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ABSTRACT

How can a currency union be sustained when member states have an exit option? This paper
derives how fiscal and monetary policies can ensure the survival of a common currency, if
countries want to leave the union. A union-wide central bank can prevent a break-up by
setting interest rates in favor of the country that wants to exit. I show how a central bank
does this by following a monetary rule with state-dependent country weights. The paper then
demonstrates in a simulation that a central bank can only sustain the union for a while with
this rule, but not permanently and that the best way to sustain the union is through fiscal
transfers.
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NON-TECHNICAL SUMMARY

Currency unions, such as the eurozone, may suffer instability if their membership is not seen
as irrevocable. Even though exiting the Eurozone is not foreseen in the Treaty, the Eurozone
sovereign debt crisis has forcefully shown that the possibility of a break-up was not fully
ruled-out as markets have priced-in the risk of currency devaluations. Next to fiscal policy,
the role of the European Central Bank for the currency union has been debated extensively.
This poses the question what monetary policy can actually do if the union is confronted with
the threat of a break-up. How can a central bank help to make a currency union
sustainable?To address this issue, I set up a two-country open economy model that gives
governments the option to choose between being in a currency union and having an own
national currency. With an own currency, the central bank, if credible can focus on price
stability and let the exchange rate float freely. In a currency union there is only one central
bank for both countries. The benefit of a common currency is that it facilitates cross-border
flows, notably trade. By assumption, if both countries use the same currency, trade costs are
reduced and bilateral trade increases. The downside of the currency union is that
macroeconomic stabilization is less effective for certain states of the world since a common
central bank sets interest rates for the whole union. Therefore, the costs of a currency union
are time-varying and in some situations these costs might outweigh the benefits.I use this
setup to run an experiment in which I calibrate the economy to simulate and then look at the
outcome of four scenarios. In the first scenario, both governments decide freely when they
want to leave the currency union. That is the only decision. They take monetary policy and
the outside option as given. Once a government leaves the currency union, the union is
destroyed forever. In the second scenario, I add a union-wide Ramsey planner who sets
lump-sum transfers between countries. The planner considers the member states’ exit option.
The idea is to set transfers in such a way that no country takes benefit to leave the union. In
the end, under the veil of ignorance, both countries are better off with this transfer scheme
as the union survives. As in the first scenario, monetary policy is taken as given by the Ramsey
planner. The third scenario considers a union-wide central bank that sets interest rates and
takes the exit option of both countries into account. No transfers take place in this scenario.
As before, the idea is to set interest rates in such a way that no country takes benefit to leave
the union at any point in time. In the fourth and last scenario, I consider a joint monetary
and fiscal response with a one-time monetary intervention in the crisis period itself and
systematic transfers afterwards. All these four scenarios are run with different amounts of
trade gains in a currency union that are consistent with the range of estimates from the
literature. Considering a large set of trade gains also takes into account that leaving the union
might imply other costs. The goal is to check which policy works depending on the amount
of gains coming from the currency union. The paper has three main findings: First, I show
how a central bank can prevent a break-upof the currency union by following an interest rule
that puts more weight on stabilizing crisis countries that would otherwise exit the union.
Second, I highlight that interest rate policy alone is a poor tool to redistribute between
countries, as it depends on the synchronicity of business cycles. Furthermore, compensation
through interest rates is distortionary. Therefore- and this leads to the third result- the central
bank alone can only sustain the union for some time, but if a sequence of sufficiently large
asymmetric shocks emerges the union will eventually collapse. I demonstrate how fiscal
transfers can sustain the union in the experiment in those situations in which interest rate
setting alone cannot.
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Notes: This figure shows interest rates over time in one of the simulation. The vertical green line indicates a
large shock that would make country H leave the Union. The other lines show different interest rate rules: The
solid blue line indicates the union-wide rate with equal weight for both countries, the shaded blue area indicates
the possible range of interest rates when the central bank varies these weights. The dotted red line shows the
interest rate that H would implement with its own currency and the dashed magenta line shows the rate that
central bank implements when considering the exit option to save the union.

['économie politique des unions monétaires

RESUME

Cet article explique comment les politiques budgétaires et monétaires peuvent stabiliser
une union monétaire lorsque les pays qui la composent ont une option de sortie. Une
banque centrale peut favoriser la cohésion de 'union en fixant un taux d’intérét favorisant
un pays en particulier. Je montre comment la banque centrale y parvient en suivant une
régle monétaire avec des pondérations par pays. Les simulations présentées dans cet article
montrent que 'implémentation de cette regle permet d’assurer la cohésion de I'union
monétaire de maniére temporaire et non permanente.
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Politique budgétaire
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1 Introduction

Currency unions, such as the eurozone, may suffer instability if their membership is not seen
as irrevocable. Even though exiting the Eurozone is not foreseen in the Treaty, the Eurozone
sovereign debt crisis has forcefully shown that the possibility of a break-up was not fully ruled-
out as markets have priced-in the risk of currency devaluations. Next to fiscal policy, the role
of the European Central Bank for the currency union has been debated extensively. This poses
the question what monetary policy can actually do if the union is confronted with the threat of
a break-up. How can a central bank help to make a currency union sustainable?

To address this issue, I set up a two-country open economy model that gives governments the
option to choose between being in a currency union and having an own national currency. With
an own currency, the central bank, if credible can focus on price stability and let the exchange
rate float freely. In a currency union there is only one central bank for both countries. The ben-
efit of a common currency is that it facilitates cross-border flows, notably trade. By assumption,
if both countries use the same currency, trade costs are reduced and bilateral trade increases.
The downside of the currency union is that macroeconomic stabilization is less effective for
certain states of the world since a common central bank sets interest rates for the whole union.
Therefore, the costs of a currency union are time-varying and in some situations these costs
might outweigh the benefits.

I use this setup to run an experiment in which I calibrate the economy to simulate and then look
at the outcome of four scenarios. In the first scenario, both governments decide freely when
they want to leave the currency union. That is the only decision. They take monetary policy
and the outside option as given. Once a government leaves the currency union, the union is
destroyed forever. In the second scenario, I add a union-wide Ramsey planner who sets lump-
sum transfers between countries. The planner considers the member states’ exit option. The
idea is to set transfers in such a way that no country takes benefit to leave the union. In the end,
under the veil of ignorance, both countries are better off with this transfer scheme as the union
survives. As in the first scenario, monetary policy is taken as given by the Ramsey planner.
The third scenario considers a union-wide central bank that sets interest rates and takes the exit
option of both countries into account. No transfers take place in this scenario. As before, the
idea is to set interest rates in such a way that no country take benefit to leave the union at any
point in time. In the fourth and last scenario, I consider a joint monetary and fiscal response with
a one-time monetary intervention in the crisis period itself and systematic transfers afterwards.
All these four scenarios are run with different amounts of trade gains in a currency union that
are consistent with the range of estimates from the literature!. Considering a large set of trade
gains also takes into account that leaving the union might imply other costs. The goal is to
check which policy works depending on the amount of gains coming from the currency union.
The paper has three main findings: First, I show how a central bank can prevent a break-up
of the currency union by following an interest rule that puts more weight on stabilizing crisis

countries that would otherwise exit the union. Second, I highlight that interest rate policy alone

ISee the literature review at the end of the section and the calibration in Section 4



is a poor tool to redistribute between countries, as it depends on the synchronicity of business
cycles. Furthermore, compensation through interest rates is distortionary. Therefore- and this
leads to the third result- the central bank alone can only sustain the union for some time, but if
a sequence of sufficiently large asymmetric shocks emerges the union will eventually collapse.
I demonstrate how fiscal transfers can sustain the union in the experiment in those situations in
which interest rate setting alone cannot.

The first finding shows how a central bank can use an interest rate rule to sustain the currency
union when member states want to exit. The central bank does this by following a rule that
features state-dependent country weights. When a country wants to leave the currency union,
the central bank promises this country to put a greater emphasis on stabilizing its economy.
This way the central bank gives more weight to that country and makes the currency union for
it relatively more attractive than the outside option with national currencies. Which country
is stabilized more by the central bank is determined ex post, after shocks have materialized.
Therefore, with the interest rate rule derived in this paper the central bank can in principle
factor in exit options of member states.

The second finding relates to the strength of this policy instrument to redistribute and in turn to
sustain the union. The central bank can only promise to favor a certain country in the future, if
the busines cycles of the member states are not perfectly synchronized. This means that a certain
degree of asymmetry between both countries is needed for interest rates to be an effective tool.
If business cycles are expected to be perfectly synchronized in the future, the central bank has
no way to favor a specific country because both countries want to have the same interest rates.
This puts a limit to the ability of the central bank to make promises to countries that are willing
to leave, as compared to a planner who can promise transfers.

This leads to the third result, namely that the currency union will eventually break up if mon-
etary policy is the only tool considered to prerserve the union. The experiment shows that an
actual break-up of the union is rather likely if fiscal transfers and monetary accommodation are
absent. In the simulation, the central bank can increase the average duration of the currency
union, but she cannot totally suppress the possibility of a break-up. With a monetary policy
intervention, the union can be sustained for a while until a sequence of exceptionally large
asymmetric shocks hit the union. I furthermore demonstrate in the experiment that fiscal trans-
fers can sustain the currency union also in those simulations in which monetary policy alone
fails to achieve that.

In conclusion, the central bank can help to sustain the union and reduce the probability of a
break-up. This is done by partly departing from the original objective of union-wide price sta-
bility and emphasizing stabilization of crisis countries. The central bank however is only able
to buy some time for the currency union. The option of using fiscal transfers is a more effective

policy tool and ensures that the union is permanently sustained.



Related Literature

The first strand of literature that this paper relates to goes back to the optimum currency liter-
ature, pioneered by Mundell (1961). Currency unions are vulnerable to so called asymmetric
shocks, especially when factor mobility is low and a common fiscal policy is missing, as noted
by McKinnon (1963) and Kenen (1969). Eichengreen (1992) and Shambaugh (2012) have dis-
cussed if the eurozone constitutes an optimal currency area and noted several vulnarabilities.
These vulnerabilities are in fact so large that markets price in a positive probability of a eu-
rozone break-up, as shown by Bayer et al. (2018). My paper explicitly microfounds the costs
of a monetary union and models when a break-up occurs. It also discusses how such a break-
up can be prevented. I use a two-country model based on Corsetti and Pesenti (2002). This
kind of model is part of the new open economy literature that has been established over the
last decades®. An important issue that this literature addresses is the question which monetary
regime is optimal depending on the invoicing regime. Conclusion reach from letting the ex-
change rate float freely, as proposed by Friedman (1953) and Clarida et al. (2002), to pegging
the exchange rate as in Devereux and Engel (2003). Optimal cooperation between monetary au-
thorities has also been extensively discussed by the literature, see Benigno and Benigno (2003),
Corsetti and Pesenti (2002), Corsetti et al. (2018), Bodenstein et al. (2019) and Egorov and
Mukhin (2020). Historically, the world has seen many different exchange rate regimes, as
shown by Ilzetzki et al. (2019). How exchange rate regimes are chosen and why they evolve
in the way we observe it, is not well understood and has been discussed recently by Mukhin
(2018). I contribute to this literature and show under which conditions a currency union, seen
as a fixed exchange rate regime, can collapse and be sustained. Why such unions are formed
in the first place is an open debate. My paper considers trade advantages in a currency union
as the main benefit, as a common currency is thought to reduce trade costs (Alesina and Barro,
2002). Evidence of more trade inside a currency union has been given by Baldwin et al. (2008)
and Micco et al. (2003) who find trade increases between 4% to 16%. Even higher estimates
have been found by Rose (2000), Frankel and Rose (2002) and Glick and Rose (2002). Baier
et al. (2014) highlight that those large increases in bilateral trade of economic unions arise if
other economic trade agreements such as customs union and common markets are considered
as well. Another potential benefit of entering a currency union is the reduction of inflationary
biases in some countries, when a new credible central bank is created, see for example Alesina
and Barro (2002). A similar point has been made by Chari et al. (2020) who points out that an
inflationary bias can be reduced in a currency union even if the newly created central bank is
not credible. My paper therefore combines the good and bad sides of a currency union in one
model. The costs of the currency union are time-varying and might exceed the benefits when
a big asymmetric shock emerges. Such a situation gives rise to the possibility of a break-up of
the union, that is discussed in the second part of the literature review.

Forming and disrupting political and economic unions has been analyzed by Balassa (1961),
Haas (1958) and Bolton and Roland (1997). As noted by Cohen (1993), a currency union

2See for example Benigno and Benigno (2003), Gali and Monacelli (2005) Clarida et al. (2002), Corsetti and Pesenti (2005),Corsetti et al.
(2011) and Engel (2011)



consisting out of sovereign nations can break up. Fuchs and Lippi (2006) formally establish
an exit option in a reduced-form model of a monetary union. They embed this union into a
dynamic contract with limited commitment® of member states to the union. They find that
with such an exit option, the union-wide central bank optimally uses state-dependent country
weights. I contribute to that by explicitly modeling the macroeconomics of a currency union
and deriving an interest rate setting rule that features state-dependent country weights as well.
In addition to that, I compare this policy to fiscal transfers that aim to make the currency union
sustainable. Auclert and Rognlie (2014) show that a monetary union can favor the creation of
a fiscal union. They demonstrate how a central bank departs from its traditional role of price
stability for the union to encourage more political integration with its policy. In a similar way,
my paper shows how a central bank can prevent political disintegration with its policy. Ferrari
et al. (2020) have demonstrated how fiscal policy can be used as a tool to deal with exit options
and significantly reduce the costs of a currency union. Compared to them, I introduce aggregate
risks and provide a framework to jointly analyze fiscal and monetary policy. How fiscal policy
can improve welfare in a currency union has been shown by Farhi and Werning (2017). They
establish that even in the presence of perfect financial markets, as in Cole and Obstfeld (1991),
fiscal policy plays an important role in stabilizing a currency union. Schmitt-Grohé and Uribe
(2016) find that state-contingent fiscal policy can ensure the first best allocation for a country in
a currency union, therefore eliminating the need to devalue the currency in case of an economic
shock. Recently, the literature discussed fiscal policy in the context of moral hazard in Europe,
see for example Abrahdm et al. (2019) and Miiller et al. (2019). In my paper, fiscal policy
can improve the outcome by ensuring that governments do not exert the exit option. This
way, the currency union is sustained and both countries benefit from trade costs over a longer
horizon. Other papers consider exit options as well, such as Kriwoluzky et al. (2019) who find
that a sovereign debt crisis can be amplified by exit expectations, or Eijffinger et al. (2018)
highlighting crisis contagion to other member states in the presence of exit options. Another
result of my paper relates to political integration more generally. I show how countries decide
to join a currency union with no transfers in the beginning. As the threat of a break-up looms,
both countries voluntarily enter a primitive fiscal union with transfers between countries. The
threat of a break-up serves as a driver of a deeper political and economic union, since countries

automatically climb the ’staircase’ of political integration, as in Auclert and Rognlie (2014).

2 Model of the Economy

This section outlines a model based on Corsetti and Pesenti (2002), and Corsetti and Pesenti
(2005). I establish a dynamic two-country general equilibrium model with trade and stochastic
productivity shocks. I extend the baseline by Corsetti and Pesenti (2002) to allow for trade
costs and to explicitly give the governments the option to choose between a currency union and

national currencies.

3The literature of dynamic contracts with commitment problems was pioneered by Thomas and Worrall (1988), Kocherlakota (1996) and
Marcet and Marimon (2019).



2.1 Households, Consumption Bundles and Price Indices

There are two countries, a Home country (H) and a foreign country (F). Each is populated by a
mass one of identical individuals. Lifetime utility of the representative household in H is given
by:

E,{Zﬁf—l(ln(q)—m)} (1)
j=t

where C; is a basket of consumption goods and L, are working hours for the individual with k
being a coefficient for disutility of labor. B € (0, 1) is the time discount factor which is assumed
to be the same for individuals in both countries. In addition to that, utility is quasi-linear in labor
to simplify the aggregation in later steps. Preferences of agents in F are described analogously
with all variables being denoted with a *. The consumption basket consists of consumption of
Home goods Cy ; and foreign goods Cr, with an elasticity of substitution of 1. It can be written

as a Cobb Douglas function:
Ci=(Cu)"(Cra)' ™", G = (Cpp) ' 71(CE)Y )

where Y governs the taste of households for goods from country H or F. In contrast to Corsetti
and Pesenti (2002), I assume that both countries have a Home bias and that every country
weights its own good with y. The individual’s consumption index for goods from country H is

an aggregator of different brands £ with elasticity of substitution 0:

0 o*

1 0-1 -1 1 0% 1 o 1
Cius = { / c<h>edh}  Cri= { [en' df} 06751
0 0

Each country hence specializes in the production of a single type of good. Each brand h is

produced by a single Home firm and sold in all countries in a monopolistic market. The utility-
based price index F; of H is the consumption-based price index that can be obtained by mini-

mizing expenditures to buy one unit of composite real consumption C;.

