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Abstract

Recent empirical evidence shows that most international prices are sticky in dollars. This pa-
per studies the optimal policy implications of this fact in the context of an open economy model,
allowing for an arbitrary structure of asset markets, general preferences and technologies, time-
or state-dependent price setting, a rich set of shocks, and endogenous currency choice. We show
that although monetary policy is less efficient and cannot implement the flexible-price allocation,
inflation targeting remains robustly optimal in non-U.S. economies. The implementation of this
non-cooperative policy results in a “global monetary cycle” with other countries partially pegging
their exchange rates to the dollar and importing the monetary stance of the U.S. In spite of the
aggregate demand externality, capital controls cannot unilaterally improve the allocation and are
useful only when coordinated across countries. The optimal U.S. policy, on the other hand, deviates
from inflation targeting to take advantage of its effects on global product and asset markets, gener-
ating negative spillovers on the rest of the world. International cooperation benefits other countries
by improving global demand for dollar-invoiced goods, but may be hard to sustain because it is not
in the self-interest of the U.S. At the same time, countries can still gain from local forms of policy

coordination — such as forming a currency union like the Eurozone.
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1 Introduction

What is the optimal monetary policy in an open economy? According to the standard Mundell-Fleming
view, central banks should focus on domestic targets, such as price stability, leaving the burden of ex-
ternal adjustment to freely floating exchange rates. Yet, in practice, this prescription is rarely followed
with policymakers referring to international spillovers as a rationale for responding to foreign shocks
and anchoring the exchange rate. Among other potential channels that might be responsible for this
discrepancy between conventional wisdom and actual policies, recent literature has emphasized the
asymmetric use of currencies in international trade with most import and export prices sticky in dol-
lars (Gopinath 2016, Goldberg and Tille 2008). While a lot of progress has been made in understanding
the positive consequencies of dollar currency pricing (DCP) (see Gopinath, Boz, Casas, Diez, Gour-
inchas, and Plagborg-Meller 2018), much less is known about its implications for optimal policy and
the welfare.! These questions are, however, at the heart of policy debates: Should countries peg ex-
change rates or let them float (Friedman 1953)? Can capital controls insulate economies from foreign
spillovers? Are there gains from cooperation and/or forming a currency union (Mundell 1961)? Should
the Fed be concerned about international spillovers of its policy (Bernanke 2017, Obstfeld 2019)? Does
the U.S. enjoy an “exorbitant privilege” from DCP (Eichengreen 2011)?

We answer these questions in the context of a generalized version of a conventional sticky-price
open economy model by Gali and Monacelli (2005), augmented with a more realistic structure of the in-
ternational price system. In particular, firms use producer currency pricing (PCP) in domestic markets
and DCP in exports. In addition, we assume that only a fraction of imports is used for final consump-
tion, while the rest is used as inputs in production. This is consistent with the fact that intermediates
account for most of international trade (Johnson and Noguera 2012) and that final goods contain a sig-
nificant local distribution margin (Burstein, Neves, and Rebelo 2003). Combined together, these two
assumptions allow the model to simultaneously reproduce a high pass-through of the U.S. exchange
rate into import prices at the dock and a low pass-through at the retail level (Auer, Burstein, and Lein
2018), and as we show, have important implications for the optimal policy. We keep the rest of the
model quite general — allowing for arbitrary (in)complete asset markets, a rich set of shocks, flexible
functional forms of utility and production, and either Rotemberg or Calvo price friction — and solve
for the optimal non-cooperative policy in the U.S. and other economies.

Our central finding is that even though the actual allocation depends on the particular assumptions,
such as completeness of asset markets and the degree of price stickiness, the optimal monetary policy in
non-U.S. economies can be summarized with one “sufficient statistic”, namely, domestic price stability.
It is robust to all details of the environment, is independent from the values of model parameters, and is
potentially measurable in the data. Moreover, this simple form of the optimal policy allows us to solve

the planner’s problem in a fully non-linear stochastic environment without using the second-order ap-

The literature review below discusses in detail a few important exceptions and contrasts them with our analysis.



proximations, which are usually employed in such cases. More precisely, the optimal non-cooperative
policy stabilizes the average price of all goods that are sticky in domestic currency. Importantly, this
includes the retail prices of imported products, so in practice, the policy target might be closer to the
consumer rather than the producer price index. The optimal policy is time consistent, and is therefore
the same with and without commitment.

Though similar to the case of a closed economy and an open economy under PCP, this result is
arguably much more surprising in the context of DCP when, in contrast to the former two cases, the
monetary policy cannot implement the first-best allocation. Indeed, because domestic and export prices
are sticky in different currencies, the planner faces a trade-off between stabilizing domestic demand and
exports. The result showing that the optimal policy focuses exclusively on local prices and does not
target inefficient terms-of-trade and trade balance seems to be counterintuitive and inconsistent with
a standard second-best logic (Lipsey and Lancaster 1956). The reason for this “corner solution” is that
conditional on the optimal value of marginal costs in local currency, the prices set by exporters are
constrained efficient, i.e. a planner who has an additional instrument to manipulate export prices, but is
subject to the same price-adjustment friction as private firms, would decide not to intervene. Given that
the optimal policy ensures the efficiency of both domestic prices and the marginal costs of exporters,
export prices are socially optimal and there is no room for further improvement. Thus, monetary policy
that stabilizes only local prices already achieves the best possible terms of trade and does not need to
target them directly.

Even though the optimal non-U.S. policy can be formulated in terms of a domestic target, it is
generically outward-looking, responds asymmetrically to U.S. shocks, and under plausible assumptions,
partially pegs the exchange rate to the dollar. To see this, consider the tightening of U.S. monetary
policy that appreciates the dollar and hence, under DCP, increases the prices of imported intermediates
in other economies. This puts an inflationary pressure on foreign central banks and requires them to
tighten their monetary policy as well, giving rise to a “Global Monetary Cycle” — a situation when
monetary stance is correlated across countries even if exogenous shocks are purely idiosyncratic. The
pass-through of U.S. monetary shocks into local interest rates is higher for more open countries with
a larger share of DCP in imports, consistent with the recent empirical findings of Zhang (2018). This
“leaning against the wind”, however, is optimal more broadly in response to any local or U.S. shock and
effectively implies a partial peg to the dollar. Thus, the widespread “fear of floating” and the anchoring
of exchange rates to the dollar in the data (Calvo and Reinhart 2002, Ilzetzki, Reinhart, and Rogoff 2018)
can be due not only to the global financial cycle (Rey 2013), but also to the dominant status of the dollar
in international trade. This analogy between the two sources of international spillovers applies also to
the Trilemma-Dilemma debate: dollar pricing implies that a floating exchange rate cannot fully insulate
countries from foreign spillovers and worsens the trade-off faced by policymakers. This, however, does
not mean that the planner should give up on exchange rates altogether, as they still constitute an

important margin of adjustment (cf. Gourinchas 2018, Kalemli-Ozcan 2019).



Motivated by the recent arguments in favor of macroprudential instruments to deal with interna-
tional spillovers (see e.g. Blanchard 2017), we next study the optimal mix of monetary policy and capital
controls and find, surprisingly, that the latter do not insulate economies from foreign spillovers and are
set to zero by individual countries. Again, this outcome seems to be inconsistent with the second-best
intuition, which prescribes intervening in asset markets to improve the allocation in goods markets:
as shown forcefully by Farhi and Werning (2016), the laissez-faire risk sharing is generically inefficient
when monetary policy cannot implement the first-best allocation. This discrepancy comes from the fact
that there are two sources of the aggregate demand externality in our setup — a local and a foreign one.
On one hand, the optimal monetary policy ensures that domestic demand is efficient and eliminates the
local externality. On the other hand, the foreign demand for exported goods is in general suboptimal
due to dollar pricing, but cannot be changed by the domestic economy via capital controls. As a result,
under the optimal monetary policy and arbitrary structure of asset markets, the private risk sharing is
constrained efficient, leaving no room for macroprudential policies. This shows that it is not just the
number of available instruments, but also the nature of the international spillovers that is important
for the optimal policy: while capital controls might be efficient in curbing financial spillovers (see e.g.
Bianchi 2011), they are unlikely to help with the spillovers arising from DCP.

In contrast, the state-contingent export tariffs combined with production subsidies can be quite
efficient in restoring the first-best allocation. Intuitively, as long as the tariffs are imposed on top of the
export prices, the planner can implement the optimal terms of trade, while production subsidies ensure
that firms keep their dollar-invoiced prices constant, saving on price-adjustment costs. Because the
Lerner symmetry does not hold under DCP (Barbiero, Farhi, Gopinath, and Itskhoki 2019), the export
tariff is crucial and cannot be substituted for other border taxes or the VAT. At the same time, the
optimal monetary policy remains robust and still targets domestic prices.

Three extensions of the model clarify our results for non-U.S. economies. First, the optimal policy
remains remarkably robust to both state-dependent (Rotemberg) and time-dependent (Calvo) price set-
tings, a non-CES (Kimball) demand, and heterogeneity across firms. Intuitively, in all these cases, the
private incentives of exporters are perfectly aligned with the social interests of a small open economy
and the policy that implements the optimal local demand achieves a constrained efficient allocation
leaving, in particular, no room for capital controls. Second, we allow firms to optimally choose the
currency of invoicing and show that our results withstand the Lucas critique. Interestingly, the cur-
rency choice of exporters is also constrained optimal: despite being the key source of inefficiency in
world economy, individual countries have no incentive to deviate from the DCP equilibrium. Finally,
consistent with the evidence from several emerging economies (Drenik and Perez 2019), we allow some
domestic prices to be set in dollars and show that the optimal monetary policy stabilizes the prices of
goods invoiced in local currency. Because demand for dollar-invoiced goods is suboptimal in this case,
the local aggregate demand externality is non-zero, and the equilibrium allocation can be improved with

capital controls. Interestingly, extending the results from Farhi and Werning (2016), we show that the



same externality implies that the price setting of exporters is also constrained inefficient and should
be corrected with production subsidies because the firms do not internalize the stimulating effect of
export revenues on local demand.

We then argue that due to its global spillovers, optimal U.S. policy deviates from a pure inflation
targeting and is likely to achieve higher welfare than in other countries. On one hand, the fact that both
domestic and export prices are set in producer currency makes U.S. monetary policy more efficient in
simultaneously stabilizing local and foreign demand. As a result, from the ex-post perspective, the
Fed does not need to worry about the negative international spillovers of its policy and can focus
exclusively on targeting domestic inflation. On the other hand, this policy is suboptimal from the ex-
ante perspective. First, even if the U.S. is a small economy, because of DCP, its monetary policy affects
the global stochastic discount factor and hence, the asset prices at which the country can borrow and
save. This gives rise to the “dynamic terms-of-trade” motive (Costinot, Lorenzoni, and Werning 2014)
and contributes to U.S. “exorbitant privilege” (Gourinchas and Rey 2007): to borrow cheaply and earn
high interest on savings, U.S. policy stimulates the world economy when it runs a negative current
account, and depresses the world economy when its current account is positive. Second, the prices
preset by foreign exporters depend on expectations about U.S. monetary shocks. By partially stabilizing
the dollar value of marginal costs of world producers, the optimal policy dampens their markups and
makes foreign goods cheaper for the U.S. and other economies (cf. Devereux and Engel 1998). The
welfare of the U.S. depends on the relative strength of these motives and in general, can be higher or
lower than the welfare of other economies. We show that the first motive dominates under a standard
parametrization, and the U.S. gains from DCP because of a higher efficiency of its monetary policy in
stabilizing foreign demand. In a globalized economy with firms likely to coordinate on a single currency,
this naturally leads to a competition between nations for the status of the dominant-currency provider.

Finally, we show that the optimal cooperative policy stabilizes global demand using monetary in-
struments, fights the aggregate demand externality with capital controls, and although a full-scale
coordination might not be in the self-interest of the U.S., more local forms of cooperation, such as a
currency union, can still improve welfare. More precisely, just as in a non-cooperative case, the global
planner uses monetary policy in non-U.S. economies to target domestic prices and demand for local
goods. In contrast, U.S. monetary policy switches to stabilizing world export prices and global demand
for dollar-invoiced goods. Since one U.S. monetary instrument is not sufficient to implement the opti-
mal demand for all exported goods, the planner also uses capital controls against the aggregate demand
externality. Importantly, because it is production of exported rather than local goods that is inefficient,
the optimal policy redistributes demand towards importers of depressed goods, not to their exporters.
While beneficial for the world economy, it might, however, be hard to sustain the cooperative policy:
to stabilize global demand, U.S. policy needs to sacrifice domestic objectives, which may have detri-
mental effects on the country’s welfare. At the same time, we show that there are gains from local

coordination, even if the U.S. is not part of it. In particular, our analysis 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 its independent monetary policy and cannot use it to stabilize the economy — still
applies in our setting, forming a currency union can boost the welfare of its members by internalizing

the aggregate demand externality and improving demand for dollar-invoiced goods.

Related literature This paper contributes to a vast literature on the optimal policy in New-Keynesian
open-economy models. The seminal papers by Obstfeld and Rogoft (1995), Clarida, Gali, and Gertler
(2001, 2002), Gali and Monacelli (2005) and their extensions by De Paoli (2009) and Dmitriev and Hod-
denbagh (2014) focus on monetary policy under PCP, formalizing the Friedman (1953) argument in
favor of floating exchange rates. Motivated by the fact that at the retail level, import prices are sticky
in consumer currency, Devereux and Engel (2003, 2007) and Engel (2011) contrast this result with the
desirability of the peg under LCP. The gains from monetary cooperation are the focus of Obstfeld and
Rogoft (2002), Benigno and Benigno (2003, 2006) and Corsetti and Pesenti (2005), while Corsetti, Dedola,
and Leduc (2010, 2018) make an important contributions regarding the optimal policy under incomplete
markets. Our main departure from this literature is that we assume a more realistic structure of the
international price system with global trade invoiced in one dominant currency.

Our work is most closely related to Corsetti and Pesenti (2007), Devereux, Shi, and Xu (2007), Gold-
berg and Tille (2009), and Casas, Diez, Gopinath, and Gourinchas (2017) who solve for the optimal
monetary policy under DCP. Despite the apparent similarity, there are three key differences that dis-
tinguish our paper from this literature (see Table 1 for detailed comparison). First, in contrast to these
papers, we allow for incomplete pass-through of border prices into retail prices, which is pronounced
in the data and, as we show, has important implications for the optimal policy. Second, although our
central result about the optimality of price stabilization in non-U.S. economies resembles the findings
of the previous literature, the intuition is qualitatively different. Indeed, the papers mentioned above
make strong assumptions about fully sticky prices, log-linear preferences and/or complete asset mar-
kets, under which the terms of trade are exogenous to monetary policy and, unsurprisingly, are not
targeted by a planner. In contrast to these knife-edge cases, we show that it is generically optimal for
monetary authorities to stabilize domestic prices even when the terms of trade are endogenous to the
policy. Finally, several of our results are completely new to the literature. This includes the subop-
timality of capital controls, the robustness of optimal policy to endogenous currency choice, and the
new motives of U.S. monetary policy that are absent in special cases analyzed in the previous models.
Our analysis is complementary to Mukhin (2018), who however, focuses exclusively on the cooperative
policy and hence, cannot speak to the strategic interactions between countries that arise under DCP.

This paper is also related to recent literature about the role of fiscal instruments when the monetary
policy alone is not sufficient to implement the optimal allocation. Our analysis of optimal fiscal policy
follows Adao, Correia, and Teles (2009), Farhi, Gopinath, and Itskhoki (2014) and Chen, Devereux, Xu,

and Shi (2018) who show how the effects of exchange rate depreciation can be replicated with taxes and



Table 1: Comparison to the literature

| DSX | cP | GT | CDGG EM

Environment:

# of countries two ‘ three ‘ SOE continuum

preferences log-linear general

intermediates no yes

asset markets complete arbitrary

prices fully sticky ‘ Calvo Rotemberg/Calvo

terms-of-trade exogenous to MP endogenous

currency choice rationalized ‘ exogenous endogenous
Non-U.S. policy:

optimal target price stabilization

allocation inefficient

implementation inward-looking outward-looking

exchange rates floating partial peg

capital controls — inefficient

trade policy — efficient
U.S. policy:

ToT motive yes — yes

dynamic ToT motive no - yes

gains from DCP negative ‘ - ‘ negative - ambiguous

cooperative policy monetary — monetary+fiscal

currency union — potential gains

Note: DSX stands for Devereux, Shi, and Xu (2007), CP for Corsetti and Pesenti (2007), GT for Goldberg and Tille (2009),
CDGG for Casas, Diez, Gopinath, and Gourinchas (2017), EM for this paper.

tariffs. Lorenzoni (2008), Jeanne and Korinek (2010), Bianchi (2011) and Davila and Korinek (2017) study
the implications of the pecuniary externality for the macroprudential policy, while Farhi and Werning
(2012, 2013, 2016, 2017) and Fornaro and Romei (2019) derive the optimal capital controls in the presence
of aggregate demand externality. We complement this literature with the analysis of optimal capital
controls under DCP.

Finally, our results go beyond the normative analysis, as they also have important positive impli-
cations. The optimality of partial peg to the dollar under DCP complements other explanations for the
“fear of floating” by Calvo and Reinhart (2002), Rey (2013), Fanelli (2017) and Hassan, Mertens, and
Zhang (2019). It also generates additional complementarities between the dominant status of the dollar
as an international currency of invoicing, funding, anchoring, and reserves as discussed by Gopinath
and Stein (2017), Mukhin (2018), Maggiori, Neiman, and Schreger (2018), and Gourinchas (2019).



2 Environment

This section describes the baseline setup, which builds on a conventional sticky-price open economy
model by Gali and Monacelli (2005) that has been extensively used in the recent normative literature
(see e.g. Farhi and Werning 2012, 2013). We augment this model with two additional ingredients to
allow for a more realistic structure of the international price system. First, all international prices
are sticky in dollars rather than in the currency of the producer or buyer, while domestic products are
invoiced in local currency. While an extreme assumption, the empirical literature shows that it provides
a good first-order approximation to the real world (Gopinath 2016). For simplicity, we take the currency
of invoicing as given for now and show that our results remain true under an endogenous currency
choice in Section 4.2. Second, only a fraction of imports is used for final consumption, while the rest is
used as intermediate goods in production. This is consistent with the fact that intermediates account
for most of global trade (see e.g. Johnson and Noguera 2012) and final goods contain a significant local
distribution margin (Burstein, Neves, and Rebelo 2003). Combined together, these two assumptions
allow the model to simultaneously reproduce a high pass-through of the U.S. exchange rate into import
prices at the dock and a low pass-through at the retail level (Auer, Burstein, and Lein 2018) and have
important implications for the optimal policy.

The rest of the model is standard. Time is discrete, and the horizon is infinite. The world consists of
a continuum of symmetrical small open economies i € [0, 1]. To disentangle the role of the dominant
currency, we assume that the U.S. is a small economy indexed by 7 = 0 and is symmetric to other coun-
tries in all respects except for the use of the dollar in international trade. Each country is populated by
identical households that consume local and imported goods, supply labor and make savings decisions.
Monopolistic firms produce domestic and export goods and are subject to price-adjustment frictions.
We generalize the model of Gali and Monacelli (2005) in several dimensions to demonstrate the robust-
ness of our results — allowing for flexible preferences and technologies, complete and incomplete asset
markets, and a rich set of exogenous shocks — while also trying to keep the model tractable enough to

convey the main mechanisms.

2.1 Households

A representative household in country ¢ has preferences over consumption C;; and labor NV;:
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where ¢;; includes both intra-temporal (labor supply) and inter-temporal (discount) shocks and U/(-)
satisfies the standard regularity conditions. Consumption is an aggregator of home and foreign goods:
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where 1 — v reflects the home bias in consumption that can arise due to trade costs or preferences for

locally produced goods. The import bundle aggregates products from all other countries
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while each bilateral trade flow includes a continuum of unique products w € [0, 1]:

Cjit = </ Cjit(W)ssldW) ) .

Thus, following the previous literature, we allow for a nested CES structure to distinguish the “macro

elasticity” of substitution 6 between home and foreign goods from the “micro elasticity” € > 1 govern-
ing the substitution between individual products (as e.g. in Feenstra, Luck, Obstfeld, and Russ 2018).
These functional forms — with constant elasticities and symmetric import shares across countries —
are standard and simplify the notation, but are not essential for our results as shown in Section 4.1.

Each period ¢, households face a flow budget constraint:

i
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where consumer price index P;; and nominal wages IW;; are in local currency, H, is the set of interna-
tionally traded assets in period ¢ with prices Q" and payouts D; expressed without loss of generality in
dollars, and &;; is the nominal exchange rate of country ¢ against the dollar. Households receive trans-
fers T}, from the government and profits IT/, from local firms. In addition to globally traded securities
Bl the agents can also invest in local government bonds B¢, with the nominal rate of return R;; set by
local monetary authorities.

Households choose consumption, labor and asset portfolio to maximize expected utility subject to

the budget constraint. The resulting optimal labor supply is given by
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where Uq and Uy are respectively the marginal utilities of consumption and work. As usual, the inter-



temporal Euler equation for nominal bonds is:

U it+1 R
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is the nominal stochastic discount factor (SDF). The optimal portfolio of households is characterized by

the system of no-arbitrage conditions:
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Moving to the goods market, demand for domestic and foreign products is

Piy(w)\ " [ P - Py(w)\ " [ EaP; -
Ciit(w) = (1 - ’Y) (;,—<t)) (#) Cit, Cjit(w) =7 (%;*)) (%) Cit,
(%3 7 itd ¢ 7

where P,;; = ( f P (w)l_edw) = is the price index for home goods in the local currency and P =
( f Pﬁlfgdi) = is the import price index in dollars, which due to the DCP assumption is the same for
all countries and is the aggregate of dollar export prices of all economies F};. The consumer price index
(CPI) can then be written as

1
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2.2 Firms

Production In each country ¢, there is a continuum of firms, each producing a unique variety w from

labor L;; and a bundle of intermediate goods X;:
Yie = AuF (L, Xit).

