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Abstract

The recent empirical evidence shows that most international prices are sticky in dollars. This
paper studies the optimal non-cooperative monetary policy and the welfare implications of dollar
pricing in a context of an open economy model with nominal rigidities and input-output linkages
between firms. We establish the following results: 1) dollar pricing generates asymmetric interna-
tional spillovers such that other countries partially peg their exchange rates to the dollar giving rise
to a “global monetary cycle”; 2) capital controls cannot insulate other countries from U.S. spillovers;
3) the U.S. finds it optimal to deviate from inflation targeting to partially stabilize global economy;
4) the optimal cooperative policy is hard to implement because it generates gains for non-U.S. coun-
tries and losses for the U.S.; 5) there are potential gains from dollar pricing for the U.S., while other

countries can benefit from forming a currency union such as the Eurozone.
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1 Introduction

The key feature of the international price system is that most prices in global trade are set in dollars
and remain sticky in U.S. currency at horizons of up to two years (Gopinath 2016, Goldberg and Tille
2008, Gopinath and Rigobon 2008). A growing empirical literature shows that this fact has important
implications for the transmission of monetary shocks between countries. In particular, a depreciation
of the U.S. exchange rate decreases import prices relative to prices of domestic goods around the world,
which leads to expenditure switching towards foreign goods and increases the volume of global trade
(Boz, Gopinath, and Plagborg-Mgller 2017). In contrast, a depreciation of other exchange rates does not
affect export prices in the currency of destination and hence, has no stimulating effect on exports, so
that the trade balance in non-U.S. economies adjusts mostly through changes in imports (Casas, Diez,
Gopinath, and Gourinchas 2017). In addition, the countries with a higher share of dollar pricing in
trade experience larger spillovers of U.S. monetary policy on output, exchange rates and interest rates
(Zhang 2018).!

While a lot of progress has been made in understanding the positive implications of dollar currency
pricing (DCP), much less is known about its implications for the optimal policy and the welfare effects.
These questions are, however, at the heart of recent policy debates: Does U.S. monetary policy generate
negative spillover effects on the rest of the world and leads to “currency wars” (Bernanke 2017)? Should
the optimal policy focus on price stabilization as in a closed economy or should it also respond to
foreign shocks (Engel 2011, Corsetti, Dedola, and Leduc 2018)? Can free floating exchange rates insulate
countries from international spillovers (Friedman 1953, Devereux and Engel 2003) and what explains
the widespread “fear of floating” in the data (Calvo and Reinhart 2002)? Should countries use capital
controls (Blanchard 2017)? Does the U.S. enjoy an “exorbitant privilege” from the dominant status
of its currency in global trade (Gourinchas and Rey 2007, Eichengreen 2011)? Are there gains from
forming a currency union such as the Eurozone in this case (Mundell 1961)? Do countries benefit
from international cooperation (Benigno and Benigno 2003)? Finally, is the current international price
system optimal or is it desirable to move to the one with a more symmetric use of currencies?

We answer these questions in a context of a standard open-economy sticky-price model by Gali
and Monacelli (2005) — which has been actively used as a workhorse model in the recent normative
literature (see e.g. Farhi and Werning 2012, 2017) — by augmenting it with two additional assumptions.
First, we replace producer currency pricing (PCP) in the international trade with DCP. Second, we al-
low for foreign inputs in production, which reflects the fact that most imported goods are used either
as intermediates or have to go through wholesale and retail sectors before reaching consumers (see
Johnson and Noguera 2012, Burstein, Neves, and Rebelo 2003). Combined together, these two assump-

tions generate international price linkages between firms that are sticky in dollars and play crucial role

! Auer, Burstein, and Lein (2018) show that currency choice of exporters matters not only for prices at the dock, but also
determines the pass-through into retail prices.



in the analysis. The rest of the model is standard. Households use a complete set of Arrow-Debreu
securities to share risk between countries, while firms set domestic prices in local currency. After
the uncertainty is resolved and the monetary policy is announced, the agents make consumption and
production decisions.

While there has been much progress recently in solving the optimal cooperative monetary policy
(see Engel 2011, Corsetti, Dedola, and Leduc 2018), little is known about the optimal non-cooperative
policy away from the very special limiting cases such as Cole and Obstfeld (1991) parametrization (see
Clarida, Gali, and Gertler 2002, Gali and Monacelli 2005).> At the same time, as we explain below, the
international spillovers of monetary policy are highly asymmetric under DCP and lead to important
strategic interactions across countries. Therefore, we are mostly interested in the non-cooperative policy
and adopt the following strategy to make progress in this direction. To build intuition, we start with a
simplified “static” version of the model in Section 3 with fully sticky prices and discretionary monetary
policy. This case provides an important benchmark: the planner takes prices as given in their currency
of invoicing and can only affect allocation by changing nominal wages and exchange rates. We derive
the optimal policy and characterize it in terms of simple targets. Surprisingly, as we show in Section 4,
most of these insights remain true in a “dynamic” model with Rotemberg (1982) price adjustment and
optimal policy with commitment.

Our first main result is that while price stability remains the optimal target in non-U.S. economies
under DCP as under PCP, such policy no longer implements the first-best allocation and leads to an
implicit peg to the dollar.’ The intuition behind this result is straightforward when international prices
are fully rigid in dollars: the country’s monetary policy cannot generate expenditure switching towards
its exports and the quantity exported is exogenous to the policy. Given that country’s dollar revenues
from exports are exogenous and import prices are also fixed in dollars, it follows from country’s bud-
get constraint that the quantity imported is also independent from local monetary policy. As a result,
the best outcome the policy can achieve is to implement the optimal production and consumption of
domestic goods by stabilizing the prices of local producers. Interestingly, this result holds also in a
dynamic setup when prices change gradually and both terms-of-trade and trade adjustment are en-
dogenous to monetary policy. Intuitively, in contrast to the PCP case, exchange rate depreciation does
not mechanically generate expenditure switching under dollar pricing. Instead, the planner changes
the dollar value of marginal costs, which makes firms to adjust their export prices. This is, however, as-

sociated with additional costs of price adjustment under Rotemberg pricing, and as a result, the planner

2A few papers that allow for more general parameter values ignore the country’s budget constraint in the planner’s
problem (see e.g. De Paoli 2009, Faia and Monacelli 2008). We find it very hard to rationalize this assumption and show it is
not satisfied under either commitment or discretion. More analysis has been done on the non-cooperative fiscal policy (see
Engel 2016, Farhi and Werning 2012, 2017).

3The former result about the optimality of domestic price stabilization generalizes the insight from Casas, Diez, Gopinath,
and Gourinchas (2017) (henceforth, CDGG), who show that under complete asset markets and Cole-Obstfeld parametriza-
tion, the evolution of country’s terms of trade is independent from local monetary policy, which therefore, should focus on
domestic targets.



does not want to deviate from stabilizing firms’ marginal costs.

While the optimal policy of non-U.S. economies can be formulated in terms of domestic target, it
does respond to foreign shocks. Given that all international prices are set in dollars, an appreciation of
U.S. exchange rate increases the prices of imported intermediates in other economies and puts upward
pressure on local prices.* To keep them constant, other countries have to tighten their monetary policy,
“leaning against the wind” and effectively introducing a partial peg to the dollar. The result shows that
the widespread anchoring of exchange rates to the dollar in the data (see Ilzetzki, Reinhart, and Rogoff
2017) can be due not only to the global financial cycle (Rey 2015), but also to the dominant status of
the dollar in international trade. This result is also consistent with the fact that rising import prices are
among main factors mentioned by policymakers in emerging economies when explaining their decision
to stabilize exchange rates.

Interestingly, we show that additional fiscal instruments such as capital controls cannot insulate
countries from foreign spillovers and restore efficient allocation in the global economy. This finding
is surprising in light of the result from Farhi and Werning (2016) that the laissez-faire risk sharing is
generically inefficient when monetary policy cannot implement the first-best allocation. This discrep-
ancy comes from the fact that even though efficient allocation cannot be achieved in our setting, the
optimal policy does eliminate the aggregate demand externality and closes the gap between the so-
cial and private value of insurance. Importantly, this result does not rely on the assumption that asset
markets are complete and remains true for arbitrary structure of the financial markets. It also shows
that the nature of the international spillovers is important for the optimal policy: while capital controls
and other macroprudential policies might be efficient in curbing financial spillovers (see e.g. Farhi and
Werning 2013, Aoki, Benigno, and Kiyotaki 2016), they are unlikely to help with the spillovers arising
from DCP.

We then show that the optimal policy of the U.S. deviates from domestic price stabilization and leads
to highly asymmetric spillovers between countries. Indeed, the fact that both domestic and export prices
are set in producer currency allows U.S. monetary policy to stabilize not only domestic production and
consumption, but also to stimulate exports. Moreover, the stickiness of import prices in dollars partially
insulates the U.S. economy from foreign shocks and allows it to set monetary policy independently
from the policy of other countries. At the same time, the byproduct of dollar depreciation is that
export prices of all other countries go down relative to the prices of domestic goods stimulating the
global production and generating large spillovers on other economies. We show that the U.S. should
be concerned with such backfiring of its policy (cf. Bernanke 2017): the international spillovers arising
from movements in markups of exporters from all other countries result in a suboptimal global demand,
which in turn affects the U.S. economy (cf. Devereux and Engel 1998). Therefore, the optimal U.S. policy

with commitment deviates from domestic price targeting to partially stabilize export prices of other

*“Intermediate goods in production is the key assumption that explains the optimality of peg in our model in contrast to
the previous literature (Goldberg and Tille 2009, Casas, Diez, Gopinath, and Gourinchas 2017).



economies. This motive pushes U.S. policy closer to the optimal cooperative policy — which would use
U.S. monetary instruments to stabilize average export prices in dollars across the world — thought does
not fully implement it. While beneficial for other countries and the global economy, the cooperative
policy decreases the welfare of the U.S., which therefore has no incentives to coordinate its policy
with other countries. This result contrasts with the conventional wisdom that the cooperative policy
is Pareto improving as it eliminates the terms-of-trade externality and benefits all countries.

Finally, we argue that while a more efficient monetary policy in the U.S. allows it to achieve higher
welfare than in other economies, the welfare ranking is ambiguous under the optimal policy. Indeed,
as argued above, U.S. policy can simulatenously stabilize domestic and export production. As a result,
the equilibrium welfare is higher in the U.S. than in other countries when they follow the same policy
of price targeting. However, U.S. planner internalizes effects of its policy on global demand and finds it
optimal to partially sacrifice domestic objectives to improve allocation in world economy. This policy
benefits other countries more than the U.S. as it does not require them to deviate from domestic price
stabilization. Therefore, under the optimal policy, U.S. welfare can fall below the welfare of other
countries, though this is unlikely under realistically low values of openness of U.S. economy.

This analysis also reveals a new source of gains from forming a currency union such as the Eurozone.
While the standard critique — that a member of a currency area loses an independent monetary policy
and cannot use it to stabilize the economy — still applies in our setting, forming a currency union can
boost the welfare if it promotes the status of the common currency in the global trade. In particular, we
show that a country (the Eurozone) with imports and exports invoiced in its currency can potentially
achieve the same level of welfare as the country (the U.S.), which is the issuer of the dominant currency

used in all international trade.

Related literature [TO BE COMPLETED]

2 Environment

This section lays out our baseline analytical model. To emphasize the role of the international price
system, we introduce dollar currency pricing (DCP) and global input-output linkages in an otherwise
conventional open-economy sticky-price model a la Gali and Monacelli (2005) that has been extensively
used in the recent normative literature (see e.g. Farhi and Werning 2017).

The world consists of a continuum of symmetric small open economies. To disentangle the role of
the dominant currency, we assume that the U.S. is a small economy and is symmetric to other countries
in all respects except for the use of the dollar in international trade. Time is discrete and the horizon is
infinite. The international asset markets are complete and agents use Arrow-Debreu securities to share
the risk before the realization of shocks. After uncertainty is resolved and the transfers between coun-

tries are made, the households decide how much to work and to consume. Prices are set by monopolistic



firms and are subject to Rotemberg (1982) adjustment costs in the currency of invoicing.

Motivated by the recent empirical literature, we deviate from the conventional assumptions about
the international price system in two ways. First, we assume that all international prices are set in
dollars rather than the currency of producer or buyer. While this is an extreme assumption, the em-
pirical evidence shows that it provides a good first-order approximation to the real world (Gopinath
2016).> Domestic products are invoiced in local currency. Second, we allow for input-output linkages
in production to capture the fact that intermediate goods account for most of the international trade

(see e.g. Koopman, Wang, and Wei 2014).

2.1 Households

There is a continuum of countries indexed by i € [0, 1] with ¢ = 0 corresponding to the U.S. A represen-
tative household in country ¢ has isoelastic preferences with linear disutility from labor (see Rogerson
1988, Hansen 1985)°
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over labor N;; and consumption bundle C;:
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where C);; denotes country 7’s consumption of goods produced in country j, and 1 —  reflects the
home bias in consumption that can arise due to trade costs or preferences for locally produced goods.
For simplicity, we assume the same elasticity of substitution § between goods produced in different

countries. Bundle C};; in turn aggregates the continuum of unique varieties w € [0, 1] produced in

Cin= ([ et =as) ™, )

where € > 1 is the elasticity of substitution between products produced in a given country.

country j:

The asset markets are complete, and the agents trade a full set of Arrow-Debreu securities in period

t = 0 before the shocks are realized subject to the ex-ante budget constraint:

> 7Bl =0, (4)
t,h

SFor simplicity, we take firms’ currency choice as exogenous. Mukhin (2018) discusses the interactions between the
optimal monetary policy and firms’ invoicing decisions. See also Gopinath and Stein (2017), Drenik, Kirpalani, and Perez
(2018), Chahrour and Valchev (2017), Rey (2001), Krugman (1980) for models of endogenous currency choice.

The assumption that utility is linear in labor is not essential for our results, but provides much tractability to the
analysis: when coupled with the constant returns to scale, it allows to disentangle production for domestic and foreign
markets (see Section 3.3 for the discussion).



where B! denotes country i’s holdings of the security that pays one dollar in state h € H in period ¢
and zero in all other states of the world, and Z/ is the price of such security.” Because asset markets
are complete, the assumption that Arrow-Debreu securities are denominated in dollars is without loss
of generality in most applications below.

After state of the world h is revealed, households face the ex-post budget constraint
PyCiy = WieNy + I}, + Tyy + €4 Bl (5)

where HZJ; and T}; denote the profits of local firms and the net transfers from the government, and
&y is country @’s exchange rate against the U.S.: an increase in &; corresponds to a depreciation of
local currency. Let all prices be expressed in the currency of destination and define the price index for

1
products exported from j to i as P ( [ Pjir(w)'~ Edw) =2 The consumer price index is given by

e
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The goods market clearing condition states that total output is equal to the sum of local demand

Y;P and foreign demand Y;!" for final goods C;;; and intermediate goods X,
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Finally, the market clearing in the asset markets requires that for every h € H,

/ Bldi = 0. 8)

2.2 Firms

In each country 7, there is a continuum of firms, each using a constant returns to scale technology to

produce a unique variety w from labor and a bundle of intermediate goods:

Yio(w) = A (X”(w))a (L“M)H )

o 11—«

For simplicity, we assume a roundabout production with the same bundle of goods used in consumption

7
Xit - |:(]' - % 7,7,t é/ _]’Lg d]:| . (10)

I 1—a
It follows that the marginal costs of production are M C;; = %.

and production:

"To simplify the notation, the history index h is suppressed whenever possible.



