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Our paper analyzes the possibility that the most fragile countries of a monetary union decide to exit when hit by
negative external shocks, and can thus also induce the exit of more robust member states (contagion). The paper
reaches two main results: (i) the depreciation of the common currency lowers the exit as well as the contagion
probabilities; (ii) the non-price competitiveness factors, here stylized in terms of output gap elasticities to the
exchange rate, also play a crucial role since higher elasticities of the weakest countries make their exit from the
monetary union more likely, and if these same elasticities for the other member states are low enough contagion
will never hapepen; The paper also shows that the previous results are deeply aﬀected by the initial assumptions
and a number of exogenous variables and structural parameters.
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1. Introduction
The dramatic episodes of the Greek crisis (end of June – beginning
of July 2015) led some of the main European countries and intergovernmental institutions to explicitly discuss the exit of a member
state from the European Economic and Monetary Union (EMU) as a
possible way out of an institutional impasse. In the euro area's short
life, it was the ﬁrst time that this possibility was formally put on the
table.1 A persistent signiﬁcant probability that a fragile member state
leaves the monetary union would transform the EMU into a reversible
ﬁxed exchange rate régime. In fact, the euro area remains at risk due to
the lack of convergence between the performances of the EMU's ‘core’
countries and a few fragile countries (mainly, Greece and Italy). In
Germany, there is a growing consensus that Italy's economic fundamentals are becoming incompatible with the EMU's rules. On the other
hand, Italy is the third most important EMU's economy by size. Hence,
despite the progress made by Greece during the last two years, it
remains crucial to analyze (i) the conditions that would make it
convenient for a member state in trouble to leave the euro area, and

(ii) the possible impact of this exit on the behavior of other member
states.
Our paper is unable to fully address questions (i) and (ii). The exit
process of a given country from a monetary union cannot be reduced to
an “in/out” alternative, since it depends on a number of medium-long
term variables such as the sustainability of its public debt and related
ﬁnancial charges, the balance of its capital ﬂows in the area, the
weaknesses and interdependencies of its banking sector, its price and
non-price competitiveness in international markets, and its expectations about the area's future policy. Moreover, the costs of transitioning
from the current régime (inside the monetary union) to the new one
(outside the monetary union) matters a lot for the actual choices of the
country potentially leaving and its possible followers; and the main
features of this transition are deeply inﬂuenced by the legal and
institutional settings of the monetary area and by the structural,
economic, and social organization of each of the member states (cf.
Boltho and Carlin, 2013). Therefore, to assess the convenience of an
exit from the euro area and its possible impact on the strategies
adopted by other member states, it would be necessary to combine a
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The Treaty for the Functioning of the European Union (TFEU) does not conceive of at possible exit from the EMU but just from the EU (cf. Athanassiou, 2009). However, as
emphasized by law scholars (see for instance: Tosato, 2015, sec. 10), the Lisbon Treaty does not expressly prohibit a temporary and separate withdrawal from the euro. Moreover, such a
prohibition cannot be based on “an inseparable bond between the monetary union and the Union as a whole” as some EU member states do not adopt the euro (at least currently).
Hence, it is possible to conceive the exit from the EMU of a given country as a temporary interruption of its participation to the euro area but not of its membership to the EU. Hofmeister
(2011) discusses this and other exit options from the euro at length, even if he remains skeptical on their possible implementation.
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large number of institutional, organizational, ﬁnancial, and productive
components. This is beyond the scope of our model.
Our paper is based on a simpliﬁed framework. It focuses on a oneshot game between two stylized economic systems in a monetary
union: a member state aﬀected by economic fragilities and lack of
competitiveness, and another more robust and competitive member
state. This simple setting, which is based on Canofari et al. (2015), can
be conceived as a stylized representation of part of the euro area. The
ﬁrst country (country A) can approximate a representative of a set of
the most fragile countries (for instance: Greece) with a signiﬁcant
probability of exiting from the monetary union if aﬀected by strong
negative shocks; the second country (country B) can approximate
either Germany and its satellites (i.e., the ‘core’ member states in the
euro area) or, even better, an intermediate country (typically France),
which is exposed to direct contagion due to the possible exit of country
A. We adopt the latter view.
Our paper aims to assess the eﬀects of the euro's appreciation/
depreciation and other non-price competitiveness factors on the
probability that ‘peripheral’ country A leaves the EMU when hit by a
negative and speciﬁc demand shock. We also analyze the role played by
the euro's depreciation and non-price factors on the contagion probability from country A to country B.2 Since the two countries’ decisions
are taken in a one-shot game, they are determined in a point-of-time
and hence relate - by deﬁnition - to the short-term.3 However, these
decisions can also depend on long-term exogenous expectations.
The dependence of the exit probability of country A on the euro's
appreciation/depreciation is determined by its output gap elasticity to
its real eﬀective exchange rate—the higher this elasticity, the more
likely the country's exit from the euro. However, changes in the euro's
relative value cannot be the only variable aﬀecting the exit probability
of peripheral member state A. Competitiveness indicators, such as the
relative dynamics of labor unit costs and of technical and organizational innovations, matter a lot (see Corsetti, 2015); and the same
applies to relative improvements in the institutional setting. Since our
theoretical model cannot endogenize either the labor market or
institutional and organizational variables, we interpret the elasticity
of country A as a proxy for the impact of the euro's appreciation/
depreciation with respect to a set of other variables given exogenously.
This assumption makes it possible to show that the probability of
contagion is aﬀected by the trade balance elasticity of country B to its
eﬀective exchange rate relative to the corresponding elasticity of the
peripheral country A. In particular, if the elasticity of country B is low
enough, contagion never occurs.
Our model could oﬀer a more comprehensive analysis of the
workings of the euro area, if it encompassed strategic interactions
between three agents: a country E representing the EMU's core
member states (i.e., Germany and its satellites), in addition to countries
A and B. However, it is well known that referencing a strategic
interaction with more than two heterogeneous players severely increases the complexity of the analytical setting (cf. Papadimitriou,
2007; Chen et al., 2009). Hence, in the following analysis, we will
assume that Germany and other ‘core’ EMU member states do not react
to measures implemented by countries A and B. The assumption
implies that EMU country E plays an even less apparent role than
the one played by the extra-EMU world (any currency appreciation/

