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1 Introduction

Currency unions, such as the eurozone, are inherently unstable. One reason for this
instability is the fact that member states are still sovereign nations that can decide to
leave the union. The eurozone crisis has forcefully shown this. 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 an own national currency.
With an own currency, the central bank 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 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 takes the
member states’ exit option into account. The idea is to set transfers in such a way that
no government wants to leave the union. In the end, under the veil of ignorance, both
countries are better off with this transfer scheme as the union is sustained. 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 with the
union-wide Ramsey planner, the idea is to set interest rates in such a way that no country
wants 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!. 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 [ 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

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



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 relies on business cycles
being not perfectly synchronized. 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 time-varying 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 monetary 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 mon-
etary 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 transfers 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 stability 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
literature, 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 discussed 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 eurozone 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 2. 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 exchange 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 authorities 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

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)



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 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 time-
varying country weights. I contribute to that by explicitly modeling the macroeconomics
of a currency union and deriving an interest rate setting rule that features time-varying
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. Recently, the literature
discussed fiscal policy in the context of moral hazard in Europe, see for example Abraham
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).

The work is organized as follows. Section 2 presents the two-country model that gives rise
to different monetary regimes and the benchmark allocations. In section 3 I describe the
political economy, where governments choose the monetary regime. Section 4 discusses
the calibration of the model, while section 5 runs the experiment and shows the results.

Section 6 concludes.

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



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.

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:

| S5 (i) -1, )| )
j=t

where C; is a basket of consumption goods and L; are working hours for the individual
with x being a coefficient for disutility of labor. § € (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 Cp+ and foreign goods Cr

with an elasticity of substitution of 1. It can be written as a Cobb Douglas function:
Co=(Cra)(Cre)' ™7, CF = (Ch,)' 7 (Cry)? (2)

where v 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 7. The individual’s consumption index for goods

from country H is an aggregator of different brands h with elasticity of substitution 6:

0 0*

1 . -1 1 _— %1
Cry = [/ C(h)gedh] . Cpy = U C(f)7 df] 0.6 > 1
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 P, of H is the consumption-based price index that can be

obtained by minimizing expenditures to buy one unit of composite real consumption C;.

1—v py *y pxl—ry
PF,t PH,t * PF,tPH,t
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The price indexes Py, and Pp,; for Home goods and foreign goods respectively in the

Home country can be derived in a similar way:

1 ] 1 =
Puy = ( /0 pt<h>1-9dh) . Pru— ( /0 pt<f>1—9*df) .

Household’s portfolio consists of several components. Agents can access financial markets
in order to sell and buy Home bonds* By, and foreign bonds Bp;. 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 I, and interest rates
from bonds. Furthermore, they pay non-distortionary net taxes T; 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:
By i+&Bri+PuiCri+ PriCri+T1y < (144:) By +(1+0) & Bre—1 +WiLi+11g, (3)

the short-term nominal interest rate i; is paid out at the beginning of period ¢t 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 consumption of Home and foreign goods:

c=(20) " = (12) e, ()

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
CH,t = 7(%) Ct7 CF,t = (1 - ’Y) (ﬂ> Ct
t

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.
7; = gtP;gt/PH,t- (5)

The Euler equation determines agent’s intertemporal allocation

1
FCy

= (14K, {5ﬁ} (6)

4BH,,5_1 are accumulated bonds until the period t that are carried over to period t. Households choose in ¢ how many
bonds to hold.

5A higher & means that one unit of a foreign currency can now buy more units of the Home currency. We say the Home
currency depreciates.



P Cy
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for labor W; = kP,C} implies that ();;+1 is the same for every individual. In addition,

The stochastic discount factor is defined as Q41 = 8 . The optimality condition

the law of one price holds. Thus p;(h) = ep.(f).

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 h is given by
Yi(h) = Li(h)ay . (7)

The technology parameter determines aggregate productivity in the economy and is the
only source of uncertainty in the model. a; and its foreign analog a; follow an identical
stochastic process. Let s; = (a4, aj) denote the state of the world. a; is a random variable
with support A, its history is described by s' = ({as, a;}, {ai—1,a; 1}, ..., {ao, as}). 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 h by consumers in H and in F, as given by (4). Total

demand for firm h is

(%:3) "Gt (1) (p }EI]? ) OCE,t- (8)

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 h 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. I 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 w.

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

are identical across firms:
MCt(h) = MC’t = (Z;th

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

1) = (-1 ) (22

(9)

pi(h) is the nominal price of brand h in H and & is the nominal exchange rate between
both countries defined as units of Home currency per unit of foreign currency. p;(h) is the
price of brand h in the foreign market. As in Benigno and Benigno (2003), 7 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 ®.
pt(h) = PH,t = q)Et—l[MCt] (10)

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

0 . 0*
¢ = @—-1)(1—-71) ¢ = (0 —1)(1 —7%)

% is the markup that arises due to monopolistic competition. For & = 1, monopolistic
distortions 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 pi(h). The
actual price that consumers face in their currency is p;(h). Both prices are linked via the
exchange rate:

ey Pi(h)
pt(h>_ g,

SFirms only sell goods, if their prices is higher than the marginal costs, that is Py > MCy and P, > Aéft 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.



Firms choose the price of their export goods p;(h) such that their profits (9) are maxi-

mized.

B, 1[MC)

t

pi(h) = Py, = (1 + w) (11)

The transportation costs w increase prices of h in F. Prices of foreign brands in country

H are analogous:

For foreign goods we have

P;;,t = (I)*Etfl[MCt*L PF,t = é*(l + w)gtEt—l[MC:] (12)

2.3 Government and Central Bank

The government runs a balanced budget every period.

T, = rpu(h) <pt(h))ﬁ9cg,t rEpi(h) (p; (h) )40;;,t

PH,t Pﬁ,t

The model also features a central bank that controls the interest rate ¢; and provides a
nominal anchor for market expectations. Furthermore, the central bank has an inflation
target II. Inflation II; is defined as

By

I, =
TP,

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 p; = P,Cy that controls
nominal expenditures in the economy. This stance links the nominal interest rate in the

Euler equation such that

i N ﬁ<1 M it)Et Lﬁtlﬂ]
ev1/ e determines inflation II;, the steady state nominal interest rate is 1 +¢ =11/5. In
equilibrium one obtains that u; = P,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 y; lies above the trend, it coincides with increased nominal

spending P,C} in the economy.

"Inspect the Euler equation with logarithmic utility for that

10



2.4 Market Clearing

The labor market in H and F is cleared:

1 1
m:luww,mzlmmw

International financial markets for bonds are cleared, all bonds are in zero net supply:
BH,t ‘l— B}k{ﬂt = 07 BF,t + B;‘,t = O

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

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
authority in the Home country chooses its monetary stance p; 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:

{Jg%m[EZE:ﬁt%@WS%(hN@)—mh>}

t=k stcA

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

see section A.7.1. The optimal policy of the central bank ensures price stability:
MCt == ]Et—l[MCt] (13)

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 com-
ing 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 Be-
nigno (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

8The benchmark allocations of a social planner is discussed in the Appendix A.3.1, as well as the allocation in an economy
with flexible prices Appendix A.6.

9see A.6

11



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.

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 consump-
tion and labor as in Corsetti and Pesenti (2002). These variables have the superscript "N’

for national.

(1 -7 (5z)a

Yay *
Ch = Tn Cifl = e
(=) o _ e
Ch =g Ci' =g (14)

Consumption moves together with productivity, while labor does not, as in the efficient
allocation of the social planner (A.1). Trade costs w decrease consumption and employ-
ment 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 substitution are both set to 1. For further details, see section
A.1. T 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.7.4. For now, we focus on

a situation in which both central banks can commit to policies as the main benchmark.

12



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

{mr(rslaik[5226t Fp(st|s°) (m(ct)—m) +(1— gZZ@t Fp(st|s) ( (Cf)—n*l;‘ﬂ

t=k steA t=k steA

subject to the equilibrium conditions in a currency union, see section A.7.2. Price stability
is the optimal policy, as the central bank stabilizes the weighted average of both countries’

marginal costs.:

MC, MCr N\ !
]) (15)

= ((§7+(1—§)(1—7))m + (=) +(1-8)) ]Et,l[J\fC;

Let U = (&y+(1-§)(1—7)) 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 (7 = 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
~. 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 ~, 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 (13). 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

10This would not be the case, if both countries have different Home biases. For example, if Foreign has a Home bias v*,
the effective weight in front of Home marginal costs would be 0.5y + 0.5(1 — v*).
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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, 4 (1 — W)a; )~ (1= (¥a; ' +(1—¥)a; )"

U o_ W
Ch = Dr Ch: o
v _ = N@a ' +(1-W)ar )y (e +(1=F)ai ) (16)
Ft q)*fi* Ft @*[{*
v_ ! a; U _ 1 a;
t

S N R TR W+ (1 W)

The amount of labor does depend on productivity in the monetary union. Agents of the
recession country work more than agents in the boom country, 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 (16) in a currency union plus the continuation value of the union
is higher than utility with national currencies (14). 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.
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I use this to set up the scenarios discussed in the introduction: First I consider a model
environment 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'))—xL(s") denote
the period utility of country H and v’(s!) the corresponding per period utility of country
F in regime ¢ € {N,U} for history s’. Consumption and labor are as in the allocation
of (16) for the union and as in (14) with national currencies. The utility gain from a

monetary union over national currencies from period ¢ onward is defined as

o0

() =) () + B | 3 50— () (17)
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
Uls") >0, V(s >0. (18)

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.
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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)
taking 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 transfer T'(s") from H to F. Consumption in a monetary union is therefore
CY(sy) — 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 country H and v'(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 optimal 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. Furthermore, 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 optimization is subject to
forward looking and occasionally binding constraints (the participation 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.12.4. 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 T'(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 sustainable, 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 differentiable on the interval. This will also be
the case here. It can also be shown that the constraint U(s'*!) < U(s'*1) is equivalent
to V(s 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*!) of the union in
state s'™! | F must receive the minimum surplus of the union in state s*!, V(s'™!) =
V (st U(s**1)). If that is not fulfilled, one could either lower or increase one country’s

surplus and still have a sustainable contract.

1 Marcet and Marimon (2019) sideline the promised utility approach by studying a recursive Lagrangian instead. This
provides a straightforward 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.
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The Pareto frontier is defined by

V(s U(s") = max In(C*(s;)+T(s")) — 6" 1"(s:) — v™(s) + BZ p(s™ sV (st U(s™))

T(St)v(U(Stﬂ))SStH gt
S
s.b. [A(s)] In(CYs)—T(s") — kl%(s;) — u(s;) + B Zp(st“ |sHU(s) > U(s")
gttl

[Bp(s™ ) (s™)] U(s™) >0
[Bp(s™[s")C(s™)] V(s U(s")) > 0
C(s1) = Ch(s0)Cp " (1)
Yi(st) = Cu(se) + Cplst)
Yr(sy) = Cp(sy) + Cr(sy)
(19)

The first constraint is the promise keeping constraint for H. The Lagrange multiplier A(s")
is attached to that constraint. Asin 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 Sp(st™ | s!)¢(st) and Bp(s*™ | s')((st) respectively.
Notice the 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.12.5 that the Pareto frontier Vi(-) is
concave. Therefore, the following first order conditions are necessary and sufficient:
twl(s) V(s —T(s)

SE e = A(s! (20)
WUU(&&) C*U(s) +T'(s")

and
A(s') + o(s™) 10 t+1 t1
= — 21
1+ C(St'H) 4 (S 7U(S )) ( )
In addition, the envelope condition is:
A(s') = =V'(s', U(s")) (22)

The optimal contract is therefore characterized by the evolution of A(s') over time. A(s),
according to (22), 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 period!?. Once the state of nature s*! in the next period is

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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known, the new value of A\(s"™) which equals V (s, U(s"™)) is determined by (21). In
that case it is important to consider, if the participation 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 illus-
trated by combining (22) and (21).