Firms are monopolistic competitors and are subject to Rotemberg (1982) price-adjustment costs.?
Because of the constant returns to scale assumption, the price-setting problem of a firm is separable
across markets. However, we adopt a standard assumption from the literature that a firm sets a uniform
price in all markets of destination with the same currency of invoicing. The optimal domestic price of

a representative firm in a non-U.S. economy is set in local currency and solves

I
P
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max E Ot (Pt — TiMC'it) <£) YP—(1- ’V)fTRz‘ < — 1) Wit |, (11)

1053 Pii 2
and firms are allowed to choose any initial price in period ¢ = 0 without paying adjustment costs, i.e.
they can choose P_;. In this expression, the local demand shifter Y,” is defined in (7), 7; and 7p; stay
respectively for time-invariant production and price-adjustment subsidies, and ©;, = 5'C;,? / P;; is the
nominal stochastic discount factor. For tractability reasons, we assume that adjustment costs are in
terms of labor rather than output and are independent from sales up to a constant 1 — ~.°

In contrast, the export prices in a representative non-U.S. economy are set in dollars and are uniform

across all markets of destination:
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where again, firms are free to choose initial price, the foreign demand shifter Y,/ is defined in (7), P;; =

( 1l P{;(w)l_adw) = is the dollar export price index of country 7, and ¥; denotes the time-invariant
export tax. As explained in detail below, this second fiscal instrument plays an important role in our
analysis as it allows the government to eliminate both the monopolistic distortion and the terms-of-
trade externality.’” Given the Ricardian equivalence, we assume without loss of generality that the
government runs a balanced budget and transfers the net revenues from taxes to households.

The case of the U.S. is slightly different because local firms set the same price for both domestic
and foreign customers and hence, the law of one price holds for all goods produced in the U.S. up to an

export tax. Given that P; = U, P;;, for the U.S., the individual firm’s problem is:

EY " 04 [(P—7MCy) [ =5) Yi—Strm | =———1) Wil . 13
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8While equivalent to the first-order to the Calvo (1983) pricing, the Rotemberg model provides additional analytical
tractability as we discuss in Section 4. In addition, in contrast to the Calvo model, the recent literature has found little
evidence in favour of price dispersion as the main source of inflation costs (Nakamura, Steinsson, Sun, and Villar 2018).

The previous literature has explored several alternative assumptions about adjustment costs in the Rotemberg model
(cf e.g. Schmitt-Grohé and Uribe 2004, Faia and Monacelli 2008, Kaplan, Moll, and Violante 2018).

®One can use import tariff instead of the export tax as the Lerner symmetry holds in the model.



2.3 Equilibrium conditions

The equilibrium is such that households maximize expected utility subject to the ex-ante and ex-post
budget constraints, firms maximize expected profits, the government’s budget constraint is satisfied,
and the markets clear. We next show how the set of equilibrium conditions can be reduced to just a
few constraints in the planner’s problem (see Appendix A.1 for details). Following Farhi and Werning
(2012), it is convenient to divide the equilibrium conditions into the “demand block” that does not
depend on the price setting and is the same for all countries and the “supply block” that is different for

the U.S. and other economies.

2.3.1 Demand block

The demand block of the model includes the price indices, market clearing, and risk-sharing conditions.

Because of the DCP assumption, the import price index is the same for all countries and equals P =
1

( 1l P;‘tl_ed J ) =% Define for each country i the real exchange rate against the bundle of imported goods

Q;t, the terms-of-trade Sj;, and the deviation of export prices from the domestic ones ®;;:!

Euly
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—t by = . 14
P{; ) t Piit ( )

Sit =

Combining these definitions with the ideal price index P;; from (6), we obtain the first constraint:
= (L= ) (@aSa) (15)

Intuitively, a fall in domestic prices relative to imported ones — i.e. a depreciation of the real exchange
rate — should be associated either with higher terms-of-trade (if the law of one price holds) or a larger
wedge between domestic and export prices (if the terms-of-trade stay constant).

Using the definitions of the price indices, the market clearing (7) can be rewritten as:

arTl—a
AitXit Lit

—Ozo‘(l T =(1-7) (q)itsit)e Qi_te (Cit + Xit) + S5, / Qj_ta (Cie + Xj¢) dy, (16)

where the global demand shifter C; = [ Qj_te (Cjt + Xji) dj combines the expenditure-switching effect
Qj+ and the aggregate demand effect C;; + X;; of foreign countries. Using the labor supply condition
to substitute out real wages, firms’ demand for intermediate goods can be expressed in terms of con-

sumption and labor as

Xy = —2 Q9L (17)
1l -«

A higher consumption C}, increases real wages in the economy, making labor more expensive relative to

"Notice that the ratio of the real exchange rates (terms-of-trade) of countries ¢ and j satisfies the conventional definition
of bilateral real exchange rates (terms-of-trade).



goods, which stimulates demand for intermediates. Also, demand for intermediate inputs is increasing
in L;; because of the decreasing returns to scale in production. The labor market clearing condition in

turn aggregates the labor used in production and on price adjustment:

Y

Lomz, (18)

Ny = Ly + %(1 — I, +

where IT;; = Lt — 1 and IT%, = — 1 are inflation rates for domestic and export prices.

Piit L PZLl
The risk- sharmg condition under complete markets can be compactly written as
Ciw = (Ci“) Ce, (19)

where C, = f Q]_t% Cj;:dj and A, is a state-invariant constant determined from the country’s budget
constraint. Intuitively, the efficient risk sharing prescribes higher relative consumption in country ¢ in
states of the world, in which its consumption bundle is cheaper and the real exchange rate is depreci-
ated. The average level of consumption, on the other hand, depends on the expected (permanent) income
and is captured by A;.

Combining household and government budget constraints and firms’ profits, we obtain the coun-

try’s ex-post budget constraint:
NXy;+Bl=0, NX,;=~P' [53;—1 / Qi (Ciu + Xj1)dj — Q3" (Cu + Xut) | - (20)

The two terms in N X;; correspond to the dollar value of country ¢’s exports and imports. The countries
use asset markets to transfer resources B! across periods and states of the world, but have to respect

the ex-ante budget constraint:

EZﬁf = (21)

where Bt

which is the same for all countries under complete markets.

Remark: while generically equations (20)-(21) impose important constraints on the planner’s deci-
sion, there are two special cases when given the risk-sharing condition (19), the net exports are constant
across the states of the world and the budget constraint becomes a side equation that determines the
value of A; independent from the policy. In either case, one needs to assume no intermediate goods
a = 0 — as their demand is not pinned down by the risk-sharing equation — and the Cobb-Douglas
aggregator between goods produced in different countries § = 1, so that changes in the terms of trade

have no effect on net exports. In addition, one needs to ensure that net exports are also independent



from movements in the real exchange rate. This requires either no home bias in consumption v = 1
or the Cole and Obstfeld (1991) parametrization % = = 1. In the former case the PPP holds and
Qi+ = 1 for any realization of shocks, while in the latter case the risk sharing exactly offsets changes
in the purchasing power across countries. These two parametrizations have been extensively used in

the previous normative literature and, as we discuss below, are behind several important results.

Lemma 1 (Balanced trade) Assume no intermediate goods o = 0, Cobb-Douglas aggregator 6 = 1,
and either (i) no home bias v = 1, or (ii) intertemporal elasticity equal to the intratemporal one % = 0.

Then trade is always balanced N X;; = 0 and \; is independent from monetary policy.

2.3.2 Price-setting block

From now on, assume that the government uses production subsidy 7 = E;—l to eliminate the monop-
olistic distortion in the economy. Using the labor supply condition and the price index definitions, the

(non-linear) domestic Phillips curve can be written as:

1-6
) (Cit+Xit)Cr® 4 BE L1 (i1 + 1), (22)
it

0,5, C;" Y\ [ Qu
ILi(ILiy+1) = —k [ 1 — L
(i +1) R( Qi Ay Dy

where k =

;T_Pi_ is the price-adjustment parameter, and I1;;o = 0, which reflects the optimal choice of the
initial price at ¢ = 0. As usual, the dynamic price setting equation can be thought as an error-correction
model: when the first bracket on the right-hand side is positive, the price exceeds the marginal costs
and, other things equal, firms decrease their prices, i.e. 1I;; < 0. The speed of adjustment is faster
when these deviations from the optimal price are associated with larger sales and a higher stochastic
discount factor (the next few terms in the equation).

Similarly, the optimal price setting of exporters is characterized by

v, S5, O
(I, +1) = = (1 -

W, Qi A ) QitSZ_lC:Cif + ﬁEtH?t—l—l(H:t—&-l +1), (23)
and IT}, = 0. While the “weights” in this expression are determined by the global rather than local
demand, the first bracket is very similar to the one for domestic prices in (22). Notice that the only
difference in the first bracket between (22) and (23) is that ®; is replaced with ¥; in the second case.
Since domestic and export prices are sticky in different currencies, the monetary policy can generate
state-dependent deviations from the law of one price. However, under rational expectations, the only
source of deviations from the law of one price in the long-run is the export tax V;, while monetary
policy cannot make prices systematically different across markets.

In contrast to other countries, U.S. firms set the same price for local and foreign customers, so that

10



the law of one price holds in the U.S. up to the export tax
q)’it = \Ill for = O, (24)

and the monetary policy cannot affect the wedge between domestic and export prices. Therefore, the

Phillips curve for U.S. producers is

\I/i Qit Ait

K \I/ZSZ C?(l_a)
(e + 1) = —— (1 — —tn—> [(1 -7) ‘I’?the (Cit + Xit) +1C} QitSf}’lC;" (25)

+ BEIL 41 (Tijpn + 1),

and I1;;0 = 0. As before, the first bracket corresponds to the deviations of the preset price from the

optimal level, while the other terms are demand shifters and the stochastic discount factor.

2.3.3 Equilibrium

In what follows, we adopt the primal approach with the planner choosing the optimal allocation subject

to the relevant equilibrium conditions summarized in the next lemma.

Lemma 2 (Implementability) The allocation {Cj;, Li;, Xy, Ni, B} and prices { Qi Sit, @ity Wise, 115 }
constitute a part of the equilibrium if and only if equations (15)—(25) hold.

In words, the allocation is implementable if it satisfies the market clearing and the optimal risk-sharing
conditions, respects countries’ budget constraints and firms’ price-setting behaviour. As is standard in
the literature, we abstract from the issues how exactly the optimal policy is implemented. For example,
the planner can use money supply as an instrument in the presence of the cash-in-advance constraint
or money in the utility, or alternatively, rely on nominal interest rates in a dynamic version of the model
(see Atkeson, Chari, and Kehoe 2010).

3 Static Model

We first solve for the optimal policy in a “static” version of the model defined by assumption

Assumption 1 Prices are fully sticky in currency of invoicing o — 00, policymakers lack commitment,

and there is no export tax V; = 1, i € [0, 1].

Combined together, these assumptions imply that the planner takes prices in their currency of invoicing
and the transfers between countries as given and chooses the policy to maximize the welfare state
by state. While interesting on its own, this special case provides an important benchmark for the

analysis. First, it allows us to derive a non-linear closed-form solution without relying on second-order

11



approximations or no-uncertainty limit. This, hopefully, helps to build the intuition for the results,
which remain largely unchanged in a dynamic setting in the next section. Second, we argue below that
under condition 1, our results remain robust to a number of alternative assumptions, including more
general asset markets, functional forms, and a set of exogenous shocks. To avoid the confusion, we

adopt the following definitions of “price stabilization” and “partial peg” for the rest of the section:

Definition We say that the policy stabilizes domestic prices if it implements AJ/I'T? = 1 in all states of
the world. We say there is a partial peg of currency i to currency j if everything else equal, the monetary

policy in country i depreciates local exchange rate in response to a depreciation of currency j.

3.1 Non-U.S. policy

Given assumption 1, the planner’s problem in a representative non-U.S. country is

1—
Cit 7
max
Cit,Lit, Xit,%4,Qu 1 — O

st. (15), (16), (17), (20).

— Ly

Because agents sign international financial contracts before the policy is chosen, the planner takes as
given the dollar transfers B! between countries. Thus, from a perspective of a policymaker, the risk-
sharing condition (20) is closer to the case of financial autarky rather than to the complete markets.
The dollar denomination of the transfers also implies that local monetary policy cannot affect their real
value, i.e. to devalue the foreign debt. Because of the small size of the economy, the planner also takes
global demand summarized by C} as given and independent of the policy. Of course, in equilibrium,
agents form rational expectations about the monetary policy and take them into account when setting

prices and trading Arrow-Debreu securities.

Proposition 1 (Non-U.S.) Under A1, the optimal policy in a non-U.S. country (i) stabilizes domestic
prices, (ii) implements partial peg to the dollar, (iii) gives rise to a global monetary cycle, and (iv) cannot

implement the efficient allocation.

The key property of the planer’s problem is that the monetary policy cannot affect country’s exports
or imports. Indeed, because export prices are fully sticky in dollars, the depreciation of exchange rate
does not affect the prices that consumers in other countries face and does not generate expenditure
switching towards exported goods. The value of exports is therefore fixed in dollars. Given that import
prices are also fully rigid in dollars, the country’s budget constraint implies that the volume of imports
is also exogenous to monetary policy. Thus, even though monetary policy can generate expenditure
switching between domestic and imported goods, in equilibrium, such policy only changes production

and consumption of local goods, but leaves the volume of imports unchanged.

12



Being unable to change the trade flows across the border, the planner focuses on local production
and consumption. As in a closed economy, the optimal policy then prescribes stabilization of marginal
costs of domestic producers. Intuitively, there is only one rigid local price and the optimal policy uses
it as a numeraire to replicate part of the flexible-price allocation. Thus, as first shown by Casas, Diez,
Gopinath, and Gourinchas (2017) and generalized here in a static setting, the optimal policy in a non-U.S.
economy targets PPI-based inflation and is the same under DCP as under PCP (Gali and Monacelli 2005).
This similarity, however, masks important differences between the two currency regimes. First, because
of the suboptimal terms of trade and no expenditure switching under dollar pricing, the monetary policy
is less efficient under DCP than under PCP and cannot implement the optimal allocation.

Second, though the optimal policy reaction to local productivity shocks is the same under two
currency regimes, the dollar pricing generates highly asymmetric response to foreign shocks. Indeed,
the stabilization of marginal costs requires that the monetary policy — effectively controlling nominal

wages W;; — offsets any movements in prices of intermediates Pj;:

MCy _ PRWE

= =1. 26
P AirPiit (z6)

Given that under dollar invoicing, prices of foreign inputs depend solely on the monetary policy of the
U.S., the optimal policy implements a partial peg to the dollar: an appreciation of the dollar exchange
rate increases the prices of all internationally traded goods, raises the marginal costs of firms in other
countries and induces non-U.S. economies to tighten their monetary policy to stabilize producer prices.
This, in turn, gives rise to a global monetary cycle with the monetary policy positively correlated across
all countries even when exogenous shocks are completely idiosyncratic.'?