Though not essential for our results, we assume that technology F'(-) is constant returns to scale, which
in particular, allows us to abstract from the issue whether different markets are served by the same or
different firms and simplifies the aggregation. Producers use a roundabout technology with the same
bundle of intermediates as in final consumption. While it is a hardly realistic assumption that import
share 7 is the same for consumers, domestic producers and exporters, we start with this symmetric
case as it implies that the relevant price indices are the same for all agents and greatly simplifies the
notation. Importantly, our main results remain true when we relax the assumption in Section 4.1.

Solving the firm’s cost minimization problem, we get the relative demand for inputs

Xit Wi
- 5
L. g ( Pﬁ) : (5)




where function g(-) is implicitly defined by % = z with ¢/(-) > 0. The resulting real marginal

costs of production are
Wit
MCy _ h(?)
P Ay

1

where we define h(z) = IO

Domestic prices Firms are monopolistic competitors, are subject to price-adjustment friction, and
set local prices in domestic currency and export prices in dollars. While there is little consensus in
the literature about the best way of modelling sticky prices, it is encouraging that our results hold for
both time-dependent and state-dependent models of nominal rigidities. For this reason, in our baseline
specification, we adopt the Rotemberg (1982) model with labor adjustment costs, which results in a
tractable non-linear New-Keynesian Phillips curve, while Appendix A.5 extends the results to a setup
with the Calvo (1983) friction.?

In the domestic market, firms set prices in local currency to maximize expected profits net of price-

adjustment costs:

max ES 6, (P — nMCy) (21 CYa—(-yf (I R
(P o i0,t t 7 it -Piit 2t v 2 -Pt_l 7 )
where Y;;; = Ciy + Xiit is the local demand shifter, menu costs are normalized by the size of the
domestic market 1 — 7, and 7; is the time-invariant production subsidy to local sellers.” Taking the
first-order condition and imposing symmetry across firms allows us to express the domestic Phillips

curve as

ET; Yii
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where Kk = % > 0 and m;; = Plf tjl — 1 is the PPI inflation rate.

As usual, the dynamic price setting equation can be interpreted as an error-correction model: if

prices were flexible, the firms would charge a constant markup over marginal costs, i.e. P;;; = %M Cy
in all states of the world. In the presence of nominal rigidities, the price can temporarily deviate from
the optimal level: e.g. when it is too high, the bracket on the right-hand side is positive and, other things
equal, firms decrease their prices, i.e. m;;; < 0. The speed of adjustment is higher when prices are more
flexible (large ) and when price deviations are associated with larger profit losses (high demand Y;;;).

As is standard in the New-Keynesian literature, the Phillips curve is forward-looking with firms trying

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). Our results hold inde-
pendently whether the costs are set in labor units or product units and whether they are scaled by firms’ output or not.

*In line with the standard timing under commitment, the state-contingent policy is announced before firms set their
prices, which is equivalent to assuming zero costs of price adjustment in the initial period ¢ = 0.
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to smooth the marginal costs 7;;; (m;;; + 1) Wi, of price adjustment across periods.

Export prices We assume that exporters set a uniform dollar price for all markets of destination:

P\°° o ( P ?
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where Y} = f (C’ijt + Xijt)dj is the global demand shifter for exported goods and 7;* denotes the

[e.9]
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time-invariant production subsidy to exporters. The first-order optimality condition can be rewritten

as an export Phillips curve:

*
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where 7}, = PI}? — 1 is the inflation rate for the dollar export price index. Equation (7) is a direct
it—1

counterpart of (6) with inflation going up when dollar export price P} is below the optimal flexible-
T MCi

price level STIE_n and the speed of adjustment is increasing in global demand shifter Y;.

2.3 Market clearing

The goods market clears when total production equals the sum of local and foreign demand for final

and intermediate goods:

P\ ™ P\ [ (&P .
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P Iz 2
where we have used the symmetry across producers within a country. The labor market clearing con-

dition aggregates labor used in production and on price adjustments:
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Because the Ricardian equivalence holds in the model, it is without loss of generality to assume
that the government balances its budget every period using the lump-sum taxes to finance production
subsidies. Combing the budget constraint of households with firms’ profits, we arrive at the country’s

budget constraint:
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where the right-hand side is the dollar value of the country’s net exports and the left-hand side com-
bines the change in the net foreign asset position with the “valuation effects” (Gourinchas and Rey
2007). Notice that we allow for an idiosyncratic wealth shock 1;; with a zero global mean f Yudi = 0.
This shock is meant to capture several additional (unmodelled) sources of volatility that previous liter-
ature has found to be important drivers of business cycles and exchange rates in open economies: e.g.
fluctuations in commodity prices (as in Casas, Diez, Gopinath, and Gourinchas 2017), terms-of-trade
shocks (Mendoza 1995), taste shocks for foreign versus domestic goods (Pavlova and Rigobon 2007) as
well as shocks to capital flows (Gabaix and Maggiori 2015). Importantly, the shock ensures that the
model can replicate the exchange rate disconnect from the data (see Itskhoki and Mukhin 2019a).
Finally, given that households earn the profits of local firms, we can assume without loss of gener-

ality that internationally traded assets are in zero net supply:
/Bﬁﬂdz’ =0, Vh € H,, B, =0. (11)

2.4 Equilibrium

As usual, for given monetary policies, the equilibrium is such that households maximize expected utility
subject to the sequence of budget constraints, firms maximize expected profits, the government’s budget
constraint is satisfied, and the markets clear. Following the primal approach, we let the planner choose
the optimal allocation subject to the relevant equilibrium conditions. In particular, we substitute out
nominal interest rates R;; using the Euler equation (2) and nominal wages ¥;; using the labor supply
condition (1), while keeping other prices that are either subject to adjustment frictions (Z;;;, P;;) or are
not directly chosen by an individual country (QF). The next lemma summarizes restrictions imposed

by households’ and firms’ optimality conditions and the resource constraints.

Lemma 1 (Implementability) The allocation {Cj;, Nis, Lit, Xit, B} and prices {m, mu, 75, Eit, Q1)
constitute part of the equilibrium if and only if equations (3) — (11) hold.

While the lemma describes the set of all implementable allocations, to solve for the optimal non-

cooperative policy, one needs to specify further the strategic interactions between policymakers.

Definition We are looking for a SPNE in the following game: (i) each country chooses a state-contingent
plan of PPI inflation {m;;;}, (ii) the U.S. moves first and other economies move simultaneously after that,

(iii) all countries have full commitment.

Thus, given the special role of the dollar in the global economy, we assume that the U.S. is a Stackelberg
leader, which internalizes the effect of its decisions on other economies when choosing the optimal
monetary policy. In contrast, each non-U.S. economy takes the policy of the U.S. and other countries

as given. We assume that strategies are formed in terms of inflation, i.e. for each history of exogenous
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shocks and inflation rates in other countries, a planner chooses its best response. While there are
several restrictions imposed by this definition, the next lemma shows that the same allocation arises as

an equilibrium outcome in a much larger class of games.

Lemma 2 (Equilibrium) The equilibrium remains the same in each of the following cases:

*

1. instead of m;;;, countries choose Cyy, Ny, Liy, Xiy, w1, T}, or any their combination,
2. all countries simultaneously choose their strategies in terms of m;;,

3. non-U.S. economies lack commitment and choose the optimal discretionary policy.

The lemma effectively relaxes all three assumptions embodied in our benchmark definition of equi-
librium. First, the equilibrium remains the same independently of whether countries form their strate-
gies in terms of CPI/PPI inflation, aggregate consumption, output gap, etc.! Intuitively, this is the case
because non-U.S. countries are small and take all foreign variables as given. Second, the baseline se-
quential game can be reformulated as a particular simultaneous-move game without any first-mover
advantage on the U.S. side. This result follows directly from Proposition 1 below, which shows that the
optimal non-U.S. policy can be formulated in terms of a simple rule 7;;; = 0. Given this best response of
other economies, the problem of the U.S. becomes invariant to the timing assumption. Finally, we also
show below that the optimal non-U.S. policy is time consistent and therefore, the equilibrium would
not change if countries other than the U.S. lacked commitment.

In sum, while the equilibrium allocation does depend on assumptions about strategic interactions
across countries, Lemma 2 shows that there is a rich class of games, which — largely due to the particular
form of the optimal policy in our model — result in the same equilibrium outcome, supporting the

robustness of our analysis.

2.5 Efficient allocation

As emphasized above, our setup is fairly general in many dimensions and can be generalized even
further without altering the results. In contrast, the next two assumptions are crucial for the analysis:
combined together, they ensure that the monetary policy is not used as a second-best instrument to
eliminate distortions in the economy other than the ones associated with nominal rigidities and allow

us to focus exclusively on the constraints imposed by the structure of the international price system.

1

A1 Time-invariant production subsidies ; = ==, 77 = 1 eliminate domestic monopolistic distortions

and the terms-of-trade externality. There are no exogenous shocks to markups.

“The only important restriction that we impose on the set of strategies is that policies are formulated in terms of domestic
objectives. In particular, to avoid pathological cases, countries are not allowed to set policies that they cannot directly
implement, e.g. in terms of foreign output. While we exclude bilateral exchange rates from Lemma 2 for the same reason,
the equilibrium would not change if non-U.S. economies were choosing &;; and the U.S. used a domestic objective.
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As is well known, the standard New-Keynesian open economy models have two types of distor-
tions on top of sticky prices: monopolistic markups and the terms-of-trade externality (see Corsetti
and Pesenti 2001, Benigno and Benigno 2003, Faia and Monacelli 2008). The former increases domestic
prices, lowers the real wage and labor supply, and results in suboptimal production and consumption.
The latter implies that the country can exploit its market power abroad by setting the export price
above domestic ones. A destination-specific production subsidy A1 eliminates both distortions, offset-
ting the markups in domestic markets and, at the same time, maintaining the monopolistic markups
abroad.” While most of the sticky-price normative papers employ a time-invariant production subsidy,
this instrument is usually applied uniformly across all firms, which does not allow one to simultane-
ously eliminate both externalities. Relative to this standard approach, assuming more sophisticated
instrument(s) comes at little cost in terms of realism, but significantly improves the tractability of the
analysis. In particular, it allows us to disentangle new motives of monetary policy associated with DCP
from the standard and well-understood inflationary bias and terms-of-trade externality. For the same
reason, we also abstract from markup shocks: while arguably important in practice, the markup shocks

have been widely studied in the previous normative literature (see e.g. Clarida, Gali, and Gertler 1999).

A2 Expressed in foreign currency, the payoffs of internationally traded assets D, h € H; and wealth

shocks 1;; are independent from the monetary policies of individual countries.

This assumption aims to exclude the additional motive for the monetary policy that arises under
incomplete markets: by manipulating the payoffs, the policy can “complete” — at least partially —
the span of the assets, improving the risk sharing between countries.® In particular, condition A2 is
trivially satisfied under the “original sin” when countries can only borrow and save in foreign currency
debt, while it does not hold for the local currency debt as monetary policy would inflate it away in bad
states of the world (see e.g. Engel and Park 2018, Ottonello and Perez 2019). On top of that, changing the
real returns of the assets also allows the monetary authorities to manipulate the risk premium charged
by foreign investors (Itskhoki and Mukhin 2019b). Both channels have been studied recently from the
perspective of the optimal policy (see Fanelli 2017, Hassan, Mertens, and Zhang 2019, Fornaro 2019)
and are not the focus of this paper. Assumption A2 excludes such motives for monetary interventions,
while still allowing for a rich set of asset market structures.’

In what follows, we assume that conditions A1-A2 are satisfied. The next lemma describes the case

of flexible prices, which provides an important benchmark for our analysis.

>There are, of course, several alternative instruments that can sustain the same allocation, e.g. a uniform production
subsidy to all firms combined with an export tax. In fact, two instruments would be necessary if demand elasticities and
hence, optimal markups were different across domestic and foreign markets. Notice that one can also use import tariffs
instead of export taxes as the Lerner (1936) symmetry holds for the time-invariant fiscal instruments in the model.

¢ A similar motive also arises in a closed economy under distortionary taxation (see Chari, Christiano, and Kehoe 1991).

’In particular, although we abstract from borrowing constraints to keep the analysis more tractable, the results remain
unchanged if one allows for constraints that are not associated with pecuniary externalities.
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Lemma 3 (Efficient allocation) The flexible-price equilibrium ¢ = 0 is efficient from the perspective

of an individual economy and can be implemented under PCP by the monetary policy targeting m;;; = 0.

The former result is based on two properties of the model. First, due to assumption A2, the monetary
policy can affect equilibrium allocation only through nominal rigidities and hence, becomes neutral
when prices are flexible. Second, assumption A1 eliminates all distortions in the flexible-price economy,
which implies that a decentralized equilibrium is efficient, and a non-cooperative social planner who is
subject to resource and budget constraints cannot improve upon it. Note, however, that this allocation
is neither globally efficient (due to export markups) nor the first best (due to incomplete risk sharing).

Importantly, even when prices are sticky, this efficient allocation can still be implemented as long
as firms use producer currency pricing.® Intuitively, because there is only one sticky price in each
country, the monetary policy can simultaneously implement the optimal domestic and foreign demand.
For example, the easing of the monetary stance in response to a positive productivity shock raises
local demand, but also depreciates the nominal exchange rate, which makes exported goods cheaper in
the currency of destination and increases foreign demand. This open-economy version of the “divine
coincidence” underlies the famous argument of Friedman (1953) in favor of free floating exchange rates

and provides an important benchmark for our analysis.

3 Non-U.S. Policy

This section describes the optimal policy in a representative non-U.S. economy. We start with the
central result that the monetary authorities should target domestic prices, which implies a peg to the
dollar and leads to a global monetary cycle. We then consider complementary policy instruments and

discuss the redundancy of capital controls and the optimal trade tariffs.

3.1 Optimal policy

The planner’s problem in a representative non-U.S. economy ¢ is

oo
max E ZﬁtU(Cm Nz’t,fit)
{Cit,Nit,Lis,Xit,Bl ,Pit \Pyit, Py Eit bt —0
st (3) — (10).

where all foreign variables are taken as given and independent from domestic policy. Solving this

problem, we establish the following result (see Appendix A.2.2 for the proof):

8Despite the first-mover advantage of the U.S., the allocation is symmetric across countries in this case.
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Proposition 1 (Non-U.S. policy) The optimal monetary policy in a non-U.S. economy stabilizes prices
of domestic producers:
it = 0. (12)

The resulting allocation is generically not efficient.

Before discussing the intuition behind it, it is worth emphasizing first the key features of this result.
First, the proposition shows that the optimal monetary policy — no matter how complicated the interest
rate rule that implements it is if; can be summarized in terms of a simple policy target, namely, zero
domestic inflation. This “sufficient statistic” does not depend on any parameters of the model, including
the openness of the economy or the inter-/intra-temporal elasticities of substitution, and is potentially
directly measurable in the data. Second, and closely related, it is precisely this simple form of the
optimal policy that allows us to solve the planner’s problem in a full non-linear stochastic environment
without using the second-order approximations, which are usually employed in such cases. Third,
while formally the policy-relevant price index F;; corresponds to the PPI rather than to the CPI, the
interpretation becomes more ambiguous once we take into account that most imported consumer goods
can be considered as intermediate inputs of wholesalers and retailers. Indeed, more generally, the
optimal policy stabilizes the average price of all goods that are sticky in domestic currency including the
retail prices of foreign products (see Section 4 for details).

Finally, note that while the optimal policy target — the stabilization of domestic prices — is exactly
the same as in a closed economy or in an open economy with PCP (Lemma 3), the intuition behind this
result under DCP is fundamentally different. Indeed, in contrast to the former two cases, the monetary
policy can no longer implement the efficient allocation when import and export prices are sticky in
dollars and exchange rate devaluations have only a limited effect on the terms of trade. In other words,
the “divine coincidence” does not hold and targeting inflation does not close the output gap. In fact, the
monetary policy loses any stabilizing effect as the economy becomes fully open v — 1 and there are no
prices left that are sticky in domestic currency. A standard second-best logic suggests in this case that
the planner should allow for (distortionary) domestic inflation to alleviate the terms-of-trade distortion
and diminish the output gap. Proposition 1 shows, however, that this is not optimal. To understand
the intuition behind this surprising result, we start with two special cases considered in the previous

literature and then contrast them with the general case.

Special case #1: Following the early literature on the optimal monetary policy under DCP (Corsetti
and Pesenti 2007, Devereux, Shi, and Xu 2007, Goldberg and Tille 2009), consider the case with prices
fully sticky in the currency of invoicing ¢ — oo. The key property of the planner’s problem in this
limiting case is that a country’s terms of trade, exports, and imports are all independent from monetary
policy. Indeed, because export prices P;; are constant in dollars, a depreciation of the local exchange

rate does not change their value in the currency of destination and generates no expenditure switching
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towards exported goods. With both export prices and quantities exogenous to monetary policy, the
trade balance implies that the dollar value of imports is also independent of the planner’s policy.” But
import prices P, are constant in dollars as well, so the quantity imported — the value divided by price
— is exogenous too. Notice this is true despite expenditure switching between domestic and foreign
goods generated by exchange rate depreciation: in equilibrium, such policy only changes production
and consumption of local goods, but leaves the volume of imports unchanged.

Being unable to affect foreign demand for home goods, the planner focuses exclusively on the do-
mestic margin. As in a closed economy, the “divine coincidence” implies, in turn, that implementing the
optimal level of domestic demand is equivalent to stabilizing the prices of local producers. Intuitively,
the monetary policy takes producer price index P;;; that is sticky in local currency as a numeraire and

adjusts all non-rigid prices to replicate the relative prices from the flexible-price equilibrium.

Special case #2: Consider next a setup from Casas, Diez, Gopinath, and Gourinchas (2017) with
gradually adjusting prices, which in addition assumes complete asset markets, log-linear preferences
U =logC— L, § = 1, and no intermediate goods in production Fx = 0."° The key insight of the paper
is that combined together, these assumptions ensure that a local monetary shock increases the nominal
wage W, and depreciates the nominal exchange rate £;; by the same amount, leaving the dollar value of
MCy _ Wi

et = A unchanged.!! This, in turn, implies that dollar export prices and the terms

of trade are exogenous from the planner’s perspective and therefore, similarly to the case of fully sticky

marginal costs

prices, the optimal policy focuses exclusively on domestic demand and targets local prices 7;;; = 0.

General case: Though insightful, the two cases discussed above are clearly quite special — the mon-
etary policy stabilizes domestic prices because it cannot affect the terms of trade. In general, away from
these two knife-edge cases, the terms of trade are endogenous to monetary policy and yet, according
to Proposition 1, the planner finds it optimal to target exclusively domestic prices. To see the intuition,
consider again the case of PCP: a depreciation of the exchange rate — without any adjustment of export
prices in the currency of invoicing — automatically makes exported goods cheaper in the currency of
destination and generates expenditure switching towards them. This is no longer the case under DCP,
as the local monetary policy cannot affect the exchange rate between the currency of invoicing (dollar)
and the currency of destination. The only way to affect export prices for the planner is to change the
dollar value of marginal costs and make firms adjust their prices, which is costly under sticky prices.

Thus, there is a non-trivial trade-off facing the policymaker: in which direction should it distort domes-

Because of the Cole and Obstfeld (1991) parametrization of these models with logarithmic preferences, no intermediates,
no wealth or preference shocks, the risk sharing is independent from completeness of asset markets and country’s trade is
balanced in every state of the world.

OWhile they also assume a unit elasticity of substitution between goods from different countries and the Calvo price
setting, the results remain the same in our setup with an optimal export tax and the Rotemberg pricing.

Tndeed, under log-linear preferences, the labor supply condition implies W;; = P;;C;;, while the complete risk-sharing
translates into &;; = Iljéiggt , where U.S. nominal spending FPy;Cy; is exogenous to country i.
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tic margin to improve the external one? For example, if there is a positive productivity shock, should it
respond aggressively and lower export prices at the expense of higher price-adjustment costs or should
it instead respond mildly to avoid these costs at the expense of more suboptimal terms of trade? It turns
out that neither is optimal, and the policy should not sacrifice domestic margin at all.

More formally, one can strengthen Proposition 1 by showing that under the optimal monetary
policy that targets 7;;; = 0, the planner who is allowed to choose export prices 7, subject to the same
adjustment costs as private firms, would set them at the same level as in a decentralized equilibrium.
In other words, conditional on their marginal costs, exporters set prices in a socially optimal way. By
stabilizing the marginal costs of local producers, the optimal monetary policy ensures the optimality of
domestic prices, which combined with flexible nominal wages and dollar-invoiced import prices imply
that the marginal costs of exporters are also optimal, and therefore, the economy achieves a constrained
efficient allocation. The robustness of the intuition can be clearly seen from the extensions of the model.
As shown in Appendix A.5, the same logic applies under Calvo friction despite no explicit costs of price
adjustment in this case. The optimal price is trivially the same from private and social perspectives
for firms that cannot change their prices in a given period, while all adjusting firms set constrained
efficient prices conditional on production costs. Section 4.1 below extends the result to the setup with

variable markups and heterogeneous firms.

Counterexample To see the limits of this result, consider a counterexample: a Calvo model with
domestic varieties aggregated into a separate CES bundle with elasticity 1 # ¢ before being exported
to other countries. In this case, adjusting exporters set suboptimal prices from the social perspective as
they do not internalize the externality on non-adjusting firms. Indeed, if all firms experience a positive
productivity shock, demand for non-adjusting products is inefficiently low and one can stimulate it
by lowering less the adjusting prices. Even when the planner cannot directly choose the prices of
exporters, this demand-redistribution motive remains relevant and affects the optimal monetary policy,
which therefore, deviates from stabilizing 7;;; = 0 and violates Proposition 1.