“VIU(s) + B(s™)

Lrgemy VOTUET) )

There are three regions of interest for state st:

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):

’ ’

174 (St, U(Stﬂ)) -V (Stﬂ’ U(Stﬂ))

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 is unchanged as well.

2. F’s participation constraint binds.

F wants to leave the union, the participation constraint binds. Therefore ((s) >
0, ¢(st) = 0.

—V'(st,U(s"))
1 + C($t+1)

= V' (s", U(s™)) = =V (s8, U(s")) > =V (s™, U(s™)) = U(s!) > U(s™)

Remember that V'(-) < 0. If F’s participation constraint binds in state s'™', promised
utility 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 U(sH))+ (s = V(s U (")) = =V, (U(s")) < =V (s, U(s")) = U(s') < U(s*).

Promised utility and relative consumption is increased in state s**! to make H stay in the
monetary 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™™), A(s™™)] Vs € S, such that A(s') evolves according
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to the following rule: Let s’ be given and s'*! be the state at time ¢ + 1, then

I
>

(St—H) if )\(St) < A(Stﬂ)
A L= A(st) if A(s) € [A(st), A(sP)] (24)
(™) if A(sh) > A(sT).

where \(s®!) = —V'(U(s™*)) and A\(s"') = —V/(U(s"*)) are the endpoints of the equa-
tion, 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"*1) 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.'® This provides a simple
rule that helps to sustain the monetary union.

Furthermore, there will be effects on output, employment and prices, as transfers shift
consumption 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 discussion of these effects, see section A.10 in the Appendix.

Starting with a certain state s%, the Pareto frontier !> can be traced out by letting the
initial value A(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}, a history s’ is simulated. Con-
sumption and labor in a currency union and outside a currency union are then computed
according to (16) and (14). Starting with zero transfers, the gain (17) is computed and

the algorithm checks for which ¢ any of the gains are negative. The algorithm computes

13See the Appendix for the proof.

14This 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 Figurell
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the set of feasible promised utilities and in the first period when the participation con-
straint 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 (20) and (24). 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 (24), 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 par-
ticipation 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
planner 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 pu(s') as
an instrument instead of transfers. p(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 the monetary stance today and promises future utility:'6

S
V.(U(s")) = max In (C*(u(s")) — k1Y — 0™(s) + B Zp(st+1 |sYV (s, U(s™))

1\)S
M(St)a(U(SH' ))st+1 gt

st [A(sY)] In (CYu(s"))) — k1Y —u(s,) + B Zp(stle |sHYU (s™) > U(s)

[Bp(s™* [s)o(s)] U(s™) >0
[Bp(s™ )¢ (s™)] V(s U(s")) > 0
C(s1) = Ch(s)Cp " (1)

o~

(u(s"))alse) = Cr(u(s)) + Cp(u(s")
() a(se) = Cr(pu(s)) + Cr(u(s"))
(25)

16Monetary policy under commitment implies that only consumption is targeted, but not employment. I adopt the same
notion here.
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The first order conditions with respect to promised utility U(s*) are the same, the only

difference is the first order condition with respect to the policy instrument p(s'):

_[ L (1 —y)a'(st) B va* " (s) ]
st 3o p(st st e (s)ulst) Yo p(st| st )ar (st (st

e va~!(5) I ) ) ] e
plst) T plst s )a (s)p(st) X% p(st|st)ar (se)p(s)
Writing in terms of marginal costs of both countries:
R (ERES L L TS RS (S L ) (26)
L+ A(st) E, 1 [MC 1+ A(st)  E, 1 [MCY

The new monetary stance features time-varying Pareto weights A(s). This means that
compared to the initial stance without exit option (15), 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 \(s') = 1%5 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 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 \(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
interest 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.
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3.4 Union-wide Central Bank and Transfers with Exit Option

Here I 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
currency 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 our 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. I 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.

4.1 Calibration of Preferences and Technology

Both Home and Foreign are assumed to be symmetric in their parameters. The discount
factor g of the representative household is set to 0.98 to match a yearly real interest rate
of about 2 % in line with Brand et al. (2018) for the eurozone. The Home bias parameter
v is set to 0.75 which is in line with Italy’s trade openness in 2015 measured as imports
relative to GDP'7. 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.

17 According to Eurostat imports relative to GDP in 2015 for Ttaly is 26.7%.
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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!®.

Table 1: Calibration

Symbol Value Description Target

I6; 0.98  Time discount rate Real rate of 2% p.a.

v 0.75  Home bias for each country Trade openness Italy 2015
0,(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 w 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.

Table 2: Calibration of union trade gains

Symbol Large gains Medium gains Small gains Description

w 0.1 0.066 0.05 Transportation costs.
13 0.5 0.5 0.5 Weight of H
T -0.2 -0.2 -0.2 Subsidy, no markup.

As gains come from trade costs reduction only, benefits of a currency union are symmetric
between both countries. In the "large gains” scenario I set @ in such a way that with
national currencies 10% of all exported goods are lost. The elimination of trade costs
generates an increase of bilateral trade of 10 % in good times. Taken the productivity
process into account, the currency union would never break up. Gains are so large that

no country would voluntarily leave the union

18 As discussed below, I calibrate the trade costs in such a way, that bilateral trade increases between 3% and 10 %.
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Consider the "medium gains” calibration. Given the same productivity process, trade
costs reduction w is 6.5%. In this specification with lower trade gains, the currency union
can actually break up when the biggest possible asymmetric shock emerges, see section 5.
Last I will discuss low trade gains of 5% in line with estimates from Baldwin et al. (2008).
The union is more likely to break up in that specification, as governments decide to leave

the union also in those states in which relatively small asymmetric shocks occur.

5 Model Experiment and Results

[ want to capture, how each of the planners in section 3 fares when productivity fluctuates
stochastically over time. For this purpose I run 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

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

Consider the model with overall 25 possible states, in which each country can have 5
different productivity values: A = {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

" indicate recessions

boom with higher productivity, a” = 1 a neutral state and a”, «a
of equal size as the bomm. In that setup, there are 5 symmetric states, in which both
countries have the same productivity, 20 are asymmetric. I assume that productivity is
independent between countries and over time. The probability for each country to have
productivity A 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. Each simulation has 100 periods. Overall,
I run 2500 simulations. In a next step, I use the baseline calibration discussed in section
4 for the simulation. In addition to that, I use different amount of gains from trade

simulations.

5.1 Trade Gains 6.5%

The simulation is used to compute average consumption and employment with trade
gains of 6.5%. This is done by considering the pure allocations of a national currency
(14), a currency union (16) and the first best allocation (A.1). No planner intervention is

considered yet.
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Table 4: 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%, consumption of both countries increases by around
1.6% in a currency union. I take one simulation out as an example. Consider how
productivity evolves over time, starting from a point in which both countries are in a

boom:
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Figure 1: Productivity of both countries over time.

Given the evolution of productivity, I compute consumption and employment over time.
The gains from the currency union in (18) are then computed. This allows us to check if
the participation constraint of the union holds in this specific simulation.

National Planner:
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Figure 2: Gain of both countries over time.

The values for H and F fluctuate around 0.2. Both countries’ gains are exactly identical
when productivity is the same. If there are asymmetric shocks, the recession country’s
gain goes down while the boom country’s gain goes up. In that example, only the biggest
possible asymmetric state can endanger the currency union. For trade gains larger than
6.7% gains are always positive and the union would never collapse. For the specification
in this simulation, gains turn negative in period 36. At that point in time, there is a huge
asymmetric shock with the Home country being in a deep recession, while the Foreign
country is in a big boom. The gain of the Home country is negative and the government of
that country wants to leave the currency union. The next point in time, when gains turn
negative is in period 65. Then, the Foreign country’s gain is negative and its government
wants to leave the union. As discussed in 3.1, the union breaks up as soon as the first
gain turns negative. Both countries have zero gain from that moment onward.

Transfers: A union-wide Ramsey planner with transfers between countries, as in section

3.2 sets transfers in the following way to prevent that break-up:
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Figure 3: Transfers bz the Ramsey planner over time. The solid blue solid line are real
transfers in terms of consumption units (scale on the left axis), while the red dashed line
are transfers in percent of union-wide GDP (scale on the right axis).

When the huge asymmetric shock emerges in period 36, the Ramsey planner gives transfers
to the recession country H, T; is negative. Furthermore she makes a promise that a
constant fraction of union-wide GDP is redistributed to the Home country in every period,
until another participation constraint binds again. This happens in period 66, as the
Foreign country enters a severe recession and the Home country experience a strong
boom. Transfers turn positive in that period to prevent the Foreign country to exit. The
transfer scheme reverses. In this example, a transfer of 0.0024% of union-wide GDP every
period sustains the union. As in Ferrari et al. (2020), the relative amount stays constant
whenever possible, reflecting a persistent increase in the Pareto-weight. As there are also
aggregate fluctuations in my model, the absolute amount of transfers (solid blue line)
varies over time together with the economy.

Central Bank: If fiscal transfers between countries are not feasible, can a union-wide
central bank with interest rate setting, as in section 3.3 prevent a break-up? In this
example, the answer is yes. In period 36, the central bank alters its monetary stance to
favor the Home country. The central bank does not only favor the Home country in the
crisis period, but also in the future. The following figure illustrates the new behavior of

interest rates around the first crisis in period 36.
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Figure 4: Interest rates over time in different regimes.

The new interest rate ( dashed magenta line) is closer to what interest rates would be for H
with national currencies (the dotted red line). Remember that in a currency union without
exit options (the solid blue line) both countries have an equal weight in the central bank’s
objective function. When there are exit options, the weight in the objective function
becomes time-varying and state-dependent to take care of the participation constraints.
The big asymmetric shock makes H’s participation constraint binding, which leads to a
persistently higher weight of H in the central bank’s objective function. By increasing
H’s weight, the central bank makes sure that H stays in the currency union. The higher
weight of H persists until F’s participation constraint binds. Therefore, in the crisis
period 36 interest rates are closer to what H wants with national currencies: With very
low productivity in H, the central bank increases interest rates to lower aggregate demand,
which is in H’s favor. In period 36, interest rates are at 4% rather than at 3% as they
would normally be. In period 37 to 42 all interest rates align, as productivity is the
same in both countries. This means that the union-wide central bank has no room to set
interest rates in one country’s favor, as both want exactly the same interest rate. In other
asymmetric states after the big shock in 36, the central bank systematically sets interest
rates in favor of the Home country. The Pareto weight changes in period 66, when F hits
its participation constraint. From that moment on, the central bank favors F in its policy
stance. This example highlights the conditions necessary for the central bank to succeed

to sustain the union: There have to be sufficiently many ’small” asymmetric shocks, that
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the central bank can use to favor a country without endangering the union. If there are
no such states with small asymmetric shocks, the central bank cannot credibly promise
to give the crisis country more utility in the future. In this example, there are sufficiently
many small asymmetric shocks that are also likely to occur.