In sum, Proposition 1 suggests that the wide use of the dollar in the international trade contributes
to the fact that the U.S. retains its dominant position in the global monetary system despite the end of
the Bretton Woods System. In particular, the model is consistent with the fact that most countries in the
world experience a “fear of floating” and use the dollar as an anchor currency in their monetary policy
(see Calvo and Reinhart 2002, [1zetzki, Reinhart, and Rogoff 2017). This mechanism is related and highly
complementary to the international financial spillovers of U.S. monetary policy, which are the focus
of a growing “Global Financial Cycle” literature (see e.g. Rey 2015, Aoki, Benigno, and Kiyotaki 2016,
Giovanni, Kalemli-Ozcan, Ulu, and Baskaya 2017). There are no frictions in the international asset
markets in our model, however, and the optimality of the peg is solely due to the dominance of the
dollar as the invoicing currency in global trade. The mechanism is consistent with the fact that central
banks often mention volatile import prices as a rationale for pegging exchange rate and is supported
by the recent empirical literature that shows that both the spillover effects and the tightness of the peg
increase in the share of DCP in country’s trade (Boz, Gopinath, and Plagborg-Meller 2017, Zhang 2018).

2Proposition 1 extends results from Mukhin (2018) to a non-cooperative setting and contrasts with the inward-looking
policy in models with no intermediate goods (Goldberg and Tille 2009, Casas, Diez, Gopinath, and Gourinchas 2017).
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3.2 U.S. policy

Consider next the planner’s problem in the U.S. Given that the law of one price holds for goods produced

in the U.S. and ), is independent of monetary policy, the problem can be written as

max C Ly
Cit,Lit, X,Cy 1 — 0

st (16), (17), (20), (26).

As in other economies, the policymaker is subject to the market clearing conditions (16)-(17) and the
budget constraint (20). The terms of trade are predetermined and cannot be changed by the monetary
policy. Moreover, because both international transfers and prices of exports and imports are denomi-
nated in dollars, the monetary policy cannot use exchange rate to manipulate the value of foreign debt
relative to the net exports.

The important difference from other countries, however, is that despite being a small economy, U.S.
policy does affect the global equilibrium — in particular, the global demand C; — because of dollar pric-
ing. The planner’s problem above assumes a strategic behaviour of the U.S. a la Stackelberg such that
the planner takes into account the best response of other countries to its policy. In contrast, defining
the Nash equilibrium is tricky because one needs to take a stand which global aggregates — prices or
quantities — the planner takes as given. It turns out, however, that the optimal policy does not depend
on the assumptions about the strategic interactions between policymakers, i.e. solution to the planner’s
problem remains unchanged if one drops constraint (26). To see this, note that global demand Cy is
sufficient statistics about the global economy for U.S. monetary policy and the planner is free to choose
any value of C} consistent with the country’s budget constraint independently from the policy of other
countries. Therefore, the Nash equilibrium coincides with the Stackelberg equilibrium in this model.

Intuitively, suppose that the U.S. has an easy monetary policy. The effect on exports depends then
on the policy in other economies. On the one hand, if it remains passive and does not respond to the
shock, the dollar depreciates and generates expenditure switching towards the U.S. goods. On the other
hand, if monetary authorities in other countries peg their exchange rates to the dollar and do not allow
for the expenditure switching, they need to ease their policy as well. This stimulates aggregate demand
and increases U.S. exports. Thus, in both cases U.S. exports go up — either because of the expenditure
switching effect or due to a shift in global demand — and the U.S. planner can achieve an increase in
C} independently from the response of other economies. It follows that while U.S. policy affects other
countries, in a static version of the model, the U.S. planner does not need to be concerned about the

backfiring of these spillovers when choosing the optimal policy.

Proposition 2 (U.S.) Under A1, the optimal policy in the U.S. (i) is independent from shocks and monetary

policy in other countries, (ii) stabilizes domestic prices, and (iii) cannot implement the efficient allocation.
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The proposition implies that despite all differences, the optimal target of monetary policy in the U.S.
is the same as in other economies, i.e. domestic prices. The intuition for this result can be seen from an
envelope argument. Assume for a moment no intermediate goods in production o = 0. A monetary
shock that increases labor supply by one unit provides additional A;; units of output that are split
between local and foreign consumers. Because domestic and export prices coincide, the value of the
Pijt
Py
this marginal rate of transformation between consumption and labor should be equal to the marginal
% = %, which implies the marginal cost stabilization MCy — Wi _ q

Pist Ait Piig
This logic can then be generalized to the case with intermediate goods.

marginal output is A;; P;;;, which can be used to increase consumption by A;; 7% units. At the optimum,

rate of substitution

Despite this similarity of optimal policy between economies, there are two important differences.
First, notice that the intuition behind price stabilization is quite different in two cases. The trade flows
of non-U.S. countries are exogenous to their monetary policy, which makes policymakers focus on
stabilizing domestic margins. In contrast, U.S. policy does change exports and imports, but stabilization
of domestic prices simultaneously achieves the optimal admissible trade balance adjustment. To see
this, note that U.S. exports can be expressed from the budget constraint as WSZCf = VS“Q;Q(C“ +
Xit) — Si]tg—?zlt. Substitute this expression into the market clearing condition and use the definition of
price index (15):

SuBj, P,

Yii=(1- V)SZQZ;G(C# + Xit) + ’YSitQ;te(Cit + Xit) — D = P_<Cz + Xit) —
t it
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Under assumption 1, the last term is exogenous to the policy and the trade-off faced by the planner is
similar to the one in a closed economy. This result clearly relies on the fact that the law of one price
holds and domestic price stabilization ensures that both local and export prices are aligned with the
costs of production. At the same time, the policy cannot achieve the efficient allocation because of the
suboptimal terms of trade and no expenditure switching between imported and domestic goods.

The second key difference from non-U.S. economies is that domestic price stabilization in the U.S.
does not imply partial peg to other currencies. Because prices of imported goods are fully sticky in
dollars, the shocks and monetary policy in other countries have no effect on marginal costs of U.S.
producers. As aresult, U.S. monetary policy is fully independent and only responds to local productivity
shocks. Therefore, DCP generates highly asymmetric international spillovers: while U.S. monetary
shocks affect the import prices in all other economies making them optimally “lean against the wind”
and partially peg their exchange rates to the dollar, the U.S. has a free floating exchange rate and an

independent monetary policy."?

31t is worth mentioning that in contrast to the optimal policy, the equilibrium allocation in the U.S. does depend on
foreign shocks through endogenous transfers B/, and preset prices.
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3.3 Discussion

Before proceeding to the next results, it is worth discussing which ingredients of the model are impor-
tant for Propositions 1 and 2 and which are not. In particular, while we impose a lot of structure in
Section 2 that will be useful in the dynamic version of the model, the static results hold under much

weaker assumptions (see Appendix A.2 for the proofs).

Input-output linkages Clearly, DCP is the main source of asymmetric spillovers in the model. At
the same time, the peg to the dollar requires in addition that imported goods are used as inputs by
local firms, which then set prices sticky in local currency. It is this two-layer price stickiness that
makes partial peg optimal in the model. On the other hand, the roundabout production structure is
just a simplifying assumption: in practice, most imported goods are used either as inputs or go through
the wholesale and retail sectors, and the model can easily accommodate that by assuming that home-
bias is stronger for final goods used in consumption than for intermediate goods used in production.
While this is consistent with the low pass-through of exchange rate shocks into retail prices (Auer,
Burstein, and Lein 2018), the tightness of the peg would only increase with more imported goods used
in production than consumption. Note also that neither price stabilization, nor peg depends on the

elasticity of substitution between goods 6, which is allowed to be below or above one.

Functional forms Related to the previous point, the parametric assumptions about preferences and
production function can be significantly relaxed. To be precise, the propositions hold for arbitrary con-
stant returns to scale technology and any utility function that is linear in labor. The last restriction only
required to ensure peg to the dollar, while the marginal cost stabilization is optimal for arbitrary well-
behaved preferences. In addition, given that prices are fully sticky, one does not need to take a stand
on the type of nominal rigidities: models with state-dependent and time-dependent price adjustment

coincide in this limit.

International asset markets Notice also that the price targeting is independent from the particular
values of transfers Bﬁ between countries. Therefore, one can allow for arbitrary values of transfers and
completeness of asset markets as long as the planner takes these B as given. This in particular requires
that transfers are denominated in foreign currency — so that the planner cannot manipulate their value
— and are independent from outcomes that are endogenous to monetary policy, e.g. this excludes
domestic equity with profits depending on monetary shocks. To prove the global monetary cycle, on
the other hand, one needs to determine how monetary policy affects equilibrium exchange rates, which
requires making assumptions about the international asset markets. While we use complete markets
as a benchmark, the global monetary cycle requires only that nominal exchange rate depreciates in

response to a positive monetary shock — the property that holds in a much larger class of models.
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Shocks Finally, while following the previous literature, we focus mainly on productivity shocks,
our results hold for a much larger set of shocks. In particular, one can allow for any non-distortionary
shocks, i.e. the shocks that keep equilibrium allocation at the first-best under flexible prices, and markup
shocks as they do not affect equilibrium under fully sticky prices. More importantly, one can also extend
the results to financial shocks and shocks to capital flows — isomorphic to shocks to B! — which play
important role in the international business cycles (see e.g. Giovanni, Kalemli-Ozcan, Ulu, and Baskaya
2017) and exchange rate dynamics (see e.g. Itskhoki and Mukhin 2019).

3.4 Capital controls

In light of the negative spillovers from the U.S. on other economies discussed above, it is natural to ask
whether additional fiscal instruments such as capital controls can be used to improve the allocation and
increase country’s welfare. The modern conventional wisdom among both policymakers and scholars is
that “[the use of capital controls by emerging economies] allows advanced economies to use monetary
policy to increase domestic demand, while shielding emerging economies of the undesirable exchange
rate effects” (Blanchard 2017). In other words, the U.S. can focus on its domestic objectives when setting
the monetary policy, while other countries can insulate their economies from the arising spillovers by
using the capital controls. Although this argument is usually made for the spillovers arising from the
international financial markets, it might be equally important in a context of DCP in global trade.

To answer this question, we partially relax assumption 1 and allow for semi-commitment: the plan-
ner moves after the prices are preset, but before the trade in international asset markets takes place.
This implies that the policymakers take prices as given, but internalize the effect of their decisions on
the international risk sharing. In addition, we allow the planner in a non-U.S. economy to choose op-
timally both the monetary policy and a state-contingent tax on capital flows between countries. The
latter instrument corresponds to capital controls and effectively allows the planner to choose any risk

sharing subject to the ex-ante budget constraint:
00 1—
(O
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st. (15), (16), (17), (20), (21).

Proposition 3 (Capital controls) Under A1, capital controls do not insulate economies from U.S. spillovers

and are not used by the planner, i.e. the optimal allocation is the same with and without capital controls.

At a first glance, this may look as a surprising result: after all, the general principle in economics is
that the planner usually finds it optimal to mitigate distortions in one market by allowing for distorting
other margins in the economy. In our model, this would correspond to distorting intertemporal asset

markets to improve the allocation in the static goods markets. Proposition 3 is especially surprising
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given the result from Farhi and Werning (2016) that the laissez-faire risk sharing is generically inefficient
when monetary policy cannot implement the first-best allocation. Yet, it turns out that capital controls
are completely redundant and are not used by the planner in our setting.'* The international spillovers
arising from DCP are therefore very different from the ones arising from the financial frictions and
cannot be eliminated with macroprudential policy.

To see the intuition behind this result, note that the reason the risk sharing might be inefficient
under sticky prices is the aggregate demand externality: individual agents do not internalize the fact
that an international wealth transfer increases aggregate demand, stimulates production and decreases
the labor wedge. The optimal monetary policy, however, fully eliminates the labor wedge in our model
by stabilizing marginal costs, which removes the aggregate demand externality and closes the gap
between private and social value of insurance. This contrasts with the case when monetary policy is
constrained by the zero lower bound or fixed nominal exchange rates and cannot close this wedge (cf.
e.g. Farhi and Werning 2017). Thus, even though the monetary policy cannot implement the first-best
allocation under dollar pricing, it is still powerful enough to eliminate the aggregate demand externality
and implement the optimal risk sharing between countries. Importantly, this result does not rely on the
assumption that asset markets are complete and remains true for arbitrary structure of the international

financial markets as long as the pay-off of assets is independent from the monetary policy.

3.5 Gains from cooperation

Given the spillover effects of U.S. monetary policy, it is natural to ask whether there are welfare gains
from international cooperation? The important benchmark in the literature is the case of PCP when
international cooperation precludes countries from “beggar-thy-neighbour” policies that exploit the
terms-of-trade externality and generates Pareto improvement for all countries (see Corsetti and Pesenti
2001). The situation is quite different under dollar pricing: the terms of trade are predetermined in this
case and are taken as given by the discretionary monetary policy. Instead, the externalities arise from
the asymmetric spillovers of the U.S. policy on other economies. The U.S. has an infinitely small weight
in the objective function of the global planner, but its monetary policy affects all international prices.
It follows that the optimal cooperative solution is to use the U.S. policy to bring export prices of all
countries closer to the optimal level rather than to target the local U.S. producers. In other words, the
U.S. monetary instruments are only used in response to global shocks instead of idiosyncratic ones."
At the same time, the optimal policy in other countries does not change relative to the non-cooperative

case and targets local prices.

4While related to the “approximate efficiency” of the risk sharing in Fanelli (2017), the laissez-faire portfolio choice is
exactly optimal in our setting.

15This is, of course, an extreme result that is due to the assumption that the U.S. is a small economy. Under a more realistic
assumption that the U.S. account for a significant fraction of global GDP, the U.S. optimal policy under cooperation targets
a weighted average of local and global shocks.
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Proposition 4 (Cooperation) Under A1, the optimal cooperative policy stabilizes domestic prices in

non-U.S. economies and uses U.S. monetary policy to stabilize global dollar export prices, i.e. [ é\igﬁf di = 1.
et

It follows that there is a conflict of interests between countries. The non-U.S. countries unambigu-
ously win from the cooperation: while their policy does not change, the negative spillovers from the
U.S. policy are lower under the cooperation. In contrast, there are no gains from cooperation for the
U.S.: its domestic objectives are sacrificed for the world economy and there is nothing that the country
gets in return as other economies do not change their policy. This contrasts with the quid pro quo
under PCP when each country restrains the terms-of-trade manipulation to be compensated by lower
negative spillovers from other countries. In other words, if a country can choose between joining oth-
ers in international cooperation or play non-cooperative equilibrium with them, it would voluntary
choose the former option under PCP. On the other hand, under DCP, only non-U.S. countries would
prefer the cooperative option, while the U.S. has no interest in participating in such agreement.

Lastly, note that countries’ interests are perfectly aligned in response to global shocks: the U.S.
does not have to choose between local and international shocks to respond to, and the stabilization of
marginal costs in all countries achieves the optimal allocation in this case. This prediction is consistent
with the high level of cooperation between central bankers around the world during the global financial
crisis of 2008-2009. The model also explains why it is much harder to sustain the global cooperation if

the crisis ends in the U.S., but other countries have not fully recovered yet.

4 Dynamic Model

While the static model provides an important benchmark, one might be concerned about its assump-
tions. In particular, the fact that prices are fully sticky implies that monetary policy cannot change the
terms of trade and partially explains why optimal policy targets domestic prices. In addition, the discre-
tionary policy does not internalize its effect on firms’ price setting behavior abstracting from another
potentially important motive of monetary policy. This section relaxes both assumptions and extends
the analysis to a dynamic setup with sluggish price adjustment and the optimal monetary policy under

commitment. To this end, we replace assumption 1 with

Assumption 2 Prices are partially sticky ¢ < oo, policymakers have commitment technology, and there

are optimal export tax V; = % and price-adjustment subsidy Tr; = %.