While useful to build intuition, this counterexample is, however, unlikely to be important from
a practical point of view because the externalities between exporters from a given country in global
markets are small. Moreover, the recent empirical evidence shows that even in the context of a closed
economy, the monetary policy has no significant effect on price dispersion within product categories
and hence, can hardly redistribute demand between products with adjusting and non-adjusting prices
(see Nakamura, Steinsson, Sun, and Villar 2018). Thus, quantitatively, Proposition 1 is likely to provide

a good approximation to the optimal policy even when export prices are not fully constrained efficient.
Time consistency The optimal policy is time consistent, i.e. if the planner could revise its policy

in the future, it would optimally choose not to do so. This result stems from assumptions A1-A2.

For example, with some foreign debt denominated in local currency, the government has incentives
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to inflate it away. Similarly, there is a well-known inflationary bias when output is inefficiently low
due to monopolistic markups. Finally, the price-level stabilization and inflation targeting are no longer

equivalent in the presence of markup shocks, which break the “divine coincidence”.

Corollary 1.1 (Time consistency) The optimal non-U.S. monetary policy is time consistent.

As emphasized in Lemma 2, the important implication of this result is that the global equilibrium is
independent of whether we assume that non-U.S. economies choose their policies under commitment

or under discretion.

3.2 Global monetary cycle

While the previous section shows that the optimal policy targets domestic inflation, this does not neces-
sarily mean that the policy is purely “inward-looking” and does not respond to foreign shocks. Indeed,
it seems intuitive that given the effect of U.S. policy on foreign trade, consumption, and output, it might
be optimal for other countries to use their monetary policy to “lean against the wind” and counteract
these negative spillovers. To check this hypothesis, we next discuss the implementation of the opti-
mal policy, i.e. the dynamics of the nominal interest rates set by the central bank that support the
equilibrium allocation.'?

Although the generality of our baseline model makes it impossible to characterize the equilibrium
allocation and interest rates in closed form, there are important robust predictions that can be inferred
from a subset of equilibrium conditions. In particular, consider the marginal costs of domestic producers

that are a function of nominal wages and prices of intermediates and are stabilized by the optimal policy:

—Unit
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MC“ _ m( Az; ) — UC’lZZ‘P:t — COl’lSt,

where m(-) is an increasing function homogeneous of degree one and the second equality follows from
the labor supply condition. The term Ug;;/ Py is part of the nominal stochastic discount factor and sum-
marizes the response of future nominal interest rates to local and foreign shocks (see Appendix A.2.4 for
details). It follows immediately from this expression that despite the fact that the optimal policy targets
domestic inflation 7, it is generically outward-looking. In particular, there are two channels through
which foreign shocks affect domestic monetary policy. First, consumer price index (4) increases in &;;.
Therefore, as long as imported goods are used as intermediates in production or have to go through the
wholesale and retail sectors before reaching consumers and the prices of final goods are sticky in local

currency, the stabilization of domestic prices requires that the policy partially offsets the fluctuations

12We focus in this section on the equilibrium behavior of interest rates. As in other New-Keynesian models, one needs to
go beyond that and specify the policies off equilibrium to ensure this equilibrium is a unique possible outcome, which might
also require the use of complementary monetary instruments such as money supply (see Atkeson, Chari, and Kehoe 2010).
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in the nominal exchange rate and hence, reacts to foreign shocks. Second, movements in exchange
rates affect country’s exports and domestic production, changing the demand for labor and requiring
the response of monetary policy to stabilize nominal wages. Both channels are, however, absent in the
previous normative literature that focused on a knife-edge case with no intermediates 'y = 0 and infi-
nite Frisch elasticity Uy = const, resulting in a purely inward-looking policy (see Corsetti and Pesenti
2007, Goldberg and Tille 2009, Casas, Diez, Gopinath, and Gourinchas 2017).

While both channels are also at work under PCP, the response of monetary policy is much more
asymmetric under DCP. When international prices are sticky in dollars, it is the U.S. exchange rate
that changes the prices of imported intermediates and the foreign demand for exported goods and
through both channels described above makes other economies “import” the monetary stance of the
U.S. in spite of the U.S’s trivial share in global production, consumption and trade. It follows that
even if exogenous shocks are completely uncorrelated across countries, the synchronized response
of individual economies to U.S. shocks gives rise to a “Global Monetary Cycle”. The country-specific
loadings on this global factor, in turn, increase in the share of DCP in imports and exports and the
openness of the economy. Importantly, this normative prediction of the model is strongly supported
by the recent empirical evidence by Zhang (2018), which shows that the pass-through of U.S. monetary
shocks into foreign policy rates is systematically related to the cross-country variation in DCP. This
logic, however, applies not only to the Fed’s shocks, but also more generally to any U.S. and local shocks
that move the bilateral exchange rate.

What are the implications of the optimal policy under DCP for the exchange rate regime? Is it more
or less volatile than under PCP? While in general the answer is ambiguous, two assumptions allow us
to make much progress. First, assume a linear disutility from labor (see Hansen 1985, Rogerson 1988),
so that the import channel dominates the export one, i.e. monetary response to foreign shocks is only
due to the presence of imported intermediates.'® Second, assume that other things equal, the exchange
rate appreciates in response to a positive interest rate shock, as is the case under complete markets in
our model, but is not necessarily true more generally because of the valuation effects.'*

Combined together, these assumptions imply that it is optimal for non-U.S. economies to have a
partial peg to the dollar. Indeed, given an exogenous shock that depreciates the domestic currency rela-
tive to the dollar, the local monetary policy raises interest rates, which partially offsets the depreciation
of the local currency and smooths movements in the bilateral exchange rate against the dollar. This
mechanism is consistent with the fact that central banks often mention volatile import prices as a ra-
tionale for pegging exchange rates and suggests that the wide use of the dollar in international trade
contributes to the fact that the U.S. retains its dominant position in the global monetary system even

in the aftermath of the Bretton Woods System. In particular, the model can rationalize the fact that

3The latter would also be true if flexible-price commodities accounted for most of country’s exports.
“While this assumption is in line with most empirical evidence (see e.g. Eichenbaum and Evans 1995), there can be
important exceptions, e.g. the effect of U.S. forward guidance during the Great Recession (Stavrakeva and Tang 2019).
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most countries in the world experience a “fear of floating” and use the dollar as an anchor currency
in their monetary policy (Calvo and Reinhart 2002). It also helps to explain why emerging economies
like Argentina, Brazil, and Turkey, with a high ratio of imports-to-GDP and almost all imported goods
invoiced in dollars, are more sensitive to U.S. shocks and have a stronger peg to the dollar (Ilzetzki,
Reinhart, and Rogoft 2018).

Corollary 1.2 (Global monetary cycle) The optimal monetary policy in non-U.S. economies (i) is gener-
ically outward-looking, (ii) responds to U.S. monetary shocks giving rise to a global monetary cycle, and

(iii) if Uy = const and % < 0, implements a partial peg to the dollar.

Thus, the implications of DCP are similar 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 2013, Aoki, Benigno, and Kiyotaki 2016, Giovanni, Kalemli-Ozcan, Ulu, and Baskaya 2017).
Just as in our model, the trade-off facing the policymakers in non-U.S. economies is worsened by U.S.
spillovers: the free floating exchange rate does not fully insulate from negative foreign shocks and does
not allow countries to achieve the efficient allocation, transforming the Trilemma into a “Dilemma”. At
the same time, both in our setup and in the case of financial spillovers, this does not mean that the
planner should give up on exchange rates altogether, as they still constitute an important margin of the
stabilization mechanism: in general, it might be optimal to have more volatile exchange rates relative
to the PCP case if the export channel dominates (cf. Gourinchas 2018, Kalemli-Ozcan 2019), and even
when the import channel is more important, it is still optimal to fully adjust exchange rates in response
to local productivity shocks. In contrast to the literature on the global financial cycle, however, our
results are not driven by frictions in the international asset markets — as they remain true even when
the markets are complete — and instead are solely due to the dominance of the dollar as the currency
of invoicing in global trade.

To take stock, we show that the optimal policy actively responds to U.S. shocks and partially pegs
the exchange rate to the dollar. These results hold both conditional on U.S. monetary shocks, but also
unconditionally, i.e. for most local and U.S. shocks. The described optimal policy under DCP is much
closer to the one observed in the data, rather than the normative predictions of standard open-economy

models.

3.3 Capital controls

The inability of exchange rates to shield economies from negative U.S. spillovers under DCP and the
failure of the Trilemma raise a question about whether additional restrictions on capital mobility can be
used to improve the allocation and increase a countries’ welfare. Indeed, a modern consensus 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
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economies of the undesirable exchange rate effects” (Blanchard 2017). In other words, the U.S. can
focus on its domestic objectives when setting monetary policy, while other countries can insulate their
economies from the arising spillovers by augmenting the optimal monetary policy with appropriate
capital controls. Though often made in a context of international financial spillovers, this argument
might be equally important for the spillovers from DCP in global trade.

To address this question, we allow the planner to choose a state-specific subsidy 7, on foreign

investment, so that household portfolio choice is described by the no-arbitrage conditions™
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Following the primal approach, we can exclude these equilibrium conditions from the planner’s prob-
lem and allow the government to choose directly the international asset positions { B2} of the country,

in addition to the monetary policy:

oo
max E ZﬁtU(Cm Nit,fit)
{Cit,Nit,Lis,Xit,Bl ,Pit it Py Eit bt —0
st ) — (10).

Solving for the optimal allocation and then using household no-arbitrage conditions to back out the

optimal taxes on capital flows, we obtain the following result:

Proposition 2 (Capital controls) Given the optimal monetary policy, capital controls do not insulate

other economies from U.S. spillovers and are not used by the planner, i.e. 75, = 0 under the optimal policy.

Thus, relaxing the planner’s problem by augmenting the monetary instrument with the macro-
prudential tools does not change the optimal policy or the equilibrium allocation in our model as the
planner optimally chooses not to intervene into asset markets.'® At first glance, this may look like a
surprising result: after all, the general principle of the second-best policy is that it is usually optimal to
mitigate distortions in one market by distorting other margins in the economy. In our model, this would
correspond to distorting the intertemporal portfolio decisions of households to improve the allocation
in static goods markets. Indeed, as shown by Farhi and Werning (2016), the laissez-faire risk sharing
is generically inefficient when monetary policy cannot implement the first-best allocation. Yet, Propo-
sition 2 shows that despite suboptimal allocation under the optimal monetary policy, capital controls
are redundant and are not used by the planner in our setting independently from the completeness of
asset markets. The international spillovers arising from DCP are therefore very different from the ones

arising from financial frictions and cannot be eliminated with macroprudential policy.

SWithout loss of generality, it is convenient to normalize the value of capital controls in period 0 to UPL?OO ﬁ—fc =1
v 0
!6Tn contrast to the “approximate efficiency” of the risk sharing in Fanelli (2017), the laissez-faire portfolio choice is exactly

optimal in our setting.
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To understand the intuition, we map our result into the general setup of Farhi and Werning (2016).
For the sake of clarity, assume no intermediate goods in production and complete asset markets. There
are three types of goods produced in each country — local consumption goods, exported goods, and
labor. Adopting notation from the paper, let Cy;: (1, { P }) and C},(1;+, { P;}) denote household demand
for local and exported goods as functions of income [;; and a vector of prices { P, }, and define wedges
for two goods against labor as

Wi 1 e Wi 1

_— 1—7 = —— .
Pyt Ait7 Tat e—1 gitf); A

1 =T =

Clearly, 7;; = 77, = 0 at the first-best allocation, while positive (negative) values of wedges correspond
to a deficit (excess) of demand for the respective good. Note that 7}; can be interpreted as a subsidy on
the Arrow-Debreu security that pays one unit conditional on a given history and zero otherwise. Its

optimal value is then shown to be
c = %Yk —%
T = PiutCrianTiae + gitIDitCLitTita

where C; = %—? is the marginal propensity to consume for a given product. Intuitively, the reason the
risk sharing is generically inefficient under sticky prices is the aggregate demand externality: when
making portfolio decisions, individual agents do not internalize the fact that a wealth transfer changes
the aggregate demand C; for depressed/overheated goods and mitigates wedges 7 in goods markets.
Therefore, the planner subsidizes the purchase of assets 75; > 0 that pay in the states of the world with
inefficiently low demand.

In our setting, however, the optimal monetary policy ensures that local demand is optimal and
fully eliminates the wedge for domestic goods by stabilizing the marginal costs of local producers, i.e.
T:it = 0. In contrast, because of DCP, foreign demand is in general inefficient under the optimal policy,
so that the wedge for export goods remains open 7;; # 0, and the equilibrium allocation is not the
first best. This inefficiency, however, cannot be eliminated with domestic capital controls, which in the
case of a small open economy have no effect on foreign demand and can only change local demand.
But domestic households do not consume export goods C7 ;, = 0 and hence, a redistribution of wealth
across states has no effect on the export output gap. Crucially, a zero demand for export goods is not
a knife-edge case that is fragile to an arbitrary small perturbation of preferences, but is rather true
by definition, which explains why the main theorem from Farhi and Werning (2016) that taxes 7}; are
generically non-zero does not apply in our model. Thus, even though the optimal monetary policy
cannot implement the first-best allocation under dollar pricing — similarly to the settings with the zero
lower bound or fixed nominal exchange rates (see e.g. Farhi and Werning 2017) — it does eliminate the

local aggregate demand externality and closes the gap between private and social value of insurance.

To be clear, our result should not be interpreted as an argument against the macroprudential policy,
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which might be important to offset financial spillovers and local pecuniary externalities (see e.g. Bianchi
2011, Jeanne and Korinek 2010). Instead, it shows that capital controls are not a panacea and cannot be
used unilaterally to insulate a country from spillovers arising under DCP. We also show in Section 5.2

below that it is optimal to use macroprudential instruments under the cooperative solution.

3.4 Trade policy

Given the limited efficiency of monetary policy and capital controls, a natural question is: what other
tools can be used to restore the first-best allocation? Indeed, as argued in the recent literature, a suffi-
ciently rich set of fiscal instruments can always replicate the effects of a given monetary policy (Adao,
Correia, and Teles 2009) and implement the optimal allocation (Correia, Nicolini, and Teles 2008). Most
closely related to our setting, Chen, Devereux, Xu, and Shi (2018) show how state-contingent taxes can
be used to restore efficiency in global economy when international prices are sticky in the currency of
destination (LCP). To address the question in the context of DCP, we augment the planner with two
additional state-contingent fiscal instruments: a production subsidy to exporters 7;; and an export tax
levied on top of firms’ prices at the dock 7. While the two instruments would be largely isomorphic
under flexible prices, their effects are quite different in the presence of nominal rigidities: e.g. in the
limit of fully sticky prices, an unexpected change in 7}, has no effect on export prices in the currency
of destination and only changes the profits of exporters, while 7/ allows the planner to have direct

control over export prices and affects foreign demand.

Proposition 3 (Trade policy) The non-cooperative efficient allocation can be implemented by (i) mon-
etary policy stabilizing domestic prices m;; = 0, (ii) production subsidy to exporters 7;; stabilizing their

dollar prices 3, = 0, and (iii) export tax stabilizing destination prices in domestic currency TEE; = 1.

Thus, a mix of monetary policy with two fiscal instruments is sufficient to replicate the flexible price
equilibrium, which according to Lemma 3, is efficient. Intuitively, this is because sticky prices generate
three types of distortions. The first one comes from the suboptimal production and consumption of do-
mestic goods and, as explained above, is fully eliminated by the monetary policy. The second distortion
is due to the price-adjustment costs of exporters. The only way to avoid these costs for the economy
is to ensure that the marginal costs of exporters are constant in dollars and hence, there is no need for
firms to change their prices. This goal can be achieved by using a time-varying production subsidy to
exporters 7. Having export prices constant in dollars, however, implies suboptimal terms of trade. To
eliminate this last distortion, the planner uses export tax 7}’ to target the prices faced by consumers
in foreign markets of destination. In particular, since domestic prices are stable in local currency and
export prices are constant in dollars, this last instrument is necessary to eliminate deviations from the
law of one price.

While it is hardly surprising that the efficient allocation can be restored using a sufficient number

of fiscal instruments, it is interesting that the optimal policy is actually quite simple and can be charac-
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terized in terms of three directly observable targets: domestic prices and two measures of export prices.
No other details of the models, including the values of any parameters, are relevant for the policymaker
given these three sufficient statistics, although the resulting allocation and the particular values of taxes
and interest rates implementing this allocation are sensitive to the details of the model. Thus, similarly
to the fiscal devaluations in Farhi, Gopinath, and Itskhoki (2014), our policies are also “robust”, but in
terms of objectives rather than implementation.

Clearly, this is just one set of policies that are sufficient to implement the optimal allocation: as
usual, there exist alternative instruments that can achieve the same goal. For example, one can use a
production subsidy to local firms 7;; to stabilize their marginal costs and allow the monetary policy
to target instead other distortions. That said, the export tax 7% is crucial for the implementation of
the efficient allocation and cannot be substituted with other instruments. In particular, the Lerner
symmetry does not hold under DCP, as pointed out by Barbiero, Farhi, Gopinath, and Itskhoki (2019),
and hence, one cannot replace the export tax with import tariffs.

We conclude this section by emphasizing that in spite of the benefits and relative simplicity of the
optimal fiscal policy, it is still uncommon in the modern world to have state-dependent production
subsidies and export taxes. The relative flexibility of monetary policy, on the other hand, makes it
a primary instrument to be used against exogenous shocks. Interestingly, our results show that the
optimal monetary policy is the same regardless if it is the only policy tool or if it is complemented with

export taxes and subsidies.

4 Extensions

To clarify the generality and limitations of the main results, this section extends the baseline model
in three important dimensions. Motivated by empirical evidence, we first allow for pricing-to-market
and heterogeneity between domestic and exporting firms and show robustness of the optimal policy.
The second extension introduces endogenous currency choice and proves that our normative results
withstand the Lucas (1976) critique. Finally, we consider the case when both exporters and some do-
mestic firms set their prices in dollars and show how the arising aggregate demand externality affects

the optimal policy.

4.1 Robustness

To keep equilibrium conditions more transparent and directly comparable to the previous literature,
the baseline model assumes that all firms and consumers in an economy share the same simple CES
aggregator of home and foreign products. This section relaxes this assumption to show the robustness
of our main findings in an arguably more realistic environment and to clarify whether the policy should

stabilize the costs of local firms or exporters.
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In particular, we generalize the baseline model in three directions. First, the home bias is allowed
to be different for consumers, local producers and exporters:

Cu= [(1=103CF +2d )"

_ L
Xt = [0 = X8 T b xe )
0

X5 = [(1-bxe, 5 4 dxy ]

where Xi‘f; and X, are, respectively, the bundles of intermediates for domestic firms and exporters.
Heterogeneous 7’s allow the model to capture, among other things, the fact that exporting firms are
also the largest importers and that consumers might not have direct access to foreign goods, but rather
have to buy them from local retailers.
Second, we allow for heterogeneous production functions used by local firms and exporters
Yir = AiF (L, Xjy) and Yy = ALG(Ly, X7),

where F'(-) and G(-) are both constant returns to scale. Thus, the labor intensity and productivity
shocks might differ across two types of firms.

Finally, instead of the CES bundle, we assume that both local and foreign varieties are combined via

the Kimball (1995) aggregator, e.g. consumption bundles C;;; and C7}; are defined by

[r(Car)amr m [ [r (57w

where T(1) = Y/(1) = 1, Y/(-) > 0 and Y”(-) < 0, and the bundles of intermediates X;;; and
X, are defined symmetrically. The key difference from the baseline model introduced by the Kimball

aggregator is that the prices of individual firms now depend not only on their marginal costs, but also
on the prices of competitors. This, in turn, implies that the model can reproduce the pricing-to-market
and the incomplete pass-through that have been extensively documented in the data even for the long
horizons when the prices adjust fully (for a survey of the literature see Burstein and Gopinath 2012).
The extended version of the model is significantly more complex than the baseline setup, yet our
main results still hold. Intuitively, assumptions A1-A2 still ensure that the flexible-price equilibrium
is efficient and that exporters set prices in a constrained efficient way when prices are sticky.!” The
latter result is due to the fact that individual producers and the planner face the same foreign demand
for each exported variety, and there are no externalities not internalized by exporters. Therefore, as

in the baseline model, the planner targets 7m;;; = 0, giving rise to a global monetary cycle, and finds it

"More generally, one needs firm-specific subsidies to eliminate heterogeneous markups when firms are not symmetric.
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suboptimal to use capital controls.'®

Lemma 4 (Robustness) All results from Propositions 1-2 hold in this general setup.

Importantly, the lemma shows not only the robustness of our results, but also clarifies the key feature of
the optimal policy: it is the marginal costs of local sellers that the monetary authorities should stabilize.
On the one hand, that might include the prices of most imported goods if they have to go through the
wholesale and retail sectors before reaching consumers. On the other hand, this target does not include
foreign intermediates used by local exporters and does not directly depend on the productivity shocks
in the export sector. Thus, the important corollary of Lemma 4 is that the optimal policy can vary across
countries not only because of different openness and the share of DCP (as discussed in Section 3.2), but
also because of differences in input-output linkages. In particular, economies with a higher share of
consumption goods in imports sold by local retailers respond more strongly to U.S. shocks and have a
tighter peg to the dollar than countries in which exporters account for most of imported goods.

