
volume of transactions is sufficiently large and she commits to price any
transactions an end-user may ask). The line between market making ac-
tivities and proprietary trading is often blurred as market makers have an
overall view of the market that gives them a competitive advantage to carry
out proprietary trading. In sum there is a realistic risk that the ban ex-
cludes market participants which activity is precisely the one that it aims
to limit!8.

A second approach to address the issue of transparency in the credit deriva-
tives market consists in promoting the use of clearing houses and standard-
ized contracts (Brunnermeier et al. 2009). A clearing house provides clearing
and settlement services for financial transactions. By providing indepen-
dent valuation of trades and collateral the clearing house produces the rele-
vant information to monitor market activity. Standardizing trades improves
transparency and price discovery. In addition by providing settlements ser-
vices, the clearing house is automatically responsible for the security of the
transaction system. To ensure this security, it has an authority to put con-
straints on trading positions, through margin calls on unsettled transactions
for example (collateral request). It reduces counterparty risk by diversifying
and managing risks associated with the failure of individual counterparties.
In sum clearing houses belong to the market, they are endogenous to the
functioning of the market, a pattern that makes them natural and credible

actors of its regulation. In June 2012 the European Market Infrastructures

'"The banking CDSs reject linearity with a strong test value (see Table 2)
8For a discussion of the regulation see A.L. Delatte, “The European ban on naked

CDS: a fake good idea” in Vox, July 23, 2012
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Regulation (EMIR) has been adopted precisely with this objective. EMIR
aims at increasing transparency in the OTC market along similar moves in
the United States through the Dodd-Franck act. While EMIR covers all
OTC derivative markets, it has been inspired by the specific risk associated
with CDS. It introduces reporting and clearing obligations to promote the
standardization of trades. In parallel capital incentive measures (the addi-
tion of margin requirements on non-centrally cleared derivatives) have been
introduced within the Basel 3 framework to reduce the number of OTC
transactions. In total the objective is that 80 percent of all CDS be cleared
through a central counterparty. However the transition from the books of
the large banks to central counterparty will be dramatically slow as central
clearing obligation affects only new contracts. The pace of the reform is
clearly at odds with the emergency situation experienced by the peripheral

sovereign cash markets in Europe.

7 Concluding remarks

Here, we have assessed the nature of the European sovereign crisis in the
light of a model borrowed from the second generation of currency crises. We
estimated the probability of default using panel non-linear estimation meth-
ods, the TV-PSTR and PSTR models. Two important objectives were to
empirically test the presence of self-fulfilling dynamics and to identify what
may have driven the market sentiment during this crisis. In total, our PSTR
estimation confirms that the determination model of default probability is
not linear, a result that we interpret as evidence of multiple equilibria and
self-fulfilling mechanisms during the European crisis. The progressive dete-
rioration of the market sentiment about peripheral sovereigns has been vali-
dated by an increase in these countries’ spreads. The contagion from Greece
to the rest of the peripheral countries has probably operated through simul-
taneous shifts in market sentiment. These findings provide evidence that a
closer monitoring of market activity is needed. CDS prices affect market
sentiment and serve as a coordinating device for speculation. More trans-

parency in this market is crucial to avoid spoiling the efforts made in most
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countries to balance their budgets. We hope that the framework presented
in this paper opens opportunities for new research. In particular, it would
be insightful to relate the volumes traded in the sovereign and banking CDS
markets with the nonlinear effects evidenced here. This would constitute
a step forward in assessing the plausibility of speculative attacks against

sovereigns.