As is standard in the normative sticky-price literature, we rely on time-invariant taxes and subsidies
to ensure that the steady state of the economy is efficient. To understand why, note that there are poten-
tially two sources of distortions in the economy — the ones that would arise even under flexible prices
and the ones that are purely due to nominal rigidities. The former imply that under sticky prices, the

monetary policy would try to improve upon the flexible-price allocation and mitigate the flexible-price
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distortions. The classical example of such distortions are monopolistic markups in a closed economy,
which give rise to an inflationary bias with monetary policy trying to boost the output towards effi-
cient level. One fiscal instrument, e.g. labor subsidy, is sufficient to eliminate time-invariant markups
and ensure that the flexible-price equilibrium is efficient. The monetary policy then targets exclusively
distortions that are due to nominal rigidities and aims to replicate the flexible-price equilibrium.

In contrast, there are two sources of distortions under flexible prices in an open economy — mo-
nopolistic markups and the terms-of-trade externality. While labor subsidy can still be calibrated to
ensure the efficient steady state by balancing these two margins (see e.g. Farhi and Werning 2012), it
is not generically sufficient to guarantee the efficiency of the flexible-price equilibrium away from the
steady state. As a result, the monetary policy deviates from replicating the flexible-price equilibrium in
this case (Benigno and Benigno 2003). We therefore deviate from the previous literature and introduce
an optimal export tax ¥; = 9%1, which together with labor subsidy allows to eliminate both distor-
tions and ensure the efficiency of the flexible-price equilibrium. Our rationale for this assumption is
threefold. First and most important, it allows us to disentangle the new motives of monetary policy
that arise due to DCP from the standard terms-of-trade effects (see e.g. De Paoli 2009). Second, while
export and import tariffs are rarely used in practice because of the WTO rules, there is large empirical
evidence that exporters do charge markups over marginal costs in foreign markets (see e.g. De Loecker,
Goldberg, Khandelwal, and Pavcnik 2016). Finally, our assumption is arguably not much less realistic
than the conventional one with a labor subsidy balancing two distortions in the steady state.'

Lastly, while price-adjustment subsidy is irrelevant under flexible prices, we introduce it for similar
reasons. Intuitively, while the relevant demand elasticity for an individual firm is the one between
products €, the relevant elasticity from a social perspective is the one between goods from different
countries . This introduces a wedge between private and social costs of price adjustment, which are

e—1

eliminated with subsidy 7g; = <5=.

4.1 Non-U.S. policy

Under assumption 2, the planner’s problem in a non-U.S. economy is
oo —
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s.t. (15) — (23).
In contrast to the static case, the planner internalizes the effect of its policy on price-setting and risk-

sharing decisions of agents in the economy. In addition to targeting domestic production and consump-

tion, in the dynamic setup, the planner should also take into account the effect of monetary policy on

16Note, however, that this assumption comes at a cost of an additional restriction § > 1.
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terms of trade and inflation. Importantly, while similar to the setup in CDGG, our model features terms
of trade that are endogenous to the monetary policy. Indeed, note that the marginal costs of exporters

in dollar terms can be expressed using the risk-sharing condition as
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Without intermediate goods a@ = 0, the Cj;-term goes away and the only remaining variable en-
dogenous to monetary policy is a constant A;. Intuitively, monetary shocks increase nominal wages
and depreciate the nominal exchange rate by the same amount in this case, leaving the dollar value of
marginal costs unchanged. As a result, the planner takes the dynamics of the terms of trade as given and
focuses on domestic margins. This mechanism is similar to the static case and has been described by
CDGG." This is, however, no longer true in the presence of intermediate goods o > 0, which implies
that monetary policy can adjust the country’s terms of trade. Intuitively, because exporters use do-
mestic intermediates with prices sticky in local currency, a depreciation of exchange rate does change
the dollar value of marginal costs and firms’ export prices. Surprisingly, given this sharp differences

between two models, we find that the optimal monetary policy still stabilizes domestic prices.

Proposition 5 (Non-U.S.) Under A2, the optimal non-cooperative policy in a non-U.S. country stabilizes

domestic prices. Therefore, results from Propositions 1 and 3 remain true as well.

The proposition therefore generalizes the result that non-U.S. economies target domestic inflation
from the static model above and CDGG. At the same time, the intuition is quite different and, to the best
of our knowledge, is new to the literature. In contrast to the PCP case when exchange rate depreciation
automatically decreases the prices of exported goods in the currency of destination and generates ex-
penditure switching towards them, under DCP, monetary policy cannot directly change export prices
in currency of destination. The only way, in which it does change prices of exported goods, is through
changing the dollar value of production costs: a depreciation of national currency decreases the prices
of local intermediates in dollar terms, which makes firms adjust their export prices downwards. This
change in prices is, however, associated with additional price-adjustment costs. Given the optimal
value of 7p;, the firms’ adjustment decisions are socially optimal and the planner finds it suboptimal to
deviate from marginal cost stabilization to generate additional terms-of-trade depreciation.

The corollary of domestic price stabilization is that all our results from Propositions 1 and 3 remain
true in the dynamic setup. In particular, non-U.S. economies partially peg their exchange rates to
the dollar, giving rise to the global monetary cycle. Moreover, the capital controls cannot insulate
countries from U.S. monetary spillovers and are not used under the optimal policy. As before, the
reason is that despite suboptimal allocation, the optimal monetary policy eliminates the aggregate

demand externality by equalizing the private and social value of insurance.

7While the analysis of CDGG relies on the additional assumption that ¢ = § = 1, one can show that it also goes through
for arbitrary values of these elasticities under the optimal export tax.
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4.2 U.S. policy

Under commitment, the planner’s problem in the U.S. is quite different than in the static case:

Cl o
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s.t. (15) — (26).

As a Stackelberg leader, the planner internalizes the effect of its policy on global equilibrium and in
particular, the price-setting behaviour of exporters around the world, the ex-ante risk sharing of house-
holds, and the optimal response of other countries to its policy. As a result, the optimal policy does not
any longer stabilize domestic prices or any other simple target — instead, the policy simultaneously
trades off several objectives. To make progress in understanding these trade-offs, we make additional
simplifying assumptions and follow the standard approach in the literature of deriving a quadratic loss

function (see e.g. Engel 2011).

Assumption 3 There are no intermediate goods in production o = 0 and the intratemporal elasticity is

equal to the intertemporal elasticity 6 = %

These parameter restrictions correspond to the Faia and Monacelli (2008) specification, which is fre-
quently used in the sticky-price open economy literature. While this assumption comes not without
costs, it is still much weaker than the standard Cole-Obstfeld specification and in particular does not
imply balanced trade in every state of the world and irrelevance of international asset markets (see
Lemma 1). Moreover, we also experimented with several alternative specifications of the model, which
allow for intermediate goods and obtained qualitatively similar results.

We follow the standard steps to derive the loss function by taking the second-order approximation
to the demand block and sequentially substituting out the linear terms. In contrast to the usual case,
however, this is not enough to get rid of all endogenous linear terms. The reason is that under DCP,
U.S. monetary policy can implement allocations that the country cannot unilaterally achieve when
prices are flexible. As we explain in detail below, the U.S. can increase its welfare by depreciating the
exchange rate. However, under commitment, the planner internalizes the fact that exporters from all
other countries form rational expectations about U.S. monetary policy and set their prices accordingly.
Therefore, to derive a quadratic objective function, we augment demand block with the second-order

approximation to the ex-ante price-setting of exporters (23).'®

8The ex-ante pricing setting under Rotemberg pricing can be obtained by iterating forward equation (23) and puts a
restriction on the expected discounted sum of output gaps of exporters:
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Intuitively, it says that U.S. monetary policy cannot systematically generate deviations of prices from firms’ marginal costs.
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Proposition 6 (U.S.) Under A2 and A3, U.S. loss function is
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where U;; = yix — Qay and 5;; = S + 0 — a;y are respectively the output gap and the terms-of-trade
gap, L and w are the steady-state labor supply and openness of the economy corrected for export tax. The
optimal non-cooperative policy in the U.S. (i) is independent from policy in other countries, (ii) responds to

both local and global shocks.

The first two terms in the loss function (27) are completely standard: as in a closed economy, the
welfare is decreasing in output gap and inflation. In particular, similarly to the case of a small open
economy under PCP, the terms-of-trade gap for the U.S. is proportional to the output gap and does
not appear as a separate term in the objective function (cf. Gali and Monacelli 2005). In contrast to the
PCP case, however, the welfare of the U.S. does depend on the terms-of-trade gaps of other countries,
which are endogenous to U.S. monetary policy. Intuitively, a depreciation of the dollar decreases prices
and markups of exporters in other countries leading to a global economic boom. This in turn increases
demand for U.S. goods. Given an optimal export tax, the prices of U.S. goods are higher than marginal
costs, and an increase in global demand allows the country to get additional “profits” relative to the
flexible price allocation and increase its welfare. This explains a linear term in the U.S. objective function
after using all demand-block constraints and why one needs to use the second-order approximation to
the export prices of other countries.

The latter constraint implies, on the other hand, that firms’ markups depend on their expectations
about the U.S. monetary policy. In particular, large deviations of export prices from marginal costs
make firms set higher markups and lead to suboptimally low global demand.!’ This distortion is lowest
when U.S. monetary policy stabilizes the average export prices of other countries, though one monetary
instrument is clearly not enough to close the terms-of-trade gap in all economies.

It follows that U.S. planner faces a trade-off between stabilizing domestic margins — output gap
and inflation — and targeting global prices to attain the optimal global demand. Notice that the planner
cares about export prices of other countries not because of the benevolence to other countries, but
because they have direct effect on U.S. exports and imports and hence, affect U.S. welfare. Thus, in
contrast to the static model, the U.S. optimal policy is no longer fully inward-looking and responds to
both domestic and global shocks. The planner under commitment therefore internalizes the backfire of
its policy through import prices and deviates from the optimal target in a static setup in the direction
of the optimal cooperative policy.

At the same time, just as in the static case, U.S. policy remains independent from monetary policy

of other countries. This is not a general result as it relies on the Faia-Monacelli parametrization under

This mechanism was first described by Devereux and Engel (1998) in a context of PCP and LCP.
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assumption 3. However, we still find it instructive that this property may hold in a dynamic version
of the model. The intuition behind this result comes from the fact that demand for imported goods
is independent from monetary policy in the Faia-Monacelli case: the expenditure-switching effect of
exchange rate depreciation in (16) cancels out with the higher aggregate consumption due to a wealth

transfer associated with the real exchange rate depreciation from (19).

4.3 Gains from DCP

Are there gains for the U.S. from the dominant status of its currency in international trade? To address
this question, we proceed under assumption 3 and derive the loss function for non-U.S. countries:
Lo % w 6*L

o0 I ~ 0
ﬁnonfUS —E E t| = 2 2ol = 2 (1= 2 r *2 =
— /8 28ylt + 2 w( w)(b’tt + 2 ( /-Y)W’L’Lt + 2 ’Y’Trlt + 2 9 _ 1

/ §§tdj} +t.i.p.+0(€),

(28)
where ggit = ¢;; is the deviation from the law of one price. As for the U.S., the welfare of other countries
depends on output gap, inflation, and global terms-of-trade gap. At the same time, because domestic and
export prices are sticky in different currencies, domestic inflation does not coincide with the inflation
for exported goods and the two enter separately in the objective function. More importantly, there are
additional losses associated with the violations of the law of one price: even if the planner closes the
output gap, the distribution of output between domestic consumers and exports is not efficient when
¢ # 0. This, in turn, results in suboptimal consumption of local and imported goods and decreases
the welfare of households. Notice that given that the law of one price holds for the U.S. ggit =0 and
i = 7, and the loss function (28) simplifies to the U.S. welfare (27).

Proposition 7 (Welfare) Under A3, U.S. welfare is higher than in other economies under domestic price

stabilization, but can be lower under the optimal policy with commitment.

Consider first the case of domestic price stabilization. Given that global demand (and hence, global
terms-of-trade gap) has the same effect on all countries, it does not affect the difference between U.S.
and non-U.S. welfare. At the same time, price stabilization closes both the output gap and inflation
in the US. economy. In contrast, the same policy in other countries only ensures zero domestic in-
flation, while export inflation, output gap and law-of-one-price distortions cannot be fully eliminated.
It follows immediately that U.S. welfare is higher than the welfare of other countries under such pol-
icy. Intuitively, the fact that both domestic and export prices are set in dollars makes U.S. monetary
policy more efficient by allowing it simultaneously to stabilize domestic and external margins. On the
other hand, the monetary policy in other countries is constrained by the fact that export prices are in

dollars.?°

2There are two reasons why our results contrast with the conclusion of Devereux, Shi, and Xu (2007) that the U.S. has
always lower welfare than the rest of the world under DCP: (i) in our setting, the planner is subject to the country’s budget
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While U.S. planner can achieve a higher welfare than in other countries, her objective instead is to
maximize the absolute rather than relative welfare of the economy. From Proposition 6, this requires
that U.S. monetary policy deviates from targeting domestic price level and partially stabilizes the global
terms-of-trade gap. This has two implications for the welfare. On the one hand, the positive effect of
smaller global gap is symmetric across countries and benefits non-U.S. economies as much as the U.S.
without changing their relative welfare. On the other hand, this policy comes at a cost of larger output
gap and inflation in the U.S. economy, which decrease its relative welfare. In sum, the gains from DCP
for the U.S. go down under the optimal policy and can even become negative. Thus, despite higher
efficiency of U.S. monetary policy, it is not necessarily true that it is more beneficial to be an issuer
of the dominant currency rather than to stay under the umbrella of another country that partially

stabilizes the global economy.

4.4 Currency union

Our model has also important implications for the optimal currency area (Mundell 1961). While there is
much debate about the costs of having a common currency, the benefits of currency unions are less well
understood. The new insight that emerges from Proposition 7 is that forming a currency union such
as the Eurozone can improve the welfare of its members if it helps to promote the common currency
in the international trade.”’ Indeed, a similar model with endogenous currency choice from Mukhin
(2018) implies that exporters within the union are more likely to use the local currency instead of the
dollar as the currencies of producer and buyer coincide in this case.?” Moreover, because of strategic
complementarities in currency choice, the trade flows between the union and other countries are more
likely to switch to the common currency as well. Thus, if the euro manages to replace the dollar at the
global stage, the Eurozone monetary policy becomes more efficient in generating the optimal expen-
diture switching towards the exported goods. These new gains from trading with countries outside of
the union can potentially outweigh the costs of less efficient stabilization within the union.

A more empirically relevant question, however, is whether the union gains from a common currency
when it is used for invoicing of the Eurozone’s imports and exports, but does not replace the dollar as a
vehicle currency in trade between third countries.”? Interestingly, the next proposition shows that the

FEurozone can achieve the same level of welfare in this case as the U.S.

Proposition 8 (Eurozone) Assume that the Eurozone is a small economy with imports and exports in-
voiced in euros and all other international trade is in dollars. Then under A2 and A3, the planner’s problem

for the Eurozone is isomorphic to the U.S. problem and hence, achieves the same welfare.

constraint, (ii) we assume that all countries are small and abstract from strategic interactions between countries that arise
in their model with two countries.

21See Chari, Dovis, and Kehoe (2013) for other benefits of a currency union arising from a higher level of commitment.

2Cavallo, Neiman, and Rigobon (2014) provide supporting evidence that the deviations from the law of one price are
smaller for countries with a common currency.