It is worth emphasizing that the important assumption that underlies Lemma 4 and, in fact, our next
results about the currency choice is that the Kimball aggregator applies separately to local and foreign
goods. If the two were combined into a single nest, exporters would set different prices in each market of
destination depending on the competitors’ price index F;. In this case, import prices depend on prices
of domestic firms and are no longer exogenous from the planner’s perspective. The monetary policy
and other tools would then deviate from price targeting to manipulate import prices. To the best of our
knowledge, this trade-off has not yet been studied in the literature, and we leave it for future research.
At the same time, it remains an open empirical question as to what level of aggregation provides a better
approximation to the real world: one of very few existing pieces of evidence by Cavallo, Neiman, and
Rigobon (2014, 2015) actually shows that the law of one price holds quite well across markets with the

same currency, which supports our approach.

4.2 Currency choice

So far, we have treated the currency of invoicing as a primitive of the model following most of the
previous normative literature. One might, however, be concerned that our results are subject to the
Lucas critique and might change drastically once the firms are allowed to make optimally the invoicing
decisions. In what follows, we argue that this is not the case and that both DCP and the optimal policy
described above can be sustained as an equilibrium outcome. To this end, we augment the generalized
version of the model with the endogenous currency choice from Mukhin (2018), which in turn, builds

on the seminal contributions of Engel (2006) and Gopinath, Itskhoki, and Rigobon (2010)."’

18 At the same time, in contrast to the baseline model, the efficient allocation cannot be implemented under PCP as the
optimal pass-through into export prices is no longer complete. As a result, although the planner can still implement the
efficient allocation using the trade instruments from Proposition 3, the optimal target for export tax 7£ is more involved.

See also closely related models by Corsetti and Pesenti (2002), Bacchetta and van Wincoop (2005), Goldberg and Tille

(2008), Cravino (2014). The two appealing features of these models are that they do not require any additional frictions on

27



Assume in particular, that in the initial period, domestic firms and exporters can choose any cur-
rency, in which to set prices. The currency choice is discrete, i.e. firms cannot set their prices in terms
of a basket of currencies (see Appendix A.3.2 for details). Because of nominal rigidities, future prices
deviate from the desired level that maximizes firms’ profits state by state. In this environment, the cur-
rency choice aims to minimize such deviations and replicate the desired prices as close as possible. To
give a simple example, if the desired price is $100 in all states of the world, setting the price in dollars
is clearly optimal as no ex-post adjustments are required in this case, while setting the price in pounds
is suboptimal as the ex-post price would deviate from the optimal level due to movements in exchange
rates. More generally, a firm chooses the currency, in which its desired price is most stable: e.g. if the
latter is $70 + £30, it is still optimal to set the price in dollars.

The “weights” of currencies in the desired price, in turn, depend on the marginal costs of production
and the prices of competitors. As before, the former includes wages and the prices of local and foreign
intermediates, while the latter is due to the Kimball demand, which in contrast to the CES demand,
generates strategic complementarities in price setting. Given that the currency choice depends on the
properties of nominal wages and exchange rates, there is a two-way interaction between the monetary

policy and firms’ invoicing decisions.

Proposition 4 (Endogenous currency choice) Assume strong enough price linkages across exporters.
Then (i) under the optimal policy there is an equilibrium with PCP in local markets and DCP in foreign mar-

kets, (ii) the optimal policy that internalizes its effect on firms’ currency choice is the same as in Lemma 4.

The first result speaks to the case when invoicing is taken as given by the monetary authorities and we
are looking for a Nash equilibrium in a game where planner and firms move simultaneously. Since the
optimal monetary policy fully stabilizes domestic prices in local currency 7;;; = 0, firms unambigu-
ously choose PCP in the home market. In contrast, exporters face a non-trivial trade-off: the wages and
prices of local intermediates are more stable in producer currency, while the prices of imported inputs
and competing products are more stable in foreign currencies, in which exporters from other countries
set their prices. When the price linkages between exporters, which arise from the use of foreign inter-
mediates and complementarities in price setting, are strong enough, the latter effect dominates, and it
is optimal for exporters to coordinate on a single currency, allowing to sustain a DCP equilibrium.?
Perhaps more surprisingly, Proposition 4 shows that the optimal policy does not change even when
the planner acts as a Stackelberg leader and commits to monetary policy before firms make their invoic-
ing decisions. On the one hand, PCP in local markets increases the efficiency of the monetary policy
to stabilize the economy, so the planner has no incentives to distort this margin. On the other hand,

exporters’ invoicing decisions are constrained efficient, i.e. even if the planner were allowed to choose

top of sticky prices and are supported by empirical studies.
20 As usual, strong strategic complementarities can potentially lead to multiple equilibria with different currencies used
as a dominant one. The dollar is more likely to play this role when the U.S. is larger and more stable than other economies.
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both monetary policy and the currency of invoicing, it would not change it relative to the decentralized
equilibrium. This result strengthens the intuition behind Proposition 1: conditional on monetary policy
that stabilizes domestic prices, both prices and currency choice of exporters are socially optimal, which
— combined with the fact that targeting 7;;; is the optimal response of monetary policy under DCP —
implies that the planner has no incentives to deviate from this equilibrium.

Finally, the currency choice of importers is almost exogenous to the planner as exporters from
other countries choose the same currency for all foreign markets. The only way, a planner can affect
the invoicing decisions of importers is by manipulating the properties of its exchange rate, e.g. by
stabilizing the average desired prices of foreign firms in its currency. This motive of monetary policy
is, however, weak for two reasons. First, it might prove to be too costly as it requires giving up on
stabilizing domestic demand. Second, if complementarities in currency choice are strong enough, it

might be impossible to make foreign firms switch to a new currency once they coordinate on DCP.?!

4.3 Domestic price dollarization

In addition to its dominant status in international trade, the dollar is also frequently used in emerg-
ing economies as a currency of invoicing in domestic markets (see e.g. Drenik and Perez 2019). Such
“dollarization” can potentially significantly lower effectiveness of local monetary policy and result in
additional policy trade-offs. To address these issues, this section extends our baseline model allowing
for DCP in domestic markets and describes the optimal monetary and fiscal policy.

To this end, consider a non-U.S. economy and assume that consumption bundle C;; as well as the
bundle of intermediate goods X; include three types of goods — domestic products invoiced in local
and foreign goods C7;:

currency Cj;;, domestic products invoiced in dollars C,,

0

b1 _0_
Cit: (1_7*_7) Oute +7 zzt o +’780 ]0 1

and similarly for X;, where as before, each category is a CES aggregator of individual products with
elasticity of substitution ¢.% For simplicity, all firms have the same round-about production function
independently from invoicing or market of destination, and the currency choice is exogenous. We al-
low producers to set different dollar prices in local and foreign markets. Extending Assumption A1,
all firms selling in domestic markets get a time-invariant production subsidy 7; = <=* that eliminates

monopolistic distortion.”” The planner is free to choose a state-dependent monetary policy R, capi-

2 A similar argument applies to the optimal cooperative policy: the costs of promoting PCP with monetary policy can
outweigh the benefits from enhanced expenditure switching (see Mukhin 2018 for details).

22The fact that dollarized products enter consumption as a separate bundle with elasticity of substitution 6 with other
local and imported goods means that most variation in currency choice is across sectors. This assumption simplifies the
notation, but is not crucial for our results.

#We also allow for a time-invariant tax on dollar-invoicing firms that subsidizes their price-adjustment costs 7;; %
Intuitively, it eliminates both markups and externalities in price-adjustment decisions of private firms (see Appendlx A.3.3).
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tal controls 75, (as defined in Section 3.3), and production subsidies to exporters 7;;, but falls short of
using export taxes 7£ to restore efficient terms of trade. We allow for this rich set of instruments to
disentangle different policy motives with the understanding that once some of the tools (e.g. fiscal)
are excluded, the remaining ones (monetary) pick up their functions. Appendix A.3.3 provides further

details about the equilibrium conditions and the planner’s problem.
Proposition 5 (Domestic dollarization) The optimal policy in dollarized economies

e stabilizes domestic prices m;;; = 0,

e taxes capital flows

—0
T _ " (R-E) Eir iy — Pt
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The first thing to notice is that given additional instruments, the optimal monetary stance remains
exactly the same as in the baseline model stabilizing prices of domestic producers. Thus, the monetary
policy is used exclusively to achieve the optimal level of aggregate demand for domestic goods invoiced
in local currency and does not aim to improve demand for dollar-invoiced goods, which is generically
inefficient due to deviations from the law of one price. Combined together, Propositions 1 and 5 show
that whether a product is included in the price index targeted by the monetary policy depends more
on its currency of invoicing rather than its country of origin: as discussed above, 7;;; may include retail
prices of imported goods, but excludes domestic products with prices set in dollars. Moreover, the
important implication of this result is that a high level of dollarization should not be interpreted as a
prima facie evidence in favor of pegging the exchange rate to the dollar.

In contrast to the baseline case, it is no longer optimal to have zero capital controls when some
local prices are sticky in dollars. The latter implies that monetary policy can no longer achieve efficient
demand for all domestically produced goods, leaving room for macroprudential tools to further improve
the allocation. In line with the analysis of Farhi and Werning (2017), the planner internalizes the effect
of international transfers on local demand and, given the optimal monetary policy that closes the output
gap for goods invoiced in local currency, aims to stabilize demand for dollar-invoiced goods. Indeed,
as can be seen from the formula above, the optimal subsidy 7 is positive for assets that pay more in
> Py;. The

absolute size of the optimal capital controls, in turn, depends on the share of additional income spent

states of the world, in which prices of dollarized products are inefficiently high &;, P}

21t

on local DCP goods relative to the fraction spent on imported goods. Consistent with the results above,
no capital controls are needed when the share of dollarized goods converges to zero v* — 0 or when

local demand is fully efficient £, P}, = Fji.
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Perhaps more novel to the literature, we find that the same argument applies to export revenues.
Because individual exporters do not internalize the increase in demand for local goods associated with
higher income earned abroad, their price setting is not constrained efficient. Remarkably, the compar-
ison of the optimal NKPC from the proposition with the private one (7) shows that the externality can
be fixed by applying the same state-dependent tax on foreign revenues as the one imposed on capital
flows. In particular, the planner subsidizes exporters 7;; > 0 to boost their revenues in states of the
world with insufficient demand for dollarized goods &£, F;;, > P;;;. This shows that the aggregate de-
mand externality is the common source of inefficiencies in risk sharing and price setting. This extends
the main insight of Farhi and Werning (2016) and shows that — in addition to private portfolio decisions
— the price setting of exporters is also generically constrained inefficient when monetary policy cannot

achieve the optimal local demand.

5 U.S. Policy

The previous sections describe the optimal policy in non-U.S. economies for an arbitrary monetary pol-
icy of the U.S. To characterize the subgame-perfect equilibrium, we next apply the backward induction
and use the best responses of other countries to solve the U.S. planner’s problem.** We characterize
the motives of U.S. optimal policy, contrast them with the optimal cooperative policy, and discuss the

welfare implications.

5.1 Optimal policy

As a Stackelberg leader, the U.S. planner maximizes the welfare over all prices and quantities in the

world economy, taking as given the optimal policy in other countries:

max E B'U(Cit, Nit, &ar)
1=0

{Cjt:Njt,Lje, X jt. Bl Py, Pije, Py 56, Q0 bt

st (3) — (12).

Here and for the rest of this section we implicitly assume 7 = 0. This problem is fundamentally different
from the problem of other economies discussed in Section 3. Non-U.S. countries take global prices and
quantities as given and their monetary policy can only affect local margins. In contrast, because of the
dollar invoicing in international trade, U.S. monetary policy can affect the relative prices outside of its
economy and can potentially implement allocations that are unattainable under flexible prices. This

can perhaps be seen best in the extreme case with no home bias 7y — 1 when all prices in the global

2Notice, however, that none of our results below are driven by the timing assumption as the same equilibrium would
arise in a simultaneous-move game with all countries choosing 7;;; (Lemma 2). Indeed, in both sequential and simultaneous
games, the U.S. takes the strategies of other economies 7;;; = 0 as given and hence, chooses the same optimal policy.
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economy are sticky in dollars and hence, non-U.S. monetary policy becomes completely ineffective,
while the U.S. policy determines allocations in all countries.

Because of these global effects, the optimal U.S. policy deviates from inflation targeting and pursues
other objectives as well. As a result, it cannot be summarized with a simple targeting rule and depends
on the details of the setup. To make progress in understanding the motives of U.S. policy, we adopt a

different approach than in Section 3 and impose an additional restriction:

A3 Domestic and export prices are fully rigid ¢ — 0o, and the asset markets are complete.

While in the general case, the optimal policy is implicitly determined by a large system of dynamic
equations, assumption A3 provides a lot of tractability by allowing for a state-by-state analysis. It is
worth emphasizing, however, that the same motives that arise in this “static” case are equally appli-
cable in the general dynamic setup. Combining the optimality conditions and taking the first-order
approximation around the symmetric steady state, one can decompose the optimal policy in a given
state into three separate motives.”> Intuitively, the U.S. problem can be partitioned into three blocks
— the static market clearing conditions, the intertemporal risk-sharing, and the ex-ante price-setting
— each of which generate a separate motive for the optimal policy. The next proposition expresses
the policy rule in terms of simple sufficient statistics, which even if not directly observable in the data,

provide important intuition for the motives of U.S. policy.

Proposition 6 (U.S. policy) Under assumptions A1-A3, the optimal U.S. policy rule balances three mo-

tives and to the first-order of approximation is given by

D' piis + e - nig + 15 - / phdj = 0, (13)
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is the steady-state elasticity of global SDF with respect to U.S. monetary policy, and I', = are steady-state
constants — all defined in Appendix A.4.2.

where p;;i, pi, and nx;, are the deviation from the steady-state values of and net exports, €

Motive #1: The first term in (13) corresponds to local demand and constitutes the price-stabilization
motive of the monetary policy. Notice that this motive dominates when home bias is strong 7 ~ 0
and all other terms drop out. While it is the same motive pursued by non-U.S. economies, its impli-
cations are largely different in the U.S. than in other countries. First, in contrast to other economies,
in which inflation targeting stabilizes only local demand, but leaves exports at the suboptimal level,

the monetary policy of the U.S. simultaneously affects domestic and foreign demand for its products.

2 An alternative and widely used way to characterize the motives of the optimal policy is to focus on the terms in a
quadratic approximation of the objective function (see e.g. Engel 2011, Corsetti, Dedola, and Leduc 2010). At the same time,
the presence of a “gap” in the loss function does not necessarily imply that the optimal policy should target it (see Casas,
Diez, Gopinath, and Gourinchas 2017 for a counterexample).
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Indeed, a depreciation of the dollar decreases export prices in the currency of destination and boosts
the country’s exports.?® Interestingly, this stimulative effect holds even when other countries peg their
exchange rates to the dollar. Intuitively, to prevent the appreciation of their currencies in response to
monetary easing in the U.S., other economies follow a similar stimulative policy, raising demand for
both local and imported goods, including ones exported from the U.S.

The second key difference between the policy in the U.S. and in other countries is that its imple-
mentation leads to an asymmetric response to foreign shocks. According to Corollary 1.2, movements
of the U.S. exchange rate affect the prices of imported intermediates in all other countries and require
the intervention of local monetary policy to keep domestic inflation at zero. In contrast, because of
dollar pricing, U.S. import prices are less sensitive to movements in foreign exchange rates, making

U.S. monetary policy inward-looking and responding mostly to local shocks when v ~ 0.

Motive #2: The fact that U.S. monetary policy affects production and consumption in other countries
implies that it also shapes global stochastic discount factor and hence, the prices of Arrow-Debreu
securities. This gives rise to the second term in the policy rule (13), which corresponds to the dynamic
terms-of-trade manipulation motive as defined by Costinot, Lorenzoni, and Werning (2014). As they
show in the context of a flexible-price model with one internationally traded good, a large economy
faces a downward sloping demand for funds from the rest of the world: the larger is the promised
transfer to foreigners in a given state of the world, the higher is the consumption in other economies
and the lower is their willingness to pay for a marginal unit. Therefore, a large economy can act as
a monopolist and extract additional rents by altering its current account relative to the laissez-faire
equilibrium. Our analysis shows that the same motive is also relevant for the monetary policy of an
infinitely small economy if it is the issuer of the dominant currency.

Consider, for example, the case when stimulative monetary policy in the U.S. boosts world con-
sumption and decreases global SDF, i.e. € < 0. The optimal policy then overstimulates the economy —
i.e. generates inflationary pressure by setting marginal costs above the price level — in the states of the
world, in which the U.S. borrows from the rest of the world nz;; < 0. This lowers the SDF and allows
the country to borrow more cheaply. Symmetrically, the U.S. has incentives to contract the economy
and raise the global SDF in order to enjoy higher interest rates in the states of the world when the
country runs a positive current account nz;; > 0.?” Thus, the effect of the Fed’s policy on international
asset markets under DCP can potentially contribute to the “exorbitant privilege” of the U.S. (Gourin-
chas and Rey 2007). It also implies that as long as U.S. trade with other countries depends on foreign
shocks, the optimal policy will respond to them and is to some extent outward-looking.

Note that this policy motive is new to the literature because previous models focused on log prefer-

20 Ag a result, the price-stabilization motive remains relevant even in the limit with no home bias v — 1.

27Qur analysis focuses on the approximation around the symmetric steady-state with zero net foreign asset positions. If
instead one assumes that the U.S. runs a negative trade balance in the steady-state, the optimal policy rule has an additional
term with the time-varying stochastic discount factor.
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ences, which make trade balanced nx; = 0 in every state of the world (see Corsetti and Pesenti 2007,
Goldberg and Tille 2009). The dynamic terms-of-trade motive also drops out under financial autarky
when there are no internationally traded assets, but is relevant under any other form of (in)complete

markets and does not rely on the simplifying assumption A3.

Motive #3: The final term in the optimal policy rule (13) comes from the price-setting constraint of
exporters in other economies. Intuitively, in contrast to other countries, the U.S. can affect its terms of
trade not only through export prices, but also by changing the prices of foreign exporters. As a result,
the optimal markups of U.S. exporters do not fully eliminate the terms-of-trade motive of the monetary
policy. Indeed, if import prices were preset at an exogenously given level, the U.S. could inflate them
away and buy foreign goods at an arbitrary low price. Of course, this does not happen under rational
expectations when foreign prices cannot deviate too much from the average marginal costs, imposing
an important constraint on the global real effects of U.S. monetary policy. The optimal policy, however,
aims to relax this constraint by partially stabilizing the dollar prices of global exporters.?® This shifts
U.S. policy in the direction of international cooperation (see below) and makes it respond to global
shocks outside the U.S.

To what extent should the Fed be concerned about the global spillovers of its policy? Proposition 6
provides new insights to this classical question. On the one hand, the optimal ex-post policy in a given
state of the world focuses exclusively on the first motive — price stability. Independently from the sign
and size of the spillovers on other economies, such a policy allows the U.S. to achieve the optimal level
of both local and foreign demand. In this sense, the Fed does not need to worry about the global effects
of its policy and can focus exclusively on domestic objectives, consistent with the view of several U.S.
policymakers (see e.g. Bernanke 2017). On the other hand, as the two additional motives in the policy
rule (13) make clear, ignoring the spillovers is suboptimal from the ex-ante perspective as they can
backfire through both international financial and goods markets making U.S. borrowing and imports
more expensive. It is therefore in the Fed’s interest to pay attention to the global effects of its monetary
policy, even though the relative weight of these motives is proportional to the openness of the U.S.
economy -y and is likely to be small in practice. The ex-ante motives also imply that the optimal policy

is not time consistent for the U.S.

Gains from DCP The analysis above shows that both the international transmission of shocks and
the optimal monetary policy are markedly different for the U.S. than for other economies. Do these
asymmetries translate into differences in countries’ welfare? Does the U.S. actually benefit from the

dominance of the dollar in world trade? As it turns out, the answers to these questions are ambiguous

28This motive was first described in a context of the LCP model by Devereux and Engel (1998) and is also present in DCP
models of Devereux, Shi, and Xu (2007), Corsetti and Pesenti (2007), Goldberg and Tille (2009).
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and depend on the details of the model.

Intuitively, there are three sources of difference in welfare between countries, which roughly corre-
spond to the three motives of U.S. monetary policy discussed above. First, consider the terms-of-trade
motive and notice that it works against the U.S. Indeed, in contrast to other economies that stabilize lo-
cal demand, U.S. optimal rule (13) deviates from this objective to partially stabilize global export prices.
Such policy increases the absolute welfare of the U.S., but also decreases its welfare relative to other
countries: lower international prices benefit all economies, but they come at the expense of domestic
price stabilization for the U.S. One can show, however, that the differences in the optimal policy have
only a second-order effect on countries’ welfare when economies are close enough to the autarky limit
v — 0.

Second, there is the dynamic terms-of-trade effect: depending on the correlation between the global
stochastic discount factor and the U.S. trade balance induced by the monetary policy, the U.S. can win
or lose relative to other countries. Empirically, U.S. net exports have a tendency to go up in recessions
when the global SDF is high, consistent with the “exorbitant privilege/duty” paradigm (see Gourinchas
and Rey 2007), but to what extent this pattern is due to DCP remains an open question. Finally, as
discussed above, in contrast to other economies that face a trade-off between stabilizing local and for-
eign demand, U.S. monetary policy can simultaneously close the domestic output gap and generate the
optimal expenditure switching towards its goods abroad. The U.S. unambiguously benefits from this
form of the divine coincidence, which is arguably the most important welfare implication of DCP. More
formally, the next corollary shows that the U.S. gains from DCP in the special case that eliminates the

other motives.?

Corollary 6.1 (Welfare) Depending on parameter values, the welfare of the U.S. can be higher or lower
than the welfare of other economies. In the special case of A3, U = ¢ _N,o0=1Fx=0~v—0,

-0

and symmetric shocks, the welfare is higher for the U.S.