The following graph illustrates this point. I plot interest rates in a union over time in
this simulation, together with the set of all possible interest rates that would favor one or
another country. The set of possible interest rates is computed by considering all possible
weights ¢ € [0, 1] in the central bank’s monetary stance (15). In the extreme, the central
bank puts full weight on H or F respectively. The weights are reflected in consumption

(16) and with the Euler equation (6) the set of all possible interest rates are computed.
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Figure 5: 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 respectively. The solid blue line indicates interest rates with equal weight.

There are periods, in which the set of possible interest rates is just one point. In these
periods, productivity is the same for both countries, implying that both want the same
interest rates. This leaves no room for the central bank to favor a country.

Central Bank and Transfers: In the three periods 36, 66 and 91 with huge asymmetric
shocks the central bank puts full weight on the countries that want 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 18 and 19.

Summary: Turn to the statistics that describe the likelihood of a break-up for different

planner intervention. Given the productivity process in the simulation, the currency union
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experiences in 1.5 % of the time a huge asymmetric shock that endangers the union. In
79.8% of all 2500 simulations, such a shock actually occurs within the first 100 periods
and the currency union breaks up if national planners are in charge. The average break-
up period is 81.8. The last column summarizes average gains in this simulation. With a
national planner, the average gain is lowest as the currency union breaks up relatively often
in the simulation. All other planners are able to increase the average gain substantially,
as they succeed to sustain the union and the trade gains. Monetary policy fairs slightly
worse than other interventions, as interest rates are a distortionary policy instrument.

The following table summarizes these results.

Table 5: Break-up under different planners, trade costs 6.5%

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 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

Overall, a union-wide transfer scheme always succeeds to sustain the currency union, as
does a common central bank.

In a next step, I consider lower trade gains coming from a currency union.

5.2 Trade Gains 5%

This section discusses how lower trade gains affect the effectiveness of policy instruments
that aim to sustain the union. First I consider a specific example with lower trade gains,
then I show for which ranges of gains in a currency which policy works. The following

table summarizes the effect of a trade costs reduction of 5%:

Table 6: 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%. The starting point of the simulation is

again a strong boom for both countries (a”). Consider a random simulation that I have
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taken out as an example. As before I consider first the outcome of the experiment of the
national planner, then the Ramsey planner with transfers, then the union-wide central
bank and then the joint intervention.

National Planner First I plot the evolution of gains, as in (18) to check in which
point in time a national planner decides to leave the currency union. As productivity
diverges, so do gains. The Foreign country experiences a recession and its gains from
the currency union go down. They turn negative in period 8, when an asymmetric shock
emerges. Afterwards, each countries’ gains get closer to each other, as productivity of
both countries aligns again. The union would collapse in period 8 and both countries
receive zero gains from that moment onward.
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Figure 6: Gains over time .
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Figure 7: Transfers over time. The solid blue solid line are real transfers in terms of
consumption units (scale on the left axis), while the red dashed line are transfers in
percent of union-wide GDP (scale on the right axis).

Transfers A union-wide social planner with transfers, as in 3.2 sets transfers as in Figure
7. Compared to figure 3, transfers fluctuate stronger as the participation constraints of
both countries are hit more frequently. In addition to that, transfers have to be changed
as well if one country would leave the union, because the current transfer scheme puts
it into a disadvantage. This is true for example in period 15. Still transfers can always

sustain the union by ensuring that gains are not negative.
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Figure 8: Gains over time under different policy regimes.

Central Bank: Can the central bank in this simulation sustain the union? Only for
some time. The following graphs zoom into the first 10 periods of the simulation and
illustrate this point. The first two asymmetric shocks that would destroy the union under
national planners, can be addressed with interest rate setting by the central bank. First
in period 2, there is an asymmetric shock that makes H want to leave the Union and in
period 5, in which F wants to leave the Union. In both cases, the central bank steps in by
accommodating the corresponding crisis country during the crisis period and afterwards.
In period 8 however, F is hit again by an asymmetric shock, but this time the shock is so
large that the central bank cannot sustain the currency union, even if she puts full weight
on F. Despite the central bank’s best effort to keep F in the union, the gain is still negative
and the government decides to leave the union. In this simulation, the central bank is
able to extend the survival of the currency union for 6 periods, but not to permanently

sustain it.
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Figure 9: Interest rates over time under different policy regimes, trade gains are 5%.
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Figure 10: Gains over time under different policy regimes, trade gains are 5%.

Transfers and Central Bank: A central bank that puts a full focus on stabilizing crisis
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country in the crisis periods, reduces the amount of transfers necessary only by a very
small margin, see figure 23.

Summary: Overall, a union-wide transfer scheme always succeeds to sustain the currency
union in the benchmark simulation, while a common central bank fails to achieve that.
What a central bank can do is to address the threat of a break-up in some states. This
reduces the probability of a shock that destroys the currency union in the next period
from 32 % to 10%. With a common central bank that tries to prevent a break-up the

average duration of a currency union is increased from 2.7 years to 8.4 years.

Table 7: 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

The next table summarizes the policy options that manage to sustain the union,

depending on how large trade gains are.

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. 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. 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

35



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.

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 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) T = EP}:/ 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 expansionary 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.

A.2 International Relative Prices

Balanced Current Accounts

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

19The 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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equal values of exports:
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Trade costs cancel each other out, they do not matter for a balanced current account.

Plugging in marginal costs and the equilibrium exchange rate gives
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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.3 Derivations
A.3.1 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:
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This problem can be written as:
o max E, [Zt 57(1n(07) — nLT>] +E, [Zt BT<ln(C;") - H*L:H
st. Yy =L, =Chy + Cq,
Y/ = Lia; = Cpe + Cp,
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C; =Cy,"Cr)

She then determines the optimal amount of labor, which produces the goods given the

technological constraints and then allocates the goods to each consumer. The Lagrangian
is given by:

max L=yIn(Cx ) + (1 =) In(Cry) — Li + (1 = v) In(Cp,) +yIn(C,) — £ Ly
C:Cru.Chy o O oLt L : :

+ Aie(ar Ly — Cry — Cpy) + Aag(a; L — Cry — C;t)

The first order conditions are:

LLt R = )\1tat LL KR = )\Qtat
gl l—7
LCH + C’H7t )\175 LCRt CFt )\Qt
I =~ gl
=\ L+ =
Cy, i, 1t Ci., C, 2t

Combining these conditions, the allocation of the social planner is:

CH,t = Eat CH,t = Tat (Al)
l—v gl
Fit o ay Ft = ay (A.2)
1 1
== == (A3)
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A.3.2 Market Economy: Consumer’s Problem

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

maximization problem is given by:

L(h = j) =E, [Z W(m(cy) — kL,
T=t
+ )\T( - BH,T + (]- + ,l;T—l)BHﬂ'—l - SBF,T

+ (1 + Z‘i_l)g‘rBF,Tfl =+ /Htl(h)dh - PH,TCH,T - PF,TCF,T + WTLT)):|

Consumption C} consists of a combination of a Home and foreign consumption bundle

given by:
Cy=C}h,Cry

We can obtain the first order conditions (focs) with respect to Cy -, Crr, Lr, By, Bp;:

Y
Ley, : Cir =Py
L=y
LCF,t : CF,t :)\tPF,t
Ly, : K =\W,
Lpy, : At =BE:[Ar1(1 +1iy)]
Lg,, : E =BE[Ep1 A (1 + 73]

and the budget constraint
Bui+&Bry < (1 +4i-1)Bri—1 — Ty + Wi Ly

1 1 1
Ui EBrer+ [ M= [ p0Chgdn— [ p(HCF D
0 0 0
Using the first two focs and taking a geometric average with weights v and 1 — v gives:
V(1 =) = M(PriCrip) (PryCrp)' ™

which yields

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

consumption are just the corresponding fraction of overall consumption:

Foreign country

For F, the optimization problem is the same, except that
C; = Cy,"Cr,

This changes the first two first order condition with respect to Home and foreign good

consumption:
1—7 * D
LCH7t : C* :At PHﬂf
Hit
P)/ * *
LCF,t : C* =\ PF,t
Fit

Those two first order conditions can be combined to:
77(1 - '7)1_7 = )‘I(PI’—KI,tCIZ,t)l_’“PI?,t l*f,t)7

which yields

1
M= ——
t Pt*ct*

where

*1—vy ¥y
* PHﬂf PF,t

Ty (l—y

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

consumption are just the corresponding fraction of overall consumption:
Pt Ct = EPH,tCH,t = ;PF,tCF,t

A.3.3 Intertemporal Allocation

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

L sa+ it)Et[

P 1
Cl

Prir Ciot
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Now let’s take a closer look at the financial market of the model. Let the variable Q41

be the stochastic discount rate for j:

Qt,t+1 =f5—F—

The expected stochastic discount factor is related to the inverse nominal interest rate

(from the bond foc)

1 & 1

E ) .
1+, Q1 g, ) 1+

Et[Qt,t—l—l] =

In a symmetric model in which all agent can access the same domestic financial markets
the individual discount factors are the same (Q;iy1 = Qrry1). Therefore, the nominal

interest rates parity is given by:

<1+it>=Et[ b }E{ “ ]_1(1“‘:)
Pt+10t+1 Pt+1Ct+1

Finally, bonds are in zero net supply:

1 1
/ Bisrdj + / Biy, 1dj* =0
0 0

1 1
/ BF,tfldj +/ B;‘,tfldj* == O
0 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

exhaust their resources.

A.3.4 Prices

Firms selling brand h maximize profits:

5t(1 —T)ﬁt(h)

22— mnen) [ i)

max By [Qu1((1—7)pe(h) — MCt)/O Ci(h, g)dj+(

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

profits:

-0 - -0
max ]Et_l[Qt_Lt(((l—T)pt(h)—MC’t)(pt(h)> OH,t+((1—T);5t(h>—(1+w)Mct))<p1;(h>) Chil

pt(),pe(h) Py Hit
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For a firm the optimal domestic price is equal to marginal costs augmented by the equi-

librium markup and an appropriate discount.

1 0 ]Et—l[Qt—l,tpt(h)_epf?,tCH,tMCt]

R) —
pi(h) (1=7)0—1 E1[Qu1pi(h)OP],Crl

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:

1 0
h)=—————-E, 1 |MC
pi(h) 1-mn6_1 1] ‘)
The optimal price of Home goods in the foreign market can be obtained by differentiating

the firm’s objective function with respect to p;(h):

B [Qra((1—7)(1—-0) (ﬁ];ihj)_ C’Evt+9(1+w)MC’t<ﬁf§{h)) pe(h)'Ch,)] =0

_ I t~ —0
Eor [Qure(1-7)(6—1) (PP E{hj) Ciy ) =Ea [Qur 1 (01 + @) MC, (ngihj) () 1C3 )]
Bi(h) = 1 0(1+w)Ex [Qt—l,tﬁt(h)_ep[?[,tc;},tMCt]

(1—-7) 0-1 Eia [Qt—l,tﬁt(h)_opg,tg;},t]

Plug in the stochastic discount factor.