depreciation relative to the euro is taken as a benchmark and, by
deﬁnition, the euro cannot appreciate/depreciate toward itself).
This simpliﬁcation is compatible with a well-known result (see
Eichengreen and Sachs, 1986), which has been recently reﬁned (see
Benigno and Romei, 2014; Fornaro, 2015; Cook and Devereux, 2016)—
a unilateral devaluation by a country (such as A) can have weak or even
counter-intuitive eﬀects on other countries (such as E and the extraEMU world), especially if the zero lower bound is binding. On the other
hand, our simpliﬁed model cannot incorporate two other eﬀects of
unilateral devaluations which are encompassed in the literature just
quoted: the role of expectations, and the possible micro-founded
spillovers which are crucial to design the optimal policy responses
(see Corsetti et al., 2000; Corsetti and Pesenti, 2005).
It remains that our model analyzes the strategic interaction
between some types of EMU countries by means of a one-shot game:
a fragile country, hit by a speciﬁc shock which negatively aﬀects its
price and non-price competition, can choose to abandon the monetary
union; and an intermediate country, not directly hit by any shock, can
suﬀer from contagion. We consider the role of both the currency's
depreciation and output gap elasticities in determining possible Nash
equilibria. Hence, our paper is based on Canofari et al. (2015) and
mainly refers to the literature on the EMU crisis due to exchange rates
eﬀects.4 To be more speciﬁc, it belongs to the so-called “second
generation models,” which started with the contribution by Obstfeld
(1986) and later included the role played by economic fundamentals
(see Jeanne, 1997). However, we do not follow a recent evolution of
these models aimed at stressing the role of credibility, expectations,
and policy trade-oﬀ to analyze possible self-fulﬁlling speculative attacks
(see Obstfeld, 1994, 1997; De Grauwe and Ji, 2013). We are instead
inﬂuenced by the models that analyze strategic interactions between
countries to explain the collapse of the European exchange rate
mechanism (see Buiter et al., 1996; Di Bartolomeo et al., 2006).
The remaining parts of this paper are organized as follows. In
Section 2, we deﬁne the general framework. Section 3 illustrates the
structure of the game and the diﬀerent in/out régimes involved when
the peripheral country is hit by an exogenous shock. In the fourth
section, we analyze the role played by the currency's depreciation
(appreciation) in oﬀering disincentives (incentives) to peripheral
country A to leave the monetary union and, hence, in stabilizing
(destabilizing) the area. Then, we assume the exit case for country A
and consider the probability of a contagion eﬀect from this exit for
country B. In particular, Section 5 speciﬁes the peculiar role played by
currency depreciation, and Section 6 examines the impact of output
gap elasticities. The last section oﬀers some conclusions and proposes
avenues for further research.
2. The general model
The basic structure of our model largely reproduces that of Canofari
et al. (2015). We consider a monetary union characterized by two
countries, A and B , which strategically interact. In a given point-oftime country A may decide to leave the union due to a speciﬁc and
negative demand shock, and country B can decide to follow the same
path due to contagion. The other EMU countries are denoted by E,
whereas the rest of the world outside the EMU is denoted by W . Some
of the analytical reﬁnements of this basic structure, introduced in the
current paper, are quite important since they make the model more
general. They can be synthetized in the following ﬁve points. First: the
common currency exchange rate with respect to the rest of the world

2
Our deﬁnition of contagion is based on the possibility that country A's exit also
implies the exit of country B. We concentrate on the exchange rate and other non-price
tools without considering policy interventions. However, let us recall that the eﬀectiveness of monetary policy in stabilizing demand shocks has been called into question in the
literature (e.g., Chortareas and Mavrodimitrakis, 2016).
3
Given this framework, our paper cannot address questions such as: does the
participation to a monetary union positively or negatively aﬀect the potential growth of
a given country? According to Dreyer and Schmid (2016), whereas the participation to
the European Union improves the member states’ economic growth, the participation to
the euro-area does not have further eﬀects but during the ﬁnancial crises (where the
eﬀects become negative).

4
We are also indebted to other papers analyzing the Greek crisis by means of
theoretical tools. Referring to the literature on exchange rate crises, let us quote Arghyrou
and Tsoukalas (2011) who argue that the Greek case can be interpreted as the result of a
deterioration of Greece's macroeconomic fundamentals between 2001 and 2009. In this
view, without a structural convergence, Greece participation to the EMU will be
inconsistent in the long term (see also German Council of Economic Experts, 2015).
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yEB = σBE (s B − βs A) − φσBN sW

becomes an instrument to re-adjust the international competitiveness
of the monetary union. Second: the euro depreciation also implies costs
for both countries A and B. Third: we assume that the output
elasticities to the exchange rate have diﬀerent initial values in the
two countries. Fourth: each of these elasticities is partially endogenized
in the model, since its initial value would change if the related country
decided to leave the monetary union.5 Fifth: country B would have to
face a further cost if it decided to avoid contagion and remain in the
monetary union, despite the exit of country A.6 These reﬁnements
conﬁrm that the depreciation of the common currency has a stabilizing
eﬀect on the area; however, they also emphasize that the intensity of
this eﬀect is aﬀected by the output gap elasticities to the exchange rate
and by other institutional factors.
We focus on the possible exit choice of country A from the monetary
union and the likely contagion to country B by assuming that the rest of
the EMU countries and the world outside the EMU do not react to the
initiatives taken by countries A and B, which represent the only
strategic agents in our model.7
As in Canofari et al. (2015), the output gap of country A (y A )
depends on the exchange rate of this same country (s A ) and on the
exchange rate of the other interacting country B (s B ), weighted by the
elasticity to the exchange rate of A's output gap (σA). In our more
general model we assume that y A is also aﬀected by the average
exchange rate of the rest of the world W (sW ). As indicated above,
s z (where z = A, B, and W) are nominal variables, and the world
exchange rate sW represents the channel to assess the role played by the
depreciation of the currency of the monetary union under consideration.8 The exchange rates s B and sW are weighted, respectively, by the
parameters β and φ , whose values are determined by the importance of
diﬀerent trade partners for country A (0 < (β, φ ) < 1).9 The same
reasoning applies to the output gap of country B (y B ). For the sake of
simplicity and without signiﬁcant loss of generality, the parameters β
and φ are the same for countries A and B.10 Moreover, we assume that
the elasticity to the exchange rate of each country's output gap (σi > 0;
with i = A, B) has diﬀerent values inside or outside the EMU.
In this setting, the representative peripheral country A can be
aﬀected by an exogenous negative demand shock u A 11; no exogenous
shocks occur for country B.
The output for both countries A and B is:

yNA = σAN (s A − βs B − φsW ) − u A

(1a)

yEA = σAE (s A − βs B ) − φσAN sW − u A

(1b)

yNB = σBN (s B − βs A − φsW )

