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Abstract

Countries distort trade patterns (‘trade wars’) to gain strategic advantage relative to one
another. At the same time, monetary policies are set independently and have spillover effects
on partner countries (‘currency wars’). We combine these two scenarios, and show that they
interact in deep and interesting ways. The stance of monetary policy has substantial effects
on the equilibrium degree of protection in a Nash equilibrium of the monetary and trade
policy game. Trade wars lead to higher equilibrium inflation rates. Cooperation in monetary
policy leads to both higher inflation and greater degree of trade protection. By contrast, when
monetary policy is constrained by pegged exchange rates or the zero lower bound on interest
rates, equilibrium tariffs are lower. Finally, when one country has the dominant currency in
trade, it gains a large advantage in a trade war.
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1 Introduction

This paper analyzes the strategic interaction between governments in a model in which both
trade and monetary policy decisions are endogenously determined in a non-cooperative environ-
ment. There is a long literature on non-cooperative trade policy beginning at least with Johnson
(1953) (see other references below). These models analyze the way countries distort trade flows to
gain a strategic advantage in a ‘trade war’. Likewise, there are many studies of non-cooperative
monetary policy in the international macro literature (references below). In recent years, the
importance of international spillovers of monetary policy has sparked a debate on ‘currency
wars’. But in reality, the two policies must interact. Both trade and monetary policy work by
affecting relative prices, which have market and welfare spillovers across countries. Monetary
policy has real effects if some nominal prices are sticky. The impact of trade policy such as tar-
iffs will depend on how prices adjust and the exchange rate responds. This paper shows that
the equilibrium degree of protection in a non-cooperative environment depends critically on the
stance of monetary policy, and conversely, the equilibrium monetary policy choice depends on
the outcome of trade wars between countries.

Traditional studies on trade policy focused on the different degrees of bilateral or multilateral
cooperation imposed by trade agreements within regions or more widely orchestrated by the
WTO.! But in recent years, we have seen a progressive breakdown of existing trade agreements
and a rise in protectionism among many countries. A particular aspect of this trend is the
tendency to engage in protectionism to achieve short-term macroeconomic objectives.

In the aftermath of the Global Financial Crisis, many writers described the spillovers of non-
cooperative monetary policy across countries as an outcome of ‘currency wars’.> Much of the
discussion of currency wars emphasized the impact of monetary policy shocks from large coun-
tries to small countries, and the need for some form of monetary policy coordination. But with
the increasing aggressive use of protectionist policies, it becomes important to re-focus on the
consequences of ‘trade wars’, and to understand the interaction between currency wars and
trade wars.’

Our paper explores the relationship between currency wars and trade wars within a stan-
dard two country New Keynesian DSGE model. Aside from the exploration of endogenous,
non-cooperative trade policy, the model is unoriginal. Households consume and supply labor,
and monopolistic competitive firms maximize profits subject to costs of price adjustment. For
the baseline model, prices are set in producer currencies. Policy-makers in each country are as-

sumed to have the choice of inflation rates through endogenous monetary policy but also trade

For a recent survey, see Bagwell and Staiger (2016).

2 For instance, Mishra and Rajan (2018) argue that “ Aggressive monetary policy actions by one country can lead
to significant adverse cross-border spillovers on others, especially as countries contend with the zero lower bound. If
countries do not internalize these spillovers, they may undertake policies that are collectively suboptimal. ”

3For recent evaluation of the policy issues, see for instance Bénassy-Quéré, Bussiere, and Wibaux (2018), Fajgel-
baum et al. (2019), and Eichengreen (2019).



protection in the form of tariffs. *

The paper first derives some general results on the joint determination of inflation and tariff
rates in a discretionary Nash equilibrium. Tariffs are determined by an amended version of the
optimal monopoly tariff formula, depending on both the elasticity of foreign excess demand for
the home export, as well as equilibrium domestic inflation rates. Both tariffs and inflation rates
are determined as a trade-off between internal distortions and external terms-of-trade manipula-
tion in a manner familiar from previous literature. A key determinant of both tariffs and inflation
is the presence of markups of price over marginal cost at the firm level. Positive markups tend to
imply lower tariffs but higher inflation rates. But with positive markups, both tariffs and inflation
rates are higher in the joint currency and trade war game than when currency wars and trade
wars are analyzed separately. Eliminating monopoly markups through production subsidies re-
duces the inflation bias, and leads to an equilibrium with zero inflation. But a by-product of this
is a large rise in protection, as tariff setters focus only on terms-of-trade manipulation.

A common theme in the literature on international monetary policy is the possibility of gains
from international cooperation. Most quantitative studies have found these gains to be very
small. In fact, with discretionary monetary policy, Rogoff (1985) showed that cooperation may
actually reduce welfare by leading to excessive inflation in an economy with markup distortions.
In our analysis, we find that cooperation leads to both an increase in inflation and a rise in trade
protection. Also, in contrast to Rogoff (1985), we find that monetary policy cooperation can be
self-defeating, even in the absence of monopolistic markups. When monetary authorities coop-
erate across countries, this opens up a strategic interaction between a global monetary authority
and national trade authorities which may both increase inflation and increase protection.

An important dimension of the debate on currency wars is the asymmetry in country size.
Conventional wisdom suggests that self-oriented policy-making by large countries imposes neg-
ative spillovers on smaller countries. Surprisingly, we find the opposite: an increase in the size of
a country generally reduces its welfare — large countries do not gain an advantage in the currency
war. This is because larger countries generally choose higher discretionary inflation rates. But
when trade wars and currency wars are combined, size wins out. With endogenous trade policy
and monetary policy, larger countries are better off, since they do better in the trade war.

The baseline model assumes discretionary policy-making. Tariffs and inflation are chosen
without commitment to future policy actions But we also consider the possibility that trade
policy engenders some degree of commitment. We explore a simplified version of the model
where policy-makers choose tariffs non-cooperatively, but can commit to tariff rates in advance
of the currency war. In this case, equilibrium tariff rates are much lower than in the baseline
case. With commitment, trade authorities take account of the impact of higher tariffs on inflation

choices of the monetary authorities, tempering the incentive for terms-of-trade manipulation.

4We use the label ‘currency wars’ as a description of a situation where countries follow independent monetary
policies which may have negative international spillovers. Other senses of the term may suggest that countries are
attempting to target a level of the real exchange rate. That is not the case in our model.



In an economy with sticky prices, the nominal exchange rate becomes a critical channel
through which both monetary and trade policy operate. How do our results change if exchange
rates are fixed by one country? Here again, we find a very different outcome between the cur-
rency war and the currency and trade war equilibrium. Under pegged exchange rates where in-
flation is the only policy instrument, only one country has an independent choice of instrument,
and in a symmetric equilibrium inflation rates are equalized across countries. But allowing for
independent choice of tariffs, constrained by a fixed exchange rate, optimal tariffs are much lower
than under flexible exchange rates. Under fixed exchange rates, terms-of-trade manipulation can
be done only by generating differences in inflation rates, which in itself imposes additional costs.