1 01+ w) Etfl[B%gi_lﬁt(h)_epz,tcﬁtMct]

pi(h) = . 3
t (I=m) 0=1 B ["5c=m(h) 0P, Chl

Chie
1 001+ o) Ea[5a MG

Chre
(1—-7) 6-1 . 1[pa]

ﬁt(h) =

Plug in demand for C;,

1—)PrCs | Px
101+ ) B[ )

< 1) —
pe(h) (1-7) 6-1 g, [O0PO/ P
- PtCt

1 01+ @) B[S MO
(I=7) 0-1 B 5]

ﬁt(h) =
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Consumption of both countries is always the same in a symmetric calibration, since terms

of trade movements ensure perfect risk sharing. Therefore

plh) = i - 0(91 - ?)EH[MQ]
* . 0 E_[MC)
pt(h):PH,t:m(l—f—w)e_l g

The firm then supplies for the given prices (wages and good prices) the amount of goods
demanded 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.
A.3.5 Consumption

The first order condition of the consumer’s problem yields, when optimizing w.r.t Cp,
and CF,t

1
L= X* P}, Pr (Cr) (Cpy)' ™ ————
t* Uglpy E H,t) EFF,t) /,}/fy(l_ﬁ”l,7
Ct a/_/

1

Yw

This gives:
1
p—
' RG

using the solution for the prices, consumption C; is given by (A, = 1/PC; = 1/P,Cy =
1/ p):

Yw bt
Ci=—>—
PP
or more explicit
—vFH*—(1—7) —(1-7)
1 )1—7 Y P TP &y
I+ (B [MC)) (Ba MO

Ly e
1+ (Bt [MC) (Bt [MCF])

C = (

et = (

A.3.6 Labor

The firm chooses labor such that it meets global demand for the brand:

Li(h) = a; ' (pe(h)~* Py, g + p ()~ (Py,"Ci)
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MC, = a;'W,. Rearranging the labor foc, plugging in A = 1/p and you arrive at:
MCy = a; Yk

In a symmetric equilibrium p;(h) = Pp;. Since households consume a constant fraction
of foreign and Home goods (P,Cyy = Py Cp ), one can plug in C ¢ and Cfr respectively

to obtain:

pt

P,C PrCy
Lt<h>—a;1<v p— (- )[J)
Hit

PE:_1[MCy]

Plugging in P, and the monetary stance and assuming that the degree of monopolistic

distortion is the same in both countries

1

_ it (1—7) u
Li(h) = —a;*
() = Fau (VEH[MQ] i B MG

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

exchange rate:

MCy

1 1
1( o K (1=7) a K )

Li(h) = —
=5 VE e T Tr e B G,

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

producing that good:

1 Mc, (1-7) MG

Li(h) = bk <7Et1(MCt) + 1 +w E 1 (MCy)
* o 1—~ MC MCY

Ly(f) = O+ (1 + w1 (MCY) " VEtfl(MCt*)

A.4 Solution Free Market and Flexible 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; and economic parameter. The expectations operator drops
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when prices are flexible.

& = '“_i (A.4)
M
MCy = ka; (A.5)
MC; = k*a; (A.6)
PH,t - @MC’t (A?)
P, = ®*MCY (A.9)
Py, = a(1+ w)giMct (A.10)
t
1 1—y ’Vw,utgt_l(l_w
= Al
=5 + = (M) (2*MCy)— (A1)
L1 %uﬂf‘cf'tl_7
L= A12
¢ <1 + w) (OMCy)1=7(D*MCy)7 (A.12)
1 (1=7)
- A13
L =5 (v+ $52) (A13)
1 1—7
()= —_— A4
L = g (152 ) (A14)
A.4.2 Currency Union
MCy = ra; (A.16)
MC; = rk*a; (A.17)
Py = ®MC, (A.18)
Pry = ®"MCy (A.19)
Pp, = ®*MCY (A.20)
P, = dMC; (A.21)
~1(1-7)
Ct — Vwﬂtgt - <A22)
(PMCy)Y(P*MCy) =
Yulti €
;= L A.23
C (PMC)' = (P*MCy ) (A-23)
1
= — A24
Lih) = o (A.24)
1
*(f) = A.25
Li(f) = 5 (4.25)
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A.5 Solution Central Bank and Sticky Prices
A.5.1 National Currency

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

a function of shocks a;, a;, monetary stances p, u; and economic parameter.

g =1 (A.26)
Hy
MC, = rka; 'y (A.27)
MC; = k*a; 'y (A.28)
PHﬂg - (I)Et_l[MCt] <A29)
PF,t = (I)*(]_ + W)gtEt_l[MO:] <A30)
Ph, = B, \[MC]] (A.31)
1
P;%t = (I)(]. + w)g]Et—l[MCt] <A32)
t
1 1—y ’Yw/ltgtil(lﬂ)

C, = A.33
! (1 + w) (PE; 1 [MC) (P E; 1 [MCy))— ( )
Cr = ( ! ) YutifE (A.34)

¢ l+w (PE; 1 [MC) = (P*E; 1 [MCF])™ '

1 MC, (1—7) MC )
Li(h) = — A.35
t(h) Ok <7Et_1[MCt] 14+ w E(q[MCY ( )
1 l—y MC} MCy

Li(f) = A.

)= G (1 =B, MO 7JE,t_l[M(J;*]) (A.36)
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A.5.2 Currency Union

MC; = rka; 'l (A.38)
MC} = k*a; 'V (A.39)
Py = OE, 1 [MCY) (A.40)
Pth - ®*gtEt,1[MC;] (A41)
Pp, = O'E, 1 [MCY| (A.42)

1
Pg,t = q’gEtfl[MCt] (A-43)

t

Ue—1(1—7)
Ct — Y g gt —— (A44)
(PE,—1[MCy ) (P*E—1 [MCF])
Ugel=—
X Ywlti &
CFr = A .45
t = (@B, MG (6, MO (A4)
1 MC, MC, )
Lih)=—|yV———+1—y)=——— A .46
) = g (v + U= Vg (A.46)
1 MCF MC*

Li(f) = L+ (1— —t> A AT

A.6 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.6.1 National Currency

Households maximize their lifetime utility by choosing consumption and supplying labor:

{C4,L¢,Bt}

max E, @ 5]‘ ( In ((Crr ) (Crj) =) — s,

st. Buy+ &EBpy + PuCry + PpiCry =
(14 i4-1)Bys — Ty + Wely + (1 + iy )&t Bre—1 + s

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

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

max ((1—T)pt(h) - MCt) <pt(h))%oH,t+ (M ~(1+w)M Ct)) (@)%Cz,t

pt(h),pe( Py & Ht
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The solution steps of that problem are in the appendix. Consumption and labor here

have a superscript n:

om0 g — L= ()
A (g ,
. (0 M ms)a o 0% (A.48)
O+ O*k*

1 1—7 1 vy
! @ﬁ(7+1+w) ¢ (ID*/f*(1+w+ ’y)
The distribution of consumption in a decentralized allocation is the same, except that
monopolistic markups lower consumption and employment, while trade costs lower con-
sumption of non-domestic goods and overall employment.

A.6.2 Currency Union

Households face the same problem as before:
E J (1 Y A=Y kL
it B[ 27 (1O ) =5t
st. Buy+ EBpt + PuCuy + PpiCry =
(1+i)Bui—1 — Ty + WiLy + (1 +45)E:Bpy—1 + Uy

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

rate in a currency union:

pe(h) o () ((1_T)pt(h) - Mot) (pItDEZ)fCH’tJF ((1—7)292‘ (h) — M Ct)) (%)%&t

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

w _ Y w _ (L=

Ht q)ﬁ; Ht @FL

w (=) w0

b= oot CR= s (A.49)
1 1

w__ = [ —

t bk t K*D*

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.

A.7 Monetary Policy

For analytic convenience, let’s introduce a monetary stance pu, that controls nominal

expenditures P,C} in the economy. It links the nominal interest rate in the Euler equation
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such that

1 .
— = B(1+4)Ey|
ot M1

]

ev1/ e determines the inflation target 7, the steady state nominal interest rate is 1 +i =
7/B. In equilibrium one obtains that u; = 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 yu; lies above the trend, it coincides with

increased nominal spending P;C} in the economy.

A.7.1 Optimal National Monetary Policy under Commitment

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

state-contingent notation:

max {ZZBW (s" | s”) (m(q)—m)}

St
{#t }t k t=k stcA

Loy () () esh)E

s.t.Cy = (1 —i—w) (B [MC)Y (B [M O]~
-1 MC, (1—v) MG
La(h) = O (,}/Etl[MCt] l+w Etl[MCt])

MCy = ka; ' py(sh)
MO} = sy i ()
g = Lo omls)

v (st
E, 1 [MCy] = Zp(st | sSYYMC;
steA
EAMG] = Y pls! | )MC;
stecA

Plugging in:

e {ZZW (s ]

{ue(s }tk =k steA

6—1\7 (6*=1\1—7 1—y pe(st) \—1(1—
<ln(( : ) () () () ()
L+@’ (Caean(st | s0)may () (X aeap(st | s0)wa;™ i (st)) 1=

)

a /{90_/{1 (vzsteAPZLtt’ /:égmztlﬂt(st) (11;;) ZsteAp/;‘Zt‘ 555“3t1”t(5t)))}

20Inspect the Euler equation with logarithmic utility for that
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Dissolve the In expression

1 vy =10 =11y 1=y 0
t 0 1 ( Y " ol Y (1 'y))+l t
{mlél%i"ikst@p(s IS){n (—1+w) Yoo ( 7 ) ( e ) (—7 ) n(p(s'))

— (1 =) (In(ue(s")) = (") =Y pls" | 8)ma; pa(s"))

steA

(Y s | )t (s >>}

steA

_Z t|8 |: 60— 1(/}/ Ray Nt( ) +1 y Kay ﬂ't( ) >:|
steA O\ Y aean(st| st ra; u(st) - 14w Yoy p(st] s kay (st
Note, that the last term representing labor is just a constant under monetary policy under

commitment, the first order condition is

1 (1—7) /i(lt_l

— — ’y — — O
pe(st) pe(st) ZsteAp(St | s0)ka, 1Mt(5t)

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

~1
L Kay

pe(st) S ean(st | 8°)ka; tp(st)
pa(s)ar H(s') = oo [pe(s)a; ' ()]

Alternatively, we can also use the utility gap approach as in Corsetti and Pesenti

(2005)

min E,_[W/"** — W,] = minE,_, {ln (C’tﬂm/Ct) — kLI 4+ kL,

1 1—'Y ywp&y )
m MCT(MCF)—

minE, ; {ln —HL{lex—l-Kth
1 I~y kutf 1) i

) (B 1 [MCh))7 (Bp 1 [MCy])* )
. (Et 1 Mct]) (Et 1 [MC*])l K flex ]
minE;_ [ln (( MCT(MCE )= ) — kL, + /@Lt_

Now plug in labor
: (Ea [MC))1(Ea[MCH)TY 1 l—vy MC (1—y) MCy '\
mmEHP“( MC(MCr)= A\ w) TR VRS T 1+ B

1
K -
. (}Et,1 [MC’t])V(E,H[MCf])l_'Y 1 1—’)/ 1 ]EtflMCt (1—’}/) EtflMC; -
E.q|l — —
min “{n( MCy(MC; )= L e ELpe] T 11w EaMC]

Under Monetary Policy under commitment, labor is not actively targeted for by monetary

95



policy and trade costs do not play a role. Therefore, monetary policy optimally minimizes:

i, {m (((Et1[]\]4%05]%](\@4128;)[5\470:])1—5)}

Note that, according to Jensen’s Inequality
ln <(Et_1[MOt])’Y(Et_1 [MO:])I—’}') — Et—l [ID(MO?(MO:)I_W)}
> Bea [ (MG (MCED' | = Bt | (7 (44C) )| =0

The best monetary policy could do is to set the gap to 0. Rewrite the objective function
to:

minf, | {7 In (W) ) ((Etl[MCt*]ﬂ

MG,y MC;
=minE; ; {’Y In (Et—l_[cllt Mt])
e Ay g
t ] 0Y[,—1
=min Z p(st | 30) |:’7 In (ZsteAp(SJ S )[at ,ut]):|
" sea a; " i

—in 37 st |50 |3 00CE pls ) ) — o )

steA
Differentiate for specific state A, then the first order condition is:

p(4) [ZsteAp(Stit‘;()jzt (se)pue(s Zp e ] )| =) {%} -

steA

The policy rule for state A is:

a; ' (A)pe(A) = B fag ]

The same can be done for the foreign country. Note that under commitment, the central
bank can not resort to negative monetary surprises to push the gap below zero.