Finally, note that while we focus on the relative welfare of the U.S. vs. non-U.S. economies, one
can consider an alternative counterfactual of the PCP world with symmetric use of currencies. Again,
the U.S. can gain or lose from DCP relative to this benchmark depending on the strength of the three
motives: while dollar pricing allows the U.S. to exploit the dynamic terms-of-trade externality, it also
results in higher import prices. Although instructive, this comparison with PCP should be interpreted
with caution as firms’ currency choices are endogenous and it might be not possible to sustain a PCP
equilibrium given today’s fundamentals, such as input-output linkages and complementarities in price

setting. This implies that if price complementarities across firms are strong enough — as they arguably

2While clearly very special, this parametrization is fairly standard and provides an important counterexample to the
conclusions of the previous literature that emphasized the losses of the U.S. from DCP (see e.g. Devereux, Shi, and Xu 2007).
This discrepancy arises from the fact that in our model, firms use DCP in trade between third countries rather than just in
bilateral trade with the U.S.
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are in the modern globalized world — making exporters coordinate on one currency and the price-
stabilization motive dominates, a competition among countries can emerge for the status of the issuer

of the dominant currency.

5.2 International cooperation

So far, we assumed that a policy is chosen independently by each individual country in order to maxi-
mize its own welfare. This section contrasts the Nash equilibrium with the optimal cooperative solution
for both monetary and fiscal policies, which in particular, might be of special interest to the Interna-
tional Monetary Fund. We also discuss potential welfare gains from international coordination and
whether the latter is in mutual interests.

Consider a global planner who can simultaneously use three instruments in each economy — mon-
etary policy, capital controls, and production subsidies — to maximize the world welfare. This set of
tools is rich enough to disentangle different policy motives and to make sure that each instrument is not
used as a second-best instrument against other distortions. Notice, however, that we do not allow for
export taxes 7/ that could implement the optimal terms of trade and the first-best allocation. Finally,
we relax the assumption of symmetric trade flows between countries and allow for heterogeneous de-
mand shifters 7;; of country ¢ for goods from country j. As we discuss below, this generalization has

important implications for optimal capital controls. The global planner’s problem is then

{Cit,Nit,Lit,Xit, Bl Pit, Pyit, Py,

max o E / ;B U (Cits Nty ) di
st @) — (6). (8) — (11).

The next proposition shows that the optimal policy is substantially different from the non-cooperative

case, indicating there are potentially large gains from coordination.

Proposition 7 (Cooperative policy) Under the optimal cooperative policy, capital controls 5, and pro-
duction subsidies to exporters 7], are generically non-zero, non-U.S. monetary policy stabilizes domestic

prices w;;; = 0, and U.S. monetary policy stabilizes average international dollar prices.

We next discuss separately each individual policy instrument starting with monetary policy. Inter-
estingly, the optimal rule for non-U.S. economies remains exactly the same as before: monetary policy
stabilizes demand for locally produced goods by targeting domestic prices 7;;; = 0. In contrast, the
optimal U.S. policy changes dramatically relative to the non-cooperative case: U.S. welfare has an in-
finitely 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 U.S. monetary tools to

stabilize the global demand for dollar-invoiced goods responding to global shocks, rather than to id-
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iosyncratic shocks in the U.S.* For concreteness, consider the case of complete markets and symmetric

trade flows between economies. The optimal U.S. policy rule can then be written as

/wktq’ktdk =0,

*

1—¢
where w; = <?if) is the import share of goods from country k and ¥y, = SZ AL is the law-of-
t 4 kt

one-price deviation. Thus, under cooperation, the U.S. stabilizes average markups of world exporters

V,.; weighted by their sale shares wy;. This policy ensures the optimal world demand for the basket of
internationally-traded goods, though it falls short of closing the output gap for each individual product
as one instrument is not sufficient to target all country-specific deviations from the law of one price.

The important corollary of Proposition 7 is the conflict of interests between countries. Indeed, the
optimal cooperative solution requires the U.S. to sacrifice domestic objectives to stabilize global de-
mand, while leaving the monetary policy of other economies unchanged.” Therefore, unless the U.S.
is compensated via other instruments, it might not be interested in cooperation with other countries
under DCP. This discrepancy between local and global incentives is especially pronounced when coun-
tries are at different phases of the business cycle and there is a tension between the U.S. responding to
domestic vs. world shocks. On the other hand, countries’ interests are perfectly aligned in response to
global shocks as price stabilization in all economies including the U.S. achieves the first-best allocation.
This prediction of the model is consistent with the high level of cooperation between central bankers
around the world during the global financial crisis of 2008-2009.

Moving next to the capital controls, Proposition 7 shows that from a global perspective, private risk
sharing is generically constrained inefficient. On the one hand, the incomplete asset markets result
in a pecuniary externality with agents from different economies not internalizing the effect of their
portfolio decisions on the static terms of trade (Geanakoplos and Polemarchakis 1986). On the other
hand, even if asset markets are complete, the risk sharing is still inefficient due to the aggregate demand
externality (Farhi and Werning 2016). In the notation of Section 3.3, domestic production wedges 7;;; are
closed by local monetary policy, but the export wedges 7;; remain generically open given the inability
of U.S. policy to close all of them simultaneously. Since private agents take these gaps as given and do
not internalize the effect of transfers on aggregate demand, the optimal capital controls are non-zero.

More formally, consider the case of complete markets, so that the aggregate demand externality is
the only reason for the macroprudential policy. The optimal tax 1 — 75 on an Arrow-Debreu security

is then determined by the following system of equations for each country i:

1 — 7'7; = /’W]ﬂt(l — T]st)\ljktdka

30This is, of course, an extreme result that is due to the small size of the U.S. Under a more realistic assumption that the
U.S. accounts for a significant fraction of global GDP, the policy would target a weighted average of local and global shocks.
31This result generalizes the insight from simple models by Corsetti and Pesenti (2007) and Goldberg and Tille (2009).
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absence of law-of-one-price deviations ¥, = 1, i.e. when demand for foreign goods is at the optimal

where wy; are the import shares. Notice first that the capital controls are zero in the
level. Similarly, the taxes are uniform across countries and can be set to zero when import shares are the
same across countries wy;; = wy; for all i because the redistribution of wealth across countries does not
change global demand for individual imported products. The capital controls are, however, non-zero
away from these two knife-edge cases. To see the intuition behind the optimality condition, consider a
special case when all imports of country 7 come from some other economy j, ie. wj; = 1. If U, < 1,
country j has dollar prices that are too high and hence, its export is inefficiently low. The global planner
can, therefore, improve the allocation by redistributing demand from country j to country ¢ imposing

c

i::zi < 1. More generally, the optimal capital controls in

J
country ¢ relative to other economies depend on all foreign law-of-one-price deviations weighted by

relatively lower capital taxes in the latter

their market shares. Thus, an important policy implication of this analysis is that the macroprudential
tools should target foreign consumers of depressed goods rather than their producers.

Finally, Proposition 7 also implies that the laissez-faire price setting of exporters is not constrained
efficient from a global perspective. In particular, assuming symmetric trade flows ;;, the planner uses

production subsidies to implement the optimal export prices:

my, (m5 + 1) Wiy = RE4 Py, {TP: -1- z /ﬁikt/\kitdk} Tt + KOt 41175544 (ﬂ-it+1 + 1) Witt1,
itd 7

where kK = % reflects the costs of price adjustment, ¥;;; = );3’1’& is the share of country £ in total exports
it

of country 4, and Ay, = %gﬁt—g}: — 1 is the deviation from the full risk sharing. Comparison of this
optimality condition with the private NKPC (7) reveals two important differences. First, the planner
eliminates the standard terms-of-trade externality by offsetting the markups of exporters with a time-
invariant subsidy 7, = % (see Corsetti and Pesenti 2001). In particular, if prices are flexible K — oo
and the risk sharing is perfect Ay; = 0, this ensures that the export prices are equal to the marginal
costs of production P = M Cj;/E;;. On the other hand, when prices are sticky, the planner also applies
the same subsidy to costs of price adjustment, which results in a more steep Phillips curve relative to
the private one, kK > k.

Second and perhaps more surprisingly, there is an additional externality associated with the de-
viations from the full risk sharing Aj;;. Intuitively, away from the first best, the law of one price is
not necessarily optimal, as the global planner aims to equalize the marginal utility from a given good
across all economies. To see this, consider for simplicity the case of flexible prices K — oo and country
i exporting only to country j, ¥;;; = 1. If Aj;; > 1, the marginal utility of having one additional unit of
good ¢ is higher in country j and hence, the planner lowers the export price relative to the domestic one
P < Py /&t More generally, the optimal export price depends on the average gap between domestic
and foreign marginal utilities weighted by export shares ¥;;;. Importantly, this optimality condition

holds for an arbitrary structure of financial markets and the deviations from the full risk sharing A;;
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can be due to an incomplete span of assets and/or the optimal capital controls described above.

We conclude this section by emphasizing that although the active use of capital controls and export
subsidies by the global planner resembles the optimal policy in a dollarized economy from Section 4.3,
the underlying motives are quite different in each case. A local planner uses both instruments to fight
local demand externality due to the suboptimal production of dollarized goods, while the optimal co-
operative policy uses capital controls and export subsidies to redistribute demand to foreign economies

with inefficient imports.

Currency union The fact that international cooperation might benefit non-U.S. economies, but not
be in U.S. interests raises the question of whether local forms of coordination can be sustained and
help to internalize international spillovers. In particular, motivated by the recent experience of the
Eurozone, we revise the theory of the optimal currency area in the presence of DCP (Mundell 1961).
To this end, consider a currency area formed by a continuum of non-U.S. economies. To make the
analysis interesting, we assume that the trade flows between these countries have a positive mass in
their bundles of imported goods C}; and X}, but to simplify the analysis, keep the assumption that the
currency union accounts for a trivial fraction of the global economy (see Appendix A.4.5 for details). As
usual, joining the currency union means losing an independent monetary policy, which unambiguously
decreases the country’s welfare in a standard model with PCP. While the same costs are still present
under DCP, there are also additional benefits of having a coordinated monetary policy. The latter motive
dominates if the shocks are sufficiently correlated across countries and hence, the losses from having

common monetary policy are small.

Corollary 7.1 (Currency union) If shocks are sufficiently positively correlated across countries, then

forming a currency union increases the welfare of its members.

Intuitively, in contrast to the non-cooperative case, the planner internalizes the suboptimal demand
for dollar-invoiced goods traded between the members of the union. In the absence of other instru-
ments, the optimal monetary policy deviates from stabilizing local prices to improve demand for goods
priced in dollars. More generally, consistent with our results for dollarized economies from Section 4.3,
the optimal capital controls and production subsidies are also non-zero. Independently from the set of
available instruments, however, forming a currency union increases countries’ welfare if their shocks
are sufficiently correlated. Of course, the benefits are even higher if having a large currency area helps

to promote the status of its currency and makes local trade flows switch from DCP to home currency.*

%Indeed, this is consistent with empirical evidence from Cavallo, Neiman, and Rigobon (2014) and with the theoretical
predictions of the currency choice model from Mukhin (2018).
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6 Conclusion

This paper characterizes the optimal monetary policy of the U.S. and other economies in a world with
international prices sticky in dollars. We show that although targeting domestic inflation remains ro-
bustly optimal for non-U.S. economies, this policy cannot implement the efficient allocation, generates
a partial peg to the dollar and gives rise to the global monetary cycle. Individual countries cannot uni-
laterally improve the allocation using capital controls, while a sufficiently rich set of trade instruments
can restore the first-best allocation. The optimal U.S. policy, on the other hand, deviates from price
stabilization to extract rents in the goods and asset markets. International coordination can improve
global welfare by internalizing the aggregate demand externality and making transfers to countries
importing depressed goods. While it might be hard to sustain global cooperation, which is not neces-
sarily in the self-interest of the U.S., countries can still benefit from local forms of coordination, such

as forming a currency union.
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APPENDIX — FOR ONLINE PUBLICATION

A.1 Proofs for Section 2
A.1.1 Proof of Lemma 2

To prove the first part, note that all non-U.S. countries are small open economies and therefore, take all foreign
variables as given. Hence, it does not matter for them in which variables foreign strategies are formulated. The
U.S. moves first and takes as given the best responses of other economies. At the second stage, non-U.S. countries
take all global variables, including U.S. actions, as given. Proposition 1 states that in this case the optimal non-U.S.
policy is to set 7;;; = 0. This condition (12) along with conditions (3)-(10) is enough to pin down all local non-
U.S. variables {C’it, Nty Lz, Xit, 337 Tt Tiits Wiy, &t} as functions of global variables.*® Thus, the best response
functions are uniquely determined by conditions (3)-(10) and (12) regardless of which variable is used by non-U.S.
countries to formulate their strategies.

To prove the second part, note that under the optimal policy from Proposition 1, non-U.S. PPI inflation does
not depend on the U.S. actions, m;;; = 0. Therefore, the optimal policy condition (12) in a sequential game can be
viewed instead as a fixed non-U.S. strategy in a simultaneous game, while the rest of the non-U.S. variables are
still determined by conditions (3)—(10).

The third part of the lemma follows from Corollary 1.1, which states that the optimal policy condition (12)

stays the same under discretion.

A.1.2 Proof of Lemma 3

Efficient allocation To solve for efficient allocation in a given economy ¢, allow the planner to choose directly
all quantities in this country. At the same time, the planner takes as given international prices and is subject to

the country’s resource and budget constraints. Thus, the social planner’s problem can be written as

max E Y B'U (Cit, Nit, &it)
Cit7Nit7Xit7Pi*tv{Cjit7int}j7{Bihi+1}h ;
PN [ (&P ! ,
AiF (Nit, Xit) = Ciar + Xiit + P P (Cjt + Xjji) dj
t J

3CPI inflation 7;s = Pj;/Pj;—1 — 1 can be found from the price index condition (4).
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Z Q' Bl — Z (9 + DB,

heH; heH;_1

L PENTE [ (EPr\ T

Here the planner can choose any export price in dollars P, but all import dollar prices, P;" and P}, are taken

as given. Substitute out Cj; and X;; and denote the Lagrange multipliers for the market clearing condition with

v+ and for the budget constraint with p;;. Then the FOCs are

dc;
Uc (Cit, Nit, &it) dC::t vig =0
dCy )
Uc (Cit, Nit, €it) dC’; - Pitpjt =0
Un (Cit, Nit, &it) + vit A F'r, (Nig, Xit) = 0
dX;
Vit Ait Fx (Nit, Xit) dT:t — v =0
dX;; N
vitAit Fx (Nit, Xit) dT;t —pitP; =0
P\ "¢
vigye P P+ puy (1 =€) (ﬁ:) =0

—pit QP + BEipir i1 (Q?H + Dt+1) =0
Use the FOC with respect to /V;; to substitute out v;; in all other conditions,

—Un (Cit, Nit, &it)
AiFr, (Nit, Xit)

Vit =

Similarly, use the FOC with respect to P;; to substitute out p;;,

—Un (Cit, Nit, &) € 1
AuFr, (Nig, Xj) e—1""

Pit =

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

foreign varieties,

Ciit_Xzitzl—’7< 5 P,{';)Q7 (A1)
G Xi v e—-1F;
and similarly derive the relative demand for different foreign varieties,
% £
Cjir _ Xjir _ P]it . (A2)
Crit  Xkit P

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

< UC (Cit? ’itvé’it)

ApFr (N, X; =(1-— + ( ¢ >
_UN( ity ’Lt7€lt) ! L( ! t)> ( 7) K

- 15
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Similarly, combine the the fourth and the fifth FOCs and use the intermediates aggregator to get

%\ 1—0
(P (N, X))~ = (1 =)+ (570 ) (a3

and therefore the two conditions together imply

—UN (Cit, Nit,§it) — Fr, (Nig, Xit)

= : (A4)
Uc (Cit, Nit, &it)  Fix (Nit, Xit)
which determines the relative demand for inputs.
Finally, the portfolio allocation is determined by the last FOC, which becomes
. . P Qh Dh
Unit  _ t UnNit+1 i S T D (AS)
AuFrit A1 FLity1 Py op

Flexible-price allocation Next, consider the flexible price allocation. First, note that the planner’s condition
(A4) is exactly the same as the private sector equilibrium condition (5) combined with the labor supply condition

(1). Second, under flexible prices, the price setting conditions (6) and (7) collapse to
. €
Pyt = MCy, EuPy = ;Mcw

It follows the law of one price holds up to the export markup, & P;; = -5 P;;t. With the CES demand we get

€
Cir _ X _1-7 (&'tPt*)o Cjit _ Xjir _ [ Py
(CH/A. ¢4 v Pu ) Crir  Xiit P

The relative demand then coincides with the planner’s conditions (A1) and (A2).

The domestic price setting condition (6), in turn, could be rewritten as

P Bth( Uc]jtt) B P B Py
= - = .
“ Ajt Ay Fx (139 (#)) AuFx (Lit, Xit)

Cit

Combining it with the price index (4) and the law of one price, £ P;; = Pj;1, yields the planner’s condition

13
e—1
(A3), which turns out to be equivalent to the domestic marginal costs stabilization.

Finally, the portfolio allocation is determined by condition (3), which together with the price setting condition

above becomes

=1.

B ﬁUCz‘t—&-l AuFxitPia  Eiy1 vy + Dy
t
Ucit Ai1Fxitr1 Pt Ei o

Plug in the law of one price and the relative demand for inputs (A4), and arrive at the last planner’s optimality

condition, (A5). Thus, the flexible-price equilibrium conditions coincide with the planner’s optimality conditions.
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Equilibrium under producer currency pricing Assume that both domestic and export prices are sticky in

producer currency and that the monetary policy sets 7;;; = 0. Then the export Phillips curve (7) turns to

- y*
Ty (i + D) Wi = —k <P£§ - z‘t) 7” + EiOit 4171 (M1 + 1) Wity
where Pt is expressed in currency ¢. Domestic price stabilization 7;; = 0 implies constant M Cj;, and thus
constant export prices P;; satisfy the export Phillips curve. The Rotemberg costs are not incurred in equilibrium,
7, = 0, and the law of one price holds up to the export markup, ]5;; = 55 P 1t is then straightforward to
verify that all conditions from the flexible-price allocation are satisfied, glven that the export prices expressed in

dollars move one-to-one with the nominal exchange rate against the dollar, P} = P};/&;;.

A.2 Proofs for Section 3

To economize space, we describe the equilibrium conditions and prove Lemma 4 for the general setup described

in Section 4. Propositions 1-2 and Corollaries 1.1-1.2 then follow as special cases.

A.2.1 Equilibrium conditions

The heterogeneity in home bias implies different price indices for consumers Pj, domestic producers Pz-‘é, and
exporters Py. In particular, the CPI enters labor supply condition (1) and the definition of the nominal stochastic

discount factor (2):

_UNzt o Wzt o T UCZt-‘rT P@t
Urs: PC ; it t4+1 = B U, e
Cit it Clit zt+~r

Under this definition of ©;; ¢4, the no-arbitrage condition (3) does not change. The equilibrium price index (4)
is replaced with 3 corresponding conditions, where the left hand side is replaced by P, Pi‘f, or P7, while the
right hand side differs only by the value of the home bias parameter: ., 74, or Y.

On the firms’ side, the relative demand for inputs (5) is replaced with similar conditions for domestic produc-

Xfi:gd<—UNz‘tPﬁ) X5 _ g <_UNit1Dict>
Lii Uciw P%)’ L Uci P)’

where as before functions g% and ¢ are implicitly defined by F(((() =zand % = z. Similarly, the

2)
))

ers and for exporters,

resulting marginal costs of production are

MG ht (Wu/FR)  MCG _ he (Wa/Pf)

d B ’ e * ’
Py At Py Ay

where h¢ (2) = 1/Fx (1,9%(2)) and h° (z) = 1/Gx (1, ¢° (2)).

Demand for an individual domestic variety solves the following expenditure minimization problem:

{len / th ut ) dw
ut
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The first-order conditions lead to the demand function

Cii g (L) Cii
) =a(P) oy

where d (2) = Y71 (2) and the price index P;;; is implicitly defined by

/T <d <P7;(:J))> dw = 1.

Define also another price index Pj;; to express total expenses as P;;1Ciit = [ Piit (w) Ciit (w) dw. This price

Pi= [ Pl ”’f(w)>d .
it = / t < Pt w

Note, however, that in equilibrium all domestic producers are going to be symmetric and hence, for any w,
Pyt (W) = Pt = P>

The problem of a domestic firm can then be written as

Py e B ?
P—miMC{)d| 5~ | Y —(1—7) = -1 it | 5
( LT C”) (Pm> = (=75 <Pt1 > Wt]

where demand shifter Y;; combines demand of consumers, domestic producers, and exporters, Y;;; = Cyy +

index is then given by

[e.e]

max E Oio,t
(S S — l

Xﬁt + X;;;. The first-order conditions together with equilibrium relationships lead to the following Phillips
curve
- Ucir ' Y;
Tt (Tiie + 1) (=Unit) = —F <Pm MC,t> PCZt 1 jtfy + BE it 1 (Tiitr1 + 1) (=Unit+1)
it
where & = —%j(l) and the production subsidy corrects for the time-invariant markup, lié’ () yTi = 1. Using

the labor supply condition and the CES demand, one gets the baseline NKPC (6) as a special case.

In addition, by allowing firms to freely choose prices after the announcement of policy, we ensure that there
could be no inflation in the initial period “on average”. Formally, this first-order condition with respect to initial
price level leads to an additional “ex-ante” price-setting condition, Em;;o (750 + 1) (=Unig) = 0.