(2a)

yNA

(2b)

yEA

where:
and
are the output gaps for country A when choosing to
remain or leave the monetary union respectively; σAN and σAE are the
output gap elasticities for country A when choosing to remain or leave
the monetary union respectively; yNB and yEB are the output gaps for
country B when it remains or leaves the monetary union respectively;
σBN and σBE are the output gap elasticities for country B when choosing
to remain or leave the monetary union respectively;
Let us momentarily assume that u A = 0, hence we refer just to (1a)
and (2a). In equilibrium, outputs and inﬂation rates are thus at their
target levels for both countries. Given the above deﬁnition of nominal
exchange rates, a positive s A reﬂects a real devaluation for country A
and a consequent improvement in its price competitiveness.12 The
latter leads to a positive output gap for country A, which also depends
on σAN as well as on the value of the two parameters β and ϕ . On the
other hand, positive s B or sW determine a real revaluation for country A
and a consequent deterioration in its price competitiveness. The latter
leads to a negative output gap for country A, which also depends on σAN
as well as on the values of the two parameters β and ϕ . The same
reasoning applies to country B.
We can now specify the interactions between countries A and B. As
in Canofari et al. (2015), three régimes are possible: no country
abandons the EMU (régime N ), only country A exits (régime D A ),
and both countries A and B leave the EMU (régime F ). The strategic
choice of each country will be determined by the relative losses in each
régime. The governments of country A and country B aim at minimizing a loss function Li (where i = A, B), depending on the output gap and
the possible inﬂation:
2

2

2

2

L A = (y A) + θ[s A − φsW ] + δAC
L B = (y B ) + θ[s B − φsW ] + δBC − δA(1 − δB )IB
A

(3)
(4)

B

where: L and L denote the loss functions to be minimized for country
A and B, respectively; θ indicates the coeﬃcients of inﬂation aversion
(with θ > 0), which are equal for the two countries; and δi (with i = A, B)
represents a dummy variable whose value will become zero, if country i
remains in the monetary union, and one, if the same country leaves the
monetary union.
Note that, diﬀerently from Canofari et al. (2015), we also introduce
in both the loss functions the weighted depreciation of the whole
monetary union sW . Moreover, consistent with the second generation
approach to currency crises (cf. above; and De Grauwe and Ji, 2013),
we consider that an opting out has always a positive cost (C ; with C >
0).13 Finally, by including δA in the loss function of country B, we
measure the impact (IB ) of the actual choice of country A on country B:
when the former country exits from the monetary union (δA = 1) while
the latter decides to remain (δB = 0), there will be direct and indirect
impacts (IB ) on country B's expected losses.
Let us further distinguish IB from C. IB is determined by at least two
cost components (that is IB < 0): (i) an instantaneous increase in the
instability of the monetary union, due to the legal separation procedures and the consequent economic and institutional adjustment

5

We thank an anonymous referee for suggesting us this improvement.
In fact, we will specify in the following that this cost tends to assume a negative value.
7
The reference to the extra-EMU world allows us to measure the average eﬀects of the
depreciation of the common currency with respect to the world outside the EMU. In
particular, we can analyze the exogenous depreciation of the currency of representative
country W in terms of the currency of representative country E.
8 W
s is the average of the exchange rates of the non-EMU world. Hence, since all
variables are expressed in logs and thus represent deviations, a negative sW implies a
depreciation of the euro toward any other currency not related to countries A and B (in
the event of their exit). At the same way, positive s A and s B imply a devaluation for
country A and B, respectively.
9
The parameter β is the weight of the other strategically interacting country, and φ (φ
= 1- β – ϒ, where ϒ takes into account EMU's ‘core’ countries) is the weight of the rest of
the extra-EMU world. Obviously, β + ϒ must be strictly lower than 1; otherwise, the
weight of the non-EMU rest of the world would be equal to 0 despite the recent processes
of globalization.
10
We assume that the weights are the same for country A and B to simplify the
algebra. As a matter of fact, the two countries tend to have diﬀerent parameters since the
importance of the respective trade partners is speciﬁc to each of them. However, we will
take into account this speciﬁcity by referring to non-price competition.
11 A
u is the size of an i.i.d. random shock described by a continuous, bell-shaped, and
symmetric (around zero) probability density function. Here we are only interested on the
possibility of a negative demand shock aﬀecting country A implying an incentive to exit
and depreciate. Thus, the size of the shock has a negative sign in Eqs. (1a) and (1b).
6

12
As pointed out by an anonymous referee, this result requires that we neglect the
exchange rate pass-through so that a nominal devaluation does not aﬀect domestic
prices. Our view is that this simpliﬁcation is justiﬁed in our model since it refers to a
point-of-time.
13
The constant C can be interpreted as a non-pecuniary cost due to the loss of
reputation that countries A and B would suﬀer at the international level by breaking the
unity of the monetary area. On the other hand, C can also be interpreted as the total
monetary cost of exit. This latter cost includes a number of items. For instance: the cost
of giving up the commitment to repay the stockpile of old debts in the old currency, the
transaction costs involved in the currency change, the reorganization of the national
payment system, and the cost of switching to a ﬂexible exchange monetary system. C also
represents the strength of the peg. In short, we can state that the constant C summarizes
all the costs not explicitly considered in the model, which are connected to abandoning
the monetary union as described in the introduction of this paper.
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s A=0

processes ignited by the leaving country; (ii) the strongest attraction to
the left-hand side tail of the member states distribution function and
the related higher probability to be aﬀected by negative shocks.
However, IB also determines two positive eﬀects on B's situation (that
is, IB > 0): (iii) the expected improvements in the medium-term workings and regulation of a more balanced and convergent monetary
union, which will not yet include one of its most extreme outliers; (iv)
the larger amount of resources in case of diﬃculty, now available for
the remaining countries. In the following, we assume that the impact of
points (iii)-(iv) prevail on that of points (i)-(ii). Hence, we have: IB > 0.
We assume, for simplicity, that both countries A and B target their
output gaps (y A , and y B ) and devaluation (s A and s B ) to zero in log.