We can also dlfferentlate with respect to i, making use of the result: L EtlzuiD

ot
I (Etfl[xt:ut ]) STy

0 1 (1 - /y) at !
= — = Y
Mt e By [a; " pu]
]E a -1
= Ut = d 1a[atl ]
t

This way we can avoid the state contingent notation.

Alternative version: Try to avoid using u; as a policy instrument and add time discount

shock:

26



ot [ 3 T 11 (i - )

t=k stcA
st.Cr =t /P
1
— B +i) (B | ———
SRS )
P P,
Ty

Lt(h):9—1< MC, (1-7) MG, )

o \E,L[MC] " 1+ @ B [MC)
Py = OE, 1 [MCY

Prpy = 0*&(1 + w)E,_ 1 [MC}]

MC; = kag pu(s') ™

MCy = w a7 i (s") ™

6i- (1)

E,_1[MC] = p(s"| $*)MC,
steA
E, 1 [MC71 =) p(s' | s")MCy

steA

Plugging in everything except the Euler equation and considering the expectations oper-

ator in front:

s [ oo (O e )y
st pe = (Be(1+14y)) (Et {ﬁ])
-0 +i) (B )

Plugging in both Euler equation, I obtain the following maximization problem

s [N A1)

t=k stcA
o o v o ) el

oo e mlt]) ) (o o o ]

In

o7



In an iid case (Et [WD cancels out. We are left with:
t+1%t4+1

mex {ZZB (4] 5 ((

(s, | 4

()7 (@)1 (D) ((Bu(1+i0)) (B (1+i)))" ™ N
Eeq [ra; ' (Be(1+ 1)) (B [ra; " (Br (L + 7))~ ])H

Derivative with respect to #;:

— 1 4+ Ray 1ﬁt lliuz -0
(1+14y) E.y [nat (Be(1+1iy))]

The monetary interest rate rule is described by:
(lt_lﬁt_l(l + it)_l == Et—l [a[l(ﬁt(l + it>)_1]

Supply shock. a; goes up (expansionary). implies that country is more productive. Cen-

tral bank optimally lowers interest rates.

Demand shock. (; goes up (contractionary). implies that households want to save

more. Central bank optimally lowers interest rates.

A.7.2 Optimal Monetary Policy in a Currency Union under Commitment

Now take a look at the monetary optimization problem:

wine (s ()0 (e (e )

minf(Etl {’}/ln (E][\]fwgt]) +(1—’Y) In (E][\waci:])} (1 5) (Et {< 'Y) In (EAE\.;WCft] ) +yIn (E][\chi:])})
min | (61 (1= 911 =) I () + (601 =7) + (=€) n ()

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

The state contingent objective function is

min 3 |96+ (1 - (1 — ) (a2l ()

steA a; (s pe(st)

€07+ (1= ) n (el LS (I
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The first order condition with respect to ju;(A) is

(ev+(1—6)1- w)p(fx){ % _(4) (3 plst | %)) - #]

Dstea (st s ar (se)p(se) oy (A (A)
= atil(;l) t -1 affl(fl) .
)+ 0= | s Ty ) = |

Solving for p;(A):

LA ey s @A) T
By 1[a; " 1u] +(E-a)+0 €>Py)Et—l[a;&k lﬂt])

() = ((Ew(l—f)(l—v))

For symmetric consumption baskets without Home bias as in Corsetti and Pesenti
(2002), the objective functions boils down to:

mm Z p(s"| s° {’y(ln(z p(s' | s%)[a; ) — ln(at_l,ut))]

steA steA
#3101 =)0 X et | )i~ ]) — )
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:

IIL%XgZﬁt(Zps[ln(Cs) - ﬁLSD +(1 —S)Zﬁt(Zps{ln(C:) - lﬁl::|)

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

1 yka (1 —7)r*a*! 1 (1-7)ka (yr*ar

o LT ~ e e )+ o[~ e~ v
—opska (L= )pskta” —(1—y)pska™t  ypktar!

+§ E[MCy E[MCt] )+1=92 E[MC|] EMCT] )

Rearranging a bit gives

Eps  (1=8ps  &ypsha™' (1= —ypska™!  {(1=y)psk*a™"  (1=E)ypsrta*!

Hes " Hes [Mct] [Mot] : E[Mot*] ) ]E[MC*] -
i (A) = ((f’Y‘i‘(l &1 7))Et_1[at_1,ut] + (E0=n+1-6n )Et 1a;” Mt])

Avoid using p; and introduce demand shocks:
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(BT g{ZZﬂ p(se|s™ (m(ct)—mLt)} [225 p(se|s™ <1n(C’t)—/<aLt>}

t=k stcA t=k steA
s.6.Cy = A4/ P, Cr=N,'/P
1 1
A= (B(140) (B, | ——— o= (851 +14)) [ E
-t n(s]) e (& )
g FhePE g PR
Yw Yw
0—1 MC, MC, )
L,(h) = +(1—
(h) == (7]Et_1[Mct] (1= (MO

Py = OE;_1[MCY]
Ppy = O*E, 1 [ MCY]
MC, = /ia;l)\l’i
MC* = K CL* 1)\* 1
E,1[MC] = p(s'| " )MC,

steA
B, [MCY1 =) p(s' | ") MCy
steA

A.7.3 Optimal Discretion with National Currencies

Now consider optimal monetary policy under discretion, the monetary authority maxi-

mizes

max [ZZﬁtk (s"| s (m(ct)—mtﬂ

{Mt }tk —k stcA

The decisive difference to the optimization problem before is that the information set
(inside the probability function) is for period ¢ not ¢ — 1. The problem is subject to all

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

L 1y ()1 1__7 —(1—y n( (st
max i ((12) (@) @) ()

— (L= n(ue(s") = (g (7)) = vm(Y_ p(s" | 8*)may p(s"))

steA

=Y p(s' | s")w"a; i (s")

steA
1 1+yw ra; (st )

"or 1t w <zsteAp<st (s Ray e (s")
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In this case labor is not just a constant and the focs with respect to monetary policy in

state A are

- (1 —jy) . ray(A)!
pe(A) - (A) D steab(st | $O)rag p(st)
1 14w ray(A)! rkay(A) " g (A)ray (A)

O 1+ [Terp(st | Ora ) (Soypl | somtlut(st)f]

Rearrange to get

v s a;(A)~!
(A ean(s | s%)a; u(st)

_ It a(A)~! {1 _ a(A)~ i (A) }
O(1+w@) Y (st | s2)a; (st Dorea (st | s9)a; (st
T

The solution of this problem in general differs from a; 'yi(s") = Y- ca p(s' | s°)a; 'pue(s").

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

v a(A)T v @A) ~a(A) " m(A))
wd) B ) o B 16%_1!%( 0) {1 Et—lat_lﬂt(st)]
5 ald) () al(A) !
- oV <1 E¢ 1ay Mt(3t> - )Et 10y Mt( ")

Optimal monetary policy in state A is hence characterized by

ar(A) " (A) 0

Ei 1ay Mt(st) oN
If

% =1 then at_lut(st) = Et—laflﬂt(st)

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
— > 1, then a; (st > Ey_ya; g (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) 7 is so

great, that the central bank cares more about domestic markups. If

& <1 then a; (s < Ey_ya; b (sh)

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
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of trade movements. (explanation via markups is analogous, noting that smaller values
for ©N < 1 imply higher markups.

The reason for the bias under monetary policy under discretion is that firms antici-
pate 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 de-
flationary 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.7.4 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 - . flex flex
min E,[W/"" — W,;] = min E, [ln (C’t /C’t) — kL] + KLy
Under discretion monetary policy is characterized by the following rule:

* Y Et 1[*1M:]

Ky =
@*N Cl: 1

where is a bias?! stemming from discretionary policy. As discussed by Corsetti and

0
6*N
Pesenti (2001), this bias can either be inflationary or deflationary. If glx = 1, then

there is no bias, if > 1 there is an inflationary bias. As domestic markups are very

oW
important for the welfare of the agents in the economy, the central bank tries to inflate
away the monopolistic markups. That is, when ©*" is small and/or when 7 is very large.
In contrast a deflationary bias arises, if glx < 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 v 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 {Zzw (s | ) (1n<ct>—nLt) 103 Y Al | ) (m(@‘)—’f"”)}

{Nt }t k

t=k stcA =k stcA
21 N _ 1+ _ 0*
O = = ir= ¥ = wnam
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subject to the equilibrium conditions in a currency union:

MC; = ka7 u?

* x—1 U

MC} = K" a;™ "y

C o ’yw/iggt_l(l
L QR [MCY))(RE,_ [MC;])-
O* _ ’Yw,ut 81 7
L (RE 1 [MC) (PB4 [MCE])Y
1 MG, MG,
L) = o5 ('VEt [MC)] (1_7)1& 1[MCt])
o1 MC; MC;
Lt(f)_fi*q)*< Et 1[MC'*]+( )Et 1[MC'*]>

Recall that CD% = O% and let ® = OV. As the markups in the union do not contain

any trade costs OV < OV, The central bank maximizes

U
max [f(ln( t| ot—1 -1,U by t| ot—1 * 1,.U )
{me(s)} 2, (D sea (st s kay py )Y (D gea P8t 8T ) R ay ™ py )17
_@U< rka; 'l ))
> tea D(5t] stV ka; 'Y
U
Yw g
+<1—5>(1n< ] )
(O sea p(st] st ka; 1 )= (3 yiea p(st 81 kxa; )

_@*U< Kray g ))}
Dea (st s ) wrai ™

The first order conditions are

- Wl - >*1<A>
w(A) S eap(ststa uf > teAp(St|5t 1)@
AU a; ' (A) a; ' (A)pu(
° (z@mst\st OYRITANGS t@p<st|s~ )
B 1 (I=vae 4 va; ' (A)
ta Q[u(A) > sea P(st] st Na; ! :ut Zt@qp(l Day ' pf

a; "' (4) (A (A)a; (A

>weaP(s' 87 )ai ! (Z teAp(Stlst Dai~ py)?