1-ypy *Y pxl—y
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The price indexes Py, and Pr, for Home goods and foreign goods respectively in the Home

country can be derived in a similar way:

1 1
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Household’s portfolio consists of several components. Agents can access financial markets in
order to sell and buy Home bonds* By, and foreign bonds Br,. Foreign bonds have to be
converted into Home currency. The exchange rate &; is defined as Home currency over foreign
currency °. In addition, the households own the firms and supply labor on a competitive market.
Therefore, they receive wages, firms’ profits Iy ; and interest rates from bonds. Furthermore,
they pay non-distortionary net taxes 7; to the government. As in Woodford (2003), I consider
the limiting case of a cashless economy. The nominal flow budget constraint of individual j at

time ¢ is given by the following inequality:
Bi 1 +&Bri+Pu Cr 1+ PriCri+T; < (14i;)By p—1+ (140} ) &Br—1 +W: L+, (3)

the short-term nominal interest rate i; is paid out at the beginning of period ¢ and known in
t — 1. The household’s optimization problem is to maximize lifetime utility (1) subject to the
consumption aggregator (2) and the budget constraint (3). Demand for brand h and f by the
representative consumer can then be expressed as a function of the relative price and total con-

sumption of Home and foreign goods:

Ci(h) = (M) _GCH,z, G(f)= (ﬂ) _G*CFJ 4)

Py, Pr,

Consumption of goods produced in the Home country is a function of its price relative to the

overall price index and total consumption:

P —1 P -1
Cho;= 7<ﬂ) Ci, Crr= (1—1y) <ﬂ> G

7

Demand can also be expressed as a function of international relative prices. Let the terms of

trade .7} be defined as the price of foreign export goods over Home export goods.
T, = &Py Pu. 5)

The Euler equation determines agent’s intertemporal allocation

1 1
RERV M o
P[Ct ( t+ ) t ﬁB—i—lCt—i-]
The stochastic discount factor is defined as Q; ;11 = 8 2 ﬁgﬂ' The optimality condition for

labor W; = kF,C; implies that Q; ;1 is the same for every individual. In addition, the law of one
price holds. Thus p;(h) = &p;(f).

4BH7,,1 are accumulated bonds until the period # that are carried over to period . Households choose in # how many bonds to hold.
3 A higher & means that one unit of a foreign currency can now buy more units of the Home currency. We say the Home currency depreciates.



2.2 Production, Good Transport and Prices

Production in the model is a function of labor input and a stochastic technology parameter a;.
Supply of brand 4 is given by

Y,(h) = Li(h)a . (7

The technology parameter determines aggregate productivity in the economy and is the only
source of uncertainty in the model. g; and its foreign analog a; follow an identical stochastic
process. Let s, = (a;,a/) denote the state of the world. ¢, is a random variable with support A,
its history is described by s' = ({a;,a; },{a;—1,a;_,},...,{ao,aj}). The process is Markov with
transition matrix p(s’). Higher values of a, correspond to greater productivity ("boom’) while
lower values indicate lower productivity (‘recession’). In this setup, one country can be in a
boom, while the other is in a recession. Such a state is considered as an asymmetric shock.

A firm faces demand for brand / by consumers in H and in F, as given by (4). Total demand for

firm A is

(pf(h))GCH,,+(1+w)<p?(h))9CZ,1- ®)

%
Py ; Py,

At this point, I extend the model and assume that a certain fraction @ of goods in the non-
domestic market are lost. Like in Alesina and Barro (2002), iceberg trade costs occur when
transporting a good to the non-domestic market. It is necessary to ship 1+ @ units from H to F
if one unit of /4 shall arrive in F. Crossing the border between two countries entails transport costs
reflecting for example currency conversion costs. These expenses are lost for the economy. 1
assume that the adoption of a common currency reduces these costs. For the calibration in
section 4, a range of empirical estimates from the literature discipline @.

Labor markets are competitive. Let W; denote the nominal wage. Nominal marginal costs are

identical across firms:
MC;(h) = MC; = a,'W,

Profits generated in the foreign market need to be converted into the Home currency. The firm
knows that a certain fraction of goods is lost when selling them in the non-domestic market.

Knowing overall demand (8), profits are given by

I, () = ((1—r>pz<h>—Mc,) (M)_QCH,,

d )

+(a-oamm-a+ome ) (% (h))ecz,,-

*
Py,

p:(h) is the nominal price of brand # in H and &; is the nominal exchange rate between both

countries defined as units of Home currency per unit of foreign currency. pj(h) is the price



of brand 4 in the foreign market. As in Benigno and Benigno (2003), T is a country specific
proportional tax on firms’ revenues that is rebated to households via lump-sum transfers. This
tax eliminates monopolistic markups.

The model features nominal rigidities: Firms set prices p;(h) one period in advance, in t —
1. They form expectations about productivity in the next period and maximize the present
discounted value of profits. For given prices, firms satisfy demand for their good®. Firms
optimally set prices equal to expected marginal nominal costs multiplied with the equilibrium

markup .
pi(h) = Py, = PE,_{[MC,] (10)

where @ is the level of monopolistic markup corrected by distortionary taxation:

0 . 0"
q’:(9—1)(1—r>’ ® NGNS

% is the markup that arises due to monopolistic competition. For & = 1, monopolistic dis-
tortions are completely eliminated by taxes. If they are not completely eliminated ® is greater
than 1 and makes prices greater than their marginal costs.

Firms selling abroad also set their prices one period in advance. I assume that these prices are
set according to the Producer Currency Pricing (PCP) model. This means that exported goods
are sold in the currency of the producer. For example, goods produced in H and sold in F are
priced in H’s currency. The price firms receive from selling goods to a foreign country is not
affected by exchange rate movements. For given quantities, exchange rate variations have no
impact on profits, because prices move one to one. For consumers however, the price of non-
domestic goods depends on the exchange rate. Let the price for exports that firms choose in
their currency be denoted by j,(h). The actual price that consumers face in their currency is

p; (h). Both prices are linked via the exchange rate:

"
pi(h) = p(f@t) (11

Firms choose the price of their export goods j; () such that their profits (9) are maximized.

E,—1 [MC]

pi ) = Piyy = (1 +@) "

(12)

The transportation costs @ increase prices of 4 in F. Prices of foreign brands in country H are

analogous:

Pt(f) :ﬁz(f)g; (13)

SFirms only sell goods, if their prices is higher than the marginal costs, that is Py, > MC; and Py, > MTrC’ (14 @) Firms that do not met the
participation constraint will not sell goods. I only look at versions of the model, where prices are higher than marginal costs.




For foreign goods we have
Pr, = ®'E, | [MCY], Pr;=®"(1+0)EE,[MC]] (14)

2.3 Government and Central Bank

The government runs a balanced budget every period.

DA e (P s
T, = tp,(h) <IZI({ 3) Ch,+ & pf (h) (p],T<>> Chy
, H.t

The model also features a central bank that controls the interest rate i; and provides a nomi-
nal anchor for market expectations. Furthermore, the central bank has an inflation target II.

Inflation IT; is defined as

B
B

I1;

Monetary policy can be useful by closing output and employment gaps in the presence of price
stickiness. The central bank uses interest rates to operate via the Euler equation. As in Corsetti
and Pesenti (2002), I introduce a monetary stance y; = P;C; that controls nominal expenditures

in the economy. This stance links the nominal interest rate in the Euler equation such that

1 1
—=f0(1+1 E
e Al r+1) t[ﬂtﬂ}

Ws+1/ W determines inflation IT;, the steady state nominal interest rate is 1 +i =1II/f. In equilib-
rium one obtains that , = F,C; = W, /k’. An expansionary monetary policy in H corresponds to
interest rates cuts today or households’ expectations about interest rate cuts in the future. In this

case (U, lies above the trend, it coincides with increased nominal spending FC; in the economy.

2.4 Market Clearing

The labor market in H and F 1s cleared:
1 1
L= /0 Li(h)dh, L= /0 L(f)df
International financial markets for bonds are cleared, all bonds are in zero net supply:
B ‘|‘B;{,t =0, Br; ‘i‘B;,z =0

Supply of each brand (7) equals its aggregate demand (8)

TInspect the Euler equation with logarithmic utility for that



2.5 Benchmark Allocations

This section discusses monetary policy in a currency union and with national currencies. I
derive the allocation of consumption and labor in those two regimes with sticky prices.® In

section 3, the governments will choose between these two regimes.

2.5.1 National Currency

Consider a central bank that commits to pre-announced rules in country H. The national au-
thority in the Home country chooses its monetary stance y; and maximizes expected utility of
the representative agent. The central bank takes the information set of last period as given.
As in Corsetti and Pesenti (2005), the central bank of H does not resort to time-inconsistent

discretionary monetary policies, rather it acts under commitment:

max Z Y B Fp(s' | s%) <ln(Ct) — KL,)}
(e ()2 Lizkten

The problem is subject to the equilibrium conditions of the economy. For further details, see

section A.6.1. The optimal policy of the central bank ensures price stability:
MC[ :EZ_][MC[] (15)

This means, that the central bank chooses interest rates in such a way, that actual marginal
costs for domestic firms always equal expected marginal costs. With this policy, the central
bank replicates the flex-price equilibrium® and eliminates any distortion coming from rigid
prices. This implies that monetary policy is completely inward looking. The central bank
stabilizes the domestic price index only. As noted by Benigno and Benigno (2003) this is a
very special result and relies on the PCP assumption and that the trade elasticity of substitution
(Cobb Douglas aggregator) as well as the intertemporal elasticity (log consumption) are both
set to 1. An inward-looking monetary stance also means that only domestic productivity shocks
are considered, and the central bank does not want to manipulate the terms of trade.

Consider an example: In one period, productivity in H is higher than previously expected.
This means that marginal costs of home firms fall. In the presence of price stickiness, prices
cannot fall in the same period. This means that prices of home goods are too high, implying
inefficiently low demand for home goods. Optimal monetary policy cuts interest rates in such
a situation. This boosts nominal expenditures of the economy and causes the exchange rate of
the home country to depreciate. As the home currency gets cheaper, foreign households can
now buy more home goods with their own currency. The exchange rate movement mimics the
price fall that would have occurred in a flexible price world. This way, domestic and foreign
demand is put to its efficient flex price level. With this policy in place, actual marginal costs

always equal their expected value, implying price stability for the whole economy.

8The benchmark allocations of a social planner is discussed in the Appendix A.2.1, as well as the allocation in an economy with flexible
prices Appendix A.S5.

Isee A.5
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The central bank in the Foreign country operates in the same way as in the Home country. The
optimal policy of the central bank in F implies price stability for F and is completely inward
looking as well. As a result, the exchange rate is flexible.

With both central banks following their policy rules, I can analytically compute consumption
and labor as in Corsetti and Pesenti (2002). These variables have the superscript N’ for na-

tional.

oN Y N _ (1-V(g)a
Ht (I)K Ht q)K
(1—7) ()t ya;
cN — +O N — t (16)
Ft Pt Ft P* i+

¥oge(rrizs) ' we(datoY)
Consumption moves together with productivity, while labor does not, as in the efficient allo-
cation of the social planner (A.1). Trade costs @ decrease consumption and employment and
cannot be eliminated by the central bank. There is also no other state variable, such as wealth.
As in Corsetti and Pesenti (2002) the current account is always balanced and households of a
country do not accumulate any debt or wealth. The reason for that is that endogenous terms of
trade movements offset productivity shocks, if the inter- and intratemporal elasticity of substi-
tution are both set to 1. For further details, see section A.1. I also consider the possibility of a
non-credible central bank in F that is not able to commit to any policies. If such a central bank
is in charge, an inflationary bias can arise. The policy problem and the implied allocation is
described in A.6.4. For now, we focus on a situation in which both central banks can commit to

policies as the main benchmark.

2.5.2 Currency Union

In a currency union, monetary policy is conducted by a union-wide central bank that sets interest
rates for the whole union. I assume that there are no trade costs in a currency union, as both
countries use the same currency. The central bank of the union maximizes the weighted sum
of both countries’ representative agents’ lifetime utility. Let & be the weight for country H and

1 — & be the weight for country F. The objective function for the union-wide central bank is

e éizﬁt (s |9 (m(ct)—rth) Zzﬁt (s |s) (m(ci‘)—x*zi‘ﬂ

(e () L = gesten t=ks'€A

subject to the equilibrium conditions in a currency union, see Appendix A.6.2. Price stability

is the optimal policy, as the central bank stabilizes the weighted average of both countries’
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marginal costs.:

MG,

MC; -1
m+(é(1—y)+(1—§)y)—]> an

- ((5y+<1—é><1—v>) B (MG

Let W= ({y+(1-&)(1—y)) and 1 =¥ = (& (1—7)+(1—&)7) be the effective weights in front
of marginal costs. To illustrate the intuition for this monetary rule, consider the case in which
there is no Home bias (y = 0.5), e.g. Home and foreign goods are equally important to all. In
that case, the effective weight is 0.5 as well, independent from the Pareto-weight £. As both
countries like both goods in the same way, the central bank also stabilizes both marginal costs
in the same way and Pareto-weights are irrelevant. Another interesting case is the scenario in
which there is an equal weight & = 0.5 for both countries. In this case, the effective weight
is 0.5 as well. The central bank has to stabilize both countries equally, as both are equally
important to the central bank and both have a symmetric Home bias to their own goods.!? Note,
that if the weight for the Home country is 1 (§ = 1), the effective weight in front of the Home
country’s marginal costs equals Y. The effective weights for marginal costs are therefore in line
with Home’s weight for the corresponding goods in its own consumption bundle. For & = 0, the
effective weights for Foreign marginal costs would be 7, in line with Foreign’s taste for Foreign
goods. In section 3, I derive how these effective weights become state dependant when there
are exit options and how the central bank can use this to favor a specific country of the union to
prevent it from exiting.

When both countries have the same productivity, monetary policy coincides with the policy,
that a national central bank would have chosen in (15). Actual and expected marginal costs
are the same for both countries in that case. If there is an asymmetric shock, optimal union-
wide monetary policy differs from national monetary policy. If one country experiences a boom
with high productivity and the other a recession with low productivity, the central bank only
stabilizes the economy on average.

Consumption and labor in a monetary union have the superscript *U’ for Union.

Y(¥a, ' +(1—¥)a ") (1-7)(Pa; '+(1-¥)a; )"

U _ U
e Px Chi = dx
v =NM®a +(1-W)ar )y y(Wa +(1-W)g ) (18)
Ft O 1t Fi o
4 1 a;I L*U 1 Cl;kil
! t

T kW T+ (1-W)a ! T O Wa (1 W)a !

The amount of labor does depend on productivity in the monetary union. A negative response of
employment to a productivity shock is a common feature in New Keynesian models. As prices
are fixed, effectively fixing demand, an increase in productivity simply lowers employment.
Gali (1999) and Basu et al. (2006) provide evidence for the view that supply shock reduce

hours worked. Agents of the recession country work more than agents in the boom country,

10This would not be the case, if both countries have different Home biases. For example, if Foreign has a Home bias 7*, the effective weight
in front of Home marginal costs would be 0.5y +0.5(1 — y*).
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since the central bank is not able to close all output and employment gaps. As a result, utility
of agents in the recession country is lower than in the boom country, making it more attractive
in a recession to leave the monetary union. As with national currencies, there is no other state
variable, as households do not accumulate any debts or wealth. In a currency union, labor
adjusts as a response to productivity shocks in such a way, that it offsets the movement in
productivity. Production and consumption for both countries are always the same, implying a
balanced current account and no debts dynamic. Note that labor is at the (efficient) flex-price
level when productivity is the same for both countries. Trade costs are completely eliminated

in a currency union.

3 Political Economy in a Currency Union

Consider now the political economy of currency unions. The goal is to model the decision
process of a break-up of a currency union. I model the currency union as a dynamic contract,
that each government is free to walk away from. This is based on Ligon et al. (2002) and draws
from work by Ljungqvist and Sargent (2004), chapter 18-20 and Thomas and Worrall (1988).
Suppose both countries are initially in a currency union. In every period, the governments of
both countries decide if they want to leave. That is the only decision of the government. They
base this decision on lifetime utility of the representative agent in the country given a certain
state today. The allocation in the corresponding regimes are taken as given. If a representative
agent is better off in a currency union than with national currencies, the government decides
to stay in the union. This is the case if utility as a function of consumption and labor (18) in
a currency union plus the continuation value of the union is higher than utility with national
currencies (16). In contrast, a country leaves the union if an agent obtains higher lifetime utility
with national currencies. In this case the participation constraint of the country is violated. I
assume, that once a government has decided against a currency union, no further currency union
can be formed in the future and everyone keeps national currencies for the rest of the time.