We then extend the analysis to a situation where countries lose control over monetary policy
due to the zero lower bound (ZLB) constraint on nominal interest rates. An equilibrium con-
strained by the ZLB delivers lower rates of inflation, lower consumption and output, and lower
welfare than the outcome under currency wars. Further, because inflation rates become endoge-
nous at the ZLB rather than a policy variable, trade policy-makers take account of their choice of
tariffs in the two countries. As in the case of commitment in trade policy, this leads them to limit
the size of their tariff choices.

The main results above are derived under the standard assumption of ‘producer currency
pricing’ (PCP) as in the classic model of Gali and Monacelli (2005). We finally extend the analysis
to ‘"dominant currency pricing” (DCP hereafter), as in Gopinath et al. (2020) and Mukhin (2018).
In this setting, both countries set their export prices in that of the home country’s currency (the
dominant currency). This introduces a key asymmetry in the analysis, since import prices in the
home country are no longer directly tied to exchange rate changes. We find that this asymmetry
leads to higher inflation rates in the dominant currency, and a large positive gap between home
and foreign tariff rates. Since under DCP, the foreign country tariff can only improve its terms of
trade by generating inflation in its export goods prices, tariffs are a much less effective tool for
this country. We find that the equilibrium of the trade and currency war under DCP dramatically
favours the dominant currency issuer. Hence, in this perspective, a benefit of a dominant currency
is that allows for a significant advantage in trade wars.

One key message of the paper is that, depending on the different assumptions about exchange
rate regimes and pricing currency, trade wars may imply very high rates of protection in standard
DSGE macro models. This may seem unrealistic, given that in recent history, observed tariffs
among advanced economies have been much lower. But these historical observations refer to a
period where WTO rules and other bilateral agreements were in place. By contrast, our paper
explores the consequences of a breakdown of cooperation in trade policy. In this case, the tariff
rates may not be so unrealistic. For instance, in a calibrated CGE trade model, Ossa (2014)
finds that average tariffs would be over 60 percent in a full-scale world ‘tariff war’. Also, recent
experience suggests that tariff rates may go much higher. As an example, average US tariff on

China, as measured by Bown (2019), rose from 8 percent in early 2018 to 26 percent at the end of



2019.

The interaction between trade policy and the macroeconomy has long been a subject of in-
terest to economists (e.g. Eichengreen (1981) and Krugman (1982)). But recent events have seen
a revival of interest in this area and an attempt to formalize the relationship within the modern
macroeconomic toolkits. A number of recent papers look at the effects of trade policy in dynamic
open-economy macroeconomic models. Barattieri, Cacciatore, and Ghironi (2021) investigate em-
pirically the impact of exogenous changes in tariffs in an SVAR framework, and show that they
act as negative supply shocks, depressing GDP and raising inflation with little effects on the
trade balance. A similar mechanism applies to our paper. Barattieri, Cacciatore, and Ghironi
(2021) develop a small open economy model with firm entry and endogenous tradability that
successfully rationalizes the empirical evidence. We adopt an alternative approach, considering
tariffs as endogenous, exploring the consequences of alternative strategic settings for both mon-
etary policy and tariff formation. Another paper by Erceg, Prestipino, and Raffo (2018) looks at
the impact of trade policies in the form of import tariffs and export subsidies. They find that
the effects critically depend on the response of the real exchange rate, and that in turn depends
on the expectations about future policies and potential retaliation from trade partners. A recent
paper by Furceri et al. (2019) examines the macroeconomic consequences of tariff shocks, and
shows that these shocks are generally contractionary. Lindé and Pescatori (2019) study the con-
ditions under which Lerner symmetry holds, and how this affects the macroeconomic costs of a
trade war.

Two papers that are more closely ours are Jeanne (2020) and Bergin and Corsetti (2020).
Jeanne (2020) is closest in spirit to our paper. He explores the interaction between ’currency
wars’ and ‘trade wars’ in an analytical framework with a continuum of small open economies
with downward nominal wage rigidity and in some cases a global liquidity trap, and explores the
benefits of international cooperation. By contrast, our study is focused on a more conventional
two country DSGE model, where countries are large, and focuses on a discretionary Ramsey ap-
proach to policy-making.” Bergin and Corsetti (2020) develop a rich multi-country DSGE model
with global value chains and look at the optimal response of monetary policy to exogenous tariff
shocks. In addition, they focus on cooperative determination of monetary policy and consider
tariffs as exogenous. Another relevant paper is Caballero, Farhi, and Gourinchas (2015), who
investigate the interaction between an environment of low interest rate, financial imbalances and
currency wars. Our paper does consider a binding ZLB constraint as one of the possible cases
but deals with more generic environments, and considers the joint endogenous formation of tar-
iff and monetary policies while neglecting imbalances by assuming balanced-trade restrictions.
We thus consider our paper as an important complement, with a focus on the interaction be-

tween trade and monetary policy. In particular, we find that international cooperation may be

5This type of approach echoes the approach of Chari, Nicolini, and Teles (2018) or Auray, Eyquem, and Gomme
(2018), although these papers focus on flex-price environments.
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significantly welfare reducing in this environment.®

Focusing more closely on the endogenous determination of trade policies, we noted above
that there is a large empirical literature investigating the link between trade restrictions and the
economic cycle, and separately, the effect of real exchange rate undervaluation on trade policy
(e.g. Oatley (2010), Gunnar and Francois (2006), Bown and Crowley (2013), among others). In
a theoretical model Eaton and Grossman (1985) study optimal tariffs when international asset
markets are incomplete and show that they can be used to partly compensate the lack of con-
sumption insurance. Bergin and Corsetti (2008) also consider tariffs as policy instruments in
addition to monetary policy but their focus is not specifically on tariffs, rather on the implica-
tions of monetary policy on the building of comparative advantages. Campolmi, Fadinger, and
Forlati (2014) offer a detailed analysis of optimal non-cooperative policies with a large set of
instruments, including tariffs.” In a rich model with endogenous location of firms and an ex-
tensive margin of trade, they show that the terms-of-trade externality remains the dominating
incentive to apply positive tariffs. Bagwell and Staiger (2003) propose a trade model featuring
potential terms-of-trade manipulation by governments, and trade agreements as means to restrict
this policy option. Our paper is complementary to theirs. Most importantly, we incorporate en-
dogenous tariff formation within a standard open-economy macroeconomic model, showing the
importance of price stickiness, the exchange rate regime, the extent of cooperation, ZLB con-
straints on nominal interest rates or dominant currency pricing for the equilibrium degree of
trade protection.

The rest of the paper is organized as follows. Section 2 sets out a basic model and establishes
a number of analytical results. Section 3 presents an extended model with intermediate goods
in production and trade, which is solved quantitatively, and develops the main results of the
paper under currency wars and trade wars, where we explore the impact of cooperation, partial
commitment in trade policy and country size. Section 4 analyzes the model under a variety of
set-ups in which monetary policy is constrained in a number of ways, due to either an exchange

rate peg, the zero lower bound constraint, or dominant currency pricing.