Rearrange and compare to the solution before

1 _ a1 (A ~ )G (A

m(ﬁ)_(&ﬂl (1 7))Et71[a;1ut]+(§(1 7) + (1 S)W)Etfl[a;**lut]
oo (D A (e D) 6 A
*65(1 Et_l[a;lm])Et_l[a;mt]*@ S (1 E o w)a @ ]
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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),

I a; ' (A) U B «U a; '(A) B a; ' (A)p(A)
= - 5t (g@ +(1-4)0 )Etfl[atilljlt] [1 B 1la; ]

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

+_

I a; ) a; g 1 }
7 " Eoala; ] | Bealay ] | OF

The solution is

1o (Ap(A)

@U ]Et_lat_lut

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

v ay(A) " (A)

N E,_ia;
For the first best allocation we know that the LHS must be one. We know that @V < OV,
but v < 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, 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
_ e (Apu(A)
Ei—1la; ']

induces a deflationary bias s (1—%) <0
tfl[at ,U't]

country leads to and inflationary bias as (1 > > (0 while the recession country

A.8 Closed form solution of Consumption and Labor
A.8.1 National Currency under Commitment

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

E;_ [ailu] _ _
. t 17t1 t 1(1 »y)
5 E¢_1a; "pe] ay
wo gt By qila) luf]

Ci= ! )1_7 i
L+@’  (PE,i[ra; ) (P By [m*a; ™ pif]) =
_1 1= a )71 1\, oy (1)
N Ot _ (1+w) ’ywat(a%) . (H_w) YwCy Oy

(®r)Y(P*r*)I=) (Bk)Y(Prr*)I)
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Foreign Consumption

1 \I=v, 1=y sy
(1+w) Twly Gy

(@) (@)

C; =

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 — v)/v labor is given by:

L(h) 1( MC,  (1-v) MG, )

= — +

O\ 'E,_[MC] " 1+ w E,_[MC|]
Plugging in monetary policy:
“1Ei—1lay tp “1Ei—1la; '

1 Ray T 1 — KAy T
Li(h) = — |~ -l + L) T
Ok \ ' Ei1[ka; 1+w Eiq[ka; ]

1 1—7
jh@za@*az)

A.8.2 National Currency under Discretion

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

@iNlEtfﬂat_lm] —1(1=7)
v Eioafag ] ay !
TweN T S B tlag L]
G = () e
t = — *— * —
l+w (PE;—1[ra, 1%])”((1)*1@25*1[“*% 1/%])1 K
1- a, \7—1
SO e 2 BTN W
T @@ Ut e (@k) (@) )
To keep the expression tractable, I assumed that gy = gl Foreign Consumption is

1 1 v a; "l
C* — (—) *'Y,y I t t
K 1+ w YON (Bg)1Y(PR)*

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:

Lu(h) 1( MC, 1-7) MG, )

- — +
O\ B, [MC] " 1+ @ E,_[MC|]
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Plugging in monetary policy:

1y Eioafay ']

—1
1 KOy N~ =T 1—~)ROG gy~ =T

T ok E, 1[ra; '] ltw  Eey[rka; ]
1 7~ 1—7
= Lu(h) :@W@Jr 1+w>
. 1 v 1—x
L) =graw (%L 1+w)

A.8.3 National Currency, Commitment in H and Discretion in F

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

Ez—1[a;1#t] —11=7)
]Et_l[ailp/t] a,
Tw a;tl Q*LN[EFZ la L)
Cr= ()
T+ w (BB i[wa; ) (Do [wai i)
1 1= a y—1
Lo me) eelagm)T 1 g e aat
t (@) (B r*) 1) 1+ oo N T (@r) ()0

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

Consumption is

) Etfﬂat_lm] 1=
v Eiaay pg] ay
Tw g a;~! t ﬁEt71[az_luf]
*:( 1 )1—7 a; !
T E) @R ) R )
1 1= a 1—
o (1+_w> 7w@+Nat(a;@t+N) ( 1 )1_7 < ol )7 a;
= = - w

t (Br)1 (D7) 11w \exN) @) (o)

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 — v)/v. Labor is given by:

_L( MC, (1-7) MG )
"~ or\E_[MC)] " 1+ E,_ [MC]

Ly(h)

Plugging in monetary policy for H

“1Ei_1fa; e —1E¢_1[a; ' pue]

1 Ray T 1_ KAy T
L(h) (7 PR Clle) : )

B & Et_l[/wt_l,ut] I+w Et—l[/{at_ll‘bt]
1 1-—
= L(h) (”y + —7)

:CD_H 1+w
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and for F Plugging in monetary policy:

a*—l * % ke _ a*71
' P*r* B [w*a; ™ ] l+w  Eealwray ]

1 7 1—7
Li(f) =
= Li(f) O* g+ O*N (7+ l—i-w)
A.8.4 Currency Union

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

Now calculate consumption

%((ﬁw(l—&)(l—v))LjL(5(1—7)+(1_5)7) a;! )

o - Ei1[a; e Ei—1la; ™" pe]
e (PE; 1 [MCi]) (P*E; 1 [MCE])
-1
- <(£7+(1—£)(1—7))at1 n (5(1—7)+(1—£)v)a2‘1)
Ct =

(@) (@)

The last step only works, if shocks are iid, such that E,_i[a} ] = E,_1[a; '1]. If not,
keep it and compute numerically. With C; = C’Z,’tC’};”, consumption of Home and foreign

goods is:

7((£v+(1—£)(1—7))at1 T (5(1—7)+(1—£)7)afl>_

Chs =
’ (o] B
(1) <(€7+(1—£)(1—7))at1 + (5(1—7)+(1—€)7)a2‘1)
Cth = (I)*H*

Labor in a currency union is:

1 a; a; ' iy
Lih) = — | v=—F—+(1— t—>
O o R

E—1la; ' pue]

| a;1(<fv+<1—s><l—v>>L+<5<1—’Y>+<1‘5W>#r1w)_1
< B 1la; ] )

1 a
L(h) = qTH((&w(l—&)(l—v))a;l + <£<1—7>+<1—5>7)af1>
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A.9 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 ~:
Ci = C]Zr,tcllf,_tv, Cy = Cl?,tc;;,lt_v
As a result, the benchmark allocations are different:

Social Planner:

: 1 . 1
Consumption Chs = %at i = %at
1 * * 1 *
Ore = 5% Ot = 5,0
1 1
Labor Ly=—Li=—
K K
Flexible Prices (National Currencies)
1—
Consumption Cuy = %at = - fYat
Cry = —La* CF, =
Ft = a; Upy o ay
1 1
Labor Li==-LI=—
K K*
Sticky Prices (National Currencies)
: Ela; ' pu]
Monetary Policy e = 1
¢
1 \1=7v_ 1-v x 1 \7 1—v *
Consumption Cy = (H_W) ne e Cy = <1+_W) 1 =va Ta;”
p t k1= Y t k1=K
1 1—7 1 0%
Lab L, =— —— | == ——+(1—
abor ¢ ﬁ(7+1+w) ) /1(1—1—w+( 7))
Sticky Prices (Currency Union)
Monetary Poli ( JRC _7)6”:_1)_1
onetary Policy e =" — —
E;—1[a; 1,Ut] E;—1[af 1Mt]
1—y % - ¥
Consumption Cy = M L= -7 a”
b t k1=7K*Y t k1=7K*Y
1 a;t | a;?
Labor L, = — L; = —

ryat+(1—a; T ka4 (1= 9)a;
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A.10 Consumption, Prices and Labor with Transfers

With transfers from the union-wide planner (superscript P) that benefit country F, con-
sumption of Home agents is lower with transfers: Cf = CY — T;. Production needs to

satisfy this new demand

)= (L -+ L2 + )

w ’Yw
()= (2 -1y + L T)
# = (e -+ e v

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 the Home country, as long as each country has a Home bias (v > 0.5).

41 —=2y

1-2
S A

L =LY +a;!
' ' o Tw

T

There is also an effect on prices, as firms expect the transfer scheme to be in place for the
immediate future for most possible states of the world, see also Appendix A.10. 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 12. Recall that with a recession in F and a
boom in H, the exchange rate immediately 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 effect. 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,
households 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
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With transfers from the union-wide planner (superscript P), consumption becomes
CP = CV + T, and C;¥ = CY — 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 given by:

-1
v < (-0 a; 1+ (e0111-6)7) a:1>

U
CH t Pr

—1

(o2 D*

1 ¥
( (er1-6)(1)) ;! (s(lwmlﬂw)a:l) (1’Y)((f’ﬁ(l{)(lﬂ))at1+(§(1JYH1{)’Y)‘1Z1)
v

Tw

Therefore, consumption of h by a Home agent is given by

1—

fy * fy *
CII;,t = _(CtU - Tt)ﬂ CHI,Dt = (CtU + T;f)>

w w

ch, = —2Xcl -1, cyF = %«J:U +7T))

Prices

Firms know that in a transfer union demand will change. They maximize their profits,
accounting for consumer’s new demand including transfers. Note that the stocastic dis-
count factor and marginal costs do not change, as lump-sum transfers do not distort the

decision of households:

P pf(@ - P ~p ﬁf(h) - «P
e ElQud (-l () -MCo (5 ) o -t m- v () e

Plug in demand

pP()\ "
s B Qe -t 00 - arey () ey -

w0 =natm - ey (P ) Tl )

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

g, sl Y] @euite (= 1" - e () (s - 1)

(=)~ vetgn (2) L 0 ) 4 i)

H Tw
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The first order condition is with respect to pf’(h)

St st (005 s (5) )
(l“’U(St) - T<st>>) } —0

Yw

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

price p¥’(h) is predetermined and does not depend on the state. Therefore, we arrive at

; S p(s|s) [Qt—l,t(st) (MC’(st) (% (CU(St)_T(st)))> }
(0—1)(1—7) S p(s|s?) {Qtu(st) ((% (CU(St)_T(St>>>> }

p"(h) =

Pi—1Ci—i1(st) ol
PiCi(st) - Note, that this discount

factor was derived from the Euler equation and is not a function of Transfers. The

Turn to the stochastic discount factor Quq+(s;) = 5

Transfers are lump-sum and do not distort household’s intertemporal decision. Therefore,

we arrive at

_ L (CY(se)-T(s"))
y Saplslehre)EGEE]

(0-1)(1-7) - (O (s1)T(s))
Sopsls ) | (3 i)

With T'(s') = 0, we arrive at the same condition for prices as before. As shown before,

Transfers 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.