I use this to set up the scenarios discussed in the introduction: First I consider a model environ-
ment in which both countries start with a common currency and the governments decide in each
period if they leave the union. After that, I discuss a union-wide Ramsey planner with transfers
who takes the lack of commitment of both countries into account. In a next step, I discuss if a
central bank with interest rate setting only is able to sustain the union as well. Last I consider

interest rates and transfers combined.

3.1 National Social Planner with Exit Option

The monetary union is modeled as a contract that both governments are free to walk away from
whenever they want to. The history s’ summarizes past and present shocks and -conditional
on the model- monetary regimes. Let u/(s') = In(C'(s")) — kL'(s") denote the period utility of
country H and v/(s") the corresponding per period utility of country F in regime i € {N,U} for
history s”. Consumption and labor are as in the allocation of (18) for the union and as in (16)
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with national currencies. The utility gain from a monetary union over national currencies from

period t onward is defined as

U(s)) = uV (s") — ¥ (") + Z [3] Y(s))—u (sj)) (19)
j=t+1

The first term is the short-run gain from the union and the last term in expectation the long-run
continuation gain from the union. The utility gain V;(s") for country F is defined in an analogous
way.

From an economic perspective, a national planner (for example the government) decides to leave
the union as soon as the expected utility gain of the representative agent is negative. When this
happens, the monetary union breaks up, even if the other country has a positive gain. More

formally, a government has no incentive to leave the union, if
Ui(s') >0, Vi(s")>0. (20)

These two participation constraints are central for the political economy of currency unions. An
allocation in a currency union is said to be sustainable, if both inequalities hold. Whether they
hold, depend on the specific history s” that summarizes: The current state of the economy, how
volatile the economy is expected to be and the transfer history in the contract. Remember that
in a monetary union, the central bank struggles to effectively stabilize output if an asymmetric
shock occurs. The more asymmetric the shock is, the larger is the welfare loss in a monetary
union. With these participation constraints, the allocation of the national social planner can be
computed for any sequence of shocks. Before doing this, let us compare this to a union-wide

social planner with transfers.

3.2 Union-wide Social Planner with Transfers amid Exit Option

In a next step, I consider a union-wide planner that sets transfers (the Ramsey planner) tak-
ing the lack of commitment from member states into account. Therefore, the contract also
includes transfers between countries. These transfers correspond to the lump-sum transfers in
the two-country model before, see (3). A contract T'(-) now specifies for all histories s’ a trans-
fer T(s') from H to F. Consumption in a monetary union is therefore CY(s,) — T (s") for H and
C*Y(s;)+T(s") for F. Let u'(s') = In(C'(s;) — T (s")) — kL'(s,) denote the period utility of coun-
try H and vi(s") for F as before that include transfers. If transfers are always zero, the situation
is the same as in the allocation of a national social planner in section 3.1. To solve for opti-
mal transfers, it is helpful to consider the Markov structure of the problem. The optimization
problem of finding an efficient contract is always the same, when the same state occurs. Fur-
thermore, an efficient contract has after every history s an efficient continuation contract. As
both participation constraints are therefore forward-looking, the set of sustainable continuation
values depends only on the current state of the world. The challenge therefore is that the op-

timization is subject to forward looking and occasionally binding constraints (the participation
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constraints). A tool for solving this model is the promised utility approach. By introducing
an additional state variable, promised utility, the planner obtains a policy instrument to solve
this problem.!' To get all efficient contracts, the Pareto frontier and its domain of definition
must be known. This depends on the convexity of the set of sustainable allocations and the
set of sustainable discounted surplus. It can also be shown that the set of sustainable surpluses
is a compact interval [U(s"),U(s")] for H and for F [V (s'),V(s')], see Appendix A.11.2. The
minimum surplus is U (s") = 0, meaning that a currency union and national currencies yield the
same utility.

Next define V (s*,U(s")) to be the ex post Pareto frontier which solves the following problem:
Maximize F’s surplus discounted to period ¢ by choosing a transfer today 7'(s") for state s
and making state-contingent promises about future utility U (s'+!). This problem is subject to
giving H at least U(s"). U(s") is promised utility in state s’ that was given by the planner to
the country H in the period before. Since the new contract chosen at state s' must be sustain-
able, both participation constraints are required to be satisfied for all future states s'*!. Thomas
and Worrall (1988) show that the Pareto frontier is decreasing, strictly concave and differen-
tiable on the interval. This will also be the case here. It can also be shown that the constraint
U(s't1) < O(s"*1) is equivalent to V(s'H1, U(s'*1)) > V(s'*1). The bounds of the interval
and the relationship between V and U are intuitive: When H receives the maximum surplus
U(s"*1) of the union in state s'*! , F must receive the minimum surplus of the union in state
sHL V(s = V(s T (s' ). If that is not fulfilled, one could either lower or increase one
country’s surplus and still have a sustainable contract.

The Pareto frontier is defined by

V(s“U(s") = max In(C*Y(s)+T(s"))— " 1*Y(s;)—"(s; —|—[32p Hshv (s U (sth)
T(St)v(U(s’H))ASH] st

S
s.t. [A(s")] In (CU(S,)—T(SZ)) —xlY(s;) —u(s;) + B Z’p(sH'1 |SHU (s > U (s)

Bp(s™so(s )] U™ >

[Bp(s™Hs)E ()] V(s™, (t+1))
C(s;) = Cly(s1)C ( )
Yii(s) = Cr(si) +Cpy(sr)

Yr(s:) = Cr(s:) +Cp(st)
(21)

The first constraint is the promise keeping constraint for H. The Lagrange multiplier A(s") is
attached to that constraint. As in Marcet and Marimon (2019), A(s") can be interpreted as the
planner’s weight for H. The next two conditions are the participation constraints, they receive
the Lagrange multipliers Bp (s |s" )¢ (s"™!) and Bp(s™! |s'){(s"!) respectively. Notice the

""Marcet and Marimon (2019) sideline the promised utility approach by studying a recursive Lagrangian instead. This provides a straightfor-
ward method to compute the solution. As promised utility in the application of this paper has an important interpretation and the set of feasible
promised utility is easy to compute, I use this approach.

15



timing of the social planner in this setup: The planner chooses a transfer T'(s") given the overall
history and makes a state contingent plan of continuation values for all states in the next period.
I show in the Appendix A.11.3 that the Pareto frontier V;(-) is concave. Therefore, the following

first order conditions are necessary and sufficient:

@l ) cU(s) - T(s)

_ — =A(s (22)
(o) 7))
and
A(s") +¢(st+1) _ 1y i+1 +1
[+ 2 =V (s§TU(G™)) (23)
In addition, the envelope condition is:
A(s') = =V'(s",U(s")) (24)

The optimal contract is therefore characterized by the evolution of A(s") over time. A(s"), ac-
cording to (24), measures the rate of transformation of the social planner: At which rate can H’s
surplus be traded ex post against that of F’s surplus? The first order conditions also trace out a
positively sloped relationship between U (s"!) and actual consumption in H. If promised utility
is increased for H, the social planner optimally also increases consumption for the same pe-

*+1in the next period is known, the new value of A (s"*!) which

riod!'?. Once the state of nature s
equals V (s, U (s"1)) is determined by (23). In that case it is important to consider, if the par-
ticipation constraints bind. As A(s") also equals the ratio of marginal utilities of consumption,
this pins down the current optimal transfer together with the aggregate resource constraint.

The role of the participation constraints for the allocation of consumption can be illustrated by

combining (24) and (23).

—Vi(U () +o(s™)

_ oyl t+1
wary = V(s U(sth) (25)

There are three regions of interest for state s+

1. Neither participation constraint binds.

No participation constraint binds. This is the case for example when both countries are equally
productive. This implies that both Lagrange multipliers are 0 (¢ (s') = 0, ¢ (s"!) = 0):

V,(St,U(SH_])) _ V/(SH_],U(SH_ID

Therefore the country’s relative weight for the planner stays the same, A(s""!) = A(s'). The
intuition is, if no country wants to leave the union, no change in the contract is necessary. The

relative weight stays the same, promised utility is unchanged and the ratio of marginal utilities

12This means that if the social planner becomes active and changes the allocation, she uses both policy instruments to increase utility. Current
consumption and promised utility
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is unchanged as well.

2. F’s participation constraint binds.

F wants to leave the union, the participation constraint binds. Therefore {(s"*!) >0, ¢ (s'') =0.

—V'(s',U(s"))

o) V' (U )) = -V (L U) > -V (LU ) = U > U

Remember that V/(-) < 0. If F’s participation constraint binds in state s'*!, promised util-
ity U(s"!) for H decreases, compared to the initial promise U(s'). As a result, H’s relative
consumption in that period decreases as well. This is done to make F stay in the union, as
consumption and expected future utility of F increase to ensure that its participation constraint
holds with equality.

3. H’s participation constraint binds.

H’s participation constraint binds. In that case (s"*!) = 0,¢(s"!) > 0 and
V(s UE))+9( ) = V(T UE) = V(U () < V(s U™) = Us) < U s,

Promised utility and relative consumption is increased in state s'*! to make H stay in the mon-
etary union. H’s utility level is given by the binding participation constraint.

As in Ligon et al. (2002), an equation summarizes the dynamics for consumption: There exist
state-dependent intervals [A(s"T1), A (s"t1)] Vst! € S, such that A (s') evolves according to the

following rule: Let s” be given and s'*! be the state at time ¢ + 1, then

A IEA(Y) < A
A(sY) i A(sY) € [A(sTY), A (s (26)
AT A A(sT) > A(sH).

l(sﬂrl)

where A(s"H) = —V/(U(s")) and A(s""!) = —V/(T(s"t")) are the endpoints of the equation,
indicating whether the participation constraints bind, if the old contract A (s") is still in place.

The intuition behind the evolution for A (s") is the following: An optimal contract requires that
the ratios of marginal utilities of both countries stay constant over time, whenever possible.
Transfers are therefore chosen such that the old ratio A (s’) is the same as the new ratio A (s'*!)
if all constraints are satisfied. Whenever one of the participation constraints is violated for a
certain state and for a given old contract, a new contract is put into place, that engineers the
minimum change necessary in marginal utilities to satisfy both participation constraints. That
is, put the country that wants to leave the union at its participation constraint by choosing the
appropriate transfer. This new contract with its transfer system and its marginal utility ratio is in
place as long as possible but will change again when one country is at is participation constraint.
In the context of the two-country model, the evolution of A(s") has a remarkable feature: As
long as no new participation constraint binds transfers in % of GDP are constant over time

13 This provides a simple rule that helps to sustain the monetary union. These transfers are

13See the Appendix for the proof.
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only redistributing resources and do not increase risk sharing properties, as the model ensures
consumption risk sharing. It is about redistributing the gains of a currency union via transfers
to offset adverse employment effects.

Furthermore, there will be effects on output, employment and prices, as transfers shift con-
sumption from one country to another. These general equilibrium effects are present, because
countries have a preference for domestic goods due to their Home bias'*. For a further discus-
sion of these effects, see section A.9 in the Appendix.

Starting with a certain state s°, the Pareto frontier !>

can be traced out by letting the initial
value 2 (s°) vary between the minimum value A (s°) and maximum value A (s°). These contracts
correspond to transfers that are chosen in such a way, that the gain of a currency union compared
to national currencies is zero or its maximum possible value. A natural starting point are zero
transfers with an equal gain split between both countries in the benchmark simulation.

I now outline the algorithm that solves for transfers and the overall allocation in the economy.
Given the process for productivity a, and &, a history s’ is simulated. Consumption and labor
in a currency union and outside a currency union are then computed according to (18) and (16).
Starting with zero transfers, the gain (19) is computed and the algorithm checks for which ¢
any of the gains are negative. The algorithm computes the set of feasible promised utilities
and in the first period when the participation constraint binds for one country, transfers and the
promise for that country are chosen such that the gain is set to zero. The Pareto weight is set
to the corresponding endpoint of the state. Future utility (the promise) is explicitly written in
state contingent form that include future transfers. These future transfers obey (22) and (26).
The condition is, that marginal rate of transformation of the social planner stays the same in
all states, except for the other asymmetric state when A (s*) is inversed. A (s) is updated in the
period with negative gains. With that, the new ratio of marginal rates of utility is computed that
includes transfers, obeying (26), as long as the next country has a positive gain. The promise
keeping constraint is checked for all new transfer schemes. The updated lambda is then used,
to compute new gains from that moment onward. As soon as another participation constraint

binds, the algorithm computes a new A(s") as before and updates the allocation.

3.3 Union-wide Central Bank with Exit Option

Now consider the setup as before. Both countries can exit in every period and a social plan-
ner maximizes union-wide welfare, taking the lack of commitment of both member states into
account. The only difference is that the planner uses monetary policy ((s’) as an instrument
instead of transfers. (i (s’) summarizes the history of monetary policy until now, if today’s state

is s. It reflects the path of interest rate that the central bank chooses. The central bank chooses

4This goes back to an old debate between Keynes and Ohlin in 1929, the so-called Transfer debate. Back then the debate centered around
transfers (debt repayments) of Germany to the Allied nations after its defeat in World War I and the general equilibrium effects of these transfers.

15See Figure3

18



the monetary stance today and promises future utility:'®

S
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The first order conditions with respect to promised utility U (s"*1) are the same, the only differ-

ence is the first order condition with respect to the policy instrument g (s’):

Sy S T A0 B [ (3 N |
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Writing in terms of marginal costs of both countries:

(28)
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The new monetary stance features state-varying Pareto weights A (s") that vary over time. This
means that compared to the initial stance without exit option (17), the central bank stabilizes
a time-varying weighted average of marginal costs of both countries. Monetary policy in both
regimes is exactly the same if A(s") = % Hence, the central bank can stick to the structure
of the old monetary rule but announce that the effective weights for both countries become
state-dependent. If the participation constraint of one country is binding, the central bank puts
more weight on stabilizing marginal costs of the crisis country today and promises to do that
in the future as well. The mechanism at work is the following. Imagine the Home country is
in a severe recession and wants to leave the union. As hours worked are too high, H wants to
use national currencies to increase interest rates. A union-wide central bank recognizes that
the participation constraint of H binds and increases the effective weight A(s’) for H. This
implies that the central bank favors H when setting interest rates. Union-wide interest rates are

higher than they would be without the threat of a break-up. This way the central bank stabilizes

16Monetary policy under commitment implies that only consumption is targeted, but not employment. I adopt the same notion here.
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marginal costs of the home country more and in turn puts the employment level of home closer
to optimum. In addition, the central bank announces to conduct monetary policy in favor of H
in the future. The Pareto weight A (s") has persistently changed and the gains of H are exactly
zero during the crisis period, such that it does not leave the union. A(s') stays the same, until
another participation constraint will bind.

Are there limitations for the central bank to redistribute resources between countries with inter-
est rate setting? Yes, there is for example no way the central bank can put more weight on one
country than on antoher in a symmetric current state of the economy. The best that monetary
policy can do in such a situation is to close output and employment gaps of both countries.
Only when there are asymmetric states, the central bank can alter the weights to favor a specific
country. Therefore, the ability to make credible promises about future utility is limited for the
central bank. The paper considers an example, in which transfers can sustain the union, while

interest rate setting alone cannot.

3.4 Union-wide Central Bank and Transfers with Exit Option

Here 1 consider a joint response of both, monetary policy and fiscal policy. In the period in
which the participation constraint of one country is binding, given the policy in place from
the past, the central bank re-calibrates the weight of the country only for this period. In a
next step, the fiscal authority, taking the new monetary policy today into account, sets fiscal
transfers as in section 3.2 and tries to sustain the union. I will consider two possibilities for
the central bank. The first features an increase of the weight for the crisis country to one. The
second option includes a drop in the weight for the crisis country to zero, this coincides with
an increased economic activity for the whole union. In the experiment I will check if any of
these two options increases the survival rate of the currency union, compared to other policy

interventions.

4 Calibration

The section calibrates the model. The model seeks to highlight conditions under which a cur-
rency union such as the eurozone can break up. Towards that aim, I focus on two large members
of the eurozone, namely Germany and Italy. The choice of Italy and Germany as the countries
of interest has a reason: Both are the largest countries of their respective block: Germany being
part of the so-called core (or the northern) block in the currency union, where the economy in
the last twenty years expanded significantly. And Italy as the largest country of the so-called
periphery (or the southern block) that experienced large economic downturns. 1 will use data
from these two countries to calibrate trade openness and real interest rates. One period in the
model taken to be a year.