The expenditure minimization problem for imported varieties is similar to the one for domestic varieties

considered above, and leads to demand function

ctw =a (L) ¢,

t

%4The CES demand is a special case with T (z) = 1 + &= (ac

indices, P;;; and P;;;, always coincide.

= _ 1), where it could be verified that the two price
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where the two price indices P;" and P} are defined by

J [ s e (5o

In contrast to the case of domestic prices, these price indices do not coincide because of the cross-country differ-

ences. However, both of them are taken as given by a small open economy.

The problem of an exporter is

o0

max [E Oio
1S !

)

P, P, 2
(EaPr— MCS)d [ = ) Vi =% 1) Wi
; 2\ P

where the foreign demand shifter combines demand from three types of agents, Y;* = [ (C;-‘t + ch-lt* + X5 ) dj,
and we assume that there is no production subsidy, 7" = 1. As before, the first-order conditions together with

equilibrium relationships lead to the export Phillips curve:

7 (15 + 1) (—Unit) = BBy (mfiy +1) (=Unigs1)

Py P /(ﬂ) b /(Pifs>
d(5) + B (5 o pr 4 7
%) i it_d Pﬁ Pi*t r ( Py

(7:;) o (P:)

The key difference of pricing in the export market compared to the domestic market is that the optimal

Ucit V"

+ .
Pg v

MCy,

markup is time-varying. The reason is that the optimal markup depends on the prices of competitors. In the
domestic market, all firms are symmetric and thus the relevant relative price, P;;; (w) /Pijt, is always 1. In the
export market, only exporters from one country are symmetric, P;; (w) = P}, but they compete with exporters
from all over the world, and thus the relevant relative price, P;;/P;, is time-varying. As before, the baseline
export NKPC (7) is the special case and the free choice of prices in the initial period result in the “ex-ante” price
setting condition E7, (77, + 1) (—=Unio) = 0.

Finally, the goods market clearing condition (8) splits into one condition for domestic goods
P\ ? P\ ? P\ ?
At <Liitant) =(1—-1%) < m> Cit + (1 —7a) (;ﬁf) Xii+ (1 =) <m> X,

c e
P, it it P, it

and one condition for exported goods

*

* * e P@ * * * .
AitG(LitaXit):d<,P::)/< jt+det +X;t>d]'
t

A.2.2 Proof of Proposition 1

The full policy problem is

oo
max E ZBtU (Cit, Nit, &it)
{Cit,Xd X&,Liit, LY, Nit,Pigt ,PS P3PS P, 5itvﬂiitv”ftv{33+1}h}t t=0

it 2 A 2 1 2
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s.t. Ajir (Lm, Xit) =(1-") Pr Cit + (1 = a) P X+ (1 =) A it
it i

Py

P
A5G (L X5) = d () v,

Py

Xii _d <_UNz'tPict> Xi e <—UNitPﬁ)

Liit Ucie PE)’ LY Uciw Py
> OBl — > (9t + DB
heH; heH; 1

P . (&P’ o (EaPENT o . (EaPr\T’
= pia (5 ) v~ P (S ) Cupou (S0 )t pe (B X
* ' P«
Lt + L = Ny — 9 (1—v) 72, — 5’77%27

SR Ucit+1 Eirv1 P Qy + DPyy _q
t o - L
Uci Pfq it or

7

P\ N
-0 () e -1,
“\ P ‘\ P§
P\ '? Eu Py 1=
1- n — 1,

Py \'? Eun Py 1=
-0 () e ( -1,
e Pe e Plet

it
*
- Piit * P
Tiit = P -1, T = P -1,
iit—1 it—1

Tiit (Tiit + 1) (—Unit) = BEmiie1 (Misgs1 + 1) (—Unit41)

q he ( Ui L
| Pur  Pj Ucit P2
K

_ B U P2, L= 2e) (F)Cie & (1 = 7a) (P)" X + (1 = 7e) (P)" X
it gat )

P Py Ai 1—x
i (7 + 1) (=Unit) = BBy (Tis1 + 1) (=Unie11)
P b o (B B (B e (=Unit Dy
)RR (arn () mre(FER)), w
* * * * 7 )
@ PS4 <7€f) + phd (%) Pg A v

Eﬂ'iio (ﬂ'iiO + 1) (_UNiO) = 0, Eﬂ';b (71':0 + 1) (_UNiO) =0.

Denote the Lagrange multipliers on these constraints respectively with uf, vy, nf, N, P Uts Xts Afs )\f, MY, G G
Lts 115> s (1. We guess and verify later that some of the constraints are not binding: nf = nf = s = ¢; = s =

ui = p = p* = 0. With this in mind, take the first-order conditions:

o wrt Cy:

C
Py

P\ ? ExPr\ !
Ucit — v (1 = ) < m) + PP e ( l]tjct > =0,
it
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wrt X5

wrt X5

wrt L

wrt L;kt:

wrt Ny

wrt Pjj:

wrt P

d.
wrt Pj:

wrt P

J d d P\’ o (EaPENT?
vi AiinFx (Lu‘t, Xit) — vy (1 =) P + PPy vd pd =0,
it it

. i} P\ ? i} P\ P
Vi ALGx (Ui X5) = (1= (e ) +oePive (T2 ) =0,
I 15
vl Ay F, (Liit,Xg> +9; =0,

vi AuGr (L, Xit) + 9 = 0,

UNit - 79t = 07

0
f0pg! (1= () G+ (1 =) (BE)” X+ (1= (P2 5 )

it it

P\’ . ExPr\ "’
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it it
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it it
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o wrt P

Pi\ 1 P P P 1 P
_ ed/ it Y* — oud it Y* o it d/ it Y* ok E * it+1 -0
l/t (’P;) ,Pt* t pt (/Pt* t pt zp;k ng t Ct _P;Z_l + /8 t(t-‘rl P;;Z I

o wrt &y

—thpt*

c 7 X; e X
Y < Pﬁ > Cit + Yd Pd it + pe it

it it

EPNTY &P\ ExPr\'?
—(1=10) [ Xive < E ) + Ava + A7e e =0,
' Py ' Py ' Py

pr Q) — BEiprs1 (Q?H + Dfﬂ) =0,

h .
o wrt Bz’t+1'

o Wrt 7

Y (1 — ) mise = 0,

o wrt

Yepymiy 4+ G = 0.

Conjecture that the optimal policy targets m;;; = 0, which along with the domestic Phillips curve implies

Ayyy it pyd <_UN”P5) — 1 _ —Uni By L (A6)
P4 Uciw P4 Fx (Liit, X2) Ucit P} Fr (L, X2)

where the second equality follows from the definition of h¢ (-), and the last equality uses demand for inputs.

Now let’s verify our guesses by showing that all first-order conditions are satisfied. The FOC wrt Ny is
just 9y = Upyy, so that the FOC wrt L;;; becomes V{i = —Upnit/ (AmF T (Lm, Xﬁ)), which under the optimal
policy implies vl = P;itUcit/ P5. Similarly, the FOC wrt L}, results in vf = —Uny/ (A5G (L}, X§)). Guess
further that p; = —Uci &/ Pj. Then the FOC wrt BZ 1 coincides with the no-arbitrage condition, and thus it
is satisfied. The FOC wrt P;; implies \{ = —%Umtaﬁ. Similarly, the FOCs wrt Pg and wrt P, become

d e
A = —igeflUCith, A = —%&wag.

It is straightforward then to show that the FOCs wrt &, Py, Cit, X Z‘%, X, are satisfied. Finally, the FOC wrt 7,
implies ¢ = —pym}, = vy}, (—Unit). By plugging this condition into the FOC wrt P, it can be shown that
it ultimately leads to the same condition as the export Phillips curve, and thus it is also satisfied.

In sum, we have shown that there exists a set of values of Lagrange multipliers such that all optimality
conditions are satisfied under our policy, 7;;; = 0. Since it is feasible, i.e. all constraints of the policy problem

are satisfied, this policy solves the planner’s problem.
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A.2.3 Proof of Corollary 1.1

Consider the system of constraints in the optimal policy problem in Section A.2.2. Note that the private agents’
expectations enter only the no-arbitrage condition (3) and the last four constraints, the price setting conditions.
The proof of Proposition 1, shows that all these constraints do not bind under the optimal policy. Thus, the
policymaker under commitment does not use policy to influence private agents’ expectations. Moreover, the
optimal policy stays the same regardless of how (and whether) the policy can affect these expectations. Therefore,

the optimal policy under commitment coincides with the optimal policy under discretion and is time-consistent.

A.2.4 Proof of Corollary 1.2

Iterate forward the Euler equation (2) for local bonds to back out the nominal interest rates:

Ucit Ucit+1 Ucitt+r
= BR;E = 1li E R; .
Pﬁ = fRiE; Pﬁﬂ P Hl ﬁ t H it Pﬁ+T

Assume stationarity, so that the long-run values of all real variables are constant.> This, in turn, implies that

the long-run values of the relative prices are constant as well, and because the monetary policy stabilizes P,
Ucit4r

the long-run CPI P} is also independent of shocks. It follows that lim

T—o0 ~it+T
expected present value of future interest rates — the characteristic of the monetary policy we focus on henceforth.

= const and Uﬁjt is equal to the
it

Under the optimal monetary policy, the nominal marginal costs of local firms are constant, i.e.

—Unit d
b P )
MC% _m (VV’t’Pit> _ m (UCit/P,it7 “ = const.
! Ajit Ajit

It follows that the monetary policy has to react to foreign shocks: Uy fluctuates with foreign demand for

domestic products and the price index of intermediates P depends on import prices

1-0
(Pz'@ = (1—y2) P +a (€)'

Moreover, because both import and export prices are sticky in dollars, the dollar exchange rate has a dispropor-
tionately large effect on local monetary policy through both channels.

Lastly, assume Uy = const and that the exchange rate appreciates in response to a positive interest rate
shock, and consider an exogenous shock that depreciates domestic currency relative to the dollar. Since domestic
prices Pj;; and dollar import prices P;" are sticky, a higher nominal exchange rate &;; increases price index for
intermediates PZ. This, in turn, puts an upward pressure on domestic marginal costs, M CL. To stabilize them, the
monetary policy raises its monetary instrument Ucj:/ Py;, which leads to an appreciation of domestic currency.

Thus, the optimal policy smooths movements in &;;, which results in a partial peg to the dollar.

3While the stationarity is in general not guaranteed under incomplete markets, one can ensure it by adding infinitely
small portfolio adjustment costs (see Schmitt-Grohé and Uribe 2003, Itskhoki and Mukhin 2019a).
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A.2.5 Proof of Proposition 2

Augment the policy problem in Section A.2.2 with a set of state-contingent taxes {75 } that enter the no-arbitrage
condition (3). The solution to the problem stays the same since the no-arbitrage condition (3) was not binding
even in the absence of these instruments, that is x; = 0 in Section A.2.2. Moreover, after substituting out the
equilibrium value of the Lagrange multiplier p;, the FOC wrt B! 1 coincides with the no-arbitrage condition (3).

This implies that the optimal allocation can be decentralized with zero taxes, 7; = 0.

A.2.6 Proof of Proposition 3

Assume that monetary policy stabilizes domestic prices, m;;; = 0. The production subsidy to exporters stabilizes
dollar prices, 7}, = 0, which implies that all price-setting conditions are satisfied with zero inflation, there are no
output losses due to Rotemberg costs, and L;; = N;+. Next, we choose the export tax 7 t so that the law of one
price holds, &7 -E P = LPM Since both domestic prices Pj;; and pre-tax export prices P;; are constant, this
means that the export tax follows the nominal exchange rate movements, £; 7% = 1. Then it is straightforward
to verify that all conditions from the flexible-price allocation (Section A.1.2) are satisfied since the after-tax export

prices TE P} replicate the path of the flexible dollar prices. From Lemma 3, the resulting allocation is efficient.

A.3 Proofs for Section 4
A.3.1 Proof of Lemma 4

See Sections A.2.2 and A.2.5.

A.3.2 Proof of Proposition 4

Private currency choice The problem of a representative firm is now to choose not only the path of export

prices, but also the currency, in which the prices are set:

2
> PF/€ . P
max ES 050, (&tpf/gkt—M ;)d( f/*’”>yt —ryf — 1) W,
{Pfre =0 Pi P

where P} is a price sticky in currency k. The optimality conditions with respect to the choice of prices lead to

the following export Phillips curve

(5 < e (),

W;(tk <7T;'ktk + 1) (_UNZt) = B]Etﬂ;;ktﬁl < Tit+1 + 1) (_UNit+1) +

o
Pz /e Pk /e Ui (A7)
EnPy /s preed (M) Py e (e ) o Y
P d(P*k/skt) N P*k/skt 7 (P*’f/%) A Ty
t t

The result that under sufficiently strong price complementarities, domestic firms choose PCP and exporters

choose DCP follows directly from the analysis of Mukhin (2018) and is suppressed here for brevity.

56



Optimal currency choice We show next that the optimal policy does not change when the currency choice is

endogenous. To this end, we augment the policy problem from Section A.2.2 with endogenous currency choice:*

max E ZBtU(Cn,Nit,Eit}

> o ] k k h
{Cit, X4, X5, Liit, L3y, Nit, Piie, PG P P PRF i mise miF A Bl 1 ) ok 0

P\ ? P\ ° P\ ?
s.t. AiitF (Liita Xﬁ) = (1 — ")/C) ( t) Cit + (1 - ”)/d) <Pdt> ng + (1 - ")/e) (Pet> ii?

Py it it
0 (2 x5) = (FE25 ) v,
t
i} Pik/E .
> OBl — Y. (Q+ D)) Bl - Pi¥/éud (”73/* ’“) Y,
heH; heH¢—1 t
_ _pr EaPr\ ™" C. _ pr Ea Py 79Xd pr A +
=% P it t Vd Pftl it t Ve P it it

—0 * -0
(1= ) P\ <5itPt ! _q
[& e - 9
Py Py
% 2 2 ' xk 2 xk b
Liit + Ly = Nit — b) (1 =) 7 — 57 (Wz‘t ) o Mg = sz : -1
il

For the sake of brevity, we omit from the set of constraints the relative demand for inputs (5), the no-arbitrage
condition (3), the definition of domestic inflation, and all the price setting conditions (6)-(7) because it can be
shown that none of them bind in equilibrium (similar to the proof of Proposition 1 in Section A.2.2).

We proceed in two steps. First, for given currency choice k, we take first order conditions with respect to all
other variables and find their optimal values. Second, we plug these optimal values — for all variables except for
k — back into the policy problem and show that the social currency choice problem is equivalent to the private
one. For the first step, denote the Lagrange multipliers as in Section A.2.2, Vf, Ve, Pts Af, e, ¢, U¢, ¢ It can then
be shown that the system of first order conditions is satisfied under the optimal monetary policy that stabilizes
domestic prices 7;;; = 0. The optimal dynamics of export prices coincides with the export Phillips curve (A7), and
the values of Lagrange multipliers are the same as in Section A.2.2, including v = —Uny/ (A5G (L}, X5)),
pt = —UcitEit) PS, Uy = Unit, and ¢ = oymiF (=Unit).

For the second step, we explicitly formulate the Lagrangian including, for brevity, only those terms that

3¢We focus primarily on exporters: as explained in Section 4.2, domestic invoicing is optimal anyway, while import prices
are largely exogenous to a small open economy.
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depend on currency k:

Pi P

*k
a Py
+19t§7 (%‘f) + ¢ ( Tt — P*k +1>

it—1

c=mpeey" o [ (B2 v - it (P15 vy
t=0

Plug in the values of Lagrange multipliers and rewrite it as

Ucit [_ —Unit P <P{§k/5kt> v
Py AjUcuGL (L; it Xe) Py !

Pk /&y ~Unit 0 ¢ 2
EnPiF 16 d | L2 ) vy — * pe “k ol
aEZ / kt ( 775" t Ucit zt2 < ) +

L= maXEZﬁt

Recall the labor supply condition (1), the definition of the nominal stochastic discount factor (2), and the definition

of the marginal costs

e ( —Uni P
vCe — N (Ucz-t P;) _ —UvaP§ 1
* " A;‘kt Ucit Aft Gr (th’X )

and use them to rewrite the Lagrangian as follows:

o) *k
L= mlgxla; Oy [(&tlz’z’f/skt - MC)d (Ptpig’”) Y% (i) Wi + ] .

This expression is the same as exporters’ profits. Moreover, as we have shown in the first step, both the planner
and exporters choose the same dynamics of export prices conditional on currency k. Thus, the two currency

choice problems are equivalent and have the same solution.?’

A.3.3 Proof of Proposition 5

We start with the price-setting condition for domestic dollar prices. The firm’s problem is
o0

P\ (&P -f 14 Py 2
ES Oi0: | (ExP— T2 MCy) v* TRt Cit + Xit) — iR *f -1 W
RN [CTR 7 () (B Gt X - i (5 /.

it

where we normalize the Rotemberg costs by the demand parameter v* and allow for both production subsidy 7;;

and price-adjustment subsidy T;;R. The first-order conditions lead to the following Phillips curve:

it (T + 1) (=Unit) = BEtW;'kz‘tH (W;kit—&-l + 1) (—Unit+1)

e—1 UCit gitPf‘ft
— —— (& — MC; —nt
( zzt lt) Py < Py

(A8)

*R
Tii P

—6
) (Cit + Xit)

3"Note that our proof is effectively an application of the envelope theorem: when solving the optimal invoicing problem,
it is sufficient to focus on the direct effect of currency choice because all indirect ones are equal to zero according to the
first order conditions.
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where we assumed that the production subsidy eliminates monopolistic markups, =5 77; = 1.

The planner’s problem is

o0
max E» B'U (Cit, Nit,&ir)
{Cit7Xit7Lz‘t,Nit,Pz‘it7Pit7P¢*t,Pi*it,Siuﬂitﬂfwﬂfﬁ:{BZH}h}t ; ' o
—9 —0 —€
Py « [ Eit P P
s.t. Al (Lit, Xit) = (1 =" =) < Pm> (Cit + Xit) + (Z;“t) (Cit + Xit) + <PZJ£> vy,
it ? t

ZQ?BZH* Z <Q?+D?)BZZ’YP¢( zt) Y =B < Z;Dt> (Cit + Xit) + Vi,
it

P
heH; heH;_1
Lit:Nit_§<1_7 —’Y)Wizit—g”y ﬂii%_EVWit27
P\ EuPr N\l EqPr\*?
1= (1 —~"— * 2t t
(1=7"=9) (B LR G (B, ;
* P;z(‘t * P;;
T =75 — — 1, 7w =—7——L
Py R

Following the primal approach, we have excluded the no-arbitrage condition and the export price-setting because
the planner is free to choose capital controls and production subsidies to exporters. Further, we guess (and verify
below) that the relative input demand, the definition of domestic inflation, and all price-setting conditions do not
bind, and thus can be excluded from the planner’s problem. Denote the Lagrange multipliers for the remaining

constraints with v;1, pit, ¥4, Ait, (4, ¢y and take the first-order conditions:

w1t

o wrt Cjy:
P\’ Eu P, -0 Eu Py -
Urii — vy (1 — A% — — At 2t L~ P =0
cit — Vit (1 =" —7) < Pit> Vit P, + piy P, P, ;
o wrt Xit:
—9 —9 —9
Py EuPs L ([ &Py
VitAit F'x (Lit, Xit) — vig (1 — 7" — ) < “t> — vpgy* <Zt ”t> + pitY Py < vt > =0,
Py P; P;
o wrt Lj:
Vit Ai Fr, (Lig, Xit) + 04 = 0,
o wrt Ny:
Unit = Vi,
o wrt Riit:

Piiy —0 Py 1-0
vild P! (1=~ =) <;t> (Cit + Xit) = die (L =7" =) (1 = 0) P} < - > ;
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o wrt Py:

P\ ° p—T

2 (Cit + Xit) — vy 0P,

Ein Py
P,

Eit P;;t
P

—0
—v (L—~* =) 0P;! < > (Cit + Xit)

—0
+piy P OP; < ) (Cit + Xit) = X (0 = 1) P ' =0,

o wrt P

— P* —€ * P* —E& . . 1 § P*
Vitgpiff 17 <Zt) Y/ —pu(L—¢)y <Zt) Y, — CZtPT + BE: Gy il _ 0,

Pt* Pt* it—1 P;;Q
o wrt P,
ExPr\ "’ & px\1-?
v Pty (S5 ) (Co+ Xir) — Ay (1= 0) Pt (2
w Plt K42 P/Lt
1 Pl
_Cf“.t*i 4 ﬁEtC%‘t . u:— =0,
" ‘Piit—l w j:)”%
o wrt &y
—1_x* &'tP{;t 0 -1 * SitPt* -0
vitb€i Py, (Cit + Xit) — pindE5y VB P (Cit + Xit)
v 1

\ A Ly &P\
~Xity <1—9>5it1(;“t) —Am(l—weﬁl( P) =0,

o wrt BZH:
AR 4 h h
pitQt = BEipit+1 | Qi1 + Dt )

o Wrt 7;;¢:
Yigp (1 =" — ) misy = 0,
o wrt
Gir = = Va0 Ty,
o wrt

CZ‘, = —19it90’77r§kt-

From our guesses, we immediately get the domestic price stabilization, 7;;; = 0. Combine the FOCs wrt Cj; and
Xt to get vy = Ucgit/ (AiFx (Lig, Xit)). Together with the FOC wrt Lj;, it implies the relative demand for
inputs (5) and confirms our guess that this condition does not bind.

Next, combine the FOCs wrt Pj; and & to eliminate p;;. We get A\j; = Vit% If_i_tt (Cit + Xit) and plug it

60



back into one of these FOCs to obtain

&y P —0 Py Py 1-6
. * 1 2t o . 1 1 o 1 o * o K42

EaPr\"?
P '

= puy P/ <

Together with the FOC wrt Cj;, this equation results in v;; = P;;:Ucyt/ Py, which combined with our previous
conditions implies domestic price stabilization. Then it is straightforward to check that the FOC wrt Pj; is also
satisfied, confirming our earlier guess that the domestic price-setting condition does not bind.