2 The Model

We first describe a simplified two-country model which allows us to derive a number of

qualitative results. The full quantitative model is described in Section 3 below. There are two

6Corsetti and Pesenti (2001) show how national welfare in open economies may depend on a terms of trade
externality, using a two-country model with monopolistic competition. There are many papers analyzing optimal
monetary policy in different open economy frameworks, among them Benigno and Benigno (2003), Gali and Monacelli
(2005), Faia and Monacelli (2008), de Paoli (2009), Auray, Eyquem, and de Blas (2011), Bhattarai and Egorov (2016),
Groll and Monacelli (2020), Fujiwara and Wang (2017), or more recently Egorov and Mukhin (2019).

"More generally, our paper also relates to the literature on tax and structural reforms to manipulate the exchange,
which includes Correia, Nicolini, and Teles (2008), Hevia and Nicolini (2013), Farhi, Gopinath, and Itskhoki (2014),
Eggertsson, Ferrero, and Raffo (2014), Cacciatore et al. (2016), Auray, Eyquem, and Ma (2017) or Barbiero et al. (2019).



countries, Home and Foreign, where agents supply labor and consume each other’s goods. The
world is populated with a unit mass of agents and for now, countries are equally sized. For now
also, firms set prices in the currency of the producer (PCP), but are constrained by Rotemberg-

style price adjustment costs.

2.1 Households

Agents in the Home country have preferences over consumption and hours given by
Ut = u(Ch/t, Cf,t) — E(Ht) (1)

where u is a continuous, twice differentiable, and satisfies 1., < 0 and ue; >0, fori=h, f,i#].
Consumption of the Home (Foreign) is C;,; (Cy ). £ (.) is a continuous differentiable function of
hours worked, satisfying ¢'(.) > 0, and ¢”(.) > 0.

The Home country budget constraint is:®

Ph,tch,t + (1 + Tt)StP;,th,t = Wth + Ht + TRt (2)

where Py ; (P}‘/t) is the Home (Foreign) goods price in Home (Foreign) currency, S; is the exchange
rate, T; is an import tariff imposed by the Home government, W; is the Home nominal wage,
I1; represents the profits of the Home firm and TR; is a lump-sum transfer from the Home

government. Optimal choices over consumption and hours for the Home consumer lead to the

conditions:
(1 + Tt)StP}(t
g = ey )
W,
U'(Hy) = u%P—f (4)
It
2.2 Firms

Firms in the Home economy produce differentiated goods.” The aggregate Home good is a
composite of these differentiated goods, where the elasticity of substitution between individual
goods is denoted as € > 1. For now, assume that the firm’s production depends only on domestic

labor. Output of firm i in the Home country is:

Yint = AtH;y )

8We assume no financial market trading across countries, which implies that trade is balanced.
9We describe the situation of Home firms, noting that Foreign firms behave similarly.



where A; is a measure of aggregate productivity. The profits of Home firm i are then represented
as:

Iy = ((1 +5) Pt — x) i (6)
where I1;; is the price set by firm i in the Home country and s a sales subsidy. Firm i chooses its

price to maximize the present value of its expected profits, net of price adjustment costs:

d Pijpt+
Et ) wyy (Hi,H-j -G <Z+J> Ph,t+th,t+j> @)
=0

Pintvj

where w; is the firm’s nominal stochastic discount factor, and ¢(.) represents a price adjustment
cost function for the firm. We assume that &'(.) > 0 and ¢”(.) > 0. Price adjustment costs
are proportional to the nominal value of Home output, to be consistent with the nominal profit

objective function of the firm. The first-order condition for profit maximization gives:

Wi\ Y; P 1
(14+8)Yine = € (Pi,h,t(l +5) — t) ity g < it > Py Yyt

At ) Py Pini—1) Py
Pyt P
/ iht+1 iht+1 _
+ Ewwral < P 5 P11 Yni1 =0 8)
ih,t Pi,h,t

2.3 Economic Policy

There are three separate levers of policy in this model. Fiscal policy may be used to subsidize
monopoly firms (s). Trade policy may be used to levy tariffs on imports (7; and 7;°), and monetary
policy may be used to either target inflation rates or exchange rates. In the case where firms are
subsidized (s # 0), we follow the literature in assuming that a fiscal authority sets the subsidy to
offset the steady-state monopoly markup (s = 6%1). But we also allow for the possibility that the
monopoly markup remains as a pre-existing distortion in the economy (s = 0). As we will see,

this may have an important implications for both optimal monetary policy and trade policy.

2.3.1 Monetary Policy

In the baseline model, it is assumed that the monetary authorities choose an inflation rate
for the domestic good. Implicitly, we are assuming that the authorities can implement a desired
inflation rate through an interest rate policy, but we abstract from the details of this policy. In a
later section, we look at the case where monetary policy is represented by an exchange-rate target
on the part of the Foreign government, leaving the Home country to independently choose an

inflation rate.



2.3.2 Trade Policy

Trade policy is represented by tariffs chosen by each country. Tariff rates are chosen to max-
imize domestic welfare. In this scenario, countries engage in a ‘trade war’, where equilibrium
tariff rates are determined in a Nash equilibrium. But in an economy with sticky prices and
optimally determined monetary policy, an important determinant of the outcome of trade wars
is the relationship between the domestic monetary authority and the trade authority. In the Nash
equilibrium of the game between countries (as described below), we assume that both inflation
and tariffs are chosen simultaneously by a domestic policy-maker to maximize domestic welfare.
But the result would be the same if we thought of monetary and trade policy as determined
separately by a monetary and fiscal authority.

In our model, the only motive to levy tariffs is to affect the terms of trade. While the literature
has explored many other reasons for countries to apply trade restrictions, Bagwell and Staiger
(2010) argue that terms of trade manipulation is the most important and empirically relevant
driver of tariffs.!’

We also explore the implications of cooperation in monetary policy, assuming that tariffs are
still chosen independently. This assumption is natural, since cooperative tariffs would always
be zero in a symmetric equilibrium of our model, where trade policy to be determined jointly
by policy-makers. In all cases, regardless of the assumptions about trade and monetary policy,
we assume that policy is discretionary. This means that policy-makers maximize current welfare,

taking as given that future policy-makers will behave in a similar fashion.

2.3.3 Government Budget constraint

While the assumptions about the stance of policy differs, the representation of the consol-
idated government budget constraint is the same in all situations. The government in each
country balances its budget. Tariffs generate revenues, while subsidies represent a cost paid to
domestic firms. The difference is rebated back to domestic households in the form of lump-sum

transfers. Hence, for the Home country we have
TRt = TtStP}k’th,t — SPh,th,t (9)

where the last expression on the right hand side represents total subsidies paid to all domestic

firms.