Other parameters are calibrated based on the outside literature. Furthermore, a range of trade
costs parameters will be considered, implying different amounts of gains coming from the

union.
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4.1 Calibration of Preferences and Technology

Both Home and Foreign are assumed to be symmetric in their parameters. The discount factor
B of the representative household is set to 0.98 to match a yearly real interest rate of about 2
% 1n line with Brand et al. (2018) for the eurozone. The Home bias parameter ¥ is set to 0.75
which is in line with Italy’s trade openness in 2015 measured as imports relative to GDP!”. The
elasticity of substitution between domestic goods is set to 6 as in Gali (2008) implying a markup
of 20%. I have made the following implicit assumptions by choosing preferences as in equation
(1). The intertemporal consumption elasticity is set to 1 so that consumption utility is log. As
in Corsetti and Pesenti (2002), labor is just linear implying an infinite Frisch elasticity of labor
supply, such that household satisfy labor demand. « is set to 8/3 so that household spend one
third of their time with labor. The trade elasticity of substitution between Home and foreign
goods is set to 1, so that the consumption aggregator in (2) is Cobb Douglas. Together with the
assumption of log consumption, this implies that the current account is always balanced which
is numerically convenient, see also section A.1. A trade elasticity of 1 is at the lower end of
available estimates surveyed by Head and Mayer (2014). Estimates vary widely. Lower values
of the trade elasticities are in most cases related to measurements of short-run elasticities. Low

values of trade elasticity imply for the model, that a reduction in trade costs has a smaller effect

on the trade volume'3.
Table 1: Calibration
Symbol Value Description Target
B 0.98  Time discount rate Real rate of 2% p.a.
Y 0.75  Home bias for each country Trade openness Italy 2015
6,(0") 6 Elasticity of substitution of Home goods  Gali (2008)

Next, I discuss choices for parameters that are central for the motives of forming a currency
union. They are summarized in table 2. The calibration of @ is crucial, as it determines the
trade gains from a currency union. If gains are very large, a currency union would always be
formed and would never break up. Instead, if the gains are low, the monetary union becomes
fragile. For example, Micco et al. (2003) find that bilateral trade increases by around 4-16%
if a common currency is adopted. This is a bit higher than estimates by Baldwin et al. (2008)
(5%), but much lower than Rose (2000). Therefore, the paper considers several specifications
with large, medium and small trade gains that are in line with the wide range of estimates that

the literature finds.

17 According to Eurostat imports relative to GDP in 2015 for Italy is 26.7%.

18 A5 discussed below, I calibrate the trade costs in such a way, that bilateral trade increases by 6.6% or 5%. In Section 5.3 I discuss other
values.
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Table 2: Calibration of union trade gains

Symbol Medium gains Small gains Description

0] 0.066 0.05 Transportation costs.
é 0.5 0.5 Weight of H
T -0.2 -0.2 Subsidy, no markup.

Large trade gains correspond to a larger increase in consumption and welfare when a currency
union is formed and therefore are good for the stability of the currency union. Next to the
trade gains, the underlying shock process is also of great relevance as it shapes the stabilization
costs of a union. Those two things taken together determine the overall stability of a currency
union. For the shock process, I consider the model with overall 25 possible states, in which each
country can have 5 different productivity values: .7 = {a”®,a’ ,a",a",a’"}, where a”” = 1.04
indicates a big boom with very high productivity. It indicates GDP growth of 4%. a” = 1.02 is
a normal boom with higher productivity, @ = 1 a neutral state and a", a’” indicate recessions of
equal size as the boom. In that setup, there are 5 symmetric states, in which both countries have
the same productivity, 20 are asymmetric. The probability for each country to have productivity
</ is Prob = {0.15,0.4,0.25,0.15,0.05}. The first entry corresponds to the probability to go
get productivity a”” = 1.04. These probabilities aim to reflect the frequencies of these shocks,
for example a big recession every 20 years (5% probability) or a mild recession every 6 to 7
years (15% probability). In addition to that, the shock process is assumed to be independent
between countries and over time in the baseline model. The main reason is that an i.i.d. process
limits the number of state variables and therefore makes the experiment tractable. In Section
5.4, I discuss the role of shock correlation between countries and the persistence of shocks over

time.

5 Model Experiment and Results

This section demonstrates that the central bank can provide only little redistribution. That little,
however, is enough to sustain the currency union as long as a common currency is sufficiently
beneficial to start with. I show this by running a simulation of the model and compare the
outcome of each planner in the simulation. This table reminds of the policy instruments used

by each planner
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Table 3: Planners and which policy instruments is used to prevent a breakup

Planner Allocation Transfers are used Interest rates are used

National Planner - -

Union-wide Ramsey Planner v -
Union-wide Central Bank - ve
Transfers & Mon Pol v ve

Each simulation has 100 periods. Overall, I run 2500 simulations. For each simulation and
for each planner, I consider at which period the monetary regime shifts and which monetary
regime prevails at period 100 — that is after 100 years. Using the result from each of the 2500
simulations, I can then state the average duration of a monetary regime and assess the stability
of the currency union under a certain planner. To highlight the importance of the benefits of a

currency union, I first run the simulation with large trade gains of 6.5% and then 5% .

5.1 Trade Gains 6.5%

The subsection considers the simulations with trade gains of 6.5 %. I demonstrate that the
union would eventually break up in the majority of the simulations in this scenario if only
national planners act. Both, fiscal and monetary policies, succeed in sustaining the union in
all simulations within the first 100 years, pushing the break-up probability to zero. In terms of
average gains, both policy instruments are comparable with fiscal policy being slightly better.
Essentially as long as the benefits of the currency union are large enough, it does not matter
which policy saves the union. The only important thing is that some policy intervention happens

if the union is under the threat of a break-up. The following table summarizes the results:

Table 4: Break-up under different planners, trade costs 6.5%

Planner Prob. of aunion  Average break-up Prob. of a Average Gain
Allocation break-up next period break-up within
period 100 periods
National 1.5 % 81.8 79.8% 0.150
Fiscal 0 % - 0% 0.189
Monetary 0 % - 0% 0.188
Fiscal & Mon 0 % - 0% 0.189
First Best 0 % - 0% 0.189

To understand the mechanics of the model, it is helpful to consider the allocation of consumption

and labor under different regimes with no planner intervention.
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Table 5: Allocation under different regimes, trade costs reduction of 6.5%

Planner Allocation Average Consumption Average labor

National Currency 14.144 24.61
Currency Union 14.3703 (+1.6%) 25 (+1.57%)
First Best 14.3723 (+1.61%) 25 (+1.57%)

With trade costs reduced by 6.5% and a trade openness of 25 %, consumption of both countries
increases by around 1.6% in a currency union. The currency union is close to the allocation
what the social planner would choose. In essence, preserving the currency union is close to first
best.

National Planner: The only danger to the allocation of a currency with a national planner is an
extreme situation in which one country experiences a strong boom, while the other is in a deep
recession. If this happens in one of the simulations, short term stabilization costs of the reces-
sion country outweigh the long-term gains of a currency union. For the i.i.d. shock process this
probability is 1.5% in each period, within the first 100 years such a shock emerges eventually

in the majority of the simulations. The average break-up happens after 81 years.

Transfers: To avoid the break-up, fiscal transfers between countries can be deployed, as de-
scribed in Section 3. Given the calibration of the model, transfers of 0.0025% of union-wide
GDP per period to the crisis country are enough to sustain the currency union. Remember that
transfers only get activated if one country would exit, given the current state of the economy.
These transfers stay in place until the other country hits the participation constraint. With a
trade increase of 6.5% the currency union is very beneficial and a yearly transfers scheme of

0.0025 % is enough to permanently stabilize the currency union.

Central Bank: A central bank that acts as in Section 3 can also sustain the currency union, as
long as the benefits of trade gains are as large as in this scenario. To illustrate how the central
bank does this, consider one 100 year simulation (it could be any, where the union would break
up at some point). [ first plot the admissible range of interest rates that a central bank can
implement in a currency union by varying the exogenous country weights in the monetary policy
rule (17) between zero and one. Those weights are chosen before the beginning of time and kept
constant afterwards. This means in one extreme, the central bank puts full weight on F forever,

while in the other extreme full weight on H.
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Figure 1: Interest rates over time. The shaded area illustrates the range of interest rates that a
union-wide central bank can optimally implement, when putting full weight on H or F respec-
tively. The solid blue line indicates interest rates with equal weight. The vertical green line
shows the period with the biggest asymmetric shock.

There are some points in time in which the central bank has a potentially large set of possible
interest rates, while sometimes the set is just a line. The reason for that is that when both
countries are in the same state of the economy, they also want the same interest rates. Only
in those states in which the shock is asymmetric countries want different interest rates. The
vertical green line indicates when the currency union is hit by the largest possible asymmetric
shock in that simulation. This is the point in time, in which the interest rate range is the largest,
as both countries want very different policies. It is also the moment of danger for the union as
the recession country wants to exit. Consider in the next graph how the central bank sets interest

rates when such a large asymmetric shock puts the union at risk of collapse.
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Figure 2: Interest rates over time in different regimes.

This graph shows a set of interest rates under different policy regimes around the crisis period
37, indicated by the vertical green line. The solid blue line and the shaded blue area illustrate
interest rates as in Figure 1 with fixed Pareto weights. The dotted red line shows the interest
rate of H if it had national currencies, while the dashed magenta line shows the interest rate of
a union-wide central bank that considers the exit option. What happens in the crisis period is
that the union-wide central bank alters its monetary stance and deviates from the solid blue line
with equal Pareto weights. As H would exit the currency union without any intervention in this
example, the central bank puts interest rates closer to what H would have chosen with an own
currency. In addition to that, the central bank promises to keep the Pareto weight for H at the
higher level until another participation constraint binds. This means that interest rates in future
periods are systematically closer to what H would like to have. This is enough to put H at its
participation constraint and to sustain the union. Two things are worth being highlighted. First,
as long as there is a currency union, the central bank is not able to replicate the allocation for
the crisis country with national currencies by simply increasing/decreasing interest rates to the
level they would have with national currencies. The reason for that is that the exchange rate is
missing in a union. With national currencies and Producer Currency Pricing, interest rates can
be decreased or increased without affecting production in the other country, as exchange rate
movements ensure the shocks are absorbed. In a currency union, too low or too high interest
rates will eventually hurt the other country’s production which is bad for all members. This
is also the reason, why average gains with monetary policy are slightly lower than with fiscal
policy. Second, the central bank can only effectively favor a country and therefore redistribute

in states that are asymmetric. In all symmetric states the central bank can only implement one
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interest rate, as both countries want the same policy. As a consequence, the central bank has to
be more forceful in the asymmetric states. This leads to a strong increase in interest rates in the
crisis period, from originally 3 % (the blue line) to 4% (the magenta line) that uses up almost
half of the policy space available to the central bank, which is 5.2% as the maximum that can
favor H in that example. This lack of policy space will be important for a scenario in which a
currency union is less beneficial to start with. With large trade gains as in the example here, the

central bank can sustain the currency union in all simulations until the end.

Central Bank and Transfers: During a crisis period with a huge asymmetric shock the central
bank puts full weight on the country that wants to leave the union. Emphasizing stabilization of
crisis countries during an asymmetric shock alters interest rates in those periods and reduces the
amount of necessary transfers to sustain the union from 0.0025% to 0.0017%, see Figures 9 and
10. Augmenting fiscal with monetary policy does not yield additional benefits in form of higher

welfare gains. The currency union can be sustained with that policy set in all simulations.

5.2 Trade Gains 5%

This subsection discusses how lower trade gains impact the effectiveness of policy instruments
that aim to sustain the union. The simulation demonstrates that the union becomes substantially
less stable with trade gains of only 5 %. With national planners only, the union collapses
after some years. Importantly, fiscal transfers are still capable to preserve the union in all
simulations until the end, while monetary policy cannot. The central bank is only able to extend
the lifetime of the currency union for some time, but eventually it collapses in all simulations.
As a consequence, the gain under a planner with fiscal transfers is substantially larger as with

monetary policy. The following table summarizes these key results

Table 6: Break-up under different planners, trade costs 5%

Planner Prob. of a union Average Prob. of a Average Gain
Allocation break-up next break-up period  break-up within
period 100 periods
National 32 % 2.7 100% 0.0002
Fiscal 0 % - 0% 0.0076
Monetary 10 % 8.4 100% 0.0007
Fiscal & Mon 0 % - 0% 0.0076
First Best 0 % - 0% 0.0091

As before, it is helpful to consider the pure allocations of consumption and labor under different

regimes with a trade costs reduction of 5% in a currency union.
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Table 7: Allocation under different regimes, trade costs reduction of 5%

Regime Average Consumption Average labor
National Currency 14.1957 24.6984
Currency Union 14.3705 (+1.23%) 25 (+1.22%)
First Best 14.3725 (+1.24%) 25 (+1.22%)

A 5 % decrease in trade costs in a currency union increases consumption in the simulation by
around 1.23 %, employment by around 1.22%. This is slightly less than with a trade increase
of 6.5%. Nevertheless, the consequence of that small change for stability are tremendous. The
gains of a union under a social planner or fiscal transfers are lowered by about 50%, even though
the union is sustained until the end in both cases. Compare the gains in Table 4 and 6. The in-
tuition for that sharp reduction is that a currency union —from an ex ante perspective in this
calibration— would only be beneficial if trade gains are larger than 3.3%, see the discussion of
Table 8. Trade benefits of 5% are around 1.7% above the threshold. With trade gains of around

6.5% it is 3.2% more than necessary — around double as much.

National Planner: As the gains are substantially lower in this setup, countries also hit their
participation constraints more often. For the i.i.d. process here this breakup probability is 32%
in every period. As soon as growth difference is more or equal than 4 %, one country is at its
participation constraint. The union quickly breaks up and does not last longer on average than

3 years.

Transfers: Fiscal lump sum transfers can always sustain the currency union. As soon as a
large enough asymmetric shocks hits the union the transfer system gets started. The amount
of transfers is bigger than in the subsection before and fluctuates more frequently as countries
hit the participation constraint more frequently. A maximum of 0.12% of union-wide GDP is

redistributed every period in this setup.

Central Bank: The central bank in a setup with lower trade gains struggles substantially to
keep the currency union together with interest rate setting only. In the simulation, the central
bank can only extend the lifetime of a currency union for some time, but not permanently. If
the asymmetric shock is too large, there is little the central bank can do on its own to sustain the
currency union. The reason for that is that interest rates are a poor tool to redistribute between
countries. The model highlights two mechanisms that are important. First the central bank can-
not redistribute in all symmetric states, which limits the ability to make promises about future
redistribution. And second, pushing interest rates too far in one direction is so hurtful for one
country’s production that it gets costly for all countries. As a consequence, the central bank in
this scenario can only accommodate the smallest asymmetric shocks that would lead to a break
up (a growth difference of 4%). As soon as shocks are bigger than 4%, the central bank fails to

satisfy the participation constraint of at least one country and the union collapses.
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Central Bank and Transfers: As before, using both policy instruments at the same time suc-
ceeds in sustaining the currency union. Adding monetary policy to the mix does not alter the

average gain.

5.3 The Role of Trade Gains

The previous subsections have shown that a small difference of trade gains can impact the
stability of the currency union substantially. In addition the effectiveness of monetary policy to
sustain the union has been reduced considerably. This subsection gives a summary for which
trade gains which policy works. To obtain these results, the model and the simulation has been

run with a set of different trade gains. The next table summarizes the results:

Table 8: Break-up under trade gains

Trade Gains Probability of Transfers can always Central bank can
dangerous shocks sustain the union sustain the union
> 6.7% 0% yes yes
(6.6%,6.4%)| 1.5 % yes yes
(6.3%,3.3%)| [1.5%,73%] yes no
3.3% > 73% > no no

If trade gains are larger than 6.7% no country would ever decide to leave the union, no policy
interventions are necessary and therefore the union is sustained forever. For trade gains between
6.6% and 6.4% there is a possibility that the union breaks up if the biggest possible asymmetric
shock hits the union. Both, fiscal and monetary policy succeed in sustaining the union. That is
the setup as in Section 5.1. If trade gains are lower than 6.4% monetary policy will not always
sustain the union, as the costs of stabilization in the union are too large when a big asymmetric
shock hits the union. The gains of the union cannot be sufficiently redistributed with interest
rate setting alone, see Section 5.2. Transfers however always manage to sustain the union, up to
trade gains to 3.3%. If trade gains are lower than this, even transfers between countries cannot
sustain the union. A joint fiscal and monetary intervention does not increase the survival rate of
a currency union, independent if the central bank puts full weight on crisis countries in the crisis
period or induces an economic boom in the currency union to increase the available amount of
fiscal transfers between countries. The reason for that is that from an ex ante perspective the
currency union would not be beneficial to start with if trade gains are so low. As long as the
currency union yields benefits so that it is desirable to form one from an ex ante perspective,

lump sum fiscal transfers can sustain the union.