2

A

s =

σAE βs

B

σAE 2 + θ

+

φ(σAEσAN + θ )sW
σAE 2 + θ

σAEu A

+

σAE 2 + θ

if

δA=0

if

δA=1

(5A)

Eq. (5A) shows how country A reacts to the shock u A , to the
common currency depreciation sW , and to the other interacting country
devaluation s B .
The optimal reaction function for country B is:

s B=0
2

B

s =

σBE βs

A

σBE 2 + θ

+

φ(σBEσBN + θ )sW
σBE 2 + θ

if

δB=0

if

δB=1

(5B)

Eq. (5B) displays the best response that country B can give to the
common currency depreciation and the possible depreciation of
country A.
Given Eqs. (5A) and (5B), the optimal strategies of the two
countries in each régime are:

3. Exogenous shock: The structure of the game
As in Canofari et al. (2015), let us refer to a game characterized by
an exogenous and aggregate demand shock so that the previous
assumption of u A = 0 does not apply. The shock (denoted as u A > 0)
directly aﬀects only country A, even if it is observed by both A and B
and can have an indirect impact on the latter (see Section 2, Eqs. (2)
and (4)). This shock implies a deviation in the output and inﬂation of
country A from their respective target levels.14
These assumptions do not ﬁt with the 2007-08 banking sector and
stock market collapse in the most advanced economies, and with the
following great recession. However, at the end of 2009, the United
States and EMU followed diﬀerent trajectories. The recovery phase in
the United States was stronger than expected, whereas the EMU's
economy ﬂowed into the sovereign debt crisis and/or the banking
sector crisis in three peripheral member states (Greece, Ireland, and
Portugal), leading to contagion to Italy and Spain. All these EMU's
countries (with the partial exception of Italy) inherited severe negative
current account imbalances; and, due to the “ﬂight to quality” of the
European ﬁnancial ﬂows, they had to suddenly adjust these external
disequilibria. The impossibility of recourse to a depreciation imposed
the compression of employment and wages, thus igniting a new
recessionary phase.15 The alternative would have been the exit from
the euro area. A fortiori, these possible implications should apply to the
most recent Greek crisis, which reached its peak between mid-June and
mid-July 2015. In addition, according to the most severe critics of the
structural ﬂaws characterizing the Italian economy, this could relate to
the third biggest euro area country during the next European crisis.
Hence, it is useful to evaluate the impact that an exogenous shock such
as a recessionary phase or a crisis event can have on the remain/exit
choices of countries A and B. Our model and the related game structure
performs this duty.
As stated in the previous section, the game structure is characterized by the three régimes (N , D A , and F ). Countries A and B will select
that or those régimes leading to a Nash-equilibrium, that is characterized by absence of incentives to deviate from the acquired position.
As in Canofari et al. (2015), the optimal reaction functions for both
countries are determined by the diﬀerentiation of (3) and (4) with
respect to the nominal exchange rates, subject to conditions (1a-1b)
and (2a-2b), respectively.16 However, in the current model, we
included sW and considered that σiN ≠ σiE for both countries. We thus
obtain the optimal reaction function for country A:

R égimeN : {s A=0,s B=0}

(6)

⎧
⎫
φ[σAEσAN + θ ]sW
σ uA
+ AN
, s B=0⎬
R égimeD A: ⎨s A =
2
2
σAE + θ
σAE + θ
⎭
⎩
⎪

⎪

⎪

⎪

(7)

⎧ A [φβsW (σBEσBN + θ )σAE 2 + (u A + σAN φsW )(σBE 2 + θ )σAE + θφsW (σBE 2 + θ )] ⎫
⎪
⎪
⎪s =
⎪
[θ + (1 − β 2)σ 2 BE ]σAE 2 + θ (σ 2 BE + θ )
⎬
R égimeF : ⎨
A
W
W
2
W
2
W
2
⎪ s B β[(u + σAN φs )σAE + θφs ]σBE + σBN φs (σAE + θ )σBE + θφs (σAE + θ ) ⎪
⎪
⎪
[θ + (1 − β 2)σ 2 AE ]σ 2 BE + θ (σAE 2 + θ )
⎩
⎭
(8)
Let us denote Lh (with h = N , D A , F) as the losses associated to
each regime, so that Lhi represents the loss for country i (with i = A, B)
in regime h . Substituting (6)–(8) in (3) subject to (1a) and (1b), the
losses for country A in the signiﬁcant régimes become:
2

LNA = (u A + σAN φsW ) + θφ2(sW )

(9)

W 2

L AA =

θ (u A + σAN φsW − σAEφs )
σAE 2 + θ

D

+C

(10)

Analogously, substituting (6)–(8) in (4) subject to (2a) and (2b), the
losses for country B in the signiﬁcant régimes become:

L BA =
D

2 2 2
σBN
β σAE (u A)2
2
(σAE

2

+ θ)

+

2
2σBN
φsW ∇u AβσAE
2
(σAE

2

+ θ)

+

2
σBN
φ2(sW )2(∇)2
2
(σAE
+ θ )2

+ φ2(sW )2 θ

− IB

(11)

2
{[φsW (β 2 − 1)σAE
+ β (u A + σAN φsW )σAE + θφsW (β − 1)]σBEθ
2

2
+ σBN φsW (σAE
+ θ )}

LFB =

2
(σBE
+ θ)
2

2
2
2
{[(1 − β 2 )σAE
+ θ ]σBE
+ θ (σAE
+ θ )}

+C
(12)

where: ∇ ≡ βσAEσAN + βθ + σ 2 AE + θ
4. Opting out, currency depreciation and structural
parameters
Our ﬁrst results allow a re-statement in a more general setting of
the conclusions reached in Canofari et al. (2015). We are able to
determine a threshold level for the exogenous shock hitting country A
(uA*), which makes it indiﬀerent for this country to stay in or to opt out
from the monetary union. In this respect, by solving the condition
L AA − LNA=0 for a speciﬁc value of u A , we get:

14
The economic systems of both countries A and B are in equilibrium in the absence
of shocks; and, as mentioned above, output and inﬂation are assumed at their target
levels.
15
There is a rich collection of literature analyzing the possible impact of adjustment
programs and the consequent European policies on the EMU's economic recession. The
latter was particularly severe and prolonged in peripheral countries. Let just recall:
Barkbu et al. 2015; Baldwin and Giavazzi 2015.
16
The economic meaning of the constraints (1a-1b) and (2a-2b) in the minimization
problem is that the goods market must be in equilibrium in both countries.