19Broda, Limao, and Weinstein (2008) find that countries systematically set higher tariffs on imports with more
inelastic supply schedules.



2.4 The Competitive Equilibrium

The full description of the competitive equilibrium for this economy is available in Appendix

A. Monetary policy is represented by the PPI inflation rates set by each policy-maker, 7, =

b, el . t
i and 7%, = +24. In addition, we can define the terms of trade as S; = L Then,
P fit Pf,t—l Py

Appendix A shows that, conditional on monetary policies {nh,t, T, t} and tariff policies {1, 7/},

the equilibrium can be written in the form of 7 equations in the 7 variables H;, H;, Cy;, C ot Cry

C}’t and S;.
Balance of Payments : Cj; = 5;Cy, (10)
Home Market clearing : A:H;(1— %(Tth,t ~1)3) =Cy + Cht (11)
Foreign Market clearing : A;H;(1— %(n},t -1)3) = Cre+Chy (12)
Home labor market : ¢'(H;) = Aguie, EtY (7tn e, 74,441, 6) (13)
Foreign labor market : ¢'(H]) = A;‘uc;,tEt‘I’(nj*clt, T p11,6") (14)
Foreign optimal spending : “CZtSt =1+ Tt*)“c}t (15)
Home optimal spending : uc,,(1+7)St = uc,, (16)

where we have used the assumption that the quadratic cost of price adjustment is %(nh,t —1)2 for
the Home country and analogously for the Foreign country. We define ¥; = 6 + ¢, (71,4 — 1) —
Bty 41 (71 — 1) (and analogously for Foreign), which represents the impact of price adjust-

(14s)(e—1)

ment costs on the firm’s profit maximization, and 6 = is a subsidy-adjusted measure

of the monopoly distortion, with 6 = 1 if an optimal subsidy s = _L; is in place. If current and

future inflation is zero, and the optimal subsidy is in place, then ¥ = 1.!!

2.5 Optimal Monetary Policy: Currency Wars

We first analyze the determination of optimal inflation rates in a discretionary Nash equi-
librium. Each government chooses its inflation rate to maximize domestic welfare, subject to
competitive equilibrium conditions, taking the inflation rate of the other government as given.
Since there is no trade in financial assets, there are no endogenous state variables in the model,
so a discretionary (time-consistent) Nash equilibrium can be described simply by each gov-
ernment’s choice of current-valued variables, taking future inflation rates, consumption levels,
output levels and terms of trade as given (assuming ; = 7/ = 0).!> Let the current state

be defined as Z; = (A; A}), representing aggregate TFP. Define the firm’s value function as

Here we simplify by assuming the firm’s discount factor for the expected future inflation cost is constant at j.
This makes little difference to the example.

12In the extensive description of the model, nominal price levels are state variables. But since monetary policy is
implemented by the choice of inflation rates, current policy makers take future inflation as chosen by future policy, so
current price levels have no relevance for the evaluation of future welfare.

10



v(Z;). In a discretionary Nash equilibrium in monetary policy the Home government chooses
{C:, C}, Hy, Hf, S, 7y, 1} to maximize

v(Z;) = u(Cpy, Cf,t) — {(Hy) + BEv(Z441), 17)
subject to Equations (10)-(16), while the Foreign firm chooses {C;, C{, H;, H/, St, ”},t} to maximize
v"(2) = u(Cp,, Cs ) — L(HY) + BE0" (Z111), (18)

subject to Equations (10)-(16). Since the model is symmetric, we state results for the Home
country alone. The Nash equilibrium implies equivalent results for the Foreign country. Let
C1t . C7t denote the Home country Lagrange multipliers on constraints (10)-(16) respectively.
Then Appendix A shows that, in a steady-state Nash equilibrium of the currency war game, the

inflation rate of the Home government is implicitly characterized by the condition:

1- %(ﬂh - 1)2 - ((22;;11)) Py

*= (19)
AH(m,—1) I3
1- uch(Zinh;,—l)uchhT - ?Z(S”Chh - uChf)
where ¢ = % is the inverse of the Frisch elasticity of labor supply, and u,,, indicates the

second derivative of the utility function and ¥ = 6 + ¢, (71, — 1)(1 — B). From this expression,
we do obtain the following results (detailed in Appendix A):

Result 1. In general, a Nash equilibrium in the currency war game between countries will not exhibit

price stability (zero inflation).
Proof. Appendix A shows that 7r;, = 1, is a generically not a solution to Equation (19).

Result 2. When s = L, the steady-state Nash equilibrium of the currency war game implies that both

countries choose negative inflation rates.

Proof. When s = 1 Appendix A shows that % > 0. Then the only solution to (19) must involve

e—1’

1t < 1 (‘and therefore also nj’i < 1).

This case recalls well-known results in the open economy macro literature. Corsetti and
Pesenti (2001) and Clarida, Gali, and Gertler (2002) characterize the optimal monetary policy in
an open economy as a tension between the desire to eliminate domestic distortions associated
with monopoly pricing on the one hand, and the desire to manipulate the terms of trade for
strategic advantage on the other hand. These conflicting objectives would involve either a positive
or a negative inflation rate. When the optimal subsidy is in place, each policy maker focuses only
on the terms-of-trade objective, and inflation is negative in a Nash equilibrium of the currency

war game.

11



This example is also reminiscent of Rogoff (1985), which shows that international policy
cooperation can reduce welfare in the case of monopoly distortions, since it eliminates the terms-
of-trade externality, and may lead to excessive Nash inflation in the currency war game. In the
quantitative analysis below, we confirm this result. With an optimal subsidy in place, however,
international cooperation eliminates disinflation and raises welfare relative to the currency war
Nash equilibrium. It is straightforward to extend Result 2 to show that in a symmetric coopera-

tive equilibrium inflation rates are zero in each country.

2.6 Optimal Monetary and Trade Policy: Trade Wars and Currency Wars

We now extend the analysis to the game where governments choose both inflation and tariff
rates. The problem of the Home government is to choose {Ct, C}, Hy, Hf, S, 7ty 1, Tt } to maximize
(17) subject to Equations (10)-(16).