5.4 Sensitivity and Robustness

Shock correlation: The shock correlation between countries is crucial for the ability of a union-

wide central bank to stabilize both countries at the same time. The more correlated productivity
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is, the more often countries are in a similar state of the economy. This implies that the one
policy instrument available for the central bank satisfies the need of both countries more often.
Therefore, the currency union becomes more attractive and the stability of the currency union
increases. The reverse would be true, if productivity shocks are negatively correlated. An i.i.d.
process implies zero correlation. Empirically, GDP growth and productivity between European
countries like Germany and Italy are positively correlated, which indicates that the union would
in fact be more stable.

Shock persistence: If asymmetric shocks become more persistent, there are a several effects.

First, the union becomes more expensive as there can be potentially a longer time horizon with
asymmetric shocks — The opposite is true for persistent symmetric shocks. More asymmetric
shocks after a large shock can however benefit the ability of the central bank to redistribute
when a small asymmetry between countries persists. As discussed before, this asymmetry is
needed for interest rate to be able to redistribute in the first place. Therefore, if the asymmetric
shocks after the large shock are sufficiently small but persistent, this makes the union more
stable.

Bond market and asset positions: The baseline model features a classical Cole and Obstfeld

(1991) economy in which agents do not have an incentive to engage in cross border trade.
In the specification with log preferences and a Cobb Douglas consumption aggregator the will-
ingness to trade goods between countries and the willingness to save over time exactly offset
each other. This implies that the current account remains balanced at all points in time — given
a zero asset position as an initialization. Changing the parameters of the model, as for example
the intertemporal elasticity of substitution or the trade elasticity would also change the asset
position. It would then become a state variable. Alternatively, one could also change the initial
asset position and make one country the debtor and the other the creditor. These initial debts
would then enter the model as a state variable. For the central bank this additional state variable
could be a way to augment its ability to sustain the currency union. As debts are of nominal
nature, the central bank can use inflation to alter the real value of asset positions and therefore
to manufacture real transfers between countries. If for example one country is very indebted
and hits the participation constraint, the central bank can promise to inflate away the value of
its debt over time!®. The reduction of the real value of debts is as if a transfer from the creditor
country to the indebted country has been made. Therefore, the central bank is also able to re-
distribute during asymmetric states. This could substantially augment the ability of the central
bank to sustain the currency union. Of course, this policy tool also has limits as the value of
asset positions converges to zero if all debts are being inflated away.

The role of currency pricing: How exports are being priced in a world with national currencies

is crucial for the value of the outside option. The baseline model assumes that firms use the
currency of their own country to price their exports, that is they use Producer Currency Pricing.
As discussed before, such a model environment makes a flexible exchange rate desirable as the

exchange rate absorbs economic shocks. National currencies — the outside option — are therefore

191n this model, there are no further costs of higher inflation.

30



attractive in the baseline model. If we consider an environment with a pricing scheme that leans
more towards local currency pricing, flexible exchange rates become less potent in absorbing
shocks, the outside option of a currency union becomes less attractive. In the current model
setup such intermediate pricing models can be captured. As in Corsetti and Pesenti (2001), I
augment the export price of firms in terms of their currency by an elasticity of pass-through to
the non-domestic market 7 and n*. For this exercise, I keep that elasticity as exogenous. The

foreign currency price of the home good, equation (11) in the baseline model, then becomes:

pi(h)
&v

pi(h) = 0<n<l

For 1 = 1 we arrive at the original Producer Currency Pricing Model, in which the exchange rate
pass-through is complete and prices are set in the producers currency. With n = 0, we arrive at
the other extreme of Local Currency Pricing. For foreign prices in the Home country, the same
can be done with equation (13) to obtain p;(f) = p;(f)&". The presence of an exchange rate
pass-trough affects prices of non-domestic goods in the domestic market for all countries. For a

given exchange rate pass-through, monetary policy optimally uses the following monetary rule
for H?0

MG (=) (1 =) M &
I—y)(1—n)=

For F we have

* —(1-m)
(] ) — MG (I-y)(A-—n)MGCé
-9 (- =g Et71<MCté?[—(l—n)>

If n =1 as in the baseline model, then the rule is identical to monetary policy with national
currencies under PCP, equation (15). For the other extreme of LCP case with n = 0 one ar-
rives at a similar monetary stance as a union-wide central bank in (17). It is as if the fixed
Pareto weights of the countries were chosen to be 1 or 0 respectively. Both central banks con-
sider marginal costs of the other country, as the exchange rate does not ensure that prices of
non-domestic goods can adjust freely. The weights on marginal costs for each central bank are
the corresponding weights in taste for goods in the consumption basket of their correspondent
agents (2). This new monetary rule impacts the allocation of consumption and labor with na-
tional currencies. Overall the allocation becomes more similar to the one in the currency union,
the only difference is that with LCP the allocation is as if the union-wide central bank would
put full weight on the corresponding country. This has several implications. First: The outside
option becomes overall less attractive and the union becomes overall more stable. In addition to

that a union-wide central bank can in principle replicate the allocation with national currencies

20See A.6.5 for a derivation.
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in the union. The ability of the central bank to stabilize the union improves substantially.

If the exchange rate pass through is an intermediate value, say 0.5, the implicit weight on
marginal costs of non domestic goods decreases as their price in domestic currencies becomes
more flexible. This implies that the outside option in such a scenario becomes more attractive

as in the case with LCP, but is still less attractive as the PCP case in the baseline scenario.

6 Conclusion

This paper shows how a currency union can be sustained with fiscal and monetary policies
when member states have an exit option. If there is a big asymmetric shock, trade gains in
a union are outweighed by less effective monetary policy. The recession country is severely
affected, as gaps in the level of employment are more hurtful in a recession than in a boom.
Therefore, the recession country exits in a severe crisis and the union collapses. The paper
discusses, how the currency union can be sustained via fiscal or monetary policies. The first
option is a fiscal intervention by a union-wide Ramsey planner: A simple and credible transfer
rule gives the crisis country a constant fraction of union-wide GDP over time. This is enough
to prevent a breakup of the union. These transfers are in place as long as the other country of
the currency union is not in a crisis. If a crisis happens and the other country wants to exit,
the rule is reversed and the new crisis country gets transfers. In the benchmark simulation of
the model, the currency union can always be sustained with transfers. Both countries are better
off ex post and ex ante compared to a situation when no policies are in place that sustain the
currency union. The second option that the paper considers is monetary policy. If there are
no fiscal transfers, the central bank can take the lack of commitment from the countries into
account. In normal times, the central bank stabilizes a weighted average of the economy from
both countries. The weights depend on the size of the economy and on the Pareto weights
for the country. This paper derives that these weights become state-dependent when there are
participation constraints: As soon as one country hits the participation constraint, the weight of
that country increases and the central bank systematically favors the crisis country in its policy.
The greater weight persists, until another participation constraint binds. In some situations,
the central bank can sustain the union with that policy, but not in all. The central bank needs
sufficiently many small asymmetric shocks in the future that can be used to favor a specific
country. In addition to that, large trade gains from the currency union are needed. If this is
not the case, the central bank has not enough room to favor one country and fails to sustain the
union. A joint intervention of the union-wide central bank and fiscal transfers does not increase

the survival rate of a currency union compared to a situation when only transfers are used.
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A For Online Publication: Appendix

A.1 The Current Account and Risk Sharing

As in the model of Corsetti and Pesenti (2001) the current account is balanced in all points in
time, if the model is initialized with zero wealth. This goes back to work by Cole and Obstfeld
(1991) and is reflected in the model: Consumption risk is shared efficiently, there is no need
for debts or savings in certain states. Intuitively, risk sharing is ensured via endogenous terms
of trade movements. The terms of trade are defined as the relative price of domestic imports
in terms of domestic exports, in case of PCP, as in (5) .7 = &Py /Py Consider a productivity
boom in H. In such a situation an expansionary policy is optimal for the central bank in H.
Therefore, the exchange rate depreciates, terms of trade depreciate as well. With one unit of
F’s currency, more units of H’s currency can now be bought. Productivity has increased the
production of h-type goods, therefore the nominal value of H’s exports measured in its currency
has increased. At the same time, it has become more expensive for H to buy non-domestic
goods. In this special setup?!' the nominal value of exports always equals the nominal value of
imports due to that mechanism. Note that F has to pay less for h-type goods in terms of F’s
currency due to H’s exchange rate depreciation. Therefore, even though F does not produce
more goods, it can afford to buy more h-type goods without running a current account deficit.
With this mechanism in place H’s productivity increase spills over to the other country.

In a currency union the exchange rate is fixed and terms of trade movements cannot absorb any
asymmetric shocks hitting the economy. Another mechanism of the model makes sure that in
such a situation the current account is balanced: As the central bank stabilizes the average of
the economy, wedges in the labor market occur. For the boom country monetary policy is not
expansionary enough creating a negative wedge, while for the recession country it is too expan-
sionary creating a positive wedge. As a result, employment in the recession country is higher
and in the boom country it is lower. With the special setup considered in this paper, overall
production of both countries in the currency union is the same. Current accounts are therefore

also balanced with asymmetric shocks.

Balanced Current Accounts

The current account is balanced all the time for both monetary regimes, value of imports equal

values of exports:

* *
PF,tCF,t = éDIPH,tCH,t

(1-7)a
P (1+@)Kk*

(1-7)a

1
=04 (1+m)SE [MCt]m

®*(1+ @) &5, _([MC]] Z
3

Trade costs cancel each other out, they do not matter for a balanced current account. Plugging

21The elasticity of substitution between Home and foreign goods is 1, as is the intertemporal elasticity. Furthermore, firms use producer
currency pricing.
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in marginal costs and the equilibrium exchange rate gives

E ~1 E,_(la* 'u 1—Va* 1—
t— l[at1 .ut]/ t l[ilt_l Uy ]Et—l [K*a;k—lut*] ( Z)at _ Et—l [a,_lutlc] ( )at
a; a K K
B qlaftuf] - et e e Egfa ] - _
( t 1[* 1 H ]) lEl—l[at 1“1 la; = (Ltllut]) lEz—l[Clt l,le]at

a; a;

which is true. Intuitively, in a world with producer currency pricing and elasticity of substitution
of 1 between Home and foreign goods, terms of trade movements make sure that risk is perfectly
pooled in that economy. This means that the current account between both countries is balanced
all the time.

Consumption Risk Sharing

Each country consumes a constant fraction of the produced good in all regimes, as given by the

analytic expression for consumption.

A.2 Derivations
A.2.1 Allocation of the Social Planner

An interesting benchmark allocation for the model of the economy is the allocation of the social
planner. I assume that the social planner can freely allocate labor and consumption and faces
no trade costs. She maximizes welfare of all agents subject to the resource constraints of the

economy:

o max Et[Zﬁ <ln C:)— KLT)}qLE,{Zﬁ (m (C) _K*L*)}

1
st. Y,(h):L,(h)at:/O C,(h,j)dj+/0 Cr(h, j

C,(h)
1 1
Y,(f) = L(f)ar = /O C(f,j)dj+ /0 CH(f.j")dj
() ()

This problem can be written as:
{c,,gl,%ff,u E; [Z B* <ln Cr)— KLT>] +E, [TZ':;BT (ln(C;) — K*Li)}
st. Yy =La =Chy +C}'}7,
V' =Lja; = Cr:+C,
Ct = CI’)'/I tCIl‘“;'}/
¢ =Cpy, CH
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She then determines the optimal amount of labor, which produces the goods given the tech-

nological constraints and then allocates the goods to each consumer. The Lagrangian is given
by:
max_ L=yIn(Cxs)+ (1 - 9)In(Cry) — KL + (1 - 1) In(Ci,) + YIn(Ch,) — K7L
CH.I 7CF,Z 7C])):]7l 7C}¥3“[ 7Ll‘ 7L;< ' '

+Mi(aly —Cuy —Cryy) + A2 (a; Ly — Cry — Cry)

The first order conditions are:

LLt . K= Al[at LL;* K = lz,at
.Y N

LCHJ M EJ = A’lt LCFJ M C—I,‘J = 2’2[
4 7

LCITIJ . C};t — l][ LC;J . C;,l - A‘Zl

CH}; = Ea, CH,t = K‘ az (Al)
11—y Y
Fit - a; Fi = 1 a; (A.2)
1 1
Li=— Li=— (A3)
K K

A.2.2 Market Economy: Consumer’s Problem

In the market economy, each individual maximizes her own utility. the Lagrangian of that

maximization problem is given by:

T=t
+)VL'( _BH,’L' + (1 +i171)BH,171 - éaBF,r

+ (1 + iﬁ;71)£’rBF,r—l + /Ht—l (h)dh - PH,’L'CH,’L' - PF,rCF,T + WTLT)>:|

Consumption C; consists of a combination of a Home and foreign consumption bundle given

by:

_ Y ol
G = CH,tCF,t
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We can obtain the first order conditions (focs) with respect to Cy ¢,Cr,¢,Lt, By ¢, BF z:

L : —_— =MAP

Cp 1 CHJ 2'l‘ H.t

-y

Le. =M P

Cry CFJ A')‘ Fit

LLt : K :ltWt
Lpy, : A =BE: A1 (1 +1ir)]
Lg;, : St =BE[& 1141 (1410f)]

and the budget constraint
Bu:+&Bry < (14+i-1)Br—1 — T, + WL,

1 1 1
+(1+ij—1)5zBF,t—1 +/0 Ht—l(h)dh_/o p,(h)Ct(h,j)dh—/O Pt(f)ct(f;j)df

Using the first two focs and taking a geometric average with weights y and 1 — y gives:

Y1 =)'V = X (Py Ch )Y (PryCry) Y

which yields
1
4=5¢
where
Y pl—7
- PH,tPF,t
k= Y 1—y

Y'(1—7)

is defined as the utility-based price index in country H. Therefore, Home and foreign consump-

tion are just the corresponding fraction of overall consumption:

1 1
FC = ;/PHJCH,Z = —Pp,CF;

Foreign country

For F, the optimization problem is the same, except that
G =Cy, 'Cry

This changes the first two first order condition with respect to Home and foreign good con-
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sumption:

I-7

Ley, " = Pr

5 CH’Z 9

LCF,[ . C* :)’l PFJ
Fi

Those two first order conditions can be combined to:
},7/(1 - ,},)1—7/ = At* (PE,zC?;,t) I_Y(PI?,:C;J)Y

which yields

1

A=
t Pt*Ct*

where

*1—7y ¥y
P = Py "Pry
-t
is defined as the utility-based price index in country F. Therefore, Home and foreign consump-

tion are just the corresponding fraction of overall consumption:

PG = EPH,tCH,z = ,)_/PF,ICF,Z

A.2.3 Intertemporal Allocation

Combining both consumption focs with the bond foc gives the Euler equation:

1 P 1
— =B(1+i)E { }
G U+i)E, Pry1 Gy

Now let’s take a closer look at the financial market of the model. Let the variable Q; ;41 be the

stochastic discount rate for j:

PG

Oriy1 =Pp—7—
S BPt—HCl-H

The expected stochastic discount factor is related to the inverse nominal interest rate (from the
bond foc)

1 Sr41 1

E Gty _ .
1+l[ I[Ql,l+1 éa[ ] 1+l;k

Et[Ql,H—l] -

In a symmetric model in which all agent can access the same domestic financial markets the

individual discount factors are the same (Q; ;1 = O; ;+1). Therefore, the nominal interest rates
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parity is given by:

. &1 } { & }1 .
1+i)=FE [ E 14+
( 2 "IPCyr ] | PGy (L+ir)

Finally, bonds are in zero net supply:

1 1
/ BHJ_ldj—i—/ By, _1dj =0
0 o

1 1
/0 Bp7,_1dj—|—/0 By, 1dj =0

The first order condition for labor gives a condition that determines wages W; for that period.
In addition, a transversality condition is imposed in order to ensure that consumers really ex-

haust their resources.

A.2.4 Prices

Firms selling brand 4 maximize profits:

max E,_1[Qr1,((1—7)p:(h) —MC,)/OlCt(h,j)dj—i-

(M —( +w>Mct>)/OIC£"(h,j*>df*>]

Accounting for consumer’s demand (4) they choose prices such that they maximize their profits:

Pt(h)>e
By 1[Qr14 (1= T)pi(h) — MC Criit
s, Bl = on -6 () e,

~ —0
(=) - rame) (%)

For a firm the optimal domestic price is equal to marginal costs augmented by the equilibrium

markup and an appropriate discount.