0
P -1
h)=——F——— MC
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

Y ate |7 Qs ((1 - 0(E82) " et <pp?>> |
(e +re )| -0
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Rearrange

B zg:p( s|sh) [Qt—lt(st) (1=7)(1-8)) (1 — (e (1) + T(St))) ]

= 300157 Qo) () - (5O 0 + 769 )|

As pP'(h) is predetermined we can draw it out and arrive at

g o p(s]s™) |:Qt—1,t(5t> <MC'(St) (% (C*U(st)—l-T(St)))) ]
S.p(sl) | Qs (52 €V 0+7(5)) |

g Serlslsh| (nrce) (S )
(O—1)(1—7) S p(s|s ) { (Z‘J(O;UU <(s;%)+T<st>>) }

C*V(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.

()
Pry

max E. 4
pi P (f)wpe(f)

) et -vomy (%) p

Q1 (1= ()= MC;P) (p

The first order condition with respect to pif'(f) is

Sl Q) ((1—T><1—9> (ZH >>0+MC( o (L5 >)> -

F

, Xuplsls) { (MC*P(st) (% (gzgiﬂ)))) ]
G=D0=7) 5 sl [ (= Gregred)) ]
- m

E[MC;"]
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for foreign good prices in the Home country, we have

g Taplsls™) {Q:_M(st) (MC*P<st) (IJ—J (CU<st)—T(St)))) }
S plsls) @ salon (57 (€V0-1(1)) |
; ZLMﬂgﬂ[<MCW@0(%f%;%g%%5>}
O s el | (2 ) |

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

regime
1— * *1—
PP _ PF,t’yPIZT,t *P _ pF:;PH,t !
Py (=) Loy =yt
Labor

Firm stand ready to satisfy demand

Lt(h) = at_l (Cg’t + C’}}];)

1 _
g (l@U LTy e +Tt>)

w wa

A.11 Nominal Equilibrium

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

issue, I follow Corsetti and Pesenti (2005) and define two rules fi; and fi} such that:

N~ Py ° N P;‘,t "
My = g —pH o My = My ]5}

where §,0* < 0 are two small negative constants and Py, Pj: are nominal targets of the

government. Consider the price of the Home good P ;:
Ppy = OB,y [rka; " ]
5
ka; —PH’t
t Ht Py

Pry ’
Py, = Py, | 221
H.t H.t ( Pu )

PH,t = (I)Et—l

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

threatens to adjust monetary policy, if the price deviates from the target. Given the
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target for domestically produced goods, the prices for imported goods can be computed:
Under PCP we have

Pry = ®*Elx*a; ' 11}]&;
= 'Blwa; ]

= O "

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 Pg?

A.12 Problem with Two-Sided Limited Commitment
A.12.1 Functional Equation

Why can the Pareto frontier (19) 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 contained 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 formulate 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, = By 1[> 272 Fu(crys)]. Why does promised utility equal the
continuation value? Lemma 1 of Thomas and Worrall (1988) states that for each promised
value u, € [W*N, W*Maz] there exists a unique continuation value of the contract § at time
t in which W (4; (h71, s;)) = us and W*(5; (b1, s)) = W*(us). The proof is the following:

Existence follows from the compactness of all possible future promises. Uniqueness from
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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 d ¢’ that promise a sequence of
consumption {Cy(9, s")}52,, {C(&', s) }52,. Let the convex combinations of both contracts
be denoted by 6 with consumption streams {C;(5*.5%)}2°, By the concavity of utility, it
holds that: W (&%, s') > AW (4, s') + (1 — M)W (', s'). Therefore, the convex combination
of both sustainable contracts is sustainable as well.

Promised utility is compact: Proof for that: Let I, b the set of feasible values of
us. If ug € I, then u, € I,Vu, € [W¥ u,) is I, closed? Consider a sequence u? € I
such that lim, . u? = us with a corresponding consumption stream (contract 6”). For
a given parameterization, consumption 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 # € (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

0 is self-enforcing since each ¢ is and gives promise utility of ws.

A.12.2 Consumption and Continuation Values

Let Cy, = CJ,, C’},;; denote consumption of agent H if F’s participation constraint binds
(in state s»). In that case H receives continuation value uy,. Cs, = O, Cr,. is H’s
consumption if H’s participation constraint binds (in state s1) in which H receives contin-
uation value @/ . Introduce the same notation for every state. The ergodic consumption

set consists of

{[C’Sw Csl] N {6’827 653, C837 054, C547 Csl}}

The set consist at least out of two points Cs,, C, and at most out of four additional ones.
When there are no first best sustainable allocations, participation constraints of H and F

bind in state s; and s,. Consider the state s;. H’s participation constraint is:
V(Cy) + Buf, = VvN(CN) + pwN

F gets Y,, — C,, and gets continuation value W*(u;,) = u,. The consumption allocation
in state s3 depends on different promised continuation values with which agents enter the
period. Let C’SB denote consumption of H in state s3 when H was at the participation
constraint before. Let a;; denote the continuation value in state 3 if the participation
constraint was binding before. As H was at the participation constraint before, consump-
tion and promised utility were increased in state 1, after that in state 3 is ”payback time”,

because agents in H were promised a higher continuation value. Agent F gets Y, — C’s3
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and continuation value W*(4,). The participation constraint might bind :

VICE) + W (i) = VN(CET) + st
V(Cy,) + it = vN(CY) + pwr

Foreign consumption is just a function of production minus Home consumption. The

continuation value can be explicitly written:

ag, = al, = u = P’(V(Cy,) + Bad,) + p(1 — p)(V(Cy,) + Buy,)
+(1—p)*(V(Cy,) + Bif) + (1 = p)p(V(Cy,) + B,

Uy, = gy = U, = P(V(Ye, — Csy) + Biig,) + p(1 = p)(V(C,) + B,)
+(1 = p)*(V(Ys, — C,) + Big,) + (1= p)p(V(Cs,) + B,

Where the equalities of u™ and u~ follow from the optimality condition W* (u,) =
wH (up), meaning that in a state where no PC binds, promised utility is unchanged.

Therefore, there are at most two distinct continuation values.
ut =p*(V(Cy) + Bu®) +p(1 = p) (V(Cs,) + Bu”)
+(1=p)* (V(Co,) + Bu™) + (1 = p)p(V(Csy) + But)

u* (1_/8(p2+(1 - p)2+(1 - p)p)> = p2v(és3) +p(1 _p)<v(és2) + /Bu_)

1

+:
T T+ (L= p)p

u = pQ(V(Y;% - CA’s3) + ﬂu_) +p<1 - p)(v(és2) + BU_)
+(1 - p)Q(V(}/;4 - CA’S4) + BU,_) + (1 - p)p(v(_s1) + Bu+)

- = V(Y — Coy) +p(1 = p)V(C,,
R v o e g L ( ) +p(1 =p)V(Cs,)

+(1 = p)’V(Ys, = Coy) + (1= p)p(V(Cy,) + Bu™)

76



Now plug in u™ in v~ and solve for it:

u = 1—B(p2+(1 —1p)2+(1 o) [pZV(Y% - é%) +p(1—p)(V(Cy,)

1= PPV (Ve — G (1 p)p(w_osl)

1
+B(1—6(p2+(1 —p)P?+(1—p)p

HL=pPVC) + - ppv(ca) ) )]

{p2V(C'ss) +p(1 - p)(V(Cuy) + Bu”)

Let the fraction in front of the terms be denoted by D = ! . Therefore
16 (p2H(1-p)2H1-p)p

=D [p2v<ys3 —C) +p(1-D)(V(C.y)
L= PV = €+ (= n(V(C)
+83 (D [p2V(C'ss) +p(1—p)(V(Cy,) + Bu)
HL=pPVC) + - (©a)] )]
Isolating u™:
u= — D(1 — p)pBDp(1 — p)(Bu~) — [p2v<n3 — C) +p(1— p)(V(Csy)

PPV — G 4 (1 —p)p(wc )

+6(D [ V(Cy) + o1~ p)V(C)
HI-pPV(C) i)
- D ] , )
u :1_(D(1_p)pﬂ)2{ V()/S3 CS3>+p(1 p>V(Csz)+(1_p) V<)/;4_Os4>+(1_p)pv<gsl>

(1= p)ps (D [ﬁwc@) +p(1=p)V(Ca) + (L=p)PV(C) + (1 ‘p)pv@“)] ﬂ
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For u*:

T [PV € =V G £ V(€L + 1V ()

+H1- p)zﬁ( [ V(Yo =Co)+p(1=p)V (

52)+(1—p>2V(YE4—084“(1_]’)19”‘0“)})]

One solution in a symmetric 4 state example is: Both continuation values are the same.
The central bank always promises the same future utility under the new monetary regime.
In that case consumption in a symmetric state is always the same for both (C = Y —C4))).
As in Ljungqvist and Sargent (2004), unchanged continuation values lay on the Pareto
frontier if shocks are iid and the consumption intervals do not overlap. The only thing,
that changes in a period is consumption, as there is no efficient way to deliver a change
in continuation values. Note that the Pareto Frontier outlined in 7?7 is non-differentiable
at the points (u™,u™) = (u, W*(u)) and (u™,u™) = (u, W*(u)).

For Cy, = Y — C’S)) expected lifetime utility appears twice in the square brackets of
continuation values. Therefore, they can be drawn out, using the third binomial formula

on the denominator in front and then 1+ Dp(1 —p)f cancels out. The continuation value

2V(Coy)+p(1—p)V(Cy,))+(1=p)*V (Cs, ) +(1—p)pV (Cs,)

From the promise keeping constraint, we can calculate the continuation value. As ug =

Ug = U

Zps V(CY, LYY + pu) = u

SGA

U rU
— 5 Zp s(V(C, L )
sEA
which means that the continuation value of the social planner is just expected lifetime
utility in a monetary union under the new policy rule. This can be computed and is just
a number as is the outside option of lifetime utility with national currencies. This pins

down the consumption distribution for all states. For the symmetric states we have:

I—x /’V

s —W/ s et 1
YHsl - C(ff‘ﬁq CH.Sl (u 1)

As all continuation values are the same, that derivative is just 1. Consumption of good
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H in that state is
CHSg = IYYHS:” 0233 = (1 - 7>YH53

which is the same allocation of the social planner and of the central bank with the ordinary
policy rule in that state. Consumption of the other good and of the foreign household are

given by:
CF53 = (1 - ’Y)YFsga 02‘53 = ’yYFsd

Some for the symmetric state sy.
Consider state s; in which H’s participation constraint is binding. In that case consump-

tion for H is pinned down by:

In(Cy,) — kLs, = VY + WY — Bu
Cs, = exp(VY + WY — Bu+ KLy,

As the elasticity of substitution is one, both kind of goods increase/decrease 1 to 1 in a
changed allocation. F gets Yy, — Cy,. This allocation is sustainable, if PC for F is not
violated. In state s, the allocation is mirrored. Now we can trace out lifetime utility in

the 4-period example. Consumption could be plotted as well!

A.12.3 A Specific Example

Focus on a specific example to determine the path of consumption and promised utility.
In the initial period the Home country is at its participation constraint, this is state
sy = {a”",a’}. Output is Yy, = Ly,a” and Yp,, = L% a’. Let Cy, = Qg,&(;};] denote
consumption that is awarded to agent H if H’s participation constraint binds in that state.
H receives continuation value ] . For state s, let C,, = C_’;ZISQ C_’};;: be H’s consumption if
F’s participation constraint binds in which H receives continuation value g, .