D

uA* =

2
C (σAE
+ θ ) − φsW (σAEσAN + θ )

σAE

(13)

Eq. (13) and (1a) and (1b) imply that, if the shock hitting country A
4
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positive variation in θ will increase the threshold level uA*, when there
is a depreciation in the common currency (a negative sW ). This is clearly
stated by the following equation:

∂uA*
=
∂θ

Fig. 1. .

exceeds uA*, this country will choose to leave the monetary union and
depreciate its consequent new currency.17 In this event, régimes D A or
F are the Nash-equilibrium solution depending on the reaction of
country B. Diﬀerently from Canofari et al. (2015), Eq. (13) emphasizes
the role played by sW . In fact, it shows that changes in sW imply changes
in uA*. This means that the possible choice of country A to opt out from
the monetary union is also indirectly aﬀected by the nominal exchange
rate of the rest of the world (sW ), and thus by the possible depreciation
of the monetary union currency. A depreciation of the monetary union
currency would aﬀect the value of the exogenous shock hitting country
A, which makes it indiﬀerent for this country to stay in or opt out of the
monetary union.
In order to better assess this new aspect, let us diﬀerentiate (13)
with respect to sW , obtaining:

∂uA*
∂sW

=

−φ(σAEσAN + θ )
σAE

*
∂uA
∂sW

C
2
C (σAE
+ θ)

− φsW

σAE

(15)

Finally, our more general model oﬀers richer results on the impact
of changes in the output gap elasticities to the exchange rate. We have
that:
2
θ (C − φsW C (σAE
+ θ) )
∂uA*
=−
2
2
∂σAE
σ
C (σ + θ )

(16)

∂uA*
= − φsW
∂σAN

(17)

AN

AE

Eq. (16) shows that the higher the elasticity outside the monetary
union (σAE ), the lower the value of the threshold uA*. Hence, despite the
currency depreciation, a higher σAE implies a higher exit probability for
country A. On the other hand, according to Eq. (17), the higher the
elasticity within the monetary union (σAN ), the higher the value of the
threshold uA* and - then - the lower the exit probability for country A
given the strong impact of the currency depreciation.
We can restate these ﬁndings in a more descriptive way. Régime N,
which corresponds to a stable working of the monetary area, can
actually be selected. It is suﬃcient that the exogenous shock hitting
country A satisﬁes the condition uA ≤ uA* (see Fig. 1). In this case, as
stated by Eq. (13) and (1a) and (1b), country A does not leave the
monetary union; and it would be easy to show that also country B stays
in. In analytical terms, régime N is one of the Nash equilibria of the
game. This means that, at least in principle, the EMU can select a stable
equilibrium with the capacity to absorb external shock (a case of ‘good’
equilibrium). However, it is also possible that countries select a
spurious regime (D A U F). If the exogenous shock hitting country A
implies uA > uA*, country A ﬁnds it convenient to leave the monetary
union (see Fig. 1). In this case, country B can either stay in or opt out
due to contagion. Both régimes, D A and F, can be Nash equilibria. This
means that, at least in principle, the EMU can select ‘bad’ equilibria: D A
would transform a monetary union into an unstable ﬁxed exchange rate
monetary system,19 whereas F would lead to a dramatic breakdown of
the monetary union.20

(14)

Given that φ , σAE , and σAN are positive parameters, Eq. (14) clearly
states that

1
2

is negative. Ceteris paribus an appreciation of sW ,

improving the price competitiveness of country A, would increase the
threshold level uA* and, given the probability density function of uA ,
would thus make the exit of country A from the monetary union less
likely to occur.
This result is signiﬁcant for the further assessment of the recent
evolution of the euro area. The adjustment programs implemented in
the EMU led to restrictive ﬁscal policies and hindered the adoption of
expansionary unconventional monetary policies until the end of 2014,
except at the peak of the banking and sovereign debt crises (December
2011 – June 2012). Due to more expansionary policies implemented in
other main economic areas (the United States, Japan, and the United
Kingdom) since mid-2012 to the third quarter of 2014, the euro
appreciated with respect to the other most important international
currencies. Hence, our previous results state that – other things
remaining equal – restrictive European policy measures contributed
to increasing the probability that some of the peripheral member states
would opt out. However, in March 2015, the European Central Bank
(ECB) started the implementation of a strong quantitative easing
program, and ﬁnancial markets anticipated this decision from
November 2014, resulting in a depreciation of the euro relative to
the US dollar and the other main currencies during the following six
months. This trend was strengthened by the gradual shift of European
ﬁscal policies to a neutral stance. Hence, our previous results indicate
that the ECB's current monetary policy is reducing the probability of
country A's exit.18
The more general framework of our new model leads to another
interesting result: the positive impact of inﬂation aversion coeﬃcient
(θ ) on the robustness and stability of the euro area. Let us reasonably
assume that the anti-inﬂation credibility of a given country is stronger
in a monetary union than in a ﬁxed exchange rate regime (Giavazzi and
Giovannini, 1991). Then, it becomes interesting to note that any

5. Contagion and currency depreciation
A simple reﬁnement of our new model allows us to specify the
selection of the ‘bad’ equilibria — that is, when country A decides to
leave the monetary union due to the condition uA > uA*. In this respect, it
is possible to derive another threshold level for the shock hitting
country A (see also Canofari et al., 2015). This new threshold for uA,
other than satisfying the condition uA > uA* (a necessary condition for the
exit of country A), must make it indiﬀerent for country B to stay in or to
opt out from the monetary union.
19
In the past forty years, European attempts to create a ﬁxed exchange rate system
failed, as exempliﬁed by the reaction to the breakdown of the Bretton Wood agreements
and the construction of the European Monetary System. A few years after President
Nixon's obviation of the gold standard (mid-August 1971), European countries built up a
quasi-ﬁxed exchange rate system, which summarily collapsed due to ﬁnancial speculation. The European Monetary System that started in the European Union in 1978 had a
longer life, lasting until 1992-’93. However, this life was characterized by several realignments of diﬀerent currencies (the Italian lira, for instance), and it later collapsed in
the fall of 1992, with the exit of the Italian lira and British pound. An empirical
justiﬁcation of the fragilities characterizing pegged regimes is oﬀered by: Bohl et al.
(2016).
20
It is quite clear that it would be impossible to conceive the survival of the EMU with
the exit – for example - of Spain and Italy. France could not remain in the euro area.
Hence, the new monetary area would be no more than a currency agreement between
Germany and its satellites, one centered on the resurgence of the Deutsche mark.