1 0 Ea[Q1pi(h) P Cu,MC)]
(1-7)0—-1 Et—l[Qt—l,tpt(h)_gp;g,CH,t]

Dt (h) =

Plugging in the stochastic discount rate and the relationship between expenditures for goods H

and overall expenditures gives the price as in the main text:

pi(h) = ﬁ%ﬂztl (MG
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The optimal price of Home goods in the foreign market can be obtained by differentiating the

firm’s objective function with respect to j,(h):

~ -0 ~ —0
Baloe (1-00-0) (%2 i, roarmma (B0) pnci,) ~o

i S N H7[~ o
Foy [Qrs ((1-7)(0—1) (l;;(m) Cir)] =Ei 1[0 1, (6(1+@)MC, (%ﬁ)) 5G]

H t

9

1 0(1+m)E [Qt—l,tﬁz(h)_epg,tclg7tMCt]
(1-7) 0-1  E1[Qr1.5:(h)°Pf,Cjy ]

1Z (h) =

Plug in the stochastic discount factor.

1 6(l+o) Ezfl[B}igflﬁt(h)iepl?l,zclz,tMct]
T— th ~ — D *
(I-7) 6-1 E_, [Ppl,—c,lpz(h) 9P Ci

ﬁz(h) =

Ch,
1 0(1+o)E1[pgMC]
(1—’1’) 0—1 E,,I[CIZ’I]

Pt (h) =

RG
Plug in demand for Cp; ,

(I-VFC /Py,
1 6(l+o) Ez—l[TH’MCt]

— _ 1-7)FC /Py,
(i=7) 6-1 g (CrnGTm,

17 (h) =

1 0(1+@)E[EMG]
(I-17) 6-1 Etil[%‘]

Pt (h) =

Consumption of both countries is always the same in a symmetric calibration, since terms of

trade movements ensure perfect risk sharing. Therefore

pi(h) = 0 i s Ggi_?)Et_l[MC,]
pi(h) =P, = (11_{)( 1+0) ? : Et_lﬁ[gc,]

The firm then supplies for the given prices (wages and good prices) the amount of goods de-
manded by the consumers. This in the end determines the amount of work in the economy.
With flexible prices, the expectations operator just drops and firms choose prices such that they

match actual marginal costs, augmented with the equilibrium mark up.
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A.2.5 Consumption

The first order condition of the consumer’s problem yields, when optimizing w.r.t Cy ; and Cr;

_ 1
1=X%P, PV (Cyu )Y (Cp) Y ——
S
T
This gives:
1
G T

using the solution for the prices, consumption C; is given by (A, = 1/P,C; = 1/P,C; = 1/ 1):
C = 7/7’wlvllt_y
Py +Pr,

or more explicit

1 B Wq)—}/q)*—(l—y) —(1=7)
Ct — ( 1 Y Y ;u'téal’

(+@) (B MG/ (B, M)
G (g e
Mt o

(B 1 [MC)) =1 (E, 1 [MCF])Y
A.2.6 Labor

The firm chooses labor such that it meets global demand for the brand:
Li(h) = a; "(pi(h)~®P§ ,Cre + pi(h) "0 (P, °Chi,)
MC; =a; 'w,. Rearranging the labor foc, plugging in A = 1/u and you arrive at:
MC, = a; 'y,

In a symmetric equilibrium p;(h) = Py,. Since households consume a constant fraction of

foreign and Home goods (P,C; Y = Py Cr 1), one can plug in Cy ; and Cj; , respectively to obtain:

FC PrCy
Li(h) = a" (y#m —7),%)
; Ht
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Plugging in Py, and the monetary stance and assuming that the degree of monopolistic distor-

tion is the same in both countries

I Uy (1-y)
Li(h) = (I)at (yEz_l[MC,] + +o Ez—lé[aMCt]

Augment the expression and use the relationship between both monetary stances and the ex-

change rate:

MC;

1 1
1 a ki  (1-7) a K
L =3¢ (yE,_l[MCt] 1o &, MC]

Demand of for every good in F and H is a function of the marginal costs of the firm producing
that good:

Li(h) = bk <YE1—1(MC1) " I+ B (MG)
o1 [(1-y MC Mc;
L; (f) T Pyt (1 —|—5]Et—1(MCt*) +yEtl(MC;k))

A.3 Solution Free Market and Flexible Prices
A.3.1 National Currency

The consumer solves the lifetime optimization problem. All variables can be expressed as a

function of shocks a;,a; and economic parameter. The expectations operator drops when prices
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are flexible.

=4
My
MCt = Kat_lut
MG = '
PH,I - (DMCt

Pry = (1 + @) EMC;
Pp, = ®*MC;

1
Py, =o(1+ w)gMC,

—1(1—
C :( 1 )1*?’ Yl & -
T M 4w’ (MG (DMC) Y
. R T T
Cf :( ) 1iyt * *\Y
1+@’  (®PMC) ! —Y(D*MC})

Li(h) = é ('}’+

1
- d* x*

L (f)

A.3.2 Currency Union

& =
MC; =
MC; =

Py, =
Ppy =
Plif,t =

PITI,t =
Ct ==
;=

Li(h) =

L (f) =

o)

-y
(1+w+y)

1

—1
Ka; " Hy
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Ka, " H

DPMC;
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A.4 Solution Central Bank and Sticky Prices
A.4.1 National Currency

The consumer solves the lifetime optimization problem. All variables can be expressed as a

function of shocks a;,a;, monetary stances (, i, and economic parameter.

&= (A.26)
Ky
MC, = xa; 'y (A.27)
MC =x*a 'y (A.28)
Py, = ®E, [MC]] (A.29)
P;, = ®'E,_ 1 [MC;] (A31)
1
—1(1-7)
1 1-y '}/w/it(g)t
C, = A.33
! (1 + af) (PE, | [MC,))Y(P*E,_1[MC;])1-Y (4.33)
* pl=Y
* 1 -y Ywld ng‘
C' = A.34
=50 @R M) eE, e (A39
Li(h) = — A.35
() = Fx (yE,l[MCt] 1Yo E_MC) (4.35)
§ 1 [(1—-y MC: MC:
— A.36

47



A.4.2 Currency Union

& =1 (A.37)
MC; = xa; 'u! (A.38)
MCF =x*a ' uY (A.39)
PH,[ = (I)]E;_l [MC;] (A40)

Pry = ®*&EF,_ | [MC]] (A.41)
Pi, = ®°E,_1[MC]] (A42)
1
Py, = <I>EIE,,1 IMC,] (A.43)
,1 1,
G = T (A44)
(PE, 1 [MC])Y(P*E, 1 [MC}])! =Y
1y
% Yw.’v‘tU‘g)t
C' = A45
* (@R, ([MG]) (&7 E, M) (A4
1 MC, MC,
oo 1 MC? B MC;
L) = PrK* (YIE,I[MCt*] 1= Ezl[MCf]) (A47)

A.5 Free Market and Flexible Prices

Now consider a decentralized economy, in which market forces determine the allocation. I show
here that the flex price allocation is an important welfare benchmark. I consider two regimes,

one with national currencies and one in a currency union.

A.5.1 National Currency

Households maximize their lifetime utility by choosing consumption and supplying labor:
max E ﬁj(ln Cy )Y (Cr N7 — kL,
{C,Ly,B;} ' |:JZ:—Z (( ’]) ( / ) ) /
s.t. By +&Bry+ P Crs+ PriCry =
(1+i—1)Bys—1 — T +WiL + (14 if | )&Brs—1 + g,

Firms selling brand 4 maximize profits given the marginal costs, accounting for consumers’

demand and the pricing strategy and trade costs with national currencies:

max ((1 —7)ps(h) — MC,) <p ((h) )_GCH,I+ ((5;(1+1)m(h) —(1+ w)MG)) (@) _GCE,,

pr(h),p: PH,t Ht
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The solution steps of that problem are in the appendix. Consumption and labor here have a

superscript n:

n :& cn (1—}’)(1%3)%
Ht @K Ht (bK
_ 1 x *
cr = (=9 (mg)a o — e (A.48)
P* K+ D* k*

1 11—y 1 Y
L= — — ) L"= ——+1-
! cbx(y+1+w> ! q)*:c*(1+w+ Y)
The distribution of consumption in a decentralized allocation is the same, except that monop-

olistic markups lower consumption and employment, while trade costs lower consumption of

non-domestic goods and overall employment.

A.5.2 Currency Union

Households face the same problem as before:
max [E j(ln Cy )Y (Cr )Y — kL,
x5, [z B (I ((Cur)7(Cr) ') — kL
s.t. By +&Brs+ PuChy+ PriCrr =
(14i)Bus—1 — T +WLi + (1 +i)&Brs—1 + g,

In contrast to the case with national currencies, there are no trade costs and no exchange rate in

a currency union:

max ((l—r)p,(h) —MC,) (p’(h))ec},ﬁ ((1—f)p;<(h) —MC;)) (p ‘ (h)>ec;},t

pi(h).py Py,

)

Consumption and labor are not a function of trade costs anymore and have superscript u:

}/Cl * (1 - ’}’)Cl
Crr = a[c Chir = dx [
(1 _Y)a* * '}/a*
Cp, = q)*—K*f Cit = CID*:(* (A.49)
Y r ke

Overall, employment and consumption in a currency union with flexible prices are the same as

in the social planner’s allocation, except for the monopolistic distortion.
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A.6 Monetary Policy

For analytic convenience, let’s introduce a monetary stance g, that controls nominal expendi-
tures P,C; in the economy. It links the nominal interest rate in the Euler equation such that

1 1
— —B(1+i)E
Hy Al 2 l[litﬂ

]

Ws+1/ 1 determines the inflation target 7, the steady state nominal interest rate is 1 +i = 7 /.
In equilibrium one obtains that g, = P,C; = W, /k*?. An expansionary monetary policy in H
corresponds with interest rates cuts today or households’ expectations about interest rate cuts
in the future. In this case y; lies above the trend, it coincides with increased nominal spending
P,C; in the economy.

A.6.1 Optimal National Monetary Policy under Commitment

A national authority maximizes expected utility of the representative agent. I use a state-

contingent notation:

max [ZZW “p(s" | s°) (m(ct)—:th)}

(e ()} L=k stea
16— () Cg) (e Y
Y= (175) T @ MOl E L M
L= =1 MC, (1-y) MG
! N GK EI—I[MCI‘] 1—1—(’1)' ]Et_][MC[]

MC; = xa; ' b (s")
MC = k"a; i (s")

1=y e (s")
t— T %
Y oKS(s")
E, 1[MC] = Z p(s' | sO)MC,
s'eA
E MG = Y pls' | )MC;
sTeA
Plugging in:
max B p(s | s°)
* 1— t _
(1n<( Uy R)ER) TG
I+07 (Eyeap(s | sO)ka; ' (s))(Laeap(s' | 0)*a; ™ g (s1)1=7

K‘)‘l(y ka; i (s') (1-7) kar p(s') ))]
Ok \'Yucap(s [O)ka p(s) | 1+ @ Yoonplst | 0)Ka ()

21nspect the Euler equation with logarithmic utility for that
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Dissolve the In expression

ma Y0150 [in () (g () D ) )

{(s) 2y sica l+@ 0* Y
(1= ) (n( ("))~ In( () — 7In( Y pls' | )k (s1)
sieA
(- p(Y p(s | s°>r<*a;‘—1u,*<sf>>}
steA

_g’p(sz ) {Kee_l (}, Ka, ' (s) Rt Ky 'y (s') )1 ‘

K\ Ea p(s' |57 ka e (s) - 148 Loy p(s'[ s xa; (')

Note, that the last term representing labor is just a constant under monetary policy under com-

mitment, the first order condition is

1 (1-y Ka; '

w() ) e p(s [0 Ka (s

This can be rewritten to get the optimal monetary policy as in the main text:

1 Ka; !

() Leeap(s | 0)xa w(s')
(a5 = By [ (sh)ay  (51)]

A.6.2 Optimal Monetary Policy in a Currency Union under Commitment

Now take a look at the monetary optimization problem:

miné <E,1 {m &8 %Z;:EC: 51:4?] I_VD +(1-¢) (Em {ln = [Zgl]:(yic; E:[Cﬂq)

min& (Et_l {yln E%f’] +(1=7)In E%f q +(1-¢) (JE;_I {(1—7) In E%t] +in E%:?D

min | (£7+ (1~ £)(1 1) In (Zprct) + (601 - + (1= &7 n (S|

MC;

Weights do not matter if ¥ = 1/2, every country values Home and foreign goods equally. The

state contingent objective function is

f SO a—l o tSt
min ¥ p(s' | )] (Ey+ (1 - &)1 — ) n (EreaP& I Dlar (p()],

seA a; ' (s") e (s')

(1 v 1 (Zea P SO (5 (s1)
+(EI=7)+(1=8)y)In( T )
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The first order condition with respect to ;(A) is

(Er+ (1= 8)(1 =)o) | 1};‘2 ) L %}
e e [ s £ )
Solving for i (A):

o (A) ‘

*—1 -1
(E(=p+(1-8) )%)

i (A) = <(€y+(1—é><1—v>) B il

Ei—1la; ']

For symmetric consumption baskets without Home bias as in Corsetti and Pesenti (2002),

the objective functions boils down to:

min ¥ (59| (n(  pls rs°>[a,1uf]>—1n<a,1ut>>}

steA steA

W RIS W IR

steA steA

giving the same optimal monetary stance as in Corsetti and Pesenti (2002).
Maximizing expected lifetime utility ex ante leads to the same monetary rule:

n;gxif.ﬁ’ (ZPS [ln(Cs) _ KLSD +(1 —ﬁ)Zﬁt(Zps {ln(C;k) - K'l;k])

Plugging in consumption and labor, the foc for the monetary stance is:

1 _yka!  (1-yxa! 1 (I—pka!  (ycia!

- [Hs EMCG]  E[MC] :|—|—(1—§)ps [E_ EMC]  E[MC] ]
YpsKa ! (1 —’)/)psK*a*_l _(1 —Y)PsKa_l Ypsk*a*—l

+§Z - EMG] )+(1—5)p2( EMC]  EMC] )=

Rearranging a bit gives

Eps  (1=8)py_Sypsxa ! (1-8)(1-p)pska ! S(1-p)psk'a™l (1-E)ypk'a”!

w ' m EMG) EMG]  EMG) BMG]
1) — ey (Lg% A) g 'A) N
wd) = ((Ere0-8)0-9) B cu-nri-am 5 )
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A.6.3 Optimal Discretion with National Currencies

Now consider optimal monetary policy under discretion, the monetary authority maximizes

max [Z Y B (s | s") (ln(C,)— KL,)}
(ke () Lizkstea

The decisive difference to the optimization problem before is that the information set (inside

the probability function) is for period ¢t not t — 1. The problem is subject to all equilibrium

conditions. Plugging these in as before, the central bank has to maximize

1 1- - -y =Y —a- t
ma i ( () (@) @) D) )

— (1= (In(p(s) = In(w(s"))) = yIn( Y p(s" |s”)ka; ' pu(s"))

steA

—(1=9)I( Y, p(s" | ")*a; ™ p(s"))

steA
1 1+y® Ka, 'y (s") )

Pk 1+® (zsteAp<sf|sf1>1<a,1ut<sf>

In this case labor is not just a constant and the focs with respect to monetary policy in state A

are
L (-p , xal)
@) BA) (0 xar ()
e ki) ald) _wdka) | _,
Ok 10 | Tecaplsr [0)ka 1) (Tecaple’ |30 u(s")’

Rearrange to get

j/_ _y at(A)fl
wA) " Teeap(s | s%a (st
 1+ym ar(A {1 a(A) "' (A) ]
D1+ ®) Yeap(st| sO Va; g (s?) Yoear(s'|s%)a (st

oV

The solution of this problem in general differs from a; ' ; (s') = Yyea p(s" | sO)a; 't (s). Re-

arrange a bit and use the notation with the expectation operator again:

Y a(A)~! v a(A)”! . a;(A)"'w (A))

w(A) Ei1a; w(s") o Ero1a; ' w(s') [1 Et—laz_l.ut(st)]

Y a(A)'wA) vy ar(A)”"
(gl 2

e vy
ey E,,laflut(sf) Es—1a, .ut(st)
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Optimal monetary policy in state A is hence characterized by

a:(A) ' w(A) Y
E1a; (s') OV

If

% =1 then a; (s =By _ya; (s

There is no bias in the monetary policy decision rule and output and employment gaps are

closed. Even under discretion monetary policy puts the economy to its first best. If

Y ~1 —1
o > 1, then a; W (s') > E a7 w(sh)
Monetary policy has an inflationary bias, as the size of the domestic economy (or the preference
for domestic goods consumption, depending on your interpretation) Y is so great, that the central

bank cares more about domestic markups. If

(9_7;\’ <1 then  a, 'u(s") < By_ya; (s

Monetary policy has a deflationary bias. The domestic economy is relatively unimportant for
consumers welfare and the central bank tries to make foreign goods cheaper via terms of trade
movements. (explanation via markups is analogous, noting that smaller values for ®" < 1 imply
higher markups.