In this extended environment, Appendix A shows that the determination of tariffs and infla-

tion in the Home economy may be represented by the conditions:

AtHe(mh,—1)

1 muchmqj(nh,ti Etnh,tJrl)
1+ - 1t Atth(ﬂht 1) (20)
t =1 W“Ckﬂ‘y(”hm Et7tn41)
1)
v E 1= g(nht_l)z_ ((27% IPT(ﬂht,EtﬂhtH) )1
(nh’t’ tTIh't—H) N ArHy (1 —1) (21)

1 - muchhtw(ﬂh,t, Etﬂ:l’l,t—‘rl)
where 7; is the foreign country’s general equilibrium elasticity of demand for home goods."?
From Equation (20), we see that the Home country’s optimal tariff follows an amended
‘monopoly tariff” formula. The pure monopoly tariff would be set at 7; = ﬁ, the reciprocal of
the demand elasticity minus one. But in the presence of inflation and monopoly distortions in
domestic production, the tariff in general will be lower than this value. If inflation is positive,
1, since with positive inflation output is inefficiently low, and a tariff reduces output
further. Equations (20) and (21) then imply:

1
then 1; < =

1
=1
the Home and Foreign country will set inflation rates to zero and tariffs are given by the pure monopoly

tariff formul

Bn partlcular,

Result 3. In a steady-state Nash equilibrium of the trade and currency war game, when s = s* =

(u Cfft(1+Tf) c,f,sf)cht _
A (1 o) Yfug
2 [t
thS < ///(H*) )
t= " - ¥ - p FERp
n (usz,z(1+T‘ )7uchf,f8[)chrf B} AP (1-9}) Y = N (uchh/,Sffl¢Chf’t(1+Tf )er
. A;‘z(l—w;*)‘f‘f‘ué‘fﬁ[ t 0" (Hf) uZh,tSt
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(20) we obtain T = ﬁ and likewise for the Foreign country.

Proof. From Equation (21), with s = we obtain 71, = 1 in a steady state. Then from Equation

Result 4. In the presence of monopoly distortions, the stationary Nash equilibrium of the trade and

currency war game exhibits positive inflation rates and tariffs rates lower than the monopoly tariff.

Proof. When s = 0, the left-hand side of Equation (21) is less than unity in a steady state with
t, = 1, while the right-hand side equals unity. Since the left-hand side (right-hand side) is

increasing (decreasing) in 71, the solution then must involve 71, > 1. Then from Equation (20),

since u.,, < 0 and Ucys > 0, the right-hand side must be greater than il, soT < ﬁ,
s

and

analogously for the Foreign country.

Result 4 above points out the interrelationship between trade policy and monetary policy in
a distorted economy. Monopoly distortions tend to reduce the degree of protectionism, while
increasing the inflation rate. By contrast to the currency war example, eliminating monopoly
distortions fully removes deflation bias and leads to zero inflation but a by-product is that equi-
librium tariff rates increase as shown by Result 3. In the quantitative analysis below, we show
that the rise in tariffs following the removal of domestic distortions may be large.

The above analysis suggests that trade wars lead to higher equilibrium inflation rates in a
currency war. We can also ask how trade wars would play out with an alternative scenario for
monetary policy. We explore this by assuming that monetary authorities follow a passive policy
of zero inflation, limiting strategic interaction to trade policy alone. This case is analyzed in

Appendix A. There we establish the following.

Result 5. When monetary policy is limited to price stability, (7t,; = nj’i,t = 0), the optimal tariff in the
steady-state Nash equilibrium of the trade war game is described by:

T 1+ Que,,0 22)
T+7 B+ Que, 0
where Q) = W(G;)A,and(?: (ts)le1) <1,
G —ticy;, A €

Proof. See Appendix A.

From Equation (22) we conclude that, in a distorted economy where 6 < 1 and without active
monetary policy, the steady-state Nash equilibrium tariff in the currency war game will be less
than the pure monopoly tariff rate. Intuitively, this is because policy-makers take account of
the distortionary impacts of the tariff on domestic production, which is inefficiently low when
6 < 1. In the quantitative analysis below, we compare the equilibrium tariff rates in the model
with constrained, zero-inflation policies with those of an economy where policy-makers choose

inflation rates optimally. We find that tariffs are significantly lower in the constrained case. When
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tariffs are the only instrument to exploit terms-of-trade externalities and respond to domestic
distortions, the optimal degree of protection is reduced.'*

In the case of the currency war above, we noted that international monetary policy coopera-
tion would raise welfare in the absence of monopoly distortions. We find that this is not the case

in the currency and trade war equilibrium. Indeed, we may state the following.

Result 6. In a stationary Nash equilibrium of the currency and trade war game when each country uses a
subsidy to offset monopoly distortions, international monetary policy cooperation will lead to positive rates

of inflation and and tariff rates above the monopoly tariff level.

Proof. Appendix A shows that the inflation rate of the Home (and Foreign) country in the steady

state of a symmetric cooperative equilibrium is characterized by the condition

1-%(m, —1)2 — ol 1/J‘I’

(27
¥ — - (23)
AH(m,—1
1- ucht((;gh_l)) Uey, ¥ — %(”Ckh(l +71) - ”Chf)

where

Q _ Ue, T (”Chh - ”Chf)‘IIAH(TCh - 1) (24)

G2 Golue,(1+7)+ Ucpr — Z”Chf) ug, (27, — 1)
with Cz = £ (H) o7 1) °

A= (1)~ S

Let us start with inflation. Assume that § = 1, so that the optimal subsidy is applied to
correct the monopoly distortion. If 71, = 1 the left-hand side of Equation (23) is unity, while the
right-hand side is greater than unity, using Equation (24), as long as there is a positive tariff rate,
ie. T > 0. Since the left-hand side is increasing in 71, and the right-hand side is decreasing in
7Ty, it must be that the equilibrium cooperative inflation rate is greater than zero when 6 = 1 and
T>0.

Now focus on tariffs. Appendix A shows that in a symmetric steady state with international

cooperation in monetary policy, the Home (and Foreign) tariff rate is given by:

Ga
1 1+ 2ue, Y
1 T 6254 - 2)
+T T + gZ”Cth

0/ (H)~ Augy (1- $ (= 1)%)

where again, the Foreign demand elasticity is #7. In addition, it is shown that {4 = 75 7
A _”CthA(l_ 2 (7‘[;,—1)2)

(¢'(H)—Aug, (1= (my—1)2))
ﬂ(—)—uchh‘{’A(l——(nh 12)

state, we have ('(H;) — Ajug,, (1 — %(nhlt,l)z) = Aug, (cpnh(nh -1)+% (nh -1) ) > 0. Since

% > 0 it follows from Equation (25) that in the case 6 = 1, and monetary policy is determined

and ¢y = uc, — When 6 = 1, then from Equation (14), in a steady

uchh

cooperatively, the tariff rate exceeds the monopoly tariff rate.

14This case is actually equivalent to that of a flexible price economy (where ¢ = 0), since zero inflation rates in this
model replicate the flexible price equilibrium.
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To follow the intuition for Result 6, look at Equation (14). When 6 = 1 and inflation is zero,
output is determined by ¢'(h) = Au,, in the Home country and similarly in the Foreign country.
The presence of tariffs distort the pattern of consumption in both countries, reducing output,
for a given inflation rate. The cooperative policy-makers increase inflation above zero, raising
equilibrium output. Ceteris paribus however, this tends to reduce the terms of trade for each
country, and non-cooperative tariff authorities respond by increasing tariff rates.