H’s participation constraint in s; is:
V(Cs,) + Buf, = VN(CON) + sl

F gets Y;, — C, and gets continuation value W*(uf ) = u;,. How is the continuation
value determined? Remember that the continuation value consists of consumption and
future continuation values. Therefore, consider consumption and continuation values of
all states in the next period. For a binding participation constraints in s; and sy the
Home agents would receive C,,u] and Cs,, u,, respectively in the next period. For the
symmetric states s3 and s4 in which no PC binds, consumption and promised utility
depend on the promised utility with which agents enter the period. Let 6'53 denote

consumption of H in state s3 when H was at the participation constraint before. Let
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uf, denote the continuation value in that case. As H was at the participation constraint
before, consumption and promised utility were increased in state 1, after that in state 3 is
"payback time”, because agents in H were promised a higher continuation value. Agent
F gets Y, — C’s3 and continuation value W*(u7,) = 4. Participation constraints must
be satisfied:

VU(CE) + BW*(al) > VNN + g
V(Cy,) + Bit, > vV (CN) + pwr

The same notation can be introduced for state s; in the next period. Therefore, in the

initial state s; the continuation value for agent H can be written as:

uf, = P (V(Cy,) + Buf) + p(1 — p)(V(Cs,) + Bay,)
Bil) + (1= p)p(V(Cs,) + Bul,)

31

and in state ss

Us, = PA(V(Cyy) + Bii,) +p(1 = p)(V(Cy,) + B,)
+(1=p)*(V(Cyy) + Ba,) + (L= p)p(V(Csy) + B

The optimality condition W* (u,) = W* (ug) states that continuation utility is unchanged
if the PC does not bind. Therefore denote @, = uf = ! =" and a;, =4, = u,, = u".

Promised utility ' and u~ can hence be written as a function of consumption:

-~ 1 s - _ L
u = 1— (D(l _p)pﬁ)QD |:p V(CS3) +p(1 p)(V(CSQ) + (1 p) V( 54)

+a = (Ve +(p {p%/(é )+ p(1— D)V
+(1=p)?V(Cy,) + (1 — Cy,) } )}

>

(Cs,)

where D = L
-3 (p2H1—p)2+(1—p)p)

ut = [p V(C) + <1—p>2v<054>+<1—p)pv<_csl>+p<1—p>(v<c12>
1
I (D1 _pph)”

o

80



As all continuation values are the expected value of the monetary union.

The planner still optimizes F’s lifetime utility. The relevant objective function is:

max log ((YH51 - QHsl)l_v(YFa - QFSl)V) + Bu”

Crsy Crsy:Crisy CrsyCrisy Crsy Crs, Crsy
s.t.log (( H51>(CF51) 7) — mlgl + But = vsflv + g
log ((Yers, = Crisi)' " (Vs = Cpo)7) = K70 + pu” = Vi + WY
log ((C,,)(Crsy)' ™) = KIS, + Bu > VY 4 pWY
108 (Yires = Crrea)'™ (Ve = Cra)?) = 670 + But = V2 + W™
log ((Yirs; — Crisy)' ™ (Vg — C’F%)V) — KV 4 Bum > VY g
log ((C5,)(Crs)' ™) — kIS + put > VY + pwh

where u™ and u~ are given above. A useful property in this symmetric setup is,

that

Y,, — C,, = Cy4,. Therefore, if the planner satisfies H’s PC with C,,, so is F's PC in state

9. For both symmetric states, the PC does not bind (also with the new consumption rule?

check MY feeling: consumption between those states is way too different! Other idea as

in Ligon et al. (2002): The ratio of marginal rates of substitution stays the same! This

way also with changing aggregates, the stuff remains equal!). Therefore, the Lagrangian

is given by:

max L= 1Og ((YHsl - CHS1)1_7(YF51 - QFSJV) + BU_

QHsl 7QF31 7CH83 7CF53

+As, (10g ((CH ) (Cra)' ™) — Kl + put = VT — BWN>
+Aq, <log (CA’H53)7(CAZ’FSS)1’7) — Ii*l:g + put — Vs];[ — BWN) )

The continuation values are given as before. Their derivative can be calculated.
Ucy,, = o Pl = p)pV' + (1= p)pBD(1 — p)pV’]
gy, = D[ =p)pV" +p(1 = p)Bug,, |

UEHS2 = WD[]?( - )VéHSQ +p(1 —p)BDp(1 —p)VéHSJ
Ouy ~ DDV B, .

ufH53 = HDQ(IWD[]) Ve, e + (1 —p)pBDp VOHSJ

ug, = D[PV +p(1—p)Bug, |

ugHs4 - 17(D 11*P)p5)2D|:(1 _p)zvéHs4 _'_ (1 N p)pﬁD(l - ) V, ]

CHS4
ul, =D[1=p)V'+p(1=-p)Bug, ]

—~
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Consumption foc is:

oL . B
oV "+ Bug,, + A (VI + Bug, )+ Ay (Buf, ) =0
aL . — + */ + -
O Bug,,  +Nsi(Bug,, )+ Aa (VT + Bug, ) =0

oL
cBus,  + Asl(ﬁug}[ )+ Ag, (ﬁugH ) =0

aéH53 CA(HSS s3
oL B N _
aOHS : BUC«H54 _I_ As1 (BUCH54) + ASQ (ﬁuéHM) - O

log ((Cr,)(Cra)' ™) = sl + put = VI + WY
10g ((YHS2 o C_(HSQ)I_V(YF@ - C_’Fsz)v) - K/*Z:QU + BU+ = Vsjgv + 6WN

A.12.4 Convexity of Sets

Consider a convex set of two sustainable contracts T'(-) and T'(-) after history h': aT'(h*)+
(1—a)T'(h'). 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 com-
bination 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
(U, U] for H and for F [V;,V,]. By definition U, = 0, as the minimum surplus of the

union cannot be smaller than zero. 22

A.12.5 Pareto Frontier is concave

Take any two sustainable surpluses U(s') and U,. Following the same argument as made
above, the convex combination alUs + (1 — a)Us 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.

Vo(U(s')) is strictly decreasing in U(s') on the whole interval [U,, U], since starting
from any U(s') > Us, there must be some history h;, such that Uy(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(st)) > V.

22Non-negativity of consumption must be ensured as well, this will not be a concern in this calibration.
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A.12.6 The Lagrangian of the Dynamic Problem
The Lagrangian of the problem (19) is

L= max In (C*(s0)+T(s") — K" 1(s¢) — v™(s4) + 8 Zp(s’yrl | sV (™, U(s™))

T(s1),(U(s"1))7y r=1

S
+ (") | In (CYs1) =T (")) — wl(s0) — () + B Y p(s™ [sYU(s™) > U(s")

+ Bp(s™ 8o (s U, + Bp(s™ [ ") C(s" )V (™, U(s™))

The first order conditions are

/

Lrty: Oy — Mgy =0
u 1 1
Ty A C*U(s) +T(st) )\C’U(st) —T(st) =0
Ly s Bp(s™ V(U (™)) + ABp(s™ [s") + Bp(s™ [ s) (™) + Bp(s™ | ") V(U
A(s') + ¢(s™)
1+ C(st)
Envelope Condition — A(s") = V,(U(s"))

= —VU()

A.12.7 Intuition for Transfers

Note that when no new participation constraint binds, (24) tells us, that transfers are

given by:

CY(5141) = A(s")C*V (5141)

T(SH_I) = 1+ )\(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 (24) 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.12.8 Differentiability of the Pareto Frontier

see Koeppl (2004)
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A.13 Monetary Policy under two-sided limited Commitment

A.14 Interest rates and Announcements

S
V.(Us)) = max o (Cu(s")) = w1 u(s") — oM(s) + 8 ) (s sV (s

u(s) (U ()5,
S
st [AsD] In (Cu(s)) = wlu(s")) = uMse) + 8 p(s™ [sHU(s™) = U(s)

[Bp(s™ | s)g(s™)] U(s™) >0
[5p($t+1 |$t)C(St+1)] V(St+1, U(St-i-l)) 2 0
(

The Lagrangian is

S
E = o e, (C(u(s")) = &1 pu(sh) = o) + 8 p(s™ [V (4, U ("))
p(st),(U(st1))S_, 2

S
+A(s") <ln (C(u(s")) = KI%(p(s") — uM(se) + B p(s™ [$HU(s™) = U (st)>
+ 5p($t+1 ‘ St)¢(8t+1)U(St+1) + ﬁp(stﬂ ‘ St)C(StH)V(StH, U(St+1))

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

' . O*U/(N(St)) * 75U’ t t CU’(N(St)) v’ t _
Lty - T s " I (u(s")) + A(s) (W — Kl (p(s ))) =0
- Cci?]((ﬁ((;t)))) _ H*Z*U/ (I[L(St)) B )\(St)
%[;((5((33;)))) — KIY (N(St))

Plugging in consumption and labor as a function of the monetary stance, one arrives at

_{ L (eyetis) ha* (s
p(s) Ly p(s | sa () 0 p(st s ()l
o ( @ () @ sdn(s)ar (1) )1
S S
S (s sl (S parat (k)
{ I va"t(st) B (1 —y)a(s1)
p(s) S (st s () 0 p(st | s)ar ()

_@U< e o) )}‘Lw
S e ) (S b5 | ()l
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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

_ [ L (1 —)a"(s) _ ya ! (s¢) }
p(st) 0% p(st ] sta ()l SO0 p(st | st)ar L ()Y
{ 1 ya " (s¢) (1 —7)a*"(s)

PG ps e o T bl o=

= A(s")

Taking the derivative with respect to U(s") into account give

+ 5p<5t+1 |St)vl(8t+1, U(Stﬂ)) + >\<5t>ﬁp(5t+1 ‘ St) + ﬁp(stﬂ | 5t)¢sr + 5p(8t+1 ’St)C(StH)V/(StH, U(Stﬂ))
A(s') + ¢(s™)

14 ¢(st) = VUE)

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(sh):

(™) if A(st) < A(sT)
(s if A(sh) € [A(s), A(sT)]
(™) if A(st) > A(sT).

)\(SHl)

Note the following: The path of A(s') should be the same for both policy instruments.

The only difference is how the ratio is achieved.

A.15 Figures

The following graph depicts the Pareto frontier for the initial state bb (boom in both

countries).
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Figure 11: 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 12: 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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Inflation in F
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Figure 13: Evolution of Inflation over time with and without transfers.

Inflation is the same, except for the period in which transfers are announced. Only

minor jump in period, not visible here.
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Figure 14: Evolution of gains without transfers.
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Transfers in each period
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Figure 15: Evolution of transfers.
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Figure 16: Evolution of gains with and without transfers.
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Empirical evidence for recession countries leaving the union

Figure 17: Cyclical HP GDP component and Eurobarometer: Is the Euro a good thing?
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Figure 18: Evolution of transfers with one-time monetary intervention, trade costs reduc-
tion of 6.5%.
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Figure 19: Evolution of interest rates with one-time monetary intervention, trade costs
reduction of 6.5%
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Figure 21: Evolution of interest rates

union-wide central bank intervention.
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Figure 22: Evolution of interest rates with a trade cost reduction of 5% and a one-time
monetary intervention.
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Figure 23: Evolution of transfers with one-time monetary intervention, trade cost reduc-
tion of 5%.
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