The reason for the bias under monetary policy under discretion is that firms anticipate that
monetary policy wants to use surprise policies. In the case of an inflationary bias monetary
policy tries to inflate away the domestic markup when firms cannot react anymore. Anticipating
that, domestic firms already increase the price before. The deflationary bias stems from the
desire of the central bank to use surprise terms of trade movements to make non-domestic
goods cheaper. Under PCP foreign firms still receive the same price, but domestic consumers

have to pay less.

A.6.4 Optimal Discretion in a Union

Now consider the central bank in F, that acts under discretion. This means that the information
set of the expectation operator in the maximization problem is for period ¢ and not for period

t — 1. The objective function is therefore:
. *flex ®1 - xflex ; ~« xflex *
minE, W™ — W] = minE, [ln (i cr) — kL 4+ kL
Under discretion monetary policy is characterized by the following rule:

pe_ ¥ Eila'w]
4 ®*N *—1

a;

54



where @7,:,\, isa bias23 stemming from discretionary policy As discussed by Corsetti and Pesenti

(2001), this
@7,:1\, > 1 there is an inflationary bias. As domestic markups are very important for the welfare
of the agents in the economy, the central bank tries to inflate away the monopolistic markups.

N = 1, then there is no bias, if

That is, when ®*" is small and/or when ¥ is very large. In contrast a deflationary bias arises, if
®—ZN < 1. In that case domestic markups and domestic goods in general are less important and
the central bank tries to deflate the value of the currency such that domestic consumers can buy
more non-domestic goods. This case is in particular relevant, if y is low. That is if consumers
have a strong preference for non-domestic goods.

A common central bank maximizes a weighted sum of both countries’ lifetime utility
max & Z Y B p kp(s'|s) (ln(C,)—KL,) Z Y B *p kp(s'|s) <ln(C,*)—K*l,*>]
UZ1C0) paliy e iy t=ks'c€A
subject to the equilibrium conditions in a currency union:
MC; = Ka;l,LLtU

Me; = a1l
1(1=7)

C = Yokt &
(PE; 1 [MC;])Y(P*E; 1 [MC]])! Y
1_
C;k — ’}/WILLIU(O@t Y

(PE; 1 [MC])! = 1(P*E, 1 [MCF])Y

L0 = (7 v+ 0~ Vi)

Kq) Etfl [MCI] Etfl [MC[]
oo 1 MC? B MC?
U= (YIE,I[MCt*] =7 Ezi[MCfi)

Recall that @ﬁ—yg = O and let ® = OV, As the markups in the union do not contain any trade

costs @V < @V, The central bank maximizes

Ykt”
max In
{1 ()} ié( ((ZsreAp(S’!S"l)KaF " (gea p(st s iera P )= )

. @U ( Kafluly ))
Yyea (st |~ ") ka; ' u?

B YW.utU
+ @(ln((nyeAp(SﬂstI)Kaz_lutU)l”(ZsfeAp(StWI)K*af_lﬂf])’/)

_@iu( K'a ))1
Loea p(s' |~ rraf =

23N __ I+yo 6*
0" = ey ® = Wy
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The first order conditions are

1 va; ' (A) (1-7)a " (A)
s

(A)  Tgeap(s'|sa'uf  Loeap(s'|s ey’

v a ' (A) @ (D (A)a ' (A)
ZstA p(st ’Sril)a;lnutU (ZS’GA p(St ‘Stil)atilnutU)z
! (1-7)a; ' (A) v (A)
1— — — —
08~ G T Dot
_®*U< G ‘&) e ' @w@a @) >:0
Teeap(s'|s a0 (Tgerpls'|sDai uf')?

Rearrange and compare to the solution before

a_l - a*—l
(A :(éml—5)(1—v))ﬁﬂéﬂ—ﬂﬂl—émt—w

NN A G Au@) @@
ree (1_ By a1 ) B O 0 (1_ ) B

~—

The first row is the same as under commitment in a monetary union, while the second one

represents the inflationary or deflationary bias .

Consider a state where both countries have the same productivity: a,(A) = a(A),

1 _ atil(A) U o «U
@) " Eiarin) T8 T80T

a; ' (A)
Er1la; ' )

_a,1<A>ut<A>]
Er—ila; ' ]

This can be rearranged in the same way as before for @V = @*V

= — + N
OV  E,_ila ] Eila 'w] ©Y

1 a! | a ', 1 }

The solution is

1 (Am(A)

ev Et—laz_l.uz

Compare this to the discretionary monetary policy in H outside the union:

Y a;(A) "' (A)

e Et—lat_l.ur

For the first best allocation we know that the LHS must be one. We know that @Y < @Y, but
Y < 1. This means that there are only gains of a union, if the drop in markups is sufficiently large.

As the deflationary bias stemming from incentives to manipulate the exchange rate is removed,
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the mitigating effect for the inflationary bias disappears. then markup is lower because of lower
trade costs + if asymmetric markup shocks, bias of MP is lower.

Consider an asymmetric shock. In such a case the bias from markups of the boom country
a; (A (A)
Eyifa; ' ]

: : ! (fUu:(/D)
deflationary bias s (1 E 1o ] <0

leads to and inflationary bias as <1— ) > (0 while the recession country induces a

A.6.5 Monetary Policy under Commitment with Pass Through

The central bank in H maximizes under commitment

max In(G;)

With exchange rate pass through foreign prices are augmented by the exchange rate factor,

consumption and the objective function then is

w (%)) (%) 0
max In

' — 1=y
g [Etfl(MCt)]y[Etfl (Mct*éazl n)]
Plugging in marginal costs and the exchange rate, then spread out the log gives
max In(w) — (1 —y)n(Iny —Iny’) + const

e
1-n
X k— * ILL
K a; l.ut (‘u_}> ]

—yInE[xa, 'y — (1—7)InE

The first order condition is

_ 1_ 1_ x k—1 :u'f* —Tl
v, (=n0-n)  ye'x (e e,
M M E[xka, '] ]E[K*afﬁlu,*ﬁ—}lin]

=0

Rearranging and plugging in again marginal costs gives the monetary rule for H

e
mc, (1=p(—mMc; L
EMC] E[MC; 2]

Y+ -y)(1-1n)=

In the case of PCP (full pass through, n = 1) one arrives at

MC[ — E[ [MC[]
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In the case of LCP (no pass through, = 0) one arrives at

YMC: (1-7)MC} =
EMG]  EMC ]

L U e I LR
E[MC] E[k*a; " 1]

-1
([ rkat | (1=p)Kta!
M = + ol
EMC] Elx*a; ™ uy]

r+(1-7)=

This can be done for the Foreign country as well. The objective function there is

Mct]_y(got_(l_n)(l_'}’)Mc;‘y
max In
i E[MC,&~-m]1=TE[MC;]Y

The derivation is analogous.

A.7 Closed form solution of Consumption and Labor
A.7.1 National Currency under Commitment
Plug in monetary policy in a world with national currencies only:

E o )

—=1 B\ - 1(1-y)
% i [a; ' ] a !
Y afl Et—l[az*ilut*]

*—1

1 I-y 4
Ct: (1 (D') 1 (b * k=1 k] 1=y
+ (¢Et—1 [Kat ‘u,[]) ((b E[—] [K al I.Lt ])

1- —1 - -
(75) wa(H)  (5) Twala "

(@)Y (@ k) (1-1  (PK)Y(Pri*) (1Y)

:>Ct:

Foreign Consumption

(da) e Ta”

(@K) (@ )7

=

If you plug int both forms of consumption into the exchange rate condition, this equation is true,

because the exchange rate is augmented by (1 — )/ labor is given by:

L 1( MC, (1—-y) MG )

= +
ox \"E_,MC] " 1+ E_,MC]
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Plugging in monetary policy:
—1E o '] ~1E o ']

1 Ka, a—l (1 _ ,}/) Ka, P
- = ('}/ ,ll + ll
Cx\" K, i[xa, w] I+ E, ke, " w]

1 11—y
:>L’(h)_q>1<(y+1+w)

A.7.2 National Currency under Discretion

Ly(h)

Plug in monetary policy in a world with national currencies only:

—1(1-y)

It ¥ Bl '] o |
A - RS
G = (=)
l1+o (CIDE,_1[Kat_lﬂz])y(qD*Ez—l[K*af_lﬂz*])l_y
LN\, v a7l *(1=7)
—_— "y —a, | = 1 . Y ’}/
:>Ct:(1+m-) w N t(at) :( )1 Y y atal

(Dx)7(P*K*)(1-7) +o ey (®K)Y(P*k)1-V)

To keep the expression tractable, I assumed that % = ®ZN. Foreign Consumption is
¢ = (=) Tny 4 4
M 4o Y ON (PK)1-Y(Dri)*Y

If you plug int both forms of consumption into the exchange rate condition, this equation is true,

because the exchange rate is augmented by (1 —y)/v. Labor is given by:

. L MCl (1 - 7) MCI
L) =3¢ <YE,_1[MCI] " Tie E, 1[MC/]

Plugging in monetary policy:
~1
1®_J;VEt—l[az L] )Kaf

1 ke ! (1-v
Lt(h):q)_(y — 3 —
K Ei—1[Kka; " 1] TO B [ka ]

Ly -7y
;‘L*h):a@(”m)

iLf(f):c1>>'<1<®>'<N(7'+1+zzr)

1y Eafa ']
@N a;l
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A.7.3 National Currency, Commitment in H and Discretion in F
Plug in monetary policy in a world with national currencies only:

—1(1-y)

1 EH[«»,;‘uzJ
B 1[a, ] a4
O i
1 1— af_]
+ (PE, 1 [ka, " w])V(P*E, 1 [K*a; ™ p/])' Y
_1 =y a_\r-1
Lo T Gy 0y et
t (Px)7(D*K*) (1) 1+ @O " (DK)T (D i) (1-7)

If only one country has a bias, it is transmitted through the exchange rate. Foreign Consumption

is
17
Etfl[a[ilﬂt] 4
YLJEH[aZ‘_Iuﬂ a !
R o Bl 4]
C*—( 1 )1—7 a !
"N (B [ka ) V(PR [kray T ])
1 lf’y Y a; lf’y
o \me) TeemalGig) T 0 vy
= — —
! (dDK)l_Y(dD*K*)V (1+a7) Yo (@*N) (CIDK)l_Y(dD*K*)V

Both countries end up consuming less of the non-domestic good. If you plug in both forms of
consumption into the exchange rate condition, this equation is true, because the exchange rate
is augmented by (1 — 7v)/7y. Labor is given by:

1 MG, (1—y) MC
Li(h) = —
t<h) q)K (’}/]El—l [MC;] + 1 + ) ]Et—l [MC;]

Plugging in monetary policy for H
iea; \ Ereila 1] —1 B ifa ' ]
a

1 g ey T
Ll(h) = CI)_ ('}’ 1 + (1 ) 1 )
K\ Eroi[ka, " ] TO K, i[ka, W]

1 1—
= Lt(h) = a (’}’+ H—;)

and for F Plugging in monetary policy:

g Er_ia 'y g E e
L (f) = : <7K o 1®_LV 1[?71“] (1—p) X% ]®ZN la[?*lu]
' O K Er—i[ka; ' ] 1+0 B [x*af ]
1

* 1 -
L) =5e @ZN (” 1+;>
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A.7.4 Currency Union under Commitment

Plug in monetary policy in a world with a currency union.

Now calculate consumption

1 %—1 -1
7@((§V+(L—§X1—VD@—E——7+(€(P—w+%1—é)ﬂ-—ﬁL———>

t—1 [a;llh Ey—1lay l‘ul}
(BE,_|[MC,))Y(D*E,_{[MC:])1—Y

-1
Yw((€7+(1—§)(1—7))at‘1+(5(1—7)+(1—§)Y)a?“1>

(@)@ K )7

Ct:

Ct:

The last step only works, if shocks are iid, such that ,_;[a} ' ;] = E,_1[a, '1;]. If not, keep

it and compute numerically. With C; = C}/I .C ;;Y consumption of Home and foreign goods is:

-1
y((éy+<1—é><1—y>)arl+(5(1—y>+<1—&>y>a:-1)

CHt:
' bk
-1
(1—Y)<(€Y+(1—§)(1—Y>)az1+(5(1—7)+(1—§)7)a?1)
Cre = P+

Labor in a currency union is:

1 a; 'y a; ' 1y
Li(h) = —(?’t—_‘F(l—Y)t—_)
t Ox\"E/_[q 1.Ut] E;1a lﬂt]

*—1

—1
]+@U—w+ﬂ—®ﬁ—il—7) )

4
E, 1 [a;lﬂt E [a;‘ilﬂr

e ((mu—é)(l—m
Za(

1 a,
H0) = e (a0 T G e

L) Ei-1la; ' i)

A.8 Allocation and Monetary Policy in Corsetti and Pesenti (2002)

In Corsetti and Pesenti (2002), the consumption basket is symmetric and both countries weight

good H with y:
1- 1-
G = CI}-/I,tCF,t y’ G = CI?,/tC;,l 4

As a result, the benchmark allocations are different:
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Social Planner:

Consumption Cy;=—a;,Cy, =
p Ht et NHE T 5

Cry > 20 CFr = ZK*at
1 1
Labor L=—-L=—
K K*
Flexible Prices (National Currencies)
1—
Consumption Ch;= %a, CITIJ = ya,
Cr; e C}k’,t = D
1 1
Labor L=-—L'=—
K K*
Sticky Prices (National Currencies)
E -1
Monetary Policy w = M
a;
1 \I=v,, 1=y _xy 1 \7 l—y xy
) _ (H-_G)') Ya, “a, _ (T) (1-y)a, 'q
Consumption G = T S B E——
1 I—7y 1 Y
Lab L =— — L =— ——+(1-
abor ' K(Y+1+w> ‘ K<1—|—@'+( 7))
Sticky Prices (Currency Union)
—1 x—1 1
1 —
Monetary Policy W = (y & — ( Yzc_ltl )
Eeila, w]  Beila™ ]
1=y Y 1=y xy
. Y Tat (1-7a ‘a
Consumption G = o7 O T et
1 a’! L, 1 ar!

-1

Labor Li=———H — L =——— .
Kya, +(1-7)q Kya, " +(1-7)a

A.9 Consumption, Prices and Labor with Transfers

With transfers from the union-wide planner (superscript P) that benefit country F, consumption
of Home agents is lower with transfers: C” = CV — T,. Production needs to satisfy this new

demand
I— *
W) = (yl«:ff T+ Y<CIU+T,>)
I— *
() = ( . y(Cf’—Y}HYl(CIUM))

With transfers going from H to F (7; > 0) overall consumption is shifted from Home goods

to foreign goods. As a result, employment in the foreign country increases while it decreases in
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the Home country, as long as each country has a Home bias (y > 0.5).