17
This obviously means that country A will stay in the monetary union if its speciﬁc
shock is lower than uA* . As usual, the former results leave the choice of country A
undetermined when the speciﬁc shock is strictly equal to uA*. Through a bit of algebra, it
would be possible to overcome this indeterminacy. However, we assume, for the sake of
simplicity, that country A always chooses to stay in when the speciﬁc shock is equal to uA*.
18
Our statement could be aﬀected by the fact that the ECB's quantitative easing did
not apply to the purchase of Greek bonds. In order to address this issue, we would have to
endogenize the impact of the policy tools involved through the European aid program.
The structure of our model is too simple to allow this speciﬁcation.
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To simplify the analysis of the following analytical results, let drop
the previous assumption that the output gap elasticities for country A
and B will change when country A abandons the monetary union.21
Hence, σA and σB continue to be diﬀerent but both become invariant
with respect to the remain/exit choice.
In principle, our one-shot game is compatible with the two opposite
conditions: σA < σB , and σA > σB . From an economic point of view, σA < σB
implies that the potential growth of country A is less dependent on
currency depreciation and, hence, on price competition; conversely, σA
> σB , implies that the potential growth of country A is more dependent
on currency depreciation and, hence, on price competition. In both
cases, the relative dependency of the peripheral country can be justiﬁed
by its weaker productive organization and more traditional specialization relative to the other EMU intermediate country. In the ﬁrst case
(σA < σB ), the fragile economic structure of country A makes its position
in international markets so dependent on low real wages or so marginal
that a one-shot depreciation would be insuﬃcient to alter its position
towards the rest of the world. Hence the trade balance elasticity of
country A will be lower than that of country B, even if the latter does
not mainly base its international competitiveness on prices. In the
second case (σA > σB ), the economic structure of country A would be too
developed to be just focused on low real wages and strong enough to
positively react to the depreciation; hence, the traditional specialization
of country A can explain why its trade balance elasticity is higher than
that of country B, as the latter does not mainly rely on prices for
international competitiveness.
In the following analysis, we assume that the EMU's economies are
suﬃciently involved in the international markets to make the case of σA
> σB predominant. Therefore, in our model, the assumption σA > σB is a
stylized representation of two related empirical evidences: with respect
to country B, country A faces higher unit labor costs as well as a
negative gap in terms of innovative production and organization. This
is equivalent to state that country A's economy mostly depends on low
productivity and low margin goods or services that have a high priceelasticity, whereas country B's economy depends on high productivity
and high margin goods or services that have a lower price-elasticity (in
this respect, see also: Wierts et al. (2013).
The threshold value over which contagion displays, has to satisfy
the condition L BA − LFB=0 for the speciﬁc value of u A . Thus, we get the
D
new threshold level uA**. The latter implies that country B will remain in

Fig. 2. .

the depreciation of the monetary union currency with respect to the
rest of the world. In this last respect, we can diﬀerentiate uA** with
respect to sW . Under reasonable value of β ,

∂sW

is negative as in the

case of uA*.24 This means that a depreciation of the monetary union
currency (decrease in sW ) increases the threshold level uA** and, hence,
reduces the probability of contagion.
To summarize (see Fig. 2): the exit of country A leads to a Nashequilibrium without contagion, represented in our game by the régime
D A , when uA* < uA ≤ uA**; this same exit causes instead a Nashequilibrium with contagion, represented in our game by régime F,
when uA > uA** > uA*.

6. Contagion and output gap elasticities
In this section, we aim to focus our analysis on the output gap
elasticities of countries A and B (σA and σB , respectively) to the eﬀective
real exchange rates of these same countries. As we already stated (see
Section 5, above), we assume that the elasticity of the representative
peripheral country A is higher than that of country B (σA > σB ).25 This
assumption is supported by the fact that peripheral economies have a
more traditional specialization, higher unit labor costs and weaker
productive organization than other countries of the monetary union.
Hence, in our model, country A competes more on the depreciation of
its eﬀective real exchange rate (in other words, on prices) than on other
factors (such as organizational and technical innovations, product
quality, consequent increases in labor productivity, and so on). The
opposite holds true for country B.26 This is the reason why we focus on
the elasticity of the two countries under consideration. If we were able
to show that the values of σA and σB have an impact on the decisions of
country A and B to stay in or opt out of the monetary union, it would
follow that the relative competitiveness of these two countries aﬀects
the stability of a monetary union. This possible result is important for
the analysis of the EMU. It would conﬁrm that one of the main factors
of instability in the euro area is the competitive weakness of peripheral
member states towards the rest of the area and the consequent lack of
convergence inside the monetary union (cf. Eichengreen, 2010;
European Commission, 2012).
In order to investigate the role played by the elasticities to real
eﬀective exchange rates in the relationship between country A and B , it
is convenient to set the world exchange rate sW equal to 0. Moreover, in
order to avoid any reference to other factors of reciprocal inﬂuence
exercised by these two countries on each other, let us eliminate the
parameter β . Given the previous simpliﬁcations, Eq. (1a) becomes:

the monetary union despite the exit of country A, if the actual
exogenous shock aﬀecting the latter country is lower than uA** (uA
< uA**).22 On the other hand, country B will choose to opt out of the
monetary union (case of contagion), if the actual exogenous shock
aﬀecting country A is large enough to determine the condition uA > uA**.
The expression that determines uA** is too complex to be explicitly
reported and discussed in the text. Its implicit form is:

uA** = f (β , γ , θ , σA, σB, C , IB, sW )

**
∂uA

(18)

Let us emphasize three features of Eq. (18). First, it seems reasonable to assume that uA** > uA* since this is equivalent to state that the
minimum level of shock generating contagion is greater than the
minimum level of shock leading to the exit of country A without
contagion.23 Second, as also shown by Eq. (4) above, the choice of
country A to abandon the euro implies an impact cost IB for the
remaining country B. Eq. (18) highlights that IB aﬀects the level of uA**:
if IB > 0, contagion would be less likely. Finally, uA** is also aﬀected by

y A = σA(s A − s B ) − u A.