Result 6 represents an interesting addition to the classic Rogoff (1985) result. Result 3 and
4 above showed that with an optimal monopoly subsidy, the Nash equilibrium implied zero
inflation and tariff rates equal to the monopoly tariff level. But if the policy choice is separated so
that monetary policy is chosen cooperatively, policy-makers will increase inflation rates to offset
the distortion generated by tariffs. Simultaneously, acting individually, tariff setters will increase
their tariffs since the perceived external monopoly strength increases as inflation is higher. In
the quantitative analysis below, we show that, even in the case of an optimal domestic monopoly
subsidy, welfare may be reduced by international monetary policy cooperation, since it leads to

higher tariffs and higher inflation rates.

3 Quantitative Results

We now extend the analysis to a more general model allowing for CES preferences, produc-
tion using intermediate goods, trade in intermediate goods, differentials in country size, and

home bias in preferences and technology. In particular, we assume that period utility is now

U, = C}_U_l . X Hl-‘rl/)
T 10 14yt

(26)

where: N
Ci = (eic}j +(1—¢g) C}j) 3 (27)
where ¢ > 1, representing the possibility of home bias in preferences.!” Given this, the true price
index for the Home consumer becomes
1/(1-2)

P = (ep,};A +(1-e)((1+ rt)stp}it)l—A) . (28)

Firms now use domestic and imported intermediate goods in production, so the production
function for home firm i becomes:
Yins = AH XY, (29)

Here, X;; represents the use of intermediate goods on the part of the Home firm i and H;;

Letting 0 < x < 1 represents the degree of home bias in preferences, where x = 0 (x = 1) represents zero (full)
home bias, we can define e = n + x(1 — n).

15



the use of labor. We allow that intermediate good inputs are composed of Home and Foreign

goods in a different composition than that of the consumption aggregator. Namely

_1_
1

1 _1
X = <€§Xi1,h,? +(1—e0) X, )1 r (30)

The full description of the competitive equilibrium is set out in Appendix B. Using the nota-
tion of Section 2 above, and the definition of the true price index, we define PPL: = p%, where P; =
(e+(1—e)((1+ Tt)St)li/\)ﬁ, and likewise Py; = (ex + (1 —&x)((1+ Tt)St)lf)‘)l%‘. Then, Ap-
pendix B shows that, conditional on monetary policies {nh,t, n}/t} and tariff policies {7, 7'}, the
equilibrium can be written in the form of 5 equations in the 5 variables Y},;, Y f v Ci, Cf and St

These are expressed as follows:

1+ )8\ 1\
Vit (L= 8(mpe)) = S ((73:)t) D£,t + (7;t> Dj,, (31)
(1+s) = ((1 +5s) — Px,t(X_IXt> + ¢’ (7The) 7t + Erwd’ (TThe41) T 41 (32)
(45 = e((s) = PpSTla™a7) +& (},) i + Eeoi@ (1) 707,439)
1\ 1—-n/A+t)\ "
ve-gm) = (5) Db S0 (Y5 ok o)
% " St -2 n (1 + Tt) St -2
Yf,t (1 - (7Tf,t>> = <,Pt*> D;,t + -7 ( P, Di,t (35)
where
A —A
Df, = (1-e)Ci+(1—e) <7ff ) X and D, = ¢C, + ¢, <7ft ) x, (36)
x,t x,t
- A P A
th (1—¢")C; + (1—8;)( i) X[‘andDjft—s C/ + & ( t) X/ (37)
x,t x,t

stand for aggregate Home/Foreign demands for Home/Foreign goods, and

1-a I

P T—a+2a avad 1-a+2a

X =a PrCH Yyt Y, ;P and X =« Fici th Yi P (38)
Py Al 9/00) ' f AT/ ) iz

xt

for the Home and Foreign aggregate use of intermediate goods, with ®; = ((a}‘)Z) a2 Equa-
tion (31) represents the concentrated Home budget constraint, taking account of the demand for
intermediate goods on the part of Home firms. Then, Equations (32) and (33) are the Home and
Foreign inflation equations, after substituting for the marginal cost functions, while Equations

(34) and (35) are the goods market clearing conditions for the two countries.
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3.1 Calibration

We now derive the solution to the optimal policy games in the full model. The model is
calibrated to an annual frequency. The discount factor of households is f = 0.96, consistent with
a real interest rate of 4% per annum. Both countries are of similar size in the baseline calibration
so that n = 0.5. Further, we assume a home bias parameter x = 0.7 which implies ¢ = &, =
(1—¢*) = (1—¢€%) = 0.85. With zero tariffs, this number is associated with a 30% total trade
openness ratio, as in U.S. data. We consider a baseline value of ¢ = 1, implying a log utility for
consumption, but also examine alternative values of o. The Frisch elasticity is 1~} = 1 and we
normalize x = 1. The elasticity of substitution between varieties is € = 6, consistent with a 20%
steady-state price-cost mark-up when not corrected by a steady-state subsidy and the Rotemberg
parameter is ¢ = 40. Following Itskhoki and Mukhin (2021), we consider a & = 0.5 share of
intermediate goods in production. Last, the trade elasticity is A = 3. This is on the higher end of

the range estimated by Feenstra et al. (2018), but is more appropriate for the evaluation of trade

policy.

3.2 Currency Wars

Table 1 describes the steady state outcome of the Nash and Cooperative equilibrium where
policy-makers choose only inflation rates. As described above, in the Nash equilibrium each
country faces a trade-off between choosing a positive rate of inflation in order to eliminate the
monopoly pricing distortion on economic activity, and choosing disinflation to reduce output
and appreciate the terms of trade against their trading partner, thus partly substituting for the
absence of direct trade policy instruments. For the particular calibration in Table 1, the first
motive dominates, and the Nash equilibrium inflation rate is 4.02 percent. By contrast, with
cooperative monetary policy the terms of trade motive is eliminated, and each country chooses a
much higher positive rate of inflation of 4.84 percent. As expected, monetary policy cooperation
is welfare reducing, confirming the Rogoff (1985).

If subsidies are in place to offset the monopoly distortion, then Table 1 confirms Result 2
above in Section 2. Each country follows a deflationary monetary policy, since the terms-of-trade
motive then fully dominates the incentives for inflation in each country. By contrast, if optimal
subsidies are in place, and monetary policy is chosen cooperatively, inflation rates are zero, then
the equilibrium is first-best, since all distortions are eliminated and inflation is zero.

We conclude from these results that ‘currency wars” may be either good or bad. If there is a
pre-existing monopoly distortion, cooperation in monetary policy may be undesirable, whereas

with optimal subsidies in place, cooperation supports the first best outcome.
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Table 1: Currency wars

No subsidy (s = 0) Subsidy (s =1/ (e — 1))
Base. Coop M. Flex.P Base. Coop M. Flex.P
Ty = 7§ 1.0402  1.0484 - 0.9898  1.0000 -
T=71" 0.0000  0.0000  0.0000 0.0000  0.0000  0.0000
S 1.0000  1.0000  1.0000 1.0000  1.0000  1.0000
cC=cCr 0.2026  0.2005  0.2054 0.2488  0.2500  0.2500
H=H* 0.8799  0.8941  0.8452 0.9994  1.0000  1.0000

Welfare loss (%) 9.2647 11.3257  5.2142 0.4189  0.0000  0.0000

Note: Base. denotes the baseline Nash equilibrium, Coop M. the equilibrium where monetary
policy is chosen cooperatively and Flex. P the allocations under flexible prices.