Table 1: Linearity tests and estimation of the probability of default with a
Time-Varying PSTR model

Determinants 51 B2
Debt 0.055*** 0.209***
(4.74) (5.43)
Squared Debt 0.000 —0.001**~
(0.33) (—3.51)
Unemployement —0.048"** 0.297***
(—3.19) (7.51)
Unit Labor Cost —0.011 —0.167**
(=0.79) (—6.34)
Liquidity 1.543* —14.698™**
(1.78) (—6.14)
Risk 0.480*** 0.851*
(9.85) (1.77)
Smooth Parameter ~y 0.529
Loc Parameter 51.5
Linearity Test 87.26™**
RSS 76.28
Information Crit. BIC -1.22

Notes: The T-stat in parentheses are corrected for heteroskedasticity.
(*): significant at the 10% level; (**): significant at the 5% level and
(***): significant at the 1% level. 81 and B5 correspond to the coeffi-
cient in Eq (11). B; is the coefficient in the first extreme regime . The

coefficient in the second extreme regime is 81 + 83.
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Table 2: Linearity Tests with a PSTR model

Sovereign CDS  Rating ItraX Itrax EURIBOR
CDS Bank Europe OIS
LM 282.2 186.3 231.7 77.9 51.81 39.87
p-value  (0.00)  (0.00) (0.00) (0.00)  (0.00) (0.00)
RSS 19.83 50.9 57.9 140.2 142.1 148.9
BIC -2.57 -1.63 -1.50 -0.61 -0.61 -0.56

Notes: The corresponding LM statistic has an asymptotic X2(p) distribution under Hy.

The corresponding p-values are reported in parentheses.

Table 3: Estimation of the probability of default with a PSTR model

(quadratic transformation)

Model 1 Model 2 Model 3
Sovereign CDS CDS Bank Rating
Determinants 51 B2 51 B2 51 B2
Debt —0.030"" 0.211*** 0.032 —0.097 0.313*** —0.291"**
(=2.61) (4.51) (0.79) (—1.44) (6.39) (—6.23)
Squared Debt 0.000*** —-0.001"**  —0.001** 0.002*** —0.001*** 0.001***
(3.68) (—4.48) (—2.14) (3.73) (—6.38) (5.61)
Unemployement —0.099*** 0.335*** —0.253*** 0.561*** 0.804*** —0.791***
(—2.97) (3.63) (=3.13) (4.45) (4.92) (—4.6)
Unit Labor Cost 0.045™ —0.062" 0.056™ —0.087"**  —0.237"** 0.25"**
(2.16) (=2.02) (1.83) (—2.41) (—7.98) (8.03)
Liquidity 1.694" —4.31 19.314***  —35.68*"* —0.801 —1.000
(1.76) (—0.92) (5.80) (—5.01) (—0.14) (—0.14)
Risk —-0.2 1.447* —2.184™** 4.455%** 2.242%** —2.11***
(—0.94) (1.71) (—4.05) (4.55) (7.39) (—5.47)
Smooth Parameter ~y 0.002 0.003 0.554
Loc Parameter 466.1 9.06 15.7
RSS 19.8 50.9 57.8
Information Crit. BIC -2.57 -1.63 -1.66

Notes: strut Notes: The T-stat in parentheses are corrected for heteroskedasticity. (*): significant at the 10% level; (**):

significant at the 5% level and (¥**): significant at the 1% level.3; and B2 correspond to the coefficient in Eq (11). 81 is

the coefficient in the first extreme regime .
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Table 4: Estimation of the probability of default with a PSTR model and

lagged variables (quadratic transformation)