BGopinath (2016) shows that the share of the Euro in global trade is close to the trade share of the Eurozone.
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Intuitively, the Eurozone is similar to the U.S. with its imports, domestic prices and exports all set
in its own currency. As a result, the efficiency of monetary policy is also similar in two countries. The
main difference is, of course, that depreciation of the euro has no global effects: since a zero measure of
imports and exports of other countries are invoiced in euros, the international spillovers of the Eurozone
monetary policy are trivial and there is no peg to the Euro. However, the result from Proposition 6 that
monetary policy of other economies is irrelevant for the U.S. under the Faia-Monacelli parametrization
holds for the Eurozone as well. Therefore, the optimal policy in the Eurozone coincides with the one
in the U.S. and trades off output gap, inflation and import prices. This, in turn, implies that the welfare
is exactly the same as in the U.S. The important corollary of this result is that the use of the dollar as a
vehicle currency does not generate any additional gains for the U.S. relative to the case when the dollar

is used in bilateral trade flows between the U.S. and the rest of the world.

5 Conclusion

This paper characterizes the optimal non-cooperative monetary policy of the U.S. and other economies
in a world with international prices sticky in dollars. We show that the dominance of the dollar results
in asymmetric spillovers and policies across countries. As under PCP, domestic prices stabilization
remains the optimal target for non-U.S. economies under a wide range of assumptions, even though
it is much less efficient in the world with DCP and does not achieve the efficient external adjustment.
Moreover, given that a large fraction of imported goods are used as intermediates in production or go
through the wholesalers and retailers, this policy results in a partial peg to the dollar. We show that
capital controls do not insulate countries from U.S. spillovers and are not used under the optimal policy.

On the other hand, U.S. monetary policy is more efficient and has global implications. Because both
domestic and export prices are sticky in dollars, the policymakers can simultaneously stabilize domestic
margins and adjust the trade balance. The optimal policy under commitment, however, also targets the
global terms-of-trade gap, which through import prices and global demand affects the U.S. economy.
Therefore, it is optimal for the U.S. to deviate from a strict price targeting and partially stabilize the
global economy. While this policy increases the welfare of other economies, it remains far from the
optimal cooperative policy. In contrast to other countries, the U.S. has little incentives to implement
cooperative policy, given that it benefits others, but generates no additional benefits for the U.S.

We show that the U.S. can always achieve a higher welfare than other countries. At the same
time, the issuer of the dominant currency has more objectives to target and in particular, finds it in his
interests to partially sacrifice price stability in favor of lower volatility of the global economy. Because
this policy benefits other economies as well, the welfare of the U.S. can be lower in equilibirum than
the welfare of other countries. We also point to a new source of gains from forming a currency union:
if larger monetary union helps to promote its currency in trade with other economies, then it can

potentially increase the welfare of its members.
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A Appendix

A.1 Equilibrium Conditions
A.1.1 Demand block

Households choose Cj; and N;; in each state h to maximize (1)
o Ol—a
U =E bl = — N,
> |, -]

subject to the ex-ante budget constraint (4)

zy

< [PitCit — WyNy — 1Ly = T; ] =0,

th
where we have plugged in the ex-post budget constraint (5) . The optimality conditions imply the labor
supply condition
Wi
% _ e Al
I (A1)

and the equilibrium price of an Arrow-Debreu security Z7,
Zl = EuA Priy©ay, (A2)

which has to be equal to the nominal stochastic discount factor ©,;;, = 5'C},? / P;; adjusted for the nom-
inal exchange rate &;;, for the state- and time-invariant Lagrange multiplier \;, and for the probability
of state h, Pry;.

Since prices of the Arrow-Debreu securities have to be the same in all countries, households’ opti-

mality conditions imply the perfect risk-sharing,

Ealt &N
PGy PuCy

Multiply both sides by the import price index P}, use the definition of the real exchange rate (14),
1

- Qi \ 7 -1
)\j Cit: ()\_; th Cjta

1 N\©
integrate it over all countries 7, and define a constant A; = \; ( i A; 7dj ) to arrive at the risk-sharing

(19)
Cit = (?{t> /thgcjtdj.
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To derive (15), start with the price index (6)

Pyl =1-PL" ++ / Pldj,

jit
divide everything by (£;:P7)'~’, and rewrite it as

Hi P 1-60 P$179d~
?{1=(1—v)< : —”) +7—f n_~

gitpit Pt* Pt*lfe ?
where we have used the definition of the real exchange rate ();; from (14) and converted export prices
to dollars, Py /& =

_1
P;;. Then, use the definition of the import price index, P, = (f P;;l*edj ),
and the definitions of the terms of trade S;; and the deviation of prices ®;; from (14) to arrive at (15),

?t_l =+ (1 - ’Y) (q)itsit)e_l .

Next, note that the definitions of prices (14) imply that
P Qi

Py~ Sy

Use this condition to rewrite the market clearing condition (7) as

(A3)

P\ ! P\ °
Yi=(1-7) (= (C¢t+Xit)+7/ - (Cj + Xji) dj
P, P,
Py PrEN "’ .
= (1—7) (®uSa)’ Q3,* (Cit+Xit)+7/(F§ ;-Jt) (Cje + Xje) dj
J

= (1= 7) (®aSu)’ Qz" (Cit + Xit) + 7S / Q; (Cji + Xj1) dj,
which turns to (16) after we plug in the production function (9).

To find firm’s demand for intermediate inputs, recall that with the Cobb-Douglas production func-
tion (9), firms spend share o on intermediate goods and share 1 — « on labor,

Py X G
WiylLy 1—a
Plug in the labor supply condition (A1) and arrive at (17).

To derive the country’s ex-post budget constraint (20), combine the households’ budget constraint
()

Py Ciyp = Wy Ny + 11 + Ty + 5@5337

32



firms’ domestic and export profits (11) and (12)

Iy = (Pyr — M Cy) Y;? + (Eit\l’flpﬁ — TiMCit) Yf — gTRi ((1 —) H?it + ’YHZ?) Wi,

and the government budget constraint

Ty = (1 = 1) MCyy Yy + (W, = 1) E V' PRYi7 + (s — 1) g ((1 =) T3, +AI17) Wi,

(3

to get

PyCiy = WyNy + ExBly + (P — MCiy) Yy + (Ealf — MCy) Yy — g ((1 — )13, + ’YHZ?) Wi

Note that the firms’ expenditures are equal to wages and purchases of intermediate goods,
MCy (Yzf) + YZE) = Wit Ly + Py Xy,
and use the labor market balance (18)

Ny = Lit + g (1—7) H?it + g’VH;th

to simplify the budget constraint to
Py (Cu+ Xiy) = githg + PmY;? + 5th;YZf

Plug in the households’ and firms’ demand for goods, and note that domestic revenues of firms are
equal to households’ and firms’ expenditures on domestic goods, so that we are left with exports minus

imports plus international transfers,
P —0 Py —0
0= ”YEz‘tP;/ (%) (Cje + Xj)dj — ’Y/Pjit <#> dj (Ciy + Xut) + EitBZ-
] (2

Divide everything by £;; to express all payments in dollars, convert export prices to dollars Pj;; = & P},

use the definition of the import price index P~ = [ P5'~’dj to get

AN N
0=9F (P—Z:> / (JP—t) (Cje + Xju)dj — &P PY (Ciw + X)) + BL,
t

J

and finally use the definitions of the real exchange rate ();; and the terms of trade S;; from (14) to arrive
at (20),

0=9PF; [Sﬁ_l / Qﬁe (Cie+ Xj0) dj — Q;" (Ci + Xir) | + BY;.
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If instead we started from the households’ ex-ante budget constraint (4), Y, , Z/"Bl = 0, we would
arrive at

> ZINXy =0,

th
and with Z" plugged in from (A2) we would get

Eun Py

E
P,

B [SiCr = Qi (Cu+ Xu)] = 0.
Use the definition of the real exchange rate @;; from (14), the risk sharing (19), and arrive at (21)

EY B'C[S571Cr = Qi (Ciu+ Xu)] = 0.
t

Proof of Lemma 1 Consider the net exports (20). Plug in the risk sharing (19), use « = 0and § = 1
to express it as

19 1 _
NXqy =P |G = Qi "A7°Gy).
Further, recall the definition of the global demand shifter C; = [ Qj_te (Cjt + Xjt) dj. Plug in the risk
sharing sharing (19) and o = 0 to get

" 1 9 1 _
C; E/Q;t A; 7 Cydj.

Under v = 1, the real exchange rate constraint (15) implies that ;; = 1. Under 06 = 1, neither
expression from above depends on the real exchange rate. Combine the two expressions under either

vy=1lorofl =1,
NXit = ’}/Pt*c_’t |:/Ajgdj —Aig:| .

Note that the sign of N X; is state- and time-invariant, and thus it has to be the case that N X;; = 0 for
alltand h. B

Finally, the world trade should be balanced at all times ¢, [ NX;;di = 0. Plug in the expression for
N X, from (20)

/ P} {Sﬁl / Q5 (Cju+ Xj0) dj — Q3" (Ciy + Xip) | di = 0,
rearrange the order of integration, and arrive at

/ SO-1di = 1. (A4)
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Note that this condition follows immediately from the import price index definition, P = ( i P*1 | )
and the definition of the terms of trade, (14).
A.1.2 Price-setting block

Domestic Phillips curve To derive the domestic Phillips curve, take the FOC from the firm’s problem

(11),

g Mczt Pt - D Pt
0=0;(1-— 1-— i Y. —(1— i | =— — Wy,
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Use the value of the production subsidy 7, = %, symmetry across all domestic firms P, = Pj;, and

the definition of inflation rate I1;;; = P;;;/ Pyiz—1 — 1 to rewrite it as
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Denote £ = ;T_Rl,, plug in the SDF ©; = pB'C;,?/P;, the local demand shifter Y;°? =
(1 —7) (Py/ Pit)_e (Cit + Xj¢) from (7), the nominal wage W;; = P;C, from the labor supply condi-

tion (A1), and the marginal costs M C;; = P§ VVZ};Q JAu
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Use definitions of various prices from (14) and (A3) to arrive at (22)
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The optimal choice of the initial price at ¢ = 0, P_y, leads to F;) = P_; or, the same, 11;;0 = 0.

Export Phillips curve Similarly, start at the firm’s problem (12), and take the FOC

MC; U, P\ ¢ P 1
O:@it(1_€)<gz’t— = Ct)( t) Yy - ”YSOTRZ( —1) i WiOu

-1 B By Py Py
Pr Pr
N (=1 t+1
e ( P >

P*Q

Wit110i141.
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£

Use the value of the production subsidy 7; = %, symmetry across all firms ¥; P = P}, and the

definition of inflation rate IT}, = P}/ P} | — 1 to rewrite it as

* @z ]- — & MOZ «
I (I, 4+ 1) Wi ©5 = 7\1[2 e (&'t -, P t> PyYyd + BTGy (T +1) Wit 1O

Denote 1 =

;;}:_, plug in the SDF ©,, = B'C;,° /Py, the export demand shifter Y;¥ = ~vS%C
from (16), the nominal wage W;; = P,;C from the labor supply condition (A1), and the marginal costs
MCy = PRW, %/ Ai

I, (I + 1) = — 2 1 g PG EB SCy + BEIL ., (10, + 1)
it it ] ? A'LtgltP;g Pztcg it it+1 it+1 .

Use definitions of various prices from (14) to arrive at (23)

0,8, ot
Qit Ait

K
G (G + 1) = -5 (1 - > QueSiy ' CrCyy7 + PEIT, (M +1).

Again, the optimal choice of the initial price leads to II, = 0.

Phillips curve for the U.S. Note that the problem (13) differs from the problem of a non-U.S. domestic
producer (12) in two ways: there is the global demand shifter Y;; instead of the domestic Y;”, and
Rotemberg costs are not multiplied by (1 — 7). Then, following the same steps as before, one can

derive the following optimality condition

PO Py
Wi (Wi + 1) = —k (1 — = thit + BEILi 41 (Tig1 + 1)

Ait P Py Cz-t

Let’s plug in the demand shifter Yj; from (16), use definitions of the real exchange rate and the terms
of trade from (14) , keep in mind that for the U.S. &;, = ¥,

Wi (i + 1) = —— 0 1
it it

K 1 \I’ZSM C;(lia)
\Z

) [ (1= 7) W/Q" (Ciu + Xut) +7C7 | QuSy C
+ FEIL ;i1 (Mijggr + 1),

and the optimal choice of the initial price leads to II;;p = 0.

Ex-ante price setting Finally, each of the Phillips curves above, or the ex-post price setting condi-
tions, should be complemented by the corresponding ex-ante price setting condition, which reflects

the optimal choice of prices at time —1, P_;.
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First, consider the non-U.S. domestic price setting, where the optimal choice of P_; implies I1;;, = 0.

Plug it in the ex-post price setting and iterate forward to get the ex-ante price setting condition

9] P 'tS‘tC-U(l_a) ( Q‘t > 1-6 -
0=E Pl - = : Cu+ Xu) C,°. A5
tz:; ’ < AirQit Qi Sit (G ) Cl (43)
Similary, the ex-ante non-U.S. export price setting and the U.S. price setting conditions are
- t WSt O;(l_a) 0—1 vx ~—0
0=E) g'(1- 0, A QuSirCrCye, (A6)
t=0 2 (2

- U, Si O _ . o
0=E) g (1 — Q—tt;l—t) (1 =) WIQ: (Ciw + Xit) +4CF) QuSy'C° . (A7)
t=0

A.1.3 Equilibrium

Proof of Lemma2 Let’slist all equilibrium conditions that for given policies constitute an equilibrium.
These are (14)—(25) (where the price setting conditions (22), (23), (25) implicitly contain their ex-ante
versions (A5), (A6), (A7) as well), the labor supply condition (A1), the global trade balance (A4), 3
definitions of inflation rates I1;;, I}, IIo;, and the definition of the import price index.

Note that the latter condition, P;'~? = i Pﬁl_ed J, is equivalent to the terms of trade normalization
(A4), and thus we can drop it.

Implicitly, we have already used the labor supply condition (A1) to get rid of nominal wages W;; in
all other equilibrium conditions. Similarly, let’s use definitions of Q);;, ®;;, and S;; to get rid of P, P},
and P;;. All of the conditions (15)—(25) already do not contain P;;, P;;, P;;. Definition of ();; is the only
condition that contains P;; and thus it could be dropped.

For the non-U.S. countries, the definition of ®;; is the only condition with &;;, and thus could be
dropped as well. Let’s plug in .S, to the export inflation
Pi | _ P S

I1* = =
. ‘P;);—l Pttl Si

— 1.

Then the definition of S;; could be dropped as it is the only condition with Pj;. The definition of
domestic inflation I1;;; = P;;;/Piy;;—1 — 1 could be dropped as it is the only condition with Pj;.
For the U.S,, plug in &, = Wy = P,/ Pyo: and the definition of Sp; to the definition of inflation
Poos PF Soi-1

Too; = 1= Y
R 00t—1 Pry Sot

Then these definitions of ®(; and Sy, could be dropped since no other conditions contain either Fyy,; or
F,.
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Finally, by combining definitions of IT}, and Ilyy, we can get rid of P} and get

Sor Sit-1

— 1. A8
S S (A8)

IT;, = (Moo + 1)

In the end, we can reduce the system of equilibrium varaibles to the allocation {C;, L;t, Xy, A4, BZ}
and prices {Qyt, Sit, Pir, [, 115 }. Then, all equilibrium conditions are represented by equations (15)—
(25), and definitions of various prices, which result in the global terms of trade normalization (A4) and

the dynamic equation for inflation rates and terms of trade (A8). B

A.2 Static Model

In a static model, there is no inflation, and thus the labor market clearing (18) collapses to N;; = L;;.