From the same set of FOCs we can back out p;;:

pit = —Ucit

l*gitpitt — P <P{;t>_0 + @
Py Py Py P

Then the optimal portfolio allocation can be found from the FOC wrt B 11

v* i1 P —Piitn (P;LtJrl ) -

1 h h
v Eitr1Pf Pry Eit+1 QH—l + DH‘l

v EuPi —Piie (P, -0 +1 &i Q?
Y 5itPt* Pt*

EiOit i+1 =1.

Comparing this condition with private risk sharing allows us to back out the values of capital controls 7.

The optimal dynamics of domestic dollar prices can be found from the FOCs wrt P}, and 7},

T (T + 1) (=Unat)) = BBy (7 + 1) (=Unitg1)

0 o Uit (EaPyy\ ™"
- ;(&'t it — MCit) Pl-t (;J) (Cit + Xit) -

This coincides with the private sector price-setting condition (A8) under 7;% = (¢ — 1) /6. Similarly, the optimal

W
dynamics of export prices follows from the FOCs wrt P;; and 7;:

73 (w5 + 1) (=Unit) = BBy g (71 +1) (—Unviits1)

)
» € v Py — Eu Py [ Py «\ Ucit Yi;
—wle.pr— & _pc, - 0wt T Citlia [ i P Lit
K < 7 ot € — 1 1t ’)/ Pt* Pt* it R ’Y

Using the value of capital controls 7}, one can see this condition is equivalent to subsidizing export revenues in
the same way as revenues from financial assets.
To conclude, we have shown that there exists a set of Lagrange multipliers such that all first-order conditions

and constraints of the policy problem are satisfied under the proposed policy.
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A.4 Proofs for Section 5
A.4.1 Complete markets

For the case of complete markets, we consider the full set of Arrow-Debreu securities and formulate the single

consumer’s budget constraint (instead of a recursive formulation),
oo
EY 8 Zi€;" [WalNie + T, + Tyt — PuCia| =0,
t=0

where with a slight abuse of the notation, Z; denotes the period-zero price of an Arrow-Debreu security that

pays one dollar in period ¢ for a given history of shocks. Then the no-arbitrage condition (3) is replaced with

Ucit Pio €t 1

Ucio P Ei0 Zr

which can be also rewritten as

Ucit
P,

where A; is the country i’s consumers’ Lagrange multiplier on the budget constraint. Intuitively, the constant

Eiv = NiZy, (A9)

A; determines the wealth of country i relative to the rest of the world. In equilibrium, all non-US countries are

ex-ante symmetric, and therefore A; = 1 for ¢ # 0. The country’s budget constraint (10) is then

* P* o * * Pt* -
Py (ﬁ;) Y, - P (-Pz) (Cit + Xit)| =0.

o
EY ' Zvy
t=0

A.4.2 Proof of Proposition 6

Because of Assumption A3, the problem is effectively static with agents setting prices and sharing the risk before
the realization of shocks. To simplify notation, we therefore, focus on a one-period version of the model. To prove
the proposition, we first formulate the policy problem and take the non-linear first-order conditions. We then
find the non-stochastic steady state, and linearize optimality conditions around it. The solution of this system

describes the optimal (linear) policy.

Policy problem and optimality conditions The U.S. policy problem has two blocks of constraints: the local
and the global. The local block is exactly the same as for any other country. The global block includes equilibrium
conditions for all other countries, as well as their optimal policy.*

To be more precise, for each country j, the global block consists of the export price setting, the relative
demand for inputs, the domestic price stabilization, the domestic price index, the risk-sharing condition, and the

market clearing. On top of it, we add the definition of the global aggregate Y,*, so that the global block becomes

E-tP* g _UN't
E(-2+t - h ) JAj ) Ucj Yy =0
(Pj e—1 <cht [Ait ) Uest¥y" =0,

381t can be shown that all global balances follow from these constraints.
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() ()
J Cjt J Cjt

P\ £,P\ 1
(1—7)< ) +7<j 1,
P; P;

EitUcjt

—Z
Pyt 1
P -0
A (N X5) = (1) (2 (Gt X3 + 797
J
* 8jtpt* -’ .
Y= D (Cjt + Xj¢e) dj,
J

where we have already used the ex-ante symmetry of all non-U.S. countries (leading to P;; = FP;" and A; = 1).

Each country j has six local variables in this block: &;¢,Pjt, Nji, Cji, Xji. Pjji. Without loss of generality,

normalize stabilized domestic prices to P;j; = 1. The remaining five constraints can then be used to solve for

the five local variables as functions of the remaining global variables: P}, Y,*, Z;. Similarly, the last condition
defines the global demand as a function of the other global variables, Y;* = Y;* (P, Z;). Thus, the global block
reduces to this condition and the export price setting, which we denote as EQ (P}, Z;) = 0.

The full U.S. policy problem can then be written as

max . . EU (Cit, Nit, &it)
Cit,Xit,Lit,Nit, Piit,Pit , Py, Zt , P;

*

P

—0 —€
P
st AuF (LX) = (1) (F2) (Gt X 40 (1) 10 (7720,

Py

Xit <_UNz't
=49

L;y = N;
Lz’t UCit ) ) it ity

* P o * * * P -
Py <PZJ:> Y (P, Zt) — P <t> (Cit + Xit)
t

P\’ A Ucit
1- =1 =A\Z

Pt —Unit P\’
—h Ay | Uci Cit + Xit) =0,
P <UCit>/ t> Ct<Pz'> (Cit + Xit)

£ —UNz't Pf; €
h A ) Uoi [ 22) vy (P, 2) =0,
- (U%)/ ) m(Pt*) (P, Z)

EQ (P, Z,) = 0.

This problem is different from the one in non-U.S. economies in several dimensions. First, the U.S. can choose

global variables P} and Z;, and also has one more ex-ante constraint. Second, by construction &;; = 1, and the

U.S. policy is effectively choosing state-dependent Z;. Also, because of the ex-ante symmetry of other countries,

it is sufficient to focus on the export price setting of just one non-U.S. economy.
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Following previous sections, let’s denote the Lagrange multipliers as v, mit, Vi, i, Nits Xit> Mais 15 u;‘ 39

Then the system of first-order conditions is:

o wrt Cjy:
P\’ ;[ —Unit \ —UncitUcit + UnitUccit
Ucit —vit (1 —7) — MNitg 3
it Ucit Uéit
(P! Ucc i
—pivZs P; <t> oyt 4 L]+ e ] =0,

Py Py

o wrt X;;:

*

AN 1 P\’ .
Vit Ait F'x (Lit, Xit) — vig (1 — ) + it T — piZyy P} + pi [] + g [] =0,
it

Py Py
o wrt Lj;: X,
Vit A ', (Lig, Xit) — Nit—5 2 + it + i [] +pi [] =0,
o wrt Nit:
—Unit\ —UnnitUcit + UnisU. U .
UNit B nitg/ < Nzt> NNit Czt2 NitVCNit . 79175 +th CNit +M7,7, [] +Hi [} _ 07
UCit UCit B

« wrt (state-invariant) P;;:

1 (Pu\ "’ 1 (Pu)"’
E v (1 — it + Xit) = (1 =) Aie (1 = R
[m( wwﬂﬁ(ﬂ) (Cit + Xit) = (1= 7) N wﬂﬁ(ﬂj i []| =0

« wrt (state-invariant) Py

P\’ 1 (P!
E|—vit(1- )OP—t (P“t ) (Cit + Xit) — inZtPt*GE (Ptt) (Cit + Xit) + i [.-.]
Ucit 1 (Pa\'"’ L (&P
G (=) (0 1) — ey (0 — 1) — ]| =
Wit =005 (F2) —ane-ng (S5E) vl -0

+ wrt (state-invariant) Pj;:

* *

1 [P\ PN .,
E Vit pr <pt) Y+ pivZe (1 —¢€) <ﬁ5> Yy + 1 [-~-]] =0,
t

 wrt (state-invariant) A;:

E [XitZt] =0,

%The Lagrange multipliers without time subscripts are state-invariant constants, while Lagrange multipliers with time
subscripts vary state-by-state.
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o wrt Z;:

P\ Y (P, Z) A P
—Viy <P*) T + piy Pzt P* Y Pt Pzt (Czt + th)
P;; - a}ft (Pt ) Zt) o0 (Pt*7 Zt)
Py 07, 07,

+pz’)/ZtP:;f < — XitAi + ,u;-‘ [] —+ M; =0,

« wrt (state-invariant) P}

*— P - * ‘Pz* - oYy (P7Zt) *— P - *
E[Vzt’Yé“P 1<P*> Y© — Vzt’Y<Pi> W—i—pfthPtap 1<P*> Y,

*

pr\ —?
—pivZe (1 —0) <t> (Cit + Xit) + pivZi Py <

Pt) oYy (B Z)
Py

Py oP;

o (B, Z1)

P 1-60
3 t

where we omitted terms with j1;; and p} for the reasons discussed below.

Non-stochastic steady state We drop time subscript to denote the values of variables in a non-stochastic
steady-state. Because the price stickiness does not play any role in the non-stochastic steady state, the U.S. is
symmetric to all other countries. It follows that A; = 1, P;" = P*, the law of one price holds up to a production
subsidy, P = %7 Pj;, and domestic prices are equal to the marginal costs, P;; = P;/ (A;Fx (Li, X;)). Then
it is straightforward to verify that the system of FOCs and constraints holds under 7, = x; = pii = p; = 0,
¥ = Uni, pi = L, vy = UciPii /P;, Ay = 10%9U0i (C; + X;), and two global conditions

UcZ oYy L0 Ucl oY™* o0

First-order approximations Note that the state-invariant Largrange multipliers (p;, i, f1;, pt;) are of the
second order and hence, up to the first order, are equal to their steady-state values. In particular, this means that
we do not need to take derivatives of the local price-setting conditions since both p;; and ] are zero to the first
order. The same argument applies to state-invariant variables such as A;, Pi;¢, Py, P;;, P/ and therefore, we do
not need to take approximations of the FOCs wrt state-invariant variables.

We denote the first-order deviations of variables with small letters, e.g. ¢;; is a linear approximation of Cj;.
For Greek letters (Lagrange multipliers), we keep the original letters. Then the approximations to the remaining
FOCs are:

o wrt C’it:

—Uni\ —UnciUci + UniUcci
Uci U,

7

P\ ! L (P! Uccs
—vit (1 =) (P”) — vz P <P> + Xit ;Cl =0,
(2 (2 (2
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o wrt Xy
Py Py
vitAi Fx (L, Xi) + UCiFaitFX (Li, Xi) + UCiFAz‘FXL (Li, Xi) Lt

P P\ 1 . [ P* -
+UCi?ZZAiFXX (Li, Xi) xit — vig (1 — ) <Pz:> + Ui 2y P (B) =0,

o wrt Lj;:
vieAiFp (Li, Xi) + Ucip-ails (Li, Xi) + Ui AiFrr (Li, Xi) L
7 (2
+Uci— AiFLx (Li, Xi) 2t — Th‘tf; + i = 0,
[ 7

P,

o wrt Ny:

U — Vit + Xt =0,

—Uni\ —UnniUci +UniUcni Ucni
U%i By

Unninit + Uncicit — nitd <

o wrt Zy:

0%Q

* *
P —Xit‘f‘llj@?«“t

i <})Z*> C — P <P> (Cit + ﬂfit)
[

aY* (P*, Z)
9z

Y

0%Y* (P*. Z
by (zpr -y D)

+y (2P — vir) Y

The first four FOCs represent the local block of the system. They can be solved for the four Lagrange multipliers:
Vit, Nits Xit> Vit- We then plug the values of x;; and v;; into the last FOC, which represents the global block, to

obtain the optimal policy rule. We proceed to implement these steps.

Local block This linear system of four equations can be solved in terms of four variables: v;;, 1;t, X4, Uit The
solution becomes simpler if we use two more equilibrium conditions. First, take the first-order approximation to
the relative demand for inputs, Ucyi/ (—=Unit) = Fx (Lit, Xit) /Fr (Lit, Xit):

P;; Uci Uci
Ui =2 A | Fxp (Li, Xi) — —S“Frp (L, X)) lis — ( Ucci + Unci—at | it
P —Un; —Uni

Uci
—Uni

P
+Uci—A; <FXX (L, X3) —

Uci
2 Frx (LiaXi)) Tit — < UC Unni + UCNi> ni = 0.

—UNs

Second, linearize the U.S. risk-sharing condition, Uc;/ Pyt = Zy:

Uccicit + Uoninit = Piz.
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Using these conditions, the values of Lagrange multipliers can be shown to be
®P;iUci/ P

(%) @y

Vit = 2Py — Diit

L;Ucipiit,

_UNi> <Ucc¢ Ucm) Uni P

Uci a Uci Ucci’

i + i g/
; " Uci Uni

where p;;; is defined as a linear deviation of A?C"ﬁt, that is

piit = —-aitFx (Liy X;) + —AiFxx (Li, Xi) 2t + —AiFxr, (Liy X;) lit,
P; P; P,

and ® is a constant,

U2\
©— Ucci , <_UNi> Toor — UNNiL' 14 Xi Uci
Ucni _%C]fh + Ucci Uci —Un; ‘ L; —Uy;

Global block Take a linear approximation to the net exports:

* P* o * * P* -
nwgy = P <PZ*> ¢ — P <P> (cit + x4t) -

Then the remaining FOC can be simplified to

aY* U 92y L 920
oz T WP Ggm st

ynxi — Xie + v (2P — vig) = 0.

Now plug in the Lagrange multipliers and obtain

Uci
P

0?Y*/0Z? L%
av+joz Mgz

F‘piit+’7€'nxit+|:’7(-Pi*_jjii)+’7 (P — Py) }tho-
Here we denote the steady-state derivative of the global demand (determined by the U.S. monetary policy) with

respect to the global SDF (given by the Arrow-Debreu price) as 1/e = 9Y*/0Z. T is a constant defined by

PUni [ Ui, (=Uni\ (Ucci  Ucni PN\ Ug
I'=(1- d - Li - 7Pii7
( w)erccz'[ UNﬁg(Ua)(Um Um> }“"X(P) P,

where
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Intuitively, the first term, weighted by 1 — w, represents the domestic price stabilization, while the second term,
weighted by w, reflects the stabilization of export prices. Since both domestic and export prices are sticky in
dollars, these policy motives turn out to be perfectly aligned.

Next, use the steady-state relationship (A10) to plug in the Lagrange multiplier 1.;:

Uci °Y*/02°  Uci 9°Q/02°
P, OY*/oZ P, 00/0Z

I piit +ve-nzy +v (P — Py) |1+ z = 0.
Note that the global term is proportional to the openness of the economy ~ and the markup earned by the U.S.
in foreign markets, P — P;; = P;;/ (¢ — 1) > 0.

Finally, recall that all variables in the global block of constraints can be written as functions of P;* and Z;.
State-invariant P/ is a constant up to the first order and hence, linear approximations of all global variables can

Eit Pft
MC; and find the

be expressed in terms of z; alone. In particular, one can implicitly solve for the deviations of

corresponding constant =.

A.4.3 Proof of Corollary 6.1

First, note that in equilibrium, the welfare is equal to the value of the Lagrangian as all constraints hold with
equality. Thus, instead of comparing welfare across countries we can compare the values of the Lagrangians.
Next, to eliminate the first-order differences in optimal policy across countries we consider the autarky limit
v — 0. However, at the point of v = 0, all countries are ex-ante symmetric and achieve the same welfare, or
have the same Lagrangians, (L'US — LS ) |y=0= 0. Instead, we focus on the limit v — 0, as the welfare across

countries starts to differ as soon as we deviate from the autarky point:

£US_£nUS ) (dﬁUS dﬁ”US> dﬁUS d[,nUS

lim——— =1 — g ——|eq .
'ylgtl) v fyli% d~y d~y d~y =0 d~y =0

Non-U.S. Recall the policy problem of a non-U.S. economy from Section A.2.2. Write down the Lagrangian for
this problem, keeping only the binding constraints:

1—0o

C P\’ Pi\"° .,
T . == Nit + vt (AitLit - (1=9) (;t> Cit — (ﬁ:) Y; ) + Vit (Lit — Nit)
- it t

P\ ¢ S N P\ o
—pivZy | PR 22 Y — pr 2t C; Xie [1—(1 = “ — il )
PiY Lt ( it <Pt*> t t ( P, ) it | + Ait ( 'Y) 2 Y j2)

We fix all primitives of the model as we change only the openness parameter v and investigate how it affects the

LS =R

value of £"US. Parameter y enters £V both directly and indirectly through the equilibrium values of the global
variables (Y;*, Z;, ;") and of the local non-U.S. variables (Cj:, N, etc.). From the envelope theorem, the effects
of the latter variables are all zero: the optimality conditions for the non-U.S. economy ensure that the derivatives

of the Lagrangian with respect to all local variables (including the Lagrange multipliers) are zero. Then we need
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to consider only the partial derivative wrt v and the derivatives wrt all global variables:
dcnvs _E |u, P\’ o (Fi - v ) 4, P\ &P\’
dy ! P, ! Py t ! P, P,
(PN e o (Sl TC P\ " e AN
— piZi (Pit <P§> Y - B < ZPZ-: ) Cit | =7 | vat <P§f) + piZi Py <P?:> dyt
— | viee U Y+ piZi | Phe L _ey* —(1-0)P; AN C; pr-14E7
Y it Pt* t Pist ot Pt* t t P,L't ot t d’}/

1—-0 (&P N\ dPy Pi\ "¢ ExPr\ " 4z,
—~ )\ — o~ | PE 22 Y* — p* C, | =
’y 1t Pt* < PL d'y p17 1t Pt* t t Pit it d")/

We evaluate this derivative in the autarky limit v = 0. Note that all terms with the derivatives of the global

variables drop out. Moreover, the price index constraint (4) implies P;; = P;;, and the optimal policy (the
marginal cost stabilization) (A6) collapses to C, = A;;. Also, recall ¥y = —1, vy = C,7, and Ay = %C’;ﬁ”.

Finally, the budget constraint implies

* P - * * 5’6 Py -f
EpiZ: <Pit <sz> Yy - P < ]tgltt > Ci) =0,
t 3

since p; is just a constant. After using all of these conditions, we arrive at

dﬁnUS 1 l—l P* —€ 0 l—l g P* 1-6
— |—o=E|——A7 A% Y — ——Af Uot .
d’)/ |’Y—0 [1 —0 it it <Pt*> t 1-6 it < Pz

U.S. Recall from Section A.4.2 that the only differences between the U.S. problem and the non-U.S. problem

are: 1) &; = 1, 2) there is an additional global constraint, and 3) the U.S. chooses global variables Y;*, Z;,
and P;. Therefore, all global terms drop out from d£V“/d~y due to the envelope theorem. Next, recall from
condition (A10) that the global constraint does not bind at the autarky point v = 0. Crucially, the autarky limit
also implies that the optimal U.S. policy is exactly the same as the non-U.S. policy and stabilizes domestic marginal

costs. Therefore, repeating the same steps as above results in the same expression up to the &; = 1.

Difference Denote all U.S. variables with a subscript ¢ and all variables of a non-U.S. country with j. Use the

ex-ante symmetry of all non-U.S. countries so that ;" = P, but keep P} # Pj. Assume that shocks in all

. L 1 19 . .
countries are identically distributed and hence, EA; = =EA ;’t . Then the difference in welfare becomes

P\ ° 0 1 (EpPE\T 1 (P
-1 -1 it * - gttt - t
(- () o (7 ()4 () )

To get rid of the nominal exchange rate £;;, use the risk-sharing condition, which in a static model with

d (£US _ £nUS)
dy

lh=0=E

ex-ante symmetric non-U.S. countries implies Eth'j;U /Pjt = Z;. For the U.S., the same condition reduces to

C;,° /Py = NiZ;, where A; is a constant that describes the wealth of the U.S. relative to the rest of the world.
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Combined with the marginal cost stabilization, this condition implies P;; A;;A;Z; = 1. Substitute these risk-

sharing conditions along with % = 0 into the definition of the global demand:

N ExPr\ ! . .
ve= [(S5) coi= mtmialal,

After using these conditions, the welfare difference reduces to

Pi\"° o [P\’
0 -1 Q*l Lt *—0 pl A0 it Q*l _ Q*l
(AitAjt Alt <Pt*> > Pt PZtA’L + 0—1 <Pzt> A'Lt <]' AZ )] .

To get rid of prices P and P;;, we use the U.S. export price setting, which under domestic marginal cost

d (EUS o EnUS)
dy

lh=0=E

stabilization is just P; = =5 FP;it, and the non-U.S. export price setting (see Section A.4.2), which under the

optimal policy collapses to

P _E Cit” s
B\ &l = =g P ) Y0 =0
J

Once again, substitute in the risk-sharing, other conditions from above, and % = 0 to simplify this expression to

EAS A

P = PiAi— 5=
EA”

To get rid of the wealth constant A;, we use the U.S. budget constraint

s (12 (1) - () ") o
t 7

which after the same manipulations reduces to
1—¢
0 A—1 —
o EAG AN\ 7T
L EAH*l :
it

Using all these conditions results in

%)

(1—e)(6—1) _ —
d(LUS — £rs) ‘ ( 0 e 1) X (EAftAﬁ1>e+s_1 (EAftAjt1>e+ T <Pt*>9
y=0=— - T A0—1 D, ’

dy 6—1e—1 EA? T o\ \ P
it <EAzt 1)

Aslong as @ > 0 and € > 1, this difference is non-negative whenever IEA?;I < IEAftAj_tl. Take a second-order

approximation to express this condition as —26 (Ea?t — Eaita,jt) < 0, which is true since Ea;iaj; < Ea?t.
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A.4.4 Proof of Proposition 7

Consider the following CES demand structure with heterogeneous import shares v;;:

6—1 6—1 e—1
1 Cit\ 7 L (CE\ T /1 Cit\ = ..
1—~)e o i =1 = [ 22 dji=1
(1—=7) (C) +v <C> e j=1,
where [ v;;dj = 1 for every i.*" The import price index is then country-specific and we denote it with Pj;:
P 1—¢
gt .
/ Pit

where P}, is, as before, the dollar price of goods exported from country j.