(1 bis)

Combining Eq. (5A) and (1 bis), we can solve L AA − LNA=0 for u A .
D
The result is the determination of the threshold level (v*), which makes
it indiﬀerent for country A to stay in or leave the monetary union given
the value of σA (see also Eq. (13) in Section 4 above and Fig. 3 below):

21

This simpliﬁcation will be applied to all the remaining sections.
In this case as well, we will assume that country B will always choose to remain in if
the shock aﬀecting country A is equal to uA** (see footnote 17, above).
23
To support the intuition proposed in the text, the Appendix A1 shows that the
inequality uA** > uA* is satisﬁed for reasonable values of the parameters and for reasonable
intervals in the values of output gap elasticities to the real eﬀective exchange rates. Here,
we are interested in the possible eﬀect of euro depreciation on the probability of
contagion for country B.
22

24

See Appendix A2.
Formally, we could allow for a weaker condition, that is σA ≥ σB . However, from an
economic point of view, the stronger condition adopted in the text is more convincing.
26
The simpliﬁcation introduced in our model allows us to compare country B only to
country A, keeping in mind that, in a more complex model with three interacting
countries (A, B, and E), the representative core country E would be characterized by the
lowest elasticity to its real eﬀective exchange rate.
25

6

Economic Modelling xxx (xxxx) xxx–xxx

P. Canofari, M. Messori

Fig. 3. .

v* =

C (σA2 + θ )
σA

.

(19)

Eq. (19) implies that, if country A's speciﬁc shock u A exceeds v*, this
country will leave the monetary union and depreciate its currency such
that the possible dominant régimes become D A U F . Instead, if u A is
lower than or equal to v*, country A will stay in the monetary union
making régime N a Nash equilibrium. It is then obvious that, if v*
increases, the probability that country A stays in will also increase
given the probability density function of uA .
Eq. (19) stresses that the value of v* depends on σA . Hence, to
complete the economic interpretation of this equation and Fig. 3, we
have to analyze the eﬀect of the elasticity σA on v*. It is easy to assess
that:

∂v*
=−
∂σA

Fig. 4. .

θ σB 2 + θ 2 − σA 4 σB 2 C

Cθ
2

C (σA + θ ) σA2

*

(20)

σB 2

*

IB + C
C

>1

σA2 + θ
σB 2 + θ −

σA 4
θ

(22)

Fig. 4b).
In other words, given the elasticity of country A, these new results
imply that the selection between the bad and worst equilibrium will
depend on the elasticity of country B . If the latter is zero or small
enough (σA ≥ 4 σB 2θ + θ 2 ), contagion can never be observed; conversely, if σB is high enough (σA < 4 σB 2θ + θ 2 ) and uA strong enough,
contagion and the direct breakdown of the monetary union can happen.
Hence, country B—the representative of countries in between ‘central’
and ‘peripheral’ member states—can avoid contagion if it can maintain
a low elasticity, achieving competitiveness through innovation and
labor productivity dynamics rather than currency depreciation. This
conclusion oﬀers a stimulating interpretation of the workings of the
euro area. The EMU could better survive the exit of a peripheral
member state if there were a convergence between the remaining
member states in terms of non-price competition.

(θ σB 2 + θ 2 − σA 4 )(C + IB )θ (σA2 + σB 2 + θ )(σA2 + θ )
(θ σB 2 + θ 2 − σA 4 )σB 2σA

σA2 + σB 2 + θ

=

Eqs. (19) and (21) imply that country B will remain in the monetary
union despite the exit of country A, if the actual exogenous shock
aﬀecting the latter country is lower than or equal to v** (uA < v**). On
the other hand, country B will choose to opt out from this monetary
union (case of contagion), if the actual exogenous shock aﬀecting
country A is large enough to satisfy the condition uA > v**. It follows
that régime D A becomes a Nash-equilibrium when v* < uA ≤ v**;
conversely, régime F becomes a Nash-equilibrium when uA > v** > v*.
Eqs. (19) and (21) also allow the rephrasing of previous results in
terms of σA and σB (see Fig. 4a–b). Whenever σA ≥ 4 σB 2θ + θ 2 (or σB =
0), L BA − LFB will become negative for each shock level so that F can
D
never be a Nash-equilibrium (see Fig. 4a). On the other hand, whenever
σA < 4 σB 2θ + θ 2 , L BA − LFB will become positive and, hence, F will be
D
the selected régime if the shock exceeds the threshold level v** (see

Being C , θ > 0 (see Section 2, above), Eq. (20) clearly states that the
lower the elasticity of country A the higher v* becomes. This means
that, if country A improved its non-price competitiveness, reducing its
gap towards countries B and E, the threshold level v* would increase;
hence, ceteris paribus, the exit of country A from the monetary union
would be less likely to occur. The opposite would obviously hold true in
the case of a further weakening of country's A non-price competitiveness. In this case, the value of v* would decrease so that, ceteris
paribus, the exit of country A from the monetary union would be more
likely to occur. Applying this result to the actual working of the EMU,
we ﬁnd that the non-price competitiveness of peripheral member states
has an impact on the stability of the euro area. The risk of an exit from
the EMU would decrease and the euro area would become more stable
if peripheral member states improved their organizational and technical innovations and the dynamics of their labor productivity, reducing
their gaps vis-à-vis the other member states.
Following the reﬁnements introduced in the previous section, we
can now be more precise about the conditions that would lead country
B to select the bad equilibrium (D A ) or the worst equilibrium (F) when
country A decides to leave the monetary union due to the fact that uA
> v*.27 In this respect, let us derive another threshold level for the
shock hitting country A. This new threshold (v**), other than satisfying
the condition uA > v* (a necessary condition for the exit of country A),
must make it indiﬀerent for country B to stay in or to opt out of the
monetary union, satisfying the condition L BA − LFB=0 for the speciﬁc
D
value of uA . We thus get the new threshold level v**:

v** =

θ (σA2 + σB 2 + θ ) σA2 + θ Br + C

v**
=
v*

(21)

We can easily show that v** is greater than v*. From (21) and (19),
we derive:

7. Conclusion
This paper, which is a signiﬁcant extension of Canofari et al. (2015),
analyzes the eﬀects of common currency depreciation and output gap
elasticities to the real eﬀective exchange rate on the stability of a
monetary union.
Our model reaches four main ﬁndings: (a) the depreciation
(appreciation) of the common currency under examination as well as
an increase (decrease) in inﬂation aversion reduce (increase) the
probability that the most fragile countries of this monetary union, hit