A.2.1 Generalization

In this section, we generalize our framework.
Consumers maximize .
Ui=E Z ﬁtu (Cit, Lit)
t=0
instead of (1), subject to
Z

& [PCiyp — Wi Ly — 1y — Tyy] = 0.
th 1t

Then the labor supply condition (A1) changes to

ur (Cit; Lit) Wi

_ Wiy i) Wit A9
uc (Cit, Lit) Py (49)
and the risk-sharing (A2) becomes

AP
Qiruc (Cit, Lir) = \i3 P (A10)

Tht

The firms’ production function is

Yie = Al (Lit, Xit) (A11)

instead of (9), where function F' exhibits constant returns to scale. A cost minimization problem

min Wi Ly + P X

Lit, Xt

st. AuF (L, Xit) = Y,

38



yields the following optimality condition

Wi Fr (L, Xit)

e R Al12
P Fx (Lit, Xit) (A12)
Next, express the total costs as
Wi
TCy =Wyl + Py Xy = Py ?Lit + Xt |,
plug in the optimality condition (A12),
P; Py.Y;

TCj = “—— (Fy, (Lit, Xit) Lit + Fx (Lit, Xit) Xt) = L (A13)

FX (Lit7 th) AltFX <Lit7 Xlt) ’

where the last equality is due to Euler’s theorem. Then, the marginal costs are just MCy; =
Pu/ (AuFx (L, Xa):

Finally, for conveniency of notation, plug in the labor supply condition (A9) into the firm’s opti-
mality condition (A12), and express its solution as X;; = X (Cy, L), which we will use instead of
condition (17).

A.2.2 Efficient allocation

To solve for the efficient allocation in one country, we allow the planner to choose all quantities in
this country directly. However, the planner has to take international prices as given and respect the
country’s budget constraint as well as the foreign demand for the domestic goods. Thus, the social

planner’s problem can be written as
max u (City L)
C’it,Lit,Xmsit,{cjit,Xjn}j

st. AuF (Lit, Xit) = Cut + Xaie + vS5C5,

PiySyCy — /Pj*t (Cjit + Xjir) dj + By = 0,

Here the planner can choose any export price in dollars by choosing S;;, but all import prices in dollars,
P} and P},

% are taken as given. Plug in the last two conditions to get rid of C;; and X;;, and denote the

Lagrange multiplier for the market clearing as 7;; and for the budget constraint as p;;. Then the FOCs
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are

0 =uc (Cy, L) STCZ — Nit
0 = uc (Ciy, Lit) jg; P},
0 =wur, (Cit, Lit) + i AuFr, (Li, Xit)
0 = nieAs Fyx (Li, Xit) j;i Mit
0 = i AuFx (L, Xit) j;él; pit P},

0= —mwﬁSf[le + puy P (0 —1) ngZCZ‘
Use the FOC with respect to L;; to substitute for 7;; in all other conditions,

Tt = —uy, (Cit7Lit)
T AuFL (L, Xa)

Similarly, use the FOC with respect to S;; to substitute for p;,

. Tug (Cit, Lit) 0
pit - * Sit'
AitFr (L, Xae) Pr O — 1

Divide the first FOC by the second (and the fourth by the fifth) to find the relative demand for

domestic and foreign varieties,

— — S.
Cjz‘t Xjit Y

9_1 th_t*

Ciit . Xiit 1—7 ( 0 Pj*t>9 (A14)

Next, combine the first two FOCs and use the consumption aggregator to derive

—up (Cit, Lit) )9_1 < 0 )1_9
=1—-9)+v—=5; .
<UC (Cit, Lit) AuFr (L, Xit) (1=7)+7 g—1""

Similarly, combine the the fourth and the fifth FOCs and use the intermediates aggregator to get

1-60
(AitFX (LityXit))lie = (1 - 7) + (9 f 15 ) ) (A15)

and therefore the two conditions together imply

—ur (Cita Lz’t) _ Fr, (LitaXz't)
uc (Cit7 Lit) Fx (Lit; Xit>'

(Al6)
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Lemma AQ Assume that prices are flexible. Then the optimal non-cooperative allocation can be imple-
mented with T; = % and ¥, = %.
Proof of Lemma A0 The labor supply condition (A9) and the firms’ optimality condition (A12) to-
gether yield the last of the planner’s conditions, (A16).

With CES demand, as in (7), we get

Ciit _ Xiit _ L—x (Piit)g (-Pg*t 5itpt*)9
Cjit int Y Py Pr P ’

and with definition of prices (14) it becomes

Ciit Xiit -7 ( P?;)e
C it Xjit Y e P
Compare this condition with the planner’s (A14), and the two coincide when ®;; = ¥, = %.

Under flexible prices, the price setting conditions (22) and (23) collapse to*

Si®; SV,
ApFx (L, Xit) = Ct? L ApFx (L, Xit) = CS .
it it

0

The two together once again imply ®;; = V; = =,

but combing the latter one with the price index
constraint (15) yields

1
[ 1

 AuFx (Lit, Xi)'

(=) + 7 (ws)")

which is the same condition as planner’s (A15). B

A.2.3 Non-U.S. policy

Proof of Proposition 1 The policy problem is

CitvLitI:I)lfi%Cq’it,Qit Y (Cit’ Lit)
st AuF (Lip, Xa) = (1 ) QP55 (Ciu + Xit) + 754505
VP [S5Cr — Q) (Ciu + Xi)] + Bl =0,
Xi =X (Cy, Lit) ,

07l =y 4 (1) (@uSar)" .

Plug in the last two conditions to get rid of X;; and ();;, and denote the Lagrange multiplier for the

4Recall that flexible prices lead to the same condition as stabilization of domestic prices, that is M Cy;/Pi;s = 1. And
(A13) implies M C;; = Pit/ (Ait Fx (Lit, Xit)). For the export prices, the corresponding condition is U; M C;; = &;: Pj;.
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market clearing as 7;; and for the budget constraint as p;;. Then the FOCs are

0 =uc (Cit, Lit) + ni A Fx (Lit, Xit) X (Cit, Lit)
— i (1= ) Q" ®4,55 (1 + X (Cit, Lir)) — puryPrQi” (14 X (Ci, Lir))

0 = ur, (Cit, Lit) + nieAie (Fr (Lie, Xit) + Fx (L, Xir) X1, (Cit, Lit))
— Mt (1 - ’Y) Qﬁeq)?tSZXL (Cita Lit) - pit’YPt*Qi_teXL (Cita Lit)

0=—nu(1—7) (—0Q) > (1 —7) Sy @Y+ Q;,°09), ") S5 (Ciu + Xit)
+ Pit’YPt*eQ};% (1 - 7) Sz;l(p?tfz (Cit + Xit)

Use the real exchange rate constraint (15) to simplify the last FOC to
Pty = 1t S Pis.
Plug in p;; from this condition to the first two FOCs, and similarly simplify them to
0 = ur, (Cit, Lit) + 1i Aie (Fr, (Lig, Xat) + Fx (Lig, Xit) X1, (City Lit)) — 068 ®s Q5 X1, (Cir, Lit)

0 =wuc (Cit, Lit) + nir Ai Fx (Lit, Xit) Xo (Cit, Li) — nitSit(I)itQi_tl (14+ Xc (Ci, L)) -

Divide one by another, use the labor supply (A9), the firms’ optimality condition (A12), and rearrange
to get
Wi

it

0= (AitFX (Lit, Xit) — Sitq)itQi_t1> (14 Xc (Cit, Lit)) + X1 (Cit, Lit)

Under well-behaved u (Cy, L;;) and Fyx (L, Xit), both X¢ (Cy, Ly) and Xy (Cy, L) are non-

negative, and thus it has to be the case that

S D;
AyFx (Lit, Xit) = G L (A18)
it

Plug in (A3) and note that due to (A13) it collapses to the stabilization of domestic prices, M Cy; /Py = 1.

This is the first part of the Proposition.

For the second part, note that the firm’s optimality condition (A12) and its constraint (A11), could
be jointly solved for L;; and X;; as functions of A;;, W;;, P, and Y;; only. Then, the marginal costs
from (A13) could be expressed as a function of just two prices and productivity, in particular denote it
as MCy = G (Wi, Py) /Air. Then, with linear disutility from labor, uy, (Cy, L;;) = —1, and separable
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utility function, ucy, (Cy, L) = 0, the stabilization of domestic prices could be expressed as
G (PituC (Cit)_l ) Pit) [Aie = Py,

where we have used the labor supply condition (A9).
Next, combine the risk-sharing (A10) for a non-U.S. country and for the U.S. (using the definition

of the real exchange rate from (14)),

e (Ci) ™' N

o
| 2

Then, rewrite the price index (6) as

Py’ = (1 =) Py + & P

Finally, consider a system of these three conditions, where F;;; and F;" are fixed. Suppose that the U.S.
depreciates and Fyuc (C’Ot)_l rises. All else equal, this will lead (through a nominal exchange rate
& appreciation) to lower price index P;; and lower marignal costs for a non-U.S. country. Then, to
stabilize domestic prices, the non-U.S. policymaker has to increase its nominal demand, Puc (Cy)~
Since this nominal demand enters the marignal costs through wages as well as through the price index,
an increase in Py uc (C’it)_l will be smaller than an increase in Py uc (C’Ot)_l. This constitutes a partial
peg to the dollar and gives rise to a global monetary cycle.

For the last part of the Proposition, look at the planner’s optimality conditions. (A16) is true as
it depends only on the labor supply (A9) and the firms’ optimality condition (A12). As with flexible
prices, the CES demand leads to (A17), which coincide with (A14) only under ®;;, = ¥, = 6%1. Finally,

plug in the price index constraint (15) to the domestic price stabilization condition (A18) to get
(AitFx (Lit, Xar)) ™" = (1= 7) + 7 (®auSie)' 7,

which is almost the same as the planner’s (A15). However, the planner’s terms of trade S;; move with

shocks and ®;; = VU, is constant, while in the current condition S, is fixed and ®;; responds to shocks.

A.24 US. policy

Proof of Proposition 2 To set up the U.S. policy problem, start with the U.S. market clearing (16), the
demand for intermediates (17), and the budget constraint (20). Note that this system depends on the
global demand C7,

Ci= [ Q3 (C+ X0 i (419
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which the U.S. does not take as given. To find how the global demand C} depends on the non-U.S.
policy, consider the set of equilibrium conditions for each non-U.S. country 7,

l=y+(1-7) (q)jtsjt)eil

jt
AjtF (thv th) = (1 - 7) Q;ﬁeq)_?ts_?t (Cjt + Xﬁ) + VS?tC:

’yPt* [Sft_l(]: - Q_e (Cjt + th)} + tht =0

jt
Xje = X (Ci, Lji)
AjeFx (Lje, Xje) = ik
Qjt

These conditions are the same as the constraints of the non-U.S. policy problem, except that we
have added the optimal policy condition (A18).

This system of the non-U.S. equilibrium conditions contains 5 equations and 5 non-U.S. variables
(Qjt, Pjt, Lj, Xji, Cji). One can solve this system and find all non-U.S. variables as functions of pre-
determined variables {Sjt, B;Lt, Pt*}, shocks {Aj;}, and the global demand C}. Plug these solutions
back to the definition of C}, (A19), and get an additional constraint for the U.S. policy problem.

However, this additional constraint will always be satisfied by construction. To see that, integrate

the budget constraint (20) over all non-U.S. countries j,
VP; [/ SidiCr - /Qj;" (Cie + Xjt) dj] +/B§‘tdj =0.

Note that the sum of all international transfers has to be equal to zero, f thtdj = 0, and the global
terms of trade normalization (A4) implies [ S?t_ldj = 1. Then this condition collapses to (A19).

Thus, there are no additional constraints for the U.S., and its policy problem could be written as
Co A (Cit, L)
st AyF (L, X)) = (1 =) Q2 WIS (Cyy + Xiy) +7S5C7,
v [S5C — Qi (Co + Xi)| + Bl = 0,
Xit = X (Cit, L) .

This proves the first part of the Proposition.

As before, denote the first two Lagrange multipliers as 7;; and p;;, and plug in the last condition to
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get rid of X;;. The resulting FOCs are:

0 =uc (Cit, Lit) + nieAi F'x (Lit, Xit) Xo (Cit, Lit)
— i (1 =) Q" VISh (14 Xc (Cat, Lit)) — puy PrQy" (1+ Xe (Cit, Luy))

0 =wur, (Cit, Lit) + nieAie (Fr (Lie, Xit) + Fx (Lit, Xit) X1, (Cit, Lit))
— i (1 —7y) Q%O‘I’?SZXL (Cit, Lit) — Pz‘ﬁf){in—teXL (Cit, Lit)

0= —nuySy + puy Py S5
Use the last FOC to substitute for p;;, and use the price index constraint (15) along with ¥, = 1 to
rewrite the first two FOCs as

0 = uc (Cit, Lit) + 01t A Fx (Lis, Xit) Xo (City Lis) — 1S Qy" (1 + Xo (Cig, Lit))

0 =wur (Cit, Lit) + mieAir (Fr (Lit, Xit) + Fx (L, Xit) X1 (Cit, Lit)) — nitSitQ;thL (City Lit)

Divide one by another, use the labor supply (A9), the firms’ optimality condition (A12), and rearrange
to get
Wi

it

0 = (AuFy (Lu Xa) — SuQ3) (XL (Co L) + V(14 X0 (Co L@))

As before, under well-behaved u (Cy, L;;) and Fx (L, Xit), both X (Cyy, Liy) and X, (Cyy, Lyy) are
non-negative, and thus it has to be the case that

Si

Qit

Plug in (A3) and note that due to (A13) it collapses to the stabilization of domestic prices, M C;; /Py = 1.
This is the second part of the Proposition.