1-2 1-2
=t +a)' =21, LP-pV-a—
T Y

T,

There is also an effect on prices, as firms expect the transfer scheme to be in place for the im-
mediate future for most possible states of the world, see also Appendix A.9. In the end, Home
firms lower their prices for the next period as the demand for these goods gets lower, while
prices of foreign goods increase. The terms of trade (5), defined as prices of foreign exports
times the exchange rate over prices of Home exports permanently increase when transfers go to
F, see also Figure 4. Recall that with a recession in F and a boom in H, the exchange rate imme-
diately increases with national currencies: As H’s monetary policy is optimally more expansive,
the exchange rate (Home currency per foreign currency) goes up (H’s currency becomes less
valuable) and the terms of trade go up as well permanently. This might be an unwanted side ef-
fect. In the benchmark calibration, the effects are quantitatively very small, as transfers are very
small as well. The Euler equation only changes, because of price changes. Lump-sum transfers
do not directly distort the intertemporal decision of households. I assume that households do
not anticipate the possibility of a ‘regime change’ in transfers before. That means, if there are
zero transfers before, the model is solved as if households do not expect any changes in the
transfer scheme before. As soon as the transfers are announced by the social planner, house-
holds take the transfers as given and form expectations about it. In the period of announcement,
firms adjust their prices for next period taking the future transfers into account. Therefore in
the period of transfer announcement, inflation jumps. Note however that this effect is also very
small: If transfers go to F from H, prices of F goods rise, while prices of H goods fall. In the
aggregate price index these effects partially offset each other. There are only minor effects, for
the Foreign country that receives transfers, the aggregate price index goes slightly up, as for F
Foreign goods are more important. For H the opposite holds.
Consumption

With transfers from the union-wide planner (superscript P), consumption becomes C* = CV 4T,
and C;¥ = CV —T,. The transfers are used by consumers such that the consumption of h goods
and f goods changes. The ratio of h goods to the overall consumption bundle is still the same

with that specification of preferences. Lump-sum transfers are not distortionary. The ratio is

63



given by:

U

Ch,
U

G

-1
7<(57+(1€)(17))a7'+(€(1Y)+(lé)7)a§‘">

_ [odN
“I\N Y —1
y<(5y+<1—é><1—y>)a,l+ (£(-n+1-¢)) a,*‘> (1-7) ((éwr(l—é)(l—ﬂ) a7+ (E(1-)H(1-E)y) a;‘)
dx [l
_r
Yw
Therefore, consumption of h by a Home agent is given by
* 1— *
Cha= (€ =), ity ==LV +T),
1— * *
Cho= Tl =), Cil = (G +T)

Prices
Firms know that in a transfer union demand will change. They maximize their profits, account-
ing for consumer’s new demand including transfers. Note that the stocastic discount factor and

marginal costs do not change, as lump-sum transfers do not distort the decision of households:

P PP\ P PN\ .p
max - B[00, ((1-0pf 00-m6) (1) ch - opt i -m) (%) e
P ().pF (k) H.1 P 1

Plug in demand

max  Ey {QH (1= 2)pP () — MC) (pf(m)_el(cf’ 1)
pf(h),pF () ’ Py Y

~P -0,
ra-apfm-me) (%) TG )]

Write the problem in state-contingent form, dropping the time index for simplicity:

P -6
mas Ypls|s ) (= ) - (P ) L 5 -T(9))

Py Yw
~ —0 .
+ (=0 -macis) (B2) "L +1(9)

H Y
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The first order condition is with respect to p” (k)

Lo [Qt () ((1 _5)(1-8) (p;(h))e - MC(s1)0p" (1) (M)9> |

H Py

(Zicv)-1190) | =0

w

Due to symmetric firms we have Py, = p;(h). One period price stickiness means that the price

pP(h) is predetermined and does not depend on the state. Therefore, we arrive at

SIS Q14 (st se) (L (CY(s))—=T (s
0 B )| Qa0 (e (£ (€ )-16) )|

6—-1)(1—7
OOy pisls) {Q,_l,xst) ((% <cU(sz>—T<sf>>))}
Turn to the stochastic discount factor Q1 ,(s;) = [SP’ Pl,g 1(s1) . Note, that this discount factor

was derived from the Euler equation and is not a functlon of Transfers. The Transfers are

lump-sum and do not distort household’s intertemporal decision. Therefore, we arrive at

} (€Y (5)-T(s"))
o Lip(sls 1)[(MC(Sr><_YW (e4E%) }

06— — X (U (s,)~T(s"
( 1)(1 T) ZSP(S’SI)[(W(C(C(U()&)Y)W( )))}

With 7'(s') = 0, we arrive at the same condition for prices as before. As shown before, Transfers

pF(h) =

are a constant fraction of GDP, therefore T'(s")/CY (s,) is the same value for all states, except

for the state, in which transfers reverse.
PP = 0¥ p(s|sHMC(s:)
(0-1)(1-1) 5

setting prices equal to expected marginal costs times the markup. NFor the price in the foreign

market p*'(h), the firm has the following first order condition

Yrls| {Qt o) ((1 _1)(1-9) (%?) Mo () (ﬁpfh) ) _9> .

1_y *U t
( . (C*™ (s;)+T(s

N~—
N
N——
[
I
(e
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Rearrange

~Eplsls | @t (-n-0) (e 7)) |

T

= Ltk @t Grctsiop i) (e 479 ) |

T

As pP'(h) is predetermined we can draw it out and arrive at
o LpGlsh {Q,l /() (MC(s) (2 (€Y (st)+T(s’))>> ]
OO bl 0ot ((1 oo T)) |

o T K (et ))]

(0-1)(1-1) 5 p(s|s )K ”;f;fj”s’”)]

C*Y(s;)/CY (s;) are still the same in all states, T (s") /CY (s,) is also the same in all states, except

for the state with a huge asymmetric shock.

*P —0 )
D) Gt a-anin-mery (%) e,

,t

max [E,

P 01,1t -mei")
pi (f)pe(f)

The first order condition with respect to p;F(f) is

Xslp(s s {Q;k—l,t(st) ((1—f)(1—9) (%};ﬁ) _e—l—MC(s,)Gp*P(f)l (%ﬁ@) _9> :

(Lievsrren)|=o

T

B y U (s)+T (s
o Earlsls | (et (F i) )|
6-1)(1—1) . (CY (54T ()
Xop(s|s™t) ((ﬁm)
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for foreign good prices in the Home country, we have

o Epblsh|on ) (Mot (5 6)-1()) |
T natslh|on e (e 1))

o Earlsls | (et () )
R (G )]

With that we can calculate the corresponding national price indices under the planner regime

1-YpY *Y pkl—y
PP_ PF,I‘ PH,I’ P*P_ PF,[PHJ
ey t= iy
Y(1—p)=7 Y-yt

Labor

Firm stand ready to satisfy demand

Li(h) = afl (CZ,t +CI§1;)

1_
_a! (l<cff 1)+ Y(Ct*%z;))

Yw w

A.10 Nominal Equilibrium

The optimal monetary rules do not pin down the nominal equilibrium. To address this issue, |

follow Corsetti and Pesenti (2005) and define two rules fI; and fI; such that:

5*
po=n (P80) gy (o
4 4 pH ’ t t P;;

where 8,8 < 0 are two small negative constants and Py, P;: are nominal targets of the govern-

ment. Consider the price of the Home good Py ;:
Py, = PE,_[xa; ' )
Ka; ! u @ ’
t 1 pH

5
Py
P P P _ 5
Ht = PHy (_PH )

PHJ = q)Et—l

The solution to that is Py, = Py. Therefore, the governments set an anchor and credibly threat-

ens to adjust monetary policy, if the price deviates from the target. Given the target for do-
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mestically produced goods, the prices for imported goods can be computed: Under PCP we

have

Pry = B[R a4
He
[*
Elg, 'w]

- SElKq ]

- x * k—1 % a;
= ]E[K a; lu’l‘ ] E[d?_lﬂf}
1

o
a

%E[a;lm]

=P "

= d*k* &

Note that the non-domestic good price fluctuates because of the flexible exchange rate. For the

currency union, the central bank just sets the anchor Py?

A.11 Problem with Two-Sided Limited Commitment
A.11.1 Functional Equation

Why can the Pareto frontier (21) be described by the recursive problem. The histories of the
constraints are potentially large dimensional objects. Thomas and Worrall (1988) show in their
work that the problem can indeed be written as a recursive program. The dimensions are con-
tained by using an accounting system cast solely in terms of promised utility. Promised utility is
a state variable and summarizes all relevant aspects of an agent’s history. With this we can for-
mulate the problem recursively. Expected Lifetime utility for F is rewritten in utility today plus
expected lifetime utility in the future. It is a function of promised utility ug, the state variable of
the problem. The constraints are also rewritten in this form. Bellman’s principal of optimality
states that if a program is optimal in t onwards for state s, it is also optimal in t+1 onwards for
all possible states.

A remarkable result is that the appropriate state variable (promised utility) equals future
expected utility u; = E,—1[Y7 B/u(ci+j)]. Why does promised utility equal the continua-
tion value? Lemma 1 of Thomas and Worrall (1988) states that for each promised value
ug € [W*N W*Max] there exists a unique continuation value of the contract § at time ¢ in which
W(8;(W~',s,)) = ug and W*(8;(h'~',s;)) = W*(us). The proof is the following: Existence
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follows from the compactness of all possible future promises. Uniqueness from the convexity
of all self-enforcing allocations I" and the concavity of utility.

Utility in this setup is concave, increasing and continuously differentiable.

I" is convex: Consider two self-enforcing contracts § 6 that promise a sequence of con-
sumption {C;(8,5")};2,{C:(0’,5")}7 Let the convex combinations of both contracts be de-
noted by 8* with consumption streams {C; (8*.s* )}7> o By the concavity of utility, it holds that:
W(8*,s) > AW(8,s') + (1 —A)W(8',s"). Therefore, the convex combination of both sustain-
able contracts is sustainable as well.

Promised utility is compact: Proof for that: Let /i b the set of feasible values of us. If us € I,
then u) € I,Vu!, € [W" uy) is I; closed? Consider a sequence u! € Iy such that limy .1t} = ug
with a corresponding consumption stream (contract 6). For a given parameterization, con-
sumption is contained in an interval, say |a, b], therefore the contract specifies only a countable
number of consumption streams, the space of contracts is sequentially compact on the product
topology. So, there is a sub-sequence of contracts converging pointwise to a limiting contract
0%. Since utility V is continuous and 3 € (0, 1), by the dominated convergence theorem after
any history the limit of the gain to an agent equals the gain from the limiting contract, for both

agents. Therefore 8 is self-enforcing since each 6" is and gives promise utility of u.

A.11.2 Convexity of Sets

Consider a convex set of two sustainable contracts 7'(-) and T'(-) after history i: T (h') + (1 —
a)T (k). By concavity of u and v the average of these two sustainable contracts offers at least
as much as the average surplus and is hence also sustainable.

Consider any pair of two sustainable discounted surpluses and consider a convex combina-
tion as above. As in Ligon et al. (2002) any discounted surplus between these two surpluses is
sustainable as well. Therefore the set of sustainable surpluses is an interval [Us, l_]s] for H and
for F [V;,V;]. By definition Us = 0, as the minimum surplus of the union cannot be smaller than

Z€10. 24

A.11.3 Pareto Frontier is concave

Take any two sustainable surpluses U (s') and Uj. Following the same argument as made above,
the convex combination aUs + (1 — &)Uy will offer H more than the average of these contracts
and household F strictly more than the average of the original surpluses, because v is concave.
Therefore each V; is concave.

Vs(U(s")) is strictly decreasing in U(s") on the whole interval [Uy,Us], since starting from
any U(s") > Uy, there must be some history %, such that U;(h;) > 0. A small increase in T'(s")
leads to an increase in F’s utility and a decrease in H’s, while not violating the participation
constraint. It follows that U (s'*!) < U, can be written as V (s U (s"1)) > V.

24Non-negativity of consumption must be ensured as well, this will not be a concern in this calibration.
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A.11.4 The Lagrangian of the Dynamic Problem with Transfers

The Lagrangian of the problem (21) is

S
L= max In (C*Y(s)+T(s")) — & 1*(s)) = V(s) + B Y p(s T | )V (s U ()
T(s"),(U (s, r—1

S
+A(s") | In (CU(S,)—T(st)) —xlY(s;) —uM(s;) + B Z‘]p(sH'1 |SHU (s > U (s)
—I—ﬁp(SH_l ’St)(P(SH_l)Ur—Fﬁp(SH_l |St)C(SH_I)V(SH_I,U(SH_I))

The first order conditions are

.,g/pT(Sl) . V{T(St) _A'M/T(S[) = 0

u' 1 1
>y =t GierTey e —te
Lyny: Bp(s™ WU )+ ABp(s™ ) +Bp(s™ ) (s +Bp(s™ )V (U(sH)) =0
st St—i-l
/l(l _?_Z(itil) ) — _Vr/(U(SH-I))

Envelope Condition A(s") = V5(U(s"))

A.11.5 Intuition for Transfers

Note that when no new participation constraint binds, (26) tells us, that transfers are given by:

CU(StH) - A(St)C*U(StH)

T(St+1) = 1—|—)L<St)

Recall the perfect risk sharing property of the model, which tells us, that consumption of the
Home and the foreign country in the Union are always the same. This means that as soon
as the economy is in a synchronized boom (or a synchronized recession), both consumption
values simultaneously increase (or decrease) by the same amount. Therefore transfers, that
were obtained with the help of (26) increase (or decrease in a recession) by the same amount
as consumption does. Therefore, transfers relative to GDP stay always the same, as long as no

new participation constraint binds.

A.11.6 Differentiability of the Pareto Frontier

see Koeppl (2004)
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A.11.7 The Lagrangian of the Dynamic Problem with Monetary Policy

Vi(U(s)) = max In(CY(u(s") =" (u(s") (s +I32p (s (s Us™)

s.t. [A(s)] In(CY(u(s))) — ki(u(s")) — u(s:) + B Z,IP(S’+1 SHU™) > U(s)

C(s:) = C};(St)cé_y(st)
H(u(s"))as = Cu(p(s') +Cp (u(s"))
(u(s"))as = Cr(u(s')) + Cr(u(s"))
The Lagrangian is
L= max  In(CY(u(s")) -k TY(u(s) —vVs) +B ZP (s V(LU s™h)

MERCIED
+A(s") (ln (CYu(s")) — x”(u(s')) — u(s:) + B ZIP(S’+1 |sSHU(s*) — U(S’))

—{-ﬁp(SH_l |st)¢(st+l)U(St+l) +,Bp(st+1 |St)C(St+1)V(St+1,U(SH_l))

The first order condition with respect to the monetary stance today u(s') is given by

«U' st , U’ s )
Ly G~ KTV ) HA) (%— itV (u(s’))) -
2135,5‘8?3 T o
V' (u(s'))

_ 1JU’ t
LD 1t (1))
Plugging in consumption and labor as a function of the monetary stance, one arrives at

_{ L (1-7)a"(s) ya* ' (s)
ps') T p(sts)a  (ul T pst e ()Y

o a!(s1) a*(so)pu(s)a; ™" (s1)
© (Zr (e ()l (T, perar (r)urU)z)]

[ 1 ya ! (s;) (1=p)a*(s)

06 T, e WRY | T, ple | Sa ()l

P a!(s) a M (sou(sa ) N1,
© (zf_ P 0 TRY (B, (e [)a <>u,>” )
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If monetary policy announces not to consider employment in their objective function to avoid

any inflationary bias, the optimal rule is

S P T (P T ORI U - |
HGs') Ty p(stsha Yl X0 p(s ] s)ar = (n)pf

RIS T B T ]‘l:w
K6) T P (s T (s ()l

Taking the derivative with respect to U (st“) into account give

+Bp(s SV (LU (51) + A Bp(s™Hh|5") + Bp (s [ 5) by + Bp(s ™ ) E (V' (57, U (sH1)) -
A(s') + ¢ (s

ey = wET)

The envelope condition gives A (s') = —V,(U(s")). It states that the relative weight today A (s")
(the Lagrange multiplier) is equal to the Marginal rate of transformation of the social planner.
This transformation states how much marginal utility loss occurs for F when marginal utility
for H is increased marginally. Linking these three conditions together with the complementary
slackness conditions (this condition shows when a constraint is binding or not) gives an equation

that described the evolution for the relative weight A (s"):

AT fA(s) < A(sT)
Als) EFA(s) € [A(s), A (s )]
AT AfA(sT) > A(stH).

)L(SH-I)

A.12 Figures

The following graph depicts the Pareto frontier for the initial state bb (boom in both countries).
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Figure 3: Pareto frontier, when both countries are initially in a boom. The red dashed line is the
45-degree line.

The Pareto frontier is indeed concave. If V is zero U reaches its maximum value, meaning that
all the gains go to country H.

Terms of trade:
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Figure 4: Evolution of terms of trade over time with and without transfers.
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As soon as transfers are in place in period 18, terms of trade permanently shift upwards.
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Figure 5: Evolution of gains without transfers.
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Figure 6: Evolution of transfers.
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Figure 7: Evolution of gains with and without transfers.

Empirical evidence for recession countries leaving the union

Figure 8: Cyclical HP GDP component and Eurobarometer: Is the Euro a good thing?
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Figure 9: Evolution of transfers with one-time monetary intervention, trade costs reduction of
6.5%.
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Figure 10: Evolution of interest rates with one-time monetary intervention, trade costs reduction
of 6.5%
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Figure 11: Evolution of gains with union-wide central bank only, trade costs 5%
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Figure 12: Evolution of interest rates with a trade cost reduction of 5% and a permanent union-
wide central bank intervention.

77



0.08 . . . . .

: = = Interest rates with exit option
0.07 1 H - |nterest rates without exit option ]
2 e interest rate in H with national currency
x X =
o 3 =
LT o g P HEi
9 : 2 Al
~ 004 i'. 1 b ":: N
@ s . | k
Q 3 I e
© E 1 N K i
= 0.03 1t - 1 .y y E f at| A
@ 0.02 (- i LB &
£ - q = % F
0.01 | d . HEIE . “ i d
0 i‘--- - - :::: --:
TH : ; 2
-0.01 J L H i : EHEE |
-0.02 ' ' ! ! '
0 20 40 60 80 100
time

Figure 13: Evolution of interest rates with a trade cost reduction of 5% and a one-time monetary
intervention.
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Figure 14: Evolution of transfers with one-time monetary intervention, trade cost reduction of
5%.
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