27
It is obvious that the bad equilibrium DA is the best possible equilibrium given the
exit of country A. This is equivalent to stating that, in the extended form of our game,
country B is at a node where the ‘bad’ and ‘worst’ equilibria are the only possible
outcomes.
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union such as the EMU. The possible exit of a given member state from
a monetary union mainly depends on the policy stance and policy
reactions implemented in the area; even the enriched version of our
model does not endogenize any policy tool. The ﬁrst analytical
improvement for future research is to include a representation of
further economic, institutional, and organizational factors to allow the
model to analyze diﬀerent stances in monetary and ﬁscal policy. The
main steps in these directions would have to be the following two: (i)
introduction of a centralized monetary policy and of national ﬁscal
policies in the countries analyzed, constrained by the respective legacy
in terms of the public balance sheet; (ii) reference to the speciﬁc
banking sectors of these countries.
These steps are diﬃcult to implement. Hence, our strategy will be to
pursue a gradual introduction of new variables, which will probably
require a further simpliﬁcation in the structure of the model.
From an analytical point of view, there are two other obvious
improvements for future research. The ﬁrst is the re-design of the
structure of our two-agent game, which analyzes the strategic interactions between a peripheral member state and a more robust, but not
core, member state in the monetary union, thus conﬁning the core
member states to the background with a passive position. It would be
convenient to build a three-agent game containing a strategic interaction between three member states representative of peripheral, intermediate, and core countries. The second analytical improvement
consists of transforming our “one shot” analysis into a dynamic one.
This would also allow us to build a solid setting for a better incorporation of institutional and organizational cost functions. Let us emphasize
that it would be useless to pass through a “repeated game.” As shown
by our simple “one shot” model, each round of interactions between
two countries changes the structure regardless of an exit or non-exit
outcome. Hence, it would be necessary to build a dynamic game (see
Weibull, 1995; Basar and Olsder 1999; see also: van Aarle at al. 2002).

by an idiosyncratic and negative shock, choose to exit; (b) the same
eﬀect applies to the probability that this exit implies contagion to more
robust member states of the same area; (c) the higher the elasticity of
the most fragile countries aﬀected by the shock, the higher the
probability of them abandoning the monetary union; (d) given this
elasticity, if the elasticities of other more robust countries of the same
area are low enough, the contagion eﬀect will never display. These
ﬁndings lead us to conclude that the risk of an exit from a monetary
union does not only depend on price competition. In fact, points (c)
and (d) show that this risk would increase if the subset of its most
fragile member states relied too much on price competition. Moreover,
the risk that this exit results in a breakdown of the monetary union due
to widespread contagion eﬀects could be reduced, if other more robust
member states mainly based their competitiveness on organizational
and technical innovations and, hence, on a positive dynamics of labor
productivity.
Leaving a monetary union involves many other economic factors, as
well as institutional and organizational factors that the basic version of
our theoretical model does not take into account. Hence, we enriched
this version with a number of structural parameters in the attempt to
account for some of the institutional complexities of an exit/remain
choice. We introduced an exogenous exit cost in the loss functions of
the several types of countries as well as an impact cost in the loss
function of the more robust member states in case of a remain choice
despite the contagion. Then, we characterized the output gap equations
of the diﬀerent countries by diﬀerentiating the initial values of their
output elasticities to the exchange rate and by varying these values in
case of exit. Finally, we referred to the relationships between the
monetary union and the rest of the world by analyzing the role of the
common currency exchange rate with respect to the rest of the world.
These improvements allow important reﬁnements of the basic
results. However, our analytical conclusions are still too stylized to
be econometrically proven or directly applied to a speciﬁc monetary

Appendix A1
In the text, we maintained that it is reasonable to assume uA** > uA* since this inequality is equivalent to stating that the minimum shock capable
of generating contagion is greater than the minimum shock necessary for triggering just the exit of peripheral country A. In the text (see footnote
23), we also pointed that it would have been possible to go beyond this intuition by proving that uA** > uA* under reasonable values for the parameters
in Eq. (22) and reasonable intervals for the values of output gap elasticities to the real eﬀective exchange rates (σA and σB ). Here, we prove this result
by means of Fig. A1.

Fig. A1. .
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Fig. A1 represents the values assumed by (uA**/uA*) – 1 for diﬀerent values of σA and σB . The positive value of this function obviously satisﬁes the
condition uA** > uA*. Let us assume that the values of the parameters are:

1
1
, γ = , θ = 1, C = 1, IB = 0, sW = 0.5
3
3

β=

Given these values, which appear reasonable, it follows that we remain in the positive portion of the ﬁgure if the elasticities σA and σB assume
values between 0 and 2, which are also reasonable values.
Appendix A2

∂uA**
∂sW

= Α*Β − Χ
2

2

φ2[θ 2 + (σA2 + σB2 )θ (1 − β 2 )σA2σB2β 3] σA3θ 2(σA2 + θ ) sW

Α≡

2

2

2

1

2

{[(1 − β 2 )σA2 + θ ]σB2 + θ (σA2 + θ )} {(IB + C )[(1 − β 2 )σA2 + θ ] σB2 + θ{[θϕ2(sW ) β 4 − 2(IB + C )(β 2 − 2 )]σA4 (σA2 + θ ) σB4
− 2θ (β 2 − 1)(IB + C )σA2 + (IB + C )θ 2}}

2

Β ≡ {[(1 − 2β 2 )θ + σB2(β 2 − 1) ]σA4 − 2θ (β 2 − 1)(σB2 + θ )σA2 + θ 2(σB2 + θ )}
Χ≡

⎧ ⎡
⎛
2⎫
1 ⎞⎤
φ(σA2 + θ )⎨−⎢(β − 1)θ 2 + 2⎜β 2 − 1 + β ⎟⎥σB2θ − σB4(β 2 − 1) ⎬(β + 1)σA4 − [(β 2 − 2)θ + 2σB2(β − 1)(β + 1)2]θ (σB2 + θ )σA2 + [θ + σB2(β + 1)]θ 2(σB2 + θ )
2 ⎠⎦
⎝
⎭
⎩ ⎣
⎫
⎧⎡
2⎤
σB2βσA⎨⎢(1 − 2β 2)θ + σB2(β 2 − 1) ⎥σA4 − 2θ (β 2 − 1)(σB2 + θ )σA2 + θ 2(σB2 + θ )⎬
⎦
⎭
⎩⎣
⎪

⎪

⎪

⎪

Under reasonable value of β is easy to check that

**
∂uA
∂sW

< 0 since Α < 0, Β > 0, Χ > 0 .
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