ApFx (L, Xit) =

To show that this allocation does not coincide with the efficient allocation, it’s enough to note that

in the efficient allocation ®;;, = %’ while for the US. ®;, = 1. &
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A.2.5 Capital controls

Proof of Proposition 3 The policy problem can be rewritten as

t
Cit,Litr,I)lf?f,{@it,Qit E ; B U (Cit7 th)
st AuF (L, Xi) = (1 —7) Qi"®5,S5 (Cit + Xa) + 7S5,C5,

Z zt [Sz‘oflct* - Q" (Cu+ Xit)} =0,
th

Xl't - X (Cl't7 th) )
07l =y (1 —7) (@uSar)" .

where we expressed the budget constraint through the prices of Arrow-Debreu securities, as in (4).
{Zth} are taken as given by the non-U.S. policymaker.
As before, denote the Lagrange multipliers 7;; and p; (p; now is state- and time-invariant), and plug

in the last two constraints. Then the FOCs are:

0 =uc (Cit, Lit) + nieAi Fx (Lit, Xit) Xo (Cit,y Lit)
h

A
— i (1 —7) Qi @455 (1 + Xo (Cir, Lir)) — PiﬁtTtrthZte (14 X (Cit, Lit))

0 =ur, (Cit, Lir) + niAi (Fr, (Liy, Xir) + Fx (Lit, Xit) X1, (Cit, Lit))
zt

— it (1 — ) Qi’ 4,55 X1, (Ciy, Liy) — pim@#XL (Cit, L)

0=—mi (1 =) (—0Q} % (1 —~) Sy @7 + Q;, 000, ") S, (Cit + Xir)

A 1-26 0—1450—2
" pimeQit (L =) S @5y~ (Cie + Xir)

Use the price index constraint (15) to simplify the last FOC to

h

Pi BtTtrh = Ny PLitSit.-
t

Plug in p; from this condition to the first two FOCs, and similarly simplify them to

0=uc (Cita Lit) + UitAitFX (Lm Xit) Xc (Cm Lit) - nitq)itsitQi_tl (1 + Xe (Cm Lit))
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0 = uz, (Cit, Lit) + mit Ait (Fr (Lig, Xit) + Fx (Lit, Xat) X1 (Cit, Lit)) — 006®:6Su Q5" X1, (Cie, Liz )

Note that they are exactly the same as in the non-U.S problem without capital controls (Appendix A.2.3),

and thus they also lead to the domestic price stabilization,

Sitq)it
Qi

Next, plug in this domestic price stabilization to the first FOC, and use the third FOC to go back

AitFX (Lit7Xit) =

from n; to p;,
zt

i it Lit) = pi ot .
Qiruc (Cit, Lit) = pif3 Py

Compare this with the private risk-sharing (A10), and note that they are the same (P is state-invariant).
Thus, the non-U.S. monetary policy still stabilizes domestic prices, and the capital controls achieve
the same allocation of transfers across states as the private risk-sharing. B

A.2.6 Gains from cooperation

Proof of Proposition 4 The global policy problem is

max / u (Cit7 th) ds

{Cit,Lit,Xt,P4,Qit },
st. AyF (L, Xu) = (1 — ) Q;,°®%.5% (Cyy + Xit) + S5, / Qi (Cj + Xj1) dj,
VP {Sg_l / Qj_te (Cje+ Xj0) dj — Qi (Ciu + Xit)] + Bl =0,
Xi =X (Cy, Lit) ,
=y (=) (@aS)

(I)Ot - 1

Here we have a continuum of constraints, each corresponding to a different country. All terms of trade
{Si}, and transfers {Bﬁ}l are taken as given, and they have to satisfy global balances [ Sft_ldj =1
and [ B]’-‘tdj = 0. P} is taken as given as well.

As before, plug in the last three constraints, and denote the remaining Lagrange multipliers as 7;;
and p;;. Then the FOCs are:

0 =uc (Cit, Lit) + niAuFx (Lit, Xit) X (Cit, Lit)
— it (1 =) Q3" 4,55, (1 + X (Cit, L)) — / 1155:457Q5" (1 + X (Cit, L))

+ /Pjtsftldﬂpt*@u@ (1+ Xc (Cit, L)) — puy P Q3" (1 + Xc (Cit, L))
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0 =ur (Cit, Lir) + niAi (Fr, (Liy, Xi) + Fx (Liy, Xir) X1, (Cit, Lig))
— it (1 —7) Qi_teq)?tSZXL (Cit, L) — /thsjetdj’YQi_teXL (Cit, Lit)

/ S AjY P QX (Cins L) — puy PE Qi X1 (Cis L)

0=—nu (1 =) (—0Q} > (1 —7) Sy @Y 2+ Q;,°09), ") S5 (Ciy + Xit)
/mtS L djv0Q1 " (1 — ) Sy Y2 (Cie + Xir)
/PgtSe Yy ProQL 0 (1 — ) S5 Y72 (Co + Xit) + pury PrOQL (1 — ) SE100,7% (Cie + Xit)

Use the real exchange rate constraint (15) to simplify the last FOC (which holds for all ¢ except for the
US.) to

pi P} :nitq)itsit_/n]ts dj +/pjtpt*sget_ldj

Plug in p;; from this condition to the first two FOCs, and similarly simplify them to
0 = uc (Cit, Lir) + mirAie Fx (Lit, Xit) Xo (City Lir) — 1@t 5@y (14 Xe (Cie, L))

0 = uz, (Cit, Lit) + mie Air (Fr (Lig, Xit) + Fx (Lit, Xit) X1 (Cig, Lit)) — 006®36.Su Q5" X1, (Cie, Lit)

Note that they are exactly the same as in the non-U.S. non-cooperative problem (Appendix A.2.3), and

thus they also lead to the domestic price stabilization in the non-U.S. countries,

Sitq)it
Qi

AitFX (LitaXit) =

For the U.S,, there is no third FOC. Then, there are always two values of Lagrange multipliers, 7,
and py;, to support any allocation in the U.S.

Next, plug in the domestic price stabilization to the first FOC,
0 = uc (Ci, Lir) — 0P Su Q'

Plug this in the third FOC, multiply by SZ_I, integrate over 7, and use the terms of trade normalization
S5y =1,

(Cjt, L
0= /thuC (CjtaL]t S@ 1dj /thuc Jty Jt)S?t_ldj.

Use the risk-sharing across countries (A10), Q;iuc (Cit, Lit) ;- = Qjruc (Cjt, L) )\ , and the ex-
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ante symmetry across all non-U.S. countries, which implies \; = A; and Sj; = 1. Then

1
1= [ —di
o,

Finally, plug in the domestic marginal cost stabilization one more time, and use definitions of various

prices (14) along with the marginal cost definition M Cy = P,/ (AiuFx (Lit, Xit)),

S't . /Mct .
1= J dj = 2 dj.
/thAjtFX (Lji, Xjt) ! Eie Py, /
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A.3 Dynamic Model

A.3.1 Non-U.S. policy

Proof of Proposition 5 The non-U.S. policy problem with capital controls could be written as

R L= (1= ) QiS4 (Cut 12 -CiL ) 49500

EZM?;“ {53105‘ —Q;° <Cit + % ;;Lit)] =0,
t=0

Nit - Lit + g (1 - )H'L'Lt + 92071—[:1527

Chy = (Cj) c,

0l = (1) (®uSu)" "+,

1— g CI)Z Sz C-U_ga i 1-0
i (ILije + 1) = BE 41 (ILijeq + 1) + <1 it Yy ) < Qi ) <C’i1tg + %Lit
0

PTRi Qi Ai Dt Si

S Co oa Q 1-6 - o
t . “f it gt it l-o ‘ _
EZB (1 Qi Au ) ((I)itsit> (qt * 1— aL”)

t=0
- <1_\Dsncg oo

I, (I, + 1) = BEIL;,,, (I, +1) +

>tasft 10*07; )

PTRi Qit A
U5, Cf 7 .
o5 (142G auscies o
E P Pr Eu P}
Qi = : ) SZ = _t*7 ®’L = : )
P TP " Pa
P"t P*
Hii == 2 - 1, H;k - v 1
" P P,

Policymaker chooses Cyt, Nit, Lit, Qits @ity Sits Wiie, 1Ly, Aiyy Eity Pity Py, Pyiy state-by-state. The presence
of capital controls is expressed in the fact that A;; can change state-by-state and across time (but subject
to the country’s budget constraint). C, C;, and P;" are taken as given.

Here we included the market clearing (16) (with demand for intermediates (17) plugged in), the ex-
ante budget constraint (21), the labor balance (18), the risk-sharing (19), the price index constraint (15),
the ex-post and the ex-ante domestic price setting (22), the ex-post and the ex-ante export price setting
(23), as well as definitions of various prices (14) and of inflation rates. Recall that in order to get the
ex-ante domestic price setting constraint, we write down the ex-post constraint (22), iterate it forward

until the infinity, and then impose I1;;0 = 0. The ex-ante export price setting constraint is similar.
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Let’s use the primal approach. Use S;; = % to plug in P} in all other constraints, and drop this
constraint. P;; enters only in the definition of ZCtQit, and thus we can drop both this variable and this
constraint. Similarly, &;; enters only the definition of ®;;, and we again drop this constraint. The, P;;
enters only the definition of II;;;, which because of that could be dropped. Finally, the last two lines of

our policy problem collapse just to
Py Si-1 1

I, =
it * ’
Pt 1 Sit

(A20)

where the policymaker takes the path of P as given. (Note that this constraint is equivalent to (A8).)
Then, let’s plug in the risk-sharing instead of C;;, and the labor balance instead of N;;, and arrive at the

final policy problem
A o Cl o @ ®
t zt 2 *2
max EZﬁ [ — Ly — By (1 =) 105, — §’Ynit
Ai a N —a o —5 A a — —1p/o *
s.t. 1 _t& QN "CY "Ly = (1 — )q)zotStQ Aitcct + 1 —a (1-7)Q; G(I)?tstAitlot Ly + ’YSietctv

< 1.9 _1_ _
EZBtCt_U {SZIC? — Wit eAitaCt - ithfLit] =0,

it

0l = (1—7) (®uSa)’ " +1,
i (I + 1) = BE L1 (ILijper + 1)

1— C,a(l—a) . 1-6 1
+ 5(1— i Q;7A%1D,,S;, (Qt ) (ta AT oo 1“()%),

PTRi Ayt DS -
Ezﬁt ( 3 Qi A iSi ((I)it S (ta Ay "Gl 1—th) =0,
* * l—¢ -1 —a ozfléa(l_a) 0—1 ~vx ~—0
I (Hit + 1) BEIT; it+1 (Hthrl + 1) + v — U5 Q Ay NSy C7C7,
OTRi A
Eiﬁt (1 T, S Q*QAOHCT (l_a)) A SO Cro =0
— Fiatldyy gy it gt tYt —
— Ay
Py Si—1
Iy, = == _ 1.
K Pt*—l Sit

Plug in the price index (15) to get rid of ();;, and denote the Lagrange multipliers for the remaining
constraints as 1, p, i, v, py, v*, (;. Then the FOCs are:
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« with respect to ®;;

1

1.4 q_1_ _
0= P it lA;t gctlig( )Qzlt Hq)ft 25’2 bt 77t OCQ ( ’Y) Qf}tie(I)?tﬂSZilA;taCfaLit

(=) 09 S0 NG G (1) 4 (;—e> Q" (1-7) Q"9 2800 6
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e (1) (1= )@ (1 - 7) QU825 @A T Ly
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[ F v e L) v
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a 0 s -1 PN
(- 0@ AT Cr L (1= ) @l 0l s

« with respect to S;;

1 1_
0=-0Q: 'A
o

1-

501 7(1- )Qzlt QSZ 2¢ft L 77t O‘Q (1=7) Qzlt_eszﬁq)ft_lAi_taégaLit
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— ny0S; CF + pCr (0 — 1) S5°Cy

_ 1 1_g _1 _ o _
—pC; K; - e) Q7 "Ny Cir = (1-0) Q%t"AithfLit} (1—7) QLS >l
zt 1 P
S2 P,
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— BE 1= ! 7P IO 2 O [l O I Vol

+
Ct Szt+ 1 Pt*
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Az (07 — —1 o
1_ ! 1—a (1—7) Qzlt eq)?tsgtAitICt
~—o @ —0A—1v0
— pCy 1 aQ}t HAz‘tht + e[+ [
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« with respect to A;;

1 11, -1 —o Al a A —a—1 oo 1 e
0=—--Qy AitUCtl - Oént—t i 1Ct Lit +me— (1 =) CD?tSZQ{Z Ny Gy
o 11—« o
o _ 9 Ao o |1 i, 11 - o 0 —2 A0
T 4 (1= 7) Qi *®%,SA;*CY Lit + pC; g Ay Cet 1_ anlt "N *CY Ly

% 0 I 72 IO I S 7 O [ o O
- with respect to IT;;
0=—@ (1 =)+ e [..]
« with respect to IT},
0= oI + G+ pf [

Now let’s guess and verify that the optimal policy stabilizes domestic prices, II;;; = 0, and thus the

ex-post domestic price setting has to hold state-by-state,

wa(l*a)
At

1= Qi_taA?fg_lq)itSit,
that no capital controls are used A;; = 1,° and that all 4 price setting constraints do not bind, j; = v =
i =v*=0.

Then the FOC with respect to IT, implies (; = ¢7II},. The FOC with respect to L;; can be reduced

to

-0 ~N—0 - 1
pC; = =CroQi ((1 — ) 3,5, + 7m¢it5it> '
The FOC with respect to A;; can be used to find 7, 7,$;,S;; = C’t_”, and then the FOC with respect to
L;; determines p, p = 7. The FOC with respect to ®;; can be shown to be satisfied. The last remaining
FOC, the one with repsect to S;;, can be then reduced to
0—1

IT;, (IT, + 1) = BEIL;, ., (I}, + 1) + - (

7

Note that under the domestic price stabilization, the export price setting becomes

1—¢ _
IT; (I, + 1) = BET, ) (I +1) + " - weyt) SiCroCy,
Ri

%No capital controls implies A;; = const, and then the ex-ante symmetry of the non-U.S. countries implies A;; = 1.
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and the two coincide under the appropriate level of the price-adjustment subsidy, 75; = %.
Thus, we have shown that if this policy (domestic price stabilization and no capital controls) is

feasible, that is it satisfies all the constraints, then it is optimal, that is it satisfies all the FOCs. B

A3.2 US. policy

Proof of Proposition 6 To derive the welfare loss function, let’s start with the utility function (1), the
market clearing (16), the ex-ante budget constraint (21), and the price index constraint (15), rewritten

as

= . [Ch _ .
G =EY 8 [ — (1) A SIQRC — 247856 - B8

EY B'Cr [S'Cr — Qp"Cul =0,

0l = (1— ) (T:Sa)" " + .

Let’s take second-order approximations around the non-stochastic steady state to all three conditions,

- 1
U, :EZ@H; {W\I’Cit—e(l—w)Sit—i—e(l_w)qZ't_WC: —w@sit—l—g(l —w+w¥)(1-0)c;
=0

1
(1 — w) (Cit — Qi + 98“ — Hqit)2 — §w (C: — Qi + Gslt) — L~ 1¢H2

2 it + i + o (63):| )

l\DIH

1 1
EZﬂt |: — 1 Szt + Ct + 9% Cit + 5 (((9 — 1) Sit + C: — 0'@)2 — 5 (—9%5 + Cit — UCt)2:| = O (63) R

where L is the steady state-level of L;;, w is the steady-state measure of openness

VATSIC g
I Oy

w =

and “small-letter” variables are log-deviations of “big-letter” variables. In the price index constraint,

we have used its first-order version to get rid of ¢2-term.

[e.e]
Use the budget constraint to express the first-order consumption, EY" ¢y, as a function of other
=0
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variables, and plug it in the welfare along with the price index constraint to get

U, =EY AL [w (T —1)c — L‘lgl'[fit
t=0

wW 1—w ?
1-— v it — Cr — fa;
(1-w+w )U(Ct l—wtwl ' 1—w+twl at)

1-—w)W¥
b (14105 P (ot =

. 1 wl?+1—w+7T
w(\I/—l)ct2—|—§w R oc?