3.3 Currency Wars and Trade Wars

We now compare the previous results to a situation where policy involves the choice of both
tariffs and inflation rates in a Nash discretionary equilibrium. Table 2 illustrates the allocations
and welfare effects of the combined currency war and trade war. We start with the unilateral
case of the Table, which shows the outcome where both countries choose inflation rates non-
cooperatively, but the Home country chooses an optimal tariff unilaterally. Under the baseline
calibration, without subsidy, the Home country chooses a tariff rate of 41 percent. This generate a
18.7 percent appreciation in its terms of trade and raises Home welfare at the expense of Foreign
welfare, comparing the 4th column of the left panel of Table 2 with the corresponding currency
war in Table 1. In addition, the tariff raises relative Home consumption, but reduces relative

Home output.

Table 2: Trade and Currency Wars

No subsidy (s = 0) Subsidy (s =1/ (e — 1))

Base. Coop M. FlexP. Unil. Commit. Base. Coop M. Flex P. Unil.
Ty 1.047 1.053 — 1.047 1.045 1.000 1.007 — 1.000
71;2 1.047 1.053 — 1.043 1.045 1.000 1.007 — 0.994
T 0.405 0.418 0.354 0.410 0.168 0.518 0.521 0.518 0.525
T 0.405 0.418 0.354 0.000 0.168 0.518 0.521 0.518 0.000
S 1.000 1.000 1.000 0.813 1.000 1.000 1.000 1.000 0.775
C 0.190 0.188 0.195 0.200 0.196 0.234 0.235 0.234 0.249
C* 0.190 0.188 0.195 0.192 0.196 0.234 0.235 0.234 0.234
H 0.873 0.884 0.829 0.864 0.874 0.976 0.979 0.976 0.962
H* 0.873 0.884 0.829 0.884 0.874 0.976 0.979 0.976 0.999
Home welf. loss (%) 14.438 16.116 8.666 9.255 11.619 3.994 4.199 3994 —3.252
Foreign welf. loss (%) 14.438 16.116 8.666 14.473 11.619 3.994 4.199 3.994 6.129

Note: Base. denotes the baseline Nash equilibrium, Coop M. the equilibrium where monetary policy is chosen
cooperatively, Flex. P the allocations under flexible prices, Unil. stands for the case with non-cooperative monetary
policy and the Home Nash policy-maker sets its tariff while the Foreign tariff is nul. Commit. denotes the case
where tariffs are set non-cooperatively but taking into account their effects on monetary policy.

The remaining columns of Table 2 show the results for a trade war, where both countries
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choose an optimal tariff rate, in addition to an optimal inflation rate, in a discretionary Nash
equilibrium. Without optimal subsidies, the trade war leads to mutual tariff rates of 40.5 percent.
In the symmetric Nash equilibrium, there is no change in the terms of trade, but the rise in
domestic prices leads to a shift back in labor supply which reduces equilibrium employment and
output. At the same time, the fall in consumption of imported goods distorts the composition of
consumption and leads to a fall in aggregate consumption in both countries. Thus, the trade war
has large negative effects on real activity.

Table 2 also shows, however, that the trade war causes a change in equilibrium inflation rates.
Absent the trade war, Nash equilibrium inflation rates were 4.02 percent (see Table 1), which
as described above, represented a balance between the desire to eliminate monopoly distortions
and the desire to improve the national terms of trade. When countries engage in the trade
war, optimal tariffs focus on the second objective — terms-of-trade manipulation — and monetary
authorities redirect inflation rates towards the first objective. As a result, inflation rates are quite
higher — at 4.7 percent — in the equilibrium with both trade and currency wars.

Table 2 further indicates that the trade war has major implications for welfare. Comparing the
Nash discretionary equilibrium of the combined trade and currency wars with that of the Nash
equilibrium under the currency war alone (Table 2 compared with similar cases in Table 1) leads
to a fall in welfare. Without subsidies, the welfare losses from a currency war are 9.26% of first-
best equivalent consumption while the welfare losses from combined trade and currency wars
jump to 14.44 percent, a difference of more than 5 percentage points of first-best consumption
equivalent.

The second column of Table 2, still in the case of zero subsidies, documents the outcome
where policy-makers cooperate on monetary policy, but follow a trade war in the choice of tar-
iffs. As we would anticipate, given the results of Table 1, monetary policy cooperation is again
counter-productive. But this is now for two reasons. First, as before, the equilibrium inflation
rates increase from 4.7 percent to 5.3 percent, as monetary policy focuses only on eliminating
domestic distortions and ignores the impact on the terms of trade. Second, this adjustment in the
focus of monetary policy leads to a redirection of tariffs: the trade war becomes more intense, as
independent policy-makers increase tariffs to more fully exploit a terms-of-trade advantage. Tar-
iff rates increase to 41.8 percent — against 40.5 percent when monetary policy is non-cooperative
- and aggregate consumption falls by 1 percent. We conclude again that eliminating currency
wars is undesirable, not just due to higher inflation, but because it also leads to an increase in

trade protection.

3.3.1 Equilibrium with zero markups

When markups are removed by a production subsidy, Result 1 in the simple model of Section
2 showed that inflation rates in the currency and trade war Nash equilibrium were zero. This is

confirmed in Table 2: imposing an optimal subsidy full eliminates inflation. But the consequence
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is a substantial increase in protection, as removing the markup distortion leads to a rise in
equilibrium tariffs from 40.5 percent to 51.8 percent. Instead of using deflationary monetary
policy as in the currency wars case in Table 1, governments now increase tariff rates, consistently
with the analytical results of Section 2. Intuitively, in the distorted economy, tariffs are set as
a compromise between improving the terms of trade and limiting the distortionary effects on
domestic output, which is already inefficiently low due to the presence of markups. Removing
markups means that both governments implement the monopoly tariff level as shown in Section
2.

The 7th column of Table 2 quantitatively echoes the conclusions of Result 6 above. Monetary
policy cooperation reduces welfare when tariffs are determined non-cooperatively, even in the
presence of optimal subsidies. Indeed, comparing the 6th and 7th column of Table 2, coopera-
tion in monetary policy leads to a rise in equilibrium inflation rates, and a rise in equilibrium
tariff rates. As shown in Section 2 , inflation rates rise as cooperative policy-makers attempt to
offset the distortion in the composition of global consumption generated by tariffs. But at the
same time, this would reduce the terms of trade for each country and thus leads individual tariff
setters to raise their tariff rates in a Nash equilibrium. Thus, eliminating the currency war (with-
out eliminating the trade war) is counter-productive, even in the absence of monopoly pricing

distortions.