Note that the export Phillips curve (7) drops out from the policy problem as the state-dependent production
subsidies to exporters {7;;} allow the planner to implement any feasible export prices. Similarly, we drop the
no-arbitrage condition (3) due to the presence of state-contingent taxes {75} that can implement any feasible

portfolio allocation. The policy problem can then be written as

max EZBt/U(Cz‘nNit,fit)di

{Cit. Xit,Lie,Nit, Pise, Pie, Py Py Eemiaemip A Bl 1 1, b, =0

it?

P\’ AN A :
s.t. AltF (Lz’t7 th) = (1 — ’y) (P t) (Czt + th) + ’}//’Yij (7;:/> < Jf) Jt) (Cjt + th) dj,
7 jt gt

ZQ?BZ-H_ Z (Q?‘i‘D?)BZ

heH: hEHt_l
—€ x\ —0 -0
. P} &t P; , . (EaP
= Piﬂ/%‘j (#f) ( ]P Jt) (Cjt + Xji) dj — Py ( ]tD ”) (Cit + Xit) + i,
Jjt J 7

Xt <_UNit
=g

> s Ly =Ny — g (1 =)y — 277%?,

Lt Ucit 2
_ _ * N\ l—e
Pm>1 o <&ﬂ?§>1 o / (Pjt> .
1— NEpVY oty R (L) dj=1,
( ’7) (Pzt Y P, Vji P:t J
Py P
Tiit = -1, 7w =-—% —1,
T P T pr

miit (it + 1) (=Unit) = BEmiit4+1 (Tigg1 + 1) (—Unit41)

—Uns
Py h( Uaf) Ucsn <Pz'z’t

Py Ay P;

—0
) (Cit + Xit),

“The heterogeneity in home bias 1 — y does not affect the results and is omitted to simplify the notation.
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Emiio (miio + 1) (=Uniio) =0, /Bﬁﬂdi =0,

where we the last constraint is the global market clearing condition for assets (11).
Similarly to the proof of Proposition 1 in Section A.2.2, denote the Lagrange multipliers corresponding to
these constraints with v;s, pit, 0it, Vit Nits Ay Cits Gt Hits 1is gth . Guess and verify later that some of the constraints

do not bind, ;¢ = (it = pir = i = 0, and take the first-order conditions:

o wrt Cy:
—0 *\ —€ —0
P. P; . P* )
Ucit — vit (1 —7) < j;j) — /I/jt')")’ji <,PJ:> (l]tDZt> dj
i it [
) fo (3) (55)
* /gt * J gt
—pi ; + Y Py | == — dj =0,
Pit™Y it < P, PtV L5751 /P;;: P, J
o wrt Xj;:
—0 *\ —€ —0
Piit) / (P]t> (EitPtg) .
Vit A Fx (L, Xip) — v (1 — — [ vy | == L d
ittt X( it zt) zt( 'Y) (Pz 'tV Vji P;;ﬁ Pz J
) fo (3 (55)
* /gt * J gt
PitY Fit < P, Pit VL5t V51 P P, J
o wrt Lj;:
Vit Ai Fr, (Lig, X)) + 04 = 0,
o wrt Nit:
Unit = Ui,
o wrt Py
B P\ /P
Vitgpiitl (1—=7) (Pi) (Cit + Xit) = XAt 1 =7) (1= 0) ‘Piitl (PZ::> =0,
o wrt Py
L (Pi\ ! wnp1 [ €itPh -’
—vit (1 =) 0P, 2 (Cit + Xit) — puyPr0P; B, (Cit + Xit)
k2 k2

AN ExPr\ b )
—/Vjt’Wji (73],::) opr;" <Itth> (Cit + Xip)dy
it i

+/me}‘nﬁ <7;Jf> 0P, (; ”) (Cit + Xit) dj
it

it

P\ P}, -6 B
(17)(3) +’Y(Pi =0,

—Xit (0 —1) P!

ot
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o wrt P

—€ * N\ —0
; Pfkfl i it Jth gt ) X)) di
Vit€ it 7/7] (P;(t> < Pjt (C]t+ jt) J
—€ *\ —0
P &t P; )
jt Jt

—&
1. 1 . b
/Ajt% P (1—e) Py 'dj = ¢ 5o + BB 15 = 0,
B Py

it—1

o wrt ’P;;:
. P* — gz P —0 . i} . P* 1—¢ '
/Vjﬂ%‘i (=) Py <73*> ( ItJ ”) (Cit + Xi) dj + Ny (e = 1) P /’in <P]*t> dj
it it it
ExPy\ " 1 (P
—PitY (1 — 9) <P1t> (Czt + th) — )\Zt’}/ ( 0) Pzt Pizt
. P* —€ 51 P —0 '
+/Pjt’7P i (€ — 0) Py (73*) <;, n) (Cit + Xit)dj = 0,
it it
o wrt &y
PN (EaPE : oot (EaPE\ 7’
Vit Yji P 0E; 2 (Cit + Xit) dj + piryPp0E; P, (Cit + Xar)
it it it

PN (&P’ , Ly (EaPE\ T
- / pjtVP tVji <,Pj>f> egz‘tl < Itg‘tlt> (Cit + Xi)dj — iy (1 - 0) 51‘751 ( ]tj'tn> =0,
it 7 (2

o wrt BZ_H:
h Ak A h ho)
St — pit Q¢ + BEpity1 Qi1 + Diq ) =0,

o wrt Qi‘:
—/ [Pit (th+1 BZ)] di =0,
o wrt 7
Yirp (1 — ) miie = 0,
o wrt

Vit + Gy =0

Subtract the FOC wrt X;; from the FOC wrt Cj; to get Ucyy = vy AiF'x (Lit, X4t). This condition together

with the FOCs wrt L;; and N;; imply the same relative input choice as in (5), confirming our guess that 7;; = 0.
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Next, combine the FOCs wrt P;; and &;; to obtain A\;; = —l/it%% (Cit + Xit) and

Ei P PN\ . . P\ "¢
Viti}i i /l/jt’in <]*t dj — pit Py + /Pjtpjﬂjz' 2 dj=o.
it b it

Use this condition along with the FOC wrt Cj; to arrive at v;; = Uy, 1;"?:. This condition and the FOCs wrt L;;

and V;; immediately imply marginal cost stabilization m;;; = 0, that is condition (A6). Domestic price setting

conditions are trivially satisfied, and this confirms our guess of (;+ = wix = p; = 0. It is also straightforward to

verify that the FOC wrt P;;; holds. Now we can use the FOC wrt C}; to derive the following optimality condition:

Eit N Py N AN
<UCz‘tPZit - Pit> = / (UCth;jJt - pjtpjt> Vji <73j; dj. (A11)

In the case of complete markets, p; becomes a time-invariant constant because there is just one inter-temporal
budget constraint. Since the global planner treats equally all ex-ante symmetric non-U.S. countries, it follows

pi = p;. Together with condition (A11) and the price index constraint, this implies

& Eir P P, 1= )
Uci v Upny 228~ 33 i _Jt di. A12
C tl)it / Cjt Pjt gjtP;thj ( :2 J ( )

Adding capital controls and using normalization from footnote 15, the risk-sharing condition (A9) becomes

& _

U .
Cit Pz

(1 - Tzct) Zt-
Thus, the optimality condition (A12) can be rewritten as

P* 1—e P..
1—7%:/ 1—7"-:t)’y~ <]*t> 7”75* dj,
’ ( S P gjtPjt

giving the optimal choice of capital controls under complete markets.

Now integrate equation (A12) over all countries ¢,

c. P e A P
Yoiibis / Vi (Jt) P i) Dt gy
Pjt it UCitgit gjtPjt

This condition shows that the optimal U.S. policy under cooperation stabilizes the average law-of-one-price devi-

ations, gij }% . If trade flows are symmetric y;; = 1, equation (A12) simplifies further and implies that Uc;+E;t / Pt

are equalized across countries. Then the U.S. monetary policy reduces to

1—
/<Pﬁ> B g,
P 5jtpft

Finally, check the optimal dynamics of export prices. Assume symmetric trade flows with v;; = 1, and use

74



the FOCs wrt P;;, P}, and 7}, along with the optimality condition (A11), to derive

w5 (my + 1) (=Unit) — BBy (751 + 1) (—Unvits1)

i Ucji€je P Ucit (P3\ ™" (ExPE\ " .
Enby | 2 — “-1)} —it It Cjt + Xjt)dj = 0.
/ ! Zt[ Ei P}, (UCitgit Pjy Py \'Pf Pj; (Cl ) dj

Note that this expression does not rely on full risk sharing and holds for an arbitrary structure of the asset

markets.

A.4.5 Proof of Corollary 7.1

Consider a continuum of non-U.S. economies with the total measure of zero. It is sufficient to show that the

welfare of the union is higher than the welfare of its members under no cooperation for the limiting case with

perfectly correlated shocks — by continuity, the same is then true if the shocks are sufficiently highly correlated.

In this limit, without loss of generality, we can model the policy problem of the monetary union as a problem of

a single country with some share of its internal goods priced in dollars. Therefore, the policy problem becomes

similar to the one in Sections 4.3 and A.3.3, and it can be written as

max EZﬁtU (Cit, Nit, Eit)

{Civ . Xiv,Liv, Niv, Piie Py Py Pio Eavmiiem il A Bliia 1}, 120

Py
P it

—0 —0 —€

(&P P .

> (Cit + Xit) + v <Z;3tm) (Ct+th)+7<sz> Y,
(A

s.t. AitF (Lita Xit) (1 - '7 - 7) <

AN L (EaPr\ T’
> 9Bl Y <Q?+D?) Bj; = Pzt<P*) Y =P ( ;:) (Cit + Xit) + i,

hEHt ]’LEHt71

Xit —Unit
L

N Ucit ) o = Na = 2 =" =) - 97 i~ 577%2;
Ucit+1 i1 Pu o, + Dy _
Ucit Pity1 Ei Qél

1— * 2 * it st -1
(1—v 7)<Pit) + ( P, ) +7( P, ,

PE

* *
_ Piit - Pzzt * Pit
Tiit = P - 17 Tt = P - ]" Tt = P* - 17
it—1 iit—1 it—1

Tiit (Tiie + 1) (=Unit) = BEemiie1 (Tiig1 + 1) (=Unit41)

=Unit
% B h( UCI\'L]tf)
Py Ast
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T (M + 1) (=Unit) = BEry iy (mhips +1) (=Unies1)
=Uni _
EiPj ¢ h ( UCAZ'[tt) Ur: Eir Py ’ (C;
Py e—1 Ay i

T (73 + 1) (=Unit) = 5]Et7r§kt+1 (ﬂ-;‘kt—l-l + 1) (—=Unit41)

—Uni —

(g e MR o (1)
7

:

Py

9

Pi e—1 Az’t

Em0 (71'“‘0 + 1) (_UN’iO) =0, EW?}O (W;io + 1) <_UN1'0) =0, E?T:O (71';0 + 1) (_UNiO) =0.

It is straightforward, though tedious, to take the first-order conditions and to verify that m;;; = 0 is not the
solution. Now consider a single small open economy outside of the monetary union in a similar environment.
It follows from our previous analysis that such an economy chooses 7;;; = 0 as its optimal policy. Different
small open economies with perfectly correlated shocks follow the same policy and also have exactly the same
allocation. This implies that the bilateral exchange rates across these economies are equal to one. Therefore, it
is feasible for the monetary union to implement exactly the same monetary policy as each of its members would
choose on its own. However, it is optimal for the union to choose a different policy. Thus, the welfare of a country

within a union is higher than the welfare of a country outside of the union.

A.5 Calvo pricing

Equilibrium conditions In contrast to the baseline model, the Calvo friction generates price dispersion, which

affects all aggregate quantities. In particular, the market clearing condition (8) becomes

0 —e
P.. (P .
AiF (Lit, Xir) = (1 —7) A (Pm> (Cit + Xit) + AL (sz> Y/,
it t

 [(Pa@)) L [(P@\
Am_/( P ) dw and Ait_/< P dw.

Then each price index has a non-trivial dynamics:

where

Pyl =t = AP 4+ (1= \) P (A13)

where a fraction 1 — A of firms can adjust their prices in a given period and ]5;; is the price that they choose.

Solving for the dynamics of price dispersion yields

* * * 1 A *E— =
Ay = AAG I + (1= A) (1_)\ - ﬁnit 1) ) (A14)

where IIY, = P};/P};_, is the (gross) inflation rate. Expressions for domestic variables A;;; and IT;;; are similar.
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To derive the export price-setting condition, start with a problem of an exporter:

—€
D* * P* *
max Etzezt A (git+sz‘t -7 MCit+k) (P* ) bk

Py 3 t+k

The first-order condition determines ]5;;

oo - —e
~ B P*

Etzc‘)it,t+k)\k <5it+k o — it—i—k) P*Zt Y5, =0. (A15)
k=0 t+k

As before, we assume that there is no export subsidy, 7;" = 1. The domestic price-setting condition is similar,

87'1 _

but monopolistic distortion in local markets is eliminated with the production subsidy, =4 = 1. As before, we

assume that in period zero, all firms can adjust their prices, which implies no price dlspersmn, Njo =AYy = 1.

For the analysis below, it is convenient to express condition (A15) in a recursive form. First, rewrite it as

PR =

00 00
€ Z kyk Ucit+k B ik Ucitsr
Et B A MCZt Pi tﬁk t:—k’ where Ft = ]Et E ﬂ A Pig’lt“rkpt)‘iik}/t:-k
—_ 1 k=0 Zt+k‘ =0 ’Lt-‘rk

Then, isolate the first term from the sum on the right hand side and use the law of iterated expectation:

PiFy = —MCy P:fYt + BAE Py Fiya, (A16)

and note that F} can also be written recursively as

Ucit
Py

Fy = gitPt*EY;* + BAE Fyq1. (A17)

Together, recursive equations (A16) and (A17) are equivalent to the inter-temporal price-setting condition (A15).

Optimal policy The planner’s problem in a representative non-U.S. economy is

max EZBtU(Cit,Nm@t)

{Cz‘t7Xz't7Nit,Pz‘z't715iit,PmPW Zt78Lt7H’th7Hlt7ALLt7Alt7{th+1} }t —0

P\’ AN
st. A F (Nig, Xit) = (1 =) Djie | —— (Cit + Xit) +7A% | — Y,
Py P;

h h h * P;f - * * g’itPt* -0
Z Q'Bfi 1 — Z (Qt + Dt) Bj; = it \ pr Y - F P, (Cit + Xit)
t 7

heH; heH;_1

Xit g <_UNit> SE Ucit1 Eir1 P Q1 + Diy
- 9 t
Li Ucit Ucit Pitt1 Eit o

Py > 1= <5itPt* ) 16
1 n —1,
(1—7) <Pit "\,
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Py ® = AP 5+ (1= N Pi®, Py s = AP+ (1= A P15,

it iit
Ajit = M 115, + (1 = ) <1_1)\ - li/\ﬂfﬁl> = ;
A;(t = AAZAHZE + (1 - /\) (11)\ - 1)\)\H;‘kf_1> = s

i = PZZ’ Il = P?l’

00 ~ —€ -0

5 P P

E; E CHmeY (Piit - MCitJrk) (P' y tk> ( t+k) (Citk + Xit4x) = 0,
k=0 wt+

o0 ~ —&
D* € P} *
Et};()®it,t+k;)\k (git-f—kpit -—M Cz‘t+k:) ( B ) ik = 0,

Denote the Lagrange multipliers on these constraints as v, pit, Mit, Xit> Nit> Niits Migs Viits Oy Ciits s Piits [y
i, pf . Guess and verify later that some of the constraints are not binding: 7;; = xit = Niit = Vit = Gir =

Wit = iy = pii = pf = 0. The first-order conditions are:

o wrt Cy:
P —0 & P* —0
Ucit — vit (1 =) At <m) + piy Py ( il > —0,
Pit Pyt
o wrt Xit: , ,
P.. - . g P* -
Vi AirF'x (Nit7Xz' ) — Vst (1 — ’y) JA (ﬁ) + Pit’YPt < Z]tj t ) -0,
it it
o wrt Ny
Unit + Vit AP (Nit, Xit) = 0,
o wrt Py
vir (1 — ~) O—— A ”’t> Cov + X)) — (1 =) Niy (1 —0 ( zzt) —0,
it ( ) 2 it <Pzt (Cit it) — ( ) it ( ) P\ B,
o wrt Py
1P\ ? 1 (&P
—vit (1 —=7) Az‘z‘tQPTt P, (Cit + Xit) + pity P, HE = (Cit + Xi1)

1
X (0= 1) 5

(1v)<P,t> +’Y(;t) =0,
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o wrt P

* 1 ]D;Z - * P':f - * * *—¢&
Vit'YAitEF Pr Y = puy (1 —¢) P Y+ A (1—¢) Py
it \1¢ f

« e . 1 P
—5Et)\7,t+]_A(1 — 5) P)Z't € _ C'Ltp*i +5Et<it+1 it41 _ 0’

it—1 ‘P:;fz
o wrt &y
1 &P\’ 1 &P\
— iy PO — C; Xit) — N 1-0)— =0
Pit YL gzt( P, ( it T zt) zt'Y( )gzt P, s
o wrt IT;:
==
* * xe—1 * A we—1\17°¢ *xe—2 *
— U0 AAG eIl + el T mnit IG, "+ G =0,
o wrt A%

*

P' o * * * *
—UitY <PZ:> }/t =+ 19it - BEtﬁitﬁ-l)\Hif_i,-l = 0,
t

o wrt Bﬁ+1:
pitQF — BEitpii1 (Q?H + D?—&-l) =0.

The FOCs with respect to ﬁiit, P, I1;;, and Ajj;; are omitted because they are trivially satisfied under our guess.

Combine the first three FOCs to get the relative demand for inputs (5), which verifies our guess 7;; = 0. The
FOC wrt &;; implies \j; = pit%% (Cit + Xit), so that the FOC wrt P;; along with the price index constraint

turns to v A\ = —Pit

];?i: . Combine this with the FOC wrt Cj; and arrive at p;; = — qut it, and thus v;; Ay =

UCit%’:. Combined with the FOC wrt Ny, the latter implies

Py
P;

—Unit
dit—
Ucit

AuFr, (Ni, Xig) = A

which is the same as (A6), that is the domestic marginal cost stabilization, as long as A;;; = Il;;; = 1. Then
the FOC wrt P,; is satisfied. The FOC wrt BZ 41 is also satisfied as it turns to the no-arbitrage condition (3),
justifying our guess of x;: = 0.

To find the optimal dynamics of export prices, use the FOC wrt IT}; to express

* * - * 1 A *E— = *—
G = Ve AL ! < it—1 <1_)\ - mnite 1) IT;, 1) )

and note that price dynamics constraints (A13) and (A14) can be used to show

*
* g% *e—1 * it Tr*x—1
G = Ve Al ( it—1 ﬁﬂz’t ) :

it
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Plug this expression into the FOC wrt P},

l1—¢ * « € Uci PL* - *
<gitpit - PiitAit; ) Ly (t) Y

B —1) Py "\ P;
P P
* TT*E * it Trx—1 * *E * it4+1 px—1 _
Yttt ( it—1 EH# + /BEtﬂit+1 it+1 it p* Hz’t-l—l - 07
it it+1

where we have guessed that A\, = BAE\; ;.
Use price dynamics constraints (A13) and (A14) to show that

i 1 P
15y ( i1~ ~Ztht_l> =y <Agft - ﬁ)
7 (2 Pit (3 A K3 Pit

and substitute this equation into the previous expression to obtain

l—¢ . . € \Ucit (P:\"°.
- (gzt it PiitAit(?) lt,y <Zt) Y;

1) Py Py
* * * * * Py * * _1P‘>;+1
=G (95 — BAE; 4 ITE ) + ﬁit?f = BAEW 1T 5= = 0.
it it+1

Simplify the FOC wrt A},

* Piit P;; - * * *€
Vi =Ucit——7 | 5y Y7+ BAE ;44 1,
Pit P, t

and use it to express the previous equation as

Pr oe—1 Uci P\ ¢ 1P
0% =it = Ei Pl v (L) Y+ BAEW T =
it ;; e wtat ]Dit Pt t i+ it+1 P{;+1

(A18)

(A19)

In the end, the set of optimality conditions have collapsed to equations (A18) and (A19). Note that these two

equations are equivalent to the private price-setting condition (A15), as they are equivalent to conditions (A16)

and (A17). To see this, rewrite these optimality conditions in terms of a new variable F},

*
no_ -1 € xe Vit

_ NS
1 P’it

so that equations (A18) and (A19) become respectively,

€ Ucit
P,.
1™ Py

Ucit
Py

EP5 = PrY) + BAEF 1 Py and F =&y

PrEY + BAE Fyy .

The latter condition coincides with equation (A17) and hence, F, = F,. It follows that the former condition is

the same as equation (A16) since P;;; = M Cy; due to domestic cost stabilization.

Thus, we have shown that there exists a set of Lagrange multipliers such that the system of the first-order

conditions is satisfied under the optimal policy of Il;;; = 1, which completes the proof.
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