Model 1 Model 2 Model 3
SovereignCDS,_, CDSBank_1 Rating,_,
Debt —0.04*** 0.25"** 0.01 0.05** 0.35*** —0.31"**
(=3.07) (4.58) (0.71) (2.21) (6.96) (—6.62)
Squared Debt 0.0002***  —0.0001***  0.0003*** 0.001 —0.001***  0.001***
(3.86) (—4.53) (3.96) (—0.38) (—6.82) (5.78)
Liquidity —0.09"" 0.31"** —0.0025 0.04 0.72*** —0.70"**
(—2.44) (3.08) (—0.15) (1.62) (4.53) (—4.30)
Risk 0.05** —0.08"* —0.04"** —0.07"** —0.26™** 0.26"**
(1.96) (—2.20) (—3.36) (—4.37) (—8.24) (8.63)
Unemployement 2.41%* —7.47 0.13 —14.34** —4.40 3.43
(2.00) (—1.34) (0.22) (—5.07) (—0.96) (0.63)
ULC real —0.27 1.64" 0.48™** 2,47 1.85*** —1.62"*"
(—1.08) (1.75) (10.3) (4.67) (6.90) (—4.70)
Smooth Parameter ~ 0.003 0.177 0.669
Loc Parameter 437.6 219.8 16.17
Linearity Test 277" 163*** 2247
RSS 22.88 89.31 58.56
Information Crit. BIC -2.43 -1.05 -1.47

Notes: strut Notes: The T-stat in parentheses are corrected for heteroskedasticity. (*): significant at the 10% level; (**):
significant at the 5% level and (***): significant at the 1% level.81 and B2 correspond to the coefficient in Eq (11). 81 is

the coefficient in the first extreme regime .

27

The coefficient in the second extreme regime is 81 + B2.



Table 5: Estimation of the probability of default with a PSTR model (cubic

transformation)
Model Model 2
TV-PSTR Sovereign CDS
Determinants B1 B2 B B2
Debt 0.06™** 0.22"** —0.03"* 0.20"**
(4.97) (5.55) (—2.28) (4.5)
Squared Debt 0.00 0.00™** 0.00*** 0.00"**
(0.35) (—3.61) (3.18) (—4.35)
Unemployement —0.05"** 0.31"** —0.10"*  0.34™*~
(—3.49) (7.54) (=2.91) (3.55)
Unit Labor Cost —0.01 —0.17"** 0.05** —0.06™"
(—0.52) (—6.41) (2:31) (—1.98)
Liquidity 1.88" —15.47*" 1.70" —4.08
(2.08) (—6.66) (1.84) (—0.9)
Risk 0.52%** 0.56 —0.18 1.40"
(9.63) (1.15) (—0.88) (1.69)
Smooth Parameter ~ 0.567 0.003
Loc Parameter 51.7 446.1
Linearity Test 82.0"** 275.5"**
RSS 74.3 19.8
Information Crit. BIC -1.25 -2.57

Notes: strut Notes: The T-stat in parentheses are corrected for heteroskedasticity. (*):
significant at the 10% level; (**): significant at the 5% level and (***): significant at
the 1% level.81 and B2 correspond to the coefficient in Eq (11). 81 is the coefficient in

the first extreme regime .

variable debt is with a cublic spline.
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Figure 1: Transition function with a TV-PSTR
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Figure 2: Impact of the determinant factors with a PSTR model

Note: we plot the evolution of each estimator multiplied by the variable along the historical values of the
threshold variable (for example, Biﬂft + Bémtg(qit; v,¢). ) with z¢ is an explanatory variable defined in the
text.
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Appendix 1: Existence of multiple Sunspot equilibria

At each date t, the probability the investors attribute to default for next
period is the sum of the (conditional) default probabilities F(5¢:7) (o3, ¢7¢) in
the different states j at date t + 1, weighted by the corresponding transition

probabilities, i.e.:

7Tt(8t) = ZPT‘Ob(SH_l — j/st)F(StJ) (¢§t7 ;e)
j=1

where ¢3¢ denote the expected value of the critical threshold in state j.As
in JM, we suppose that the partial derivative of each functions F(::7) with
respect to ¢;' is negative. This property means that an increase in the
current value of the fundamental shifts the conditional cumulative distribu-
tion function of the next period fundamental in the same direction. Given
these expectations, in each state s; at date ¢, the net benefit function of the

policymaker is a function of the current value ¢ of ¢§St):

¢ = B(¢,mi(s1)) = B(¢, »_ Prob(s;p1 = j/s) F*(¢,659) (1)

j=1
We suppose that the function:

(¢,7) = B(¢,7)

is respectively decreasing and increasing with respect to ¢ and 7. ”First, the
fundamental phi reflects the sustainability level of the country’s economy.
If it is high, the state is rather good and the benefit from default is low;
second, when the default probability increases, the benefit from default also
increases, because the interest rates increase as explained in the text. Thus
the function defined in (77?) is decreasing in ¢; indeed, its partial derivative

with respect to ¢ has for expression:

Bi(g,mi(s) + > Prob(sic1 = j/st) Ba(o, mi(s) FL7 (6, 67)

Jj=1

and is strictly negative because By < 0, By > 0 and Fl(s’j) < 0.
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Thus the government chooses the unique level of ¢ for which the net
benefit is equal to zero. We denote this value by ¢3, = H(s,)(61°, ..., #7°).

In this way we define n values ¢ for the n possible values of s. In a
rational expectations equilibrium, each ¢} should be equal to the expected
correponding threshold ¢%¢ and the set of these thresholds should therefore
satisfy the fixed point equations:

Vs, ¢5 = Hs)(91, -, bp,)

We suppose that:
o7 > ... > o

if state s = 1 is better than state s = 2 and so on.

Now, the arguments of Jeanne and Masson (2000) apply. The fundamental-
based equilibria can be viewed as degenerate cases of the sunspot ones, when
the transition probabilities Prob(s;+1 = j/s¢) are equal to 1 if s;11 = s; and
0 otherwise and the F-type functions F(*7) reduce to one unique function F.
In that case, the economy never jumps and always remains in its initial state;
thus, JM prove that there exists at least one equilibrium and there may be
multiple fundamental-based equilibria associated with different thresholds,
provided that the function F' and the benefit function B have the good
properties mentioned above.

Now, let us turn to the sunspot equilibria and remark that the probability
that economy shifts to higher states than state 1 in the next period increases
investors’ default expectations and decreases the corresponding fundamen-
tal threshold chosen by the policymaker to a level ¢] = H(l)(dff, e PF) <
H(¢7), because the benefit function decreases with the level of the funda-
mental process. Similarly, the threshold ¢;, = Hy)(¢7, ..., ¢;") associated
with the worst state n has to be higher than H(¢}). These inequalities can
be consistent with the inequality ¢7 > ¢; if and only if there are multi-
ple solutions in the case of fundamental-based equilibria with the shape of
function H as the one depicted in JM (p.334) and with ¢} € [0,¢;] and
o1 € (971, 0111

So provided that the F(J) functions on one hand and the functions F
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and B on the other hand have the good properties expressed before, one can

claim that there exist multiple sunspot equilibria.

Appendix 2: Linearization of the default probability

First, we specify the fundamental variable as a linear combination of macroe-

conomic indicators, depending on the underlying state:

Vty Qbft - O‘O,st + a;tXt + ut,St (2)

with X; denoting a vector of different economic indicators.
Moreover, in the lines of Jeanne and Masson (2000), we suppose that the

fundamental processes ¢; don’t deviate too much from their mean values ¢s:
Vt,Vs = 1,2 ¢f = ¢° + 065

where d¢; is supposed to be of limited magnitude.

Thus, the default probability specified as previously:

2
mi(se) = Y Prob(sery = j/s) (g7, ¢5) (3)

Jj=1

can be linearized around ¢(st) as follows:

2
mi(se) ~ ZPTOb(StH = j/st)[F(st’j) (%a ¢;) + Ffst’j)(ﬁa ¢;)( P E)] + Ut,s,
j=1

Accordingly, the previous equation can be rewritten as:

T (st) = po,s, + P, Xt + g s, (4)

with ¢;, and 85, given by:

2
Pos = O Prob(sest = j/se) [FCD (@60, ¢5) + F*9 (60s0), 67) (a,s, — 3]

j=1
(5)

2
ps = > Prob(sii1 = j/s)Fy (609, ¢%)a,
j=1
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