NI~ N~ N

+

1
—wVWoc; ¢ + wea; — wera + 5 0 —1)ai +0O (63)] )

Note that under flexible prices, output is equal to fa;;, yf; = fOa;, and thus we define output gap as
Yit = Yir — Bag. (A21)

Similarly, if we consider a world equilibrium with sticky prices and DCP, and then allow all prices
in one non-U.S. country to be flexible, then in that particular country s{t = —o¢ + a; and cZJ; =

1—54‘1;\1/ Ct + 1_10;“;\1, fa;;, and thus we adopt the following definitions of gaps,

wW B 1—w
c_
1—w—|—w\11t 1l —w+wv

Sit = Sit +0Ct — Qip, Cit = Cip — Oai;. (A22)

Next, let’s take the first-order approximation to the risk-sharing (19),
qit — 0Cijt = —0C + @ (62) s
and to the market clearing (16),

ApLypy =Yy =(1—7) Qz‘_te\ljeszoit + 7520:7

Yo = — (1 —w)bqy + (1 — w) ey + Osy +we; + O (62) )
Together with the first-order approximation to the price index constraint, these 3 conditions imply that

1—
Siu =0y + O (), &= ﬁgit +0 (). (A23)
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Then we can rewrite the welfare loss function as

= 1
U;=E) B'L [w (U —1)¢ — §ag§t — L—lgnit
t=0
1 wP41-w+ ¥
+-w (¥ —1)c? i s ¢

Next, recall the definition of the global demand CY,
¢ = [ Qi

and plug in the risk-sharing (19) to get
Ct* - ét,

where we have used the ex-ante symmetry of the non-U.S. countries, A; = 1, and the Faia-Monacelli
parametrization 0 = 1. Recall the global terms of trade normalization (A4), [ S?t’ldj = 1. Finally,

recall the ex-ante export price setting of the non-U.S. countries (23)

EZﬁt (1 — \pisit%) SO1Cr O =0,
=0 it

where again we have used the ex-ante symmetry of the non-U.S. countries, A; = 1, but have not used

their optimal policy.

Now let’s take second-order approximations to the last two conditions,

Jlos o vafu-ete

00 1, 1 o1 .
O (63) — EZBt [—O’Et — /Sjtd] + 5020152 + 5 (1 - 20)/S?tdj — 5 /a?td]
t=0

—0GiC; —/cl‘sjtdj —/0(0— 1)sjtctdj+/cfajtdj+9/sjtajtdj} .

Use the first condition to substitute for [ s;,dj and the global demand constraint ¢; = ¢} to reduce the

price setting to

> 1 1 1
@ (63) = ]EZﬁt {—cf — 592 / (sje+oc — ajt)2 dj + 59 0—-1) /a?tdj + 3 (c—1) Ef] )
t=0
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Finally, express the linear global demand, EY 3'c}, as a function of other variables, and plug it in
=0
the welfare to arrive at

2

U= B3 55 |oif + LN 4w [Sdjtin+ ()]
t=0

This is the U.S. welfare loss function (27).

Now we can formulate the linear-quadratic policy problem for the U.S. One way to do this is by
rewriting the loss function through the terms of trade gap instead of the output gap (remember from
(A23) that these gaps are proportional to each other). Ultimately, the policy problem can be expressed

as
2

L[ 0 2oL
min }]EZBtg {93% + L7 ollZ, + S /S?tdj +taip.+0 (63)
t=0

{§it iS5t Laat 115,

e—1
1L = PE L1 + )

(1 =) + 7] A5+ O (),

TRiP
* * 0—1 1-6 40—1~ 2
Hjt = ﬁEtHjt—f—l —+ T\IJ,L A?, S]’t + O (6 ) >

. - - . 2
iy — I, = 8ip—1 — Sit — Sje—1 + 8¢ + Qg1 — Gy — a1 + aj + O (€°)

All ex-ante constraints have dropped out since, ultimately, all “small-letter” variables are linear func-
tions of shocks, and shocks are zero mean. Out of the ex-post constraints, we have used the price index
constraint (15) to get rid of g;;, the risk-sharing (19) to get rid of ¢;;, the global terms of trade normal-
ization (A4) to get rid of the global demand ¢;. Then all we are left with is the ex-post price setting
for the U.S. firms (25), the ex-post export price setting for the non-U.S. countries (23), and the dynamic
constraint (A8), which links the inflation definitions with the terms of trade dynamics.

Note that this problem does not depend on the optimal policy of the non-U.S. countries. This is due
to the fact that the global demand constraint, Cf = [ Qj_teCjtdj =/ Q;l;edj C}, has collapsed to just
C} = C}. Then, similar to the logic from the static model (Appendix A.2.4), this constraint will follow
by construction from the budget constraints of non-U.S. countries and global balances. Even though
the U.S. problem also depends on C through the risk-sharing (19) (and thus, in general, C; depends
not only on Cf, but also on ();;, which, in turn, are determined by the non-U.S. policies), under the
Faia-Monacelli parametrization o = 1, C; is equivalent to C;, and thus can be freely chosen by the
UsS.

Finally, it is straightforward to see that the U.S. can not simultaneously close both the domestic and
the global gaps, 57, and [ E?tdj, thus the optimal policy will balance between the two and depend on

foreign shocks a;;. B
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A.3.3 Gains from DCP

Proof of Proposition 7 First, let’s derive the non-U.S. welfare loss function (28).
Once again, let’s start with the utility function (1), the market clearing (16), the ex-ante budget

constraint (21), and the price index constraint (15), rewritten as

o [ Cit” P P
Ui = EZﬂt {ﬁ —(1=7) zththSthtOCit - VAifSZCt ) (1 =) 105, — §7Hit2

E) B'C;7 [S67'Cr — Qi°Cy] =0,
t=0

= (1= 7) (®uS)" " + 7.

The key difference from the U.S. is that now we have state- and time-dependent ®;; instead of a constant
U, and that we have two inflation rates instead of one. Let’s take the second-order approximations

around the non-stochastic steady state to all three conditions,

U, = ]EZBtL WU —0 (1 —w) sy +0 (1 —w) (g — di) — we;, —wbsy

t=0

1 1
—i—i(l—w—l—w\ll)(l—a)c?t—5(1—w)(cit—ait—l—ﬁs,-t—ﬁ(qit—(bit))Q
s 271 2 _ 1P e 3
2w(ct ait +0sy)” — L 2(1 NIE, — L 27Hit+alt+(’)(e),

1
EZﬂt |: — 1 Szt + Ct + (9ta Cit + =

1
9 ((9 — 1) Sit + C: — O’Et)Q — 5 (—eqm‘, + cip — O'Et)z‘| =0 (63) ,

1-—w 1 (1 —-w)w¥
1—w+w‘lf(8t+¢t)+2( )(1—w—|—w\11)2

where L is again the steady state-level of L;;, w is the steady-state measure of openness.

Qit = (sit + ¢it)2 + O (63) )

oo
Use the budget constraint to express the first-order consumption, E>" 3¢y, as a function of other
=0
variables, and plug it in the welfare along with the price index constraint to get

U, = EZﬁtL [w (T —1)¢ — L‘lg (1— 7)1, — L 212

21t 92
1 1 L 1
5(1 —w+w¥) o 291w_w (1—w+wl) g — «9w§ft
1 1 w¥?+1—w+T . . N 1
+§ w(U—1)c?+ YT T oc; — wVocie; + wciay — weay + 3 0 —1)ai +0O (63)

Here the consumption and terms of trade gaps, ¢;; and 5;;, are defined in (A22), and the real exchange
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rate gap is the deviation of ¢;; from its flexible price value,

5 n l—w l1—w 1l—w <~ +(5> (A24)
it = Qi + O Ct — Qg = —=— | S; it |
G = i l—wtw¥ " 1T—wtwl ' 1—wtrwy !

where the last equality follows from the first-order approximation to the price index constraint (15).
The law of one price deviation gap is just equal to its level, bt = ¢u, since the law of one price holds
in the flexible price equilibrium.

Using these definitions, and the first-order approximations to the market clearing (16) and to the

risk-sharing (19), one can show that
U =0 (1 —w) bi + 05, + O (62) . Qp=o0cg+ O (62) , (A25)

instead of (A23), where the output gap is still defined in (A21). Then, the welfare can be rewritten as

it

S * I 1 7 1P 1P *
Ui=E) B'L {w (U —=1)¢ - 50?/1‘215— §W(1—W)9¢?t—L 15(1—7)1_12 —L 1571_[1‘152
t=0

1 . 1 w¥?+1—w+T . . N 1
+§w(\11—1)ct2+§w [ wrob acf—w\llactct+wctait—wctait%—é(é—1)a?t+0(€3).

After that, once again, one can repeat the same steps as for the U.S. welfare loss function (Appendix
A.3.2), that is use second-order approximations to the global terms of trade normalization (A4), to
the ex-ante export price setting of the non-U.S. countries (23), and use the global demand constraint

C; = C; to arrive at the non-U.S. welfare loss function (28)

2

— / 2dj +tip+ O ()

Ui = —EZﬁtg {ayi +w(l—w) 8¢5 + L7 e (1 — )1, +4117) + w
t=0

Now, let’s show that under the domestic price stabilization in all countries, the U.S. welfare is always
higher.

First, note that under the domestic price stabilization in the U.S., IIpp; = 0 by definition, and then
the ex-post price setting (25) implies So; = 0, which then from (A23) leads to 7y = 0. Thus, under this
policy, the U.S. can close all of its domestic gaps.

Second, under the domestic price stabilization in the non-U.S. countries, once again II;; = 0 by
definition, but the ex-post domestic price setting (22) then implies Q;jt + 5 = 0, which then from (A24)
leads to ¢;; = 0. Still, as it can be seen from (A25), y;; # 0, and both qgjt # 0 and 55 # 0. It can be
shown from the ex-post export price setting (23) that 5;; # 0 leads to H;‘f # 0.

Importantly, it can be shown that both the U.S. loss function (27) and the non-U.S. loss function (28)

have the same “terms independent of policy”, “t.7.p.” Then, under symmetric distribution of shocks in
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all countries, we can take a difference, and arrive at
—~ L7 72 1 2 3
Up —U; :EZB 5 [ayjt+w(1 —w)9¢jt+L alivy +(9(e )} ,
t=0

which then implies that Uy > Uj.

Finally, the U.S. policy under commitment balances between closing the domestic gaps, 73, and
IT3,,, and the global gap [ §%di. In doing so, the U.S. improves the expected welfare of all countries. In
particular, all countries get to benefit from lower E [ §%,d;. Note also that for a non-U.S. country it can
be shown that

0?3121 tw(l-w) eﬁgit =0(1 —w) (gjt + ngt)Q + 9W§?t +0 (63) ;
and the optimal non-U.S. policy leads to 5, + qgjt = 0. Then, the only “open” gap for a non-U.S. country
is the terms of trade gap 5%, and associated with it export inflation IT}7. As long as the U.S. policy helps
to reduce the expected global terms of trade gap, E [ §2di = [Es%di = Es3 (where the last equality
follows from the ex-ante symmetry of the non-U.S. countries), it can only help to close the non-U.S.
terms of trade gap. Thus, the U.S. policy under commitment increases the U.S. welfare by less than
it increases the non-U.S. welfare (relative to the domestic price stabilization). Then it’s possible that

under optimal policy the U.S. welfare could be smaller than the non-U.S. welfare. B

A.3.4 Currency union

Preliminaries First, let’s derive all the equilibrium conditions for the Eurozone problem.

Most importantly, the import price index for the Eurozone, which we denote as ]5;2, is different from
the global import price index P;". While the latter is set and is sticky in dollars, the former is set and is
sticky in euros. Then, the Eurozone monetary policy is going to cause the law of one price deviation
for the bundle of import goods, which we denote as ®;; = £, P}/ P};. Then we define the real exchange
rate for the Eurozone as Q;; = f)ﬁ / Py and the terms of trade as S;; = 15;; / (U, P;;;) (here we have used
the law of one price between domestic and export goods for the Eurozone, V;F;;; = &;;P};). Then the

price index (6) becomes
=y (L) (3Se)

The risk-sharing changes to
111
Ci = P7Q5A; 7 C,
the ex-ante budget constraint becomes

1

EY B [shel ey — o5 'Q AT G =0
t
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The market clearing is
_1 o1
Yo = AuLig = (1= ) WISIQ5 "N, @5Cy + 1 SHa4 ;.

Next, the individual firm’s problem in the Eurozone becomes very similar to the problem of U.S.

firms (13), since both domestic and export prices are set in producer currency,

P\ °° o (P 2
iMCiu) | 5| Ya— 3% —1) Wy|.
(P, — Ct)(Pm) t = 57R (Ptl ) t]

Taking the optimality conditions leads to the ex-post price setting

oo

maxE) O,
P =

;S CF, " ; O
Q'tt Ai) ((1 -) \Ij?Qitacit + 7¢?t0t) Qitsft IC“

+ FEIL 1 (Tijggr + 1),

K
Wi (i +1) = . (1 -

and the corresponding ex-ante price setting II;;o = 0.

Moreover, now the non-U.S. firms that export to the Eurozone set their prices in euros. An individual

& U,P\ [P\’ @ P, ?
P, -1, MC, ] J C, — R [ =—— 1) W,
(git t Tj jt) (Pﬂt P,;; ta t ’YQTRJ Pt—l gt | >

where P, is set in currency i, the euro, and the bilateral nominal exchange rate, £;; /Eit, converts it to

firm’s problem is

o0

maxE» O
t=0

the producer currency j. Next, let’s define the special terms of trade for a non-U.S. country j, S;;; =
Ei Py | Pjir, which reflect the price of j’s imports relative to its export to the Eurozone, . Then, taking

the optimality conditions leads to the following ex-post price setting

K C_YO— — ~N—0O
Wjie (Wjie + 1) = PEILjieer (Wjinn +1) = o= (1 - \IijjitA—t> iS5 Qi CuCy?,
i t

J

and the corresponding ex-ante price setting II;;0 = 0, where the inflation rate is defined as I1,;; =
Pjit/ Pjit—1 — 1. Note that the key difference between this price setting and the non-U.S. export price

setting (23) is that the former depends on the Eurozone demand specifically, while the latter does not.

Proof of Proposition 8 Now we can set up the Eurozone policy problem,

i
maXEZﬁt{ “ it iﬂfn
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Policymaker chooses Cjy, Lit, Qit, Pir, Sits Wiir, Niy Eits Pty Py, P, ]5;; Pji, 115, state-by-state, while
Cy, Cy, and P/ are taken as given.

Here we included the market clearing, the ex-ante budget constraint, the risk-sharing, the price
index constraint, the ex-post and the ex-ante domestic price setting, the ex-post and the ex-ante import
price setting, as well as definitions of various prices and of inflation rates, the law of one price, the
global demand constraint, and the definition of the import price index.

Crucially, the Eurozone can not affect global demand C; or C;. However, note that in this policy
problem, the global demand often enters multiplicatively with the law of one price deviation, @;;, which
the Eurozone can affect. In fact, let’s denote the “effective” global demand as Z;; = % C; and adjusted

terms of trade as gjit = PZ’; / Pjit. Then, following the primal approach, we can ultimately rewrite this
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policy problem as
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Note that this policy problem is almost identical to the U.S. policy problem. The global demand C; or
C, does not appear in this problem at all once we have introduced the “effective” global demand Z,.
So, it turns out, that the Eurozone can achieve the same outcomes as the U.S. by manipulating the law
of one price deviation ®;; instead of manipulating the global demand C7.

The only difference between this problem and the U.S. problem is that the import price setting in
the former depends on A;, while the import price setting in the latter did not. However, it can be shown
that this constant is of the second order, A; = O (¢?), and thus one can repeat all the steps to derive
the welfare loss function. Crucially, one needs to take the second-order approximation to the non-U.S.
export price setting (23), and not to the Eurozone import price setting, and so this difference in two
problems will not affect the welfare loss function derivation. Then, once the linear-quadratic problem
is set up, we need to take only the first-order approximation to the import price setting, and thus A; will
not show up there. Thus, the linear-quadratic problems of the U.S. and the Eurozone are isomorphic to

each other. It then follows that the two countries achieve the same welfare up to the second order. B
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