3.3.2 Flexible price equilibrium

Result 4 above showed that in the simplified model, when monetary policy was constrained to
stabilize prices, tariffs were lower than the monopoly tariff rate if there were positive monopoly
markups.

The 3rd column of Table 2 shows that without production subsidies, equilibrium Nash tariffs
are substantially lower under zero-inflation monetary policy. We noted that this outcome is
identical to one without any price rigidities (i.e. ¢ = 0), since in this model, the equilibrium
under zero inflation is equivalent to a flexible price economy.

With monopoly markup distortions, and when prices are fully flexible, inflation has no trac-
tion in either reducing distortions or affecting the terms of trade. Hence, tariffs must be used as
a compromise between the two objectives, and in a Nash equilibrium protection is less than in an
economy with sticky prices. By contrast, without the markup distortion, tariff rates are exactly
the same whether prices are flexible or sticky. In this case, as shown in Results 3 and 4, tariffs are
entirely focused on the terms-of-trade externality.

These results indicate that trade wars imply very high rates of protection in standard DSGE
macro models. We might thus question the relevance of this analysis, given that in recent history,
observed tariffs among advanced economies have been much lower. For instance, the average
degree of trade restriction (including both tariff and non-tariff barriers), reported by UNCTAD

(2013) for advanced economies is approximately 10 percent. But it is important to note that these
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observations are taken from a period where WTO rules and other bilateral agreements governed
the size of tariffs. The interpretation we follow here is to explore the consequences of a full scale
breakdown of cooperation in trade policy. In this case, the tariff rates may not be so unrealistic.
In fact, in a calibrated multi-country trade model, Ossa (2014) finds that average tariffs would be
over 60 percent in a full-scale world ‘tariff war’. In addition, we note that in the case of US China
trade, average US tariff rates as measured by Bown (2019) rose from 8 percent in early 2018 to 26
percent at the end of 2019.

3.4 Commitment in trade policy

So far it has been assumed that both inflation and tariffs are chosen simultaneously by do-
mestic policy-makers to maximize national welfare. A central assumption is that policy is discre-
tionary, so that policy-makers cannot bind the hands of future policy-makers, rather take these
future actions as given. But it could be argued that trade policy embodies more commitment than
monetary policy. Trade policy is typically enacted by legislation, and this is not as easily changed
as monetary policy decisions, which can be altered at the whim of an independent central bank.

In this subsection, we analyze a simplified game where trade policy is determined in a non-
cooperative game between policy-makers, but assuming that the trade policy-makers can commit
to their tariff choices. The general case where trade policy is made with commitment and mone-
tary policy is discretionary in the two country setting involves a complicated dynamic interaction.
We focus instead on a much simplified setting where trade authorities commit to a single tariff
rate that remains constant. Moreover, we assume that in choosing tariffs, the trade authorities in-
ternalize the endogenous response of inflation rates to tariffs in the currency war game between
monetary authorities.

Therefore, in the initial period trade authorities choose a tariff rate, taking the tariff rate of the
other authority as given, but taking into account the equilibrium of the monetary policy game
played by the monetary authorities, within each period. We focus on a steady state of this tariff
game with commitment. Given the initial tariff rate, monetary authorities choose their inflation
rate in a currency war, without commitment. With constant tariff rates, which are equal in a
symmetric equilibrium, inflation rates are constant over time, and also equal across countries.

The optimal tariff rates for this game can be chosen simply as a Nash equilibrium in 7 and 7*
where each trade authority chooses to maximize one-period domestic utility, taking account of
the competitive equilibrium, and internalizing the response of inflation in both countries to their
tariff rate, but taking as given the tariff rate of the other country.

Somewhat more formally, define V (7, 7)) and V* (7, /) as follows:

1+¢
1—-«a

* letT —1 X Yh,t
V(Tt, T ) = Max {Ctch*/YI!,L‘/Y;/HSN”/IJ} tl -0 - 1 + llj (AtXta> (39)
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subject to (31)-(35).

* * C;klig —1 X Y_f,t e
\% (Tt, T ) = Max {Ct/C;/Yh,t/Y;/t/Sf/”f,f}’ 1—0o - 1+ ll] A?Xt*“ (40)
subject to (31)-(35).
Then a Nash equilibrium with commitment in tariff policy, TN, 7N is defined by the equilib-
rium to the conditions:
Max, V (1, T7N) (41)

Max- V* (1, 1/") (42)

The 5th column of Table 2 illustrates the equilibrium of this game when markup are not
offset by subsidies. The most striking feature of the corresponding results is that tariff rates are
significantly lower than those in the baseline case of the simultaneous-move game. The Nash
tariff rates for the calibrated model are 16.8 percent, compared with 40.5 percent in the baseline
model. At the same time, the equilibrium inflation rates are lower, and consumption, output,
and welfare for each country is higher.

What accounts for the difference between the commitment equilibrium and the baseline case?
The key factor is that the trade authorities take account of the endogenous increase in inflation
that will follow from a higher round of tariffs facing the monetary policy-makers in the second
stage of the game. Because this inflation will be costly due to price adjustment costs, but have
little benefit in terms of higher output, the trade authorities endogenously choose lower equi-
librium tariff rates. Individually, monetary authorities choose a rate of inflation taking future
inflation rates as given. In a steady-state equilibrium, the future inflation rate is equal to the

current inflation rate, so that from the firm’s first order condition in the Home country, we have
(1+s)—e((1+s)—mc)—& () mu + BE () 1, = 0

Since the trade authorities take account of the sequence of their tariff choices on 7, they individ-
ually choose a lower degree of protection than in the tariff game without commitment, where
both tariffs and inflation are taken as given.

This example highlights the implications of a loss of commitment in trade policy. Even in the
absence of any international trade agreements, when tariffs are chosen without commitment, at

the same frequency as monetary policy, there may be significant losses in welfare.

3.5 Country-size effects and alternative parameter values

All the previous derivations assumed equally-sized countries. But discussions of currency
and trade wars are often focused on the role of large countries relative to small countries. Par-

ticularly in the discussion of monetary policy spillovers, it is often argued that smaller countries
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Table 3: Effects of country size on combined Trade and Currency Wars

Currency war Curr.+Trade war
Base. n=0.75 Base. n=0.75
T 1.0402  1.0445 1.0474  1.0479
4 1.0402  1.0357 1.0474  1.0467
T 0.0000  0.0000 0.4053  0.4179
T 0.0000  0.0000 0.4053  0.3934
S 1.0000  1.0009 1.0000  0.9809
C 0.2026  0.2016 0.1900  0.1955
Ccr 0.2026  0.2036 0.1900  0.1840
H 0.8799  0.8869 0.8733  0.8837
H* 0.8799  0.8732 0.8733  0.8629

Home welf. loss (%)  9.2647 10.2871 14.4376  12.7529
Foreign welf. loss (%) 9.2647  8.2732 14.4376  16.3782

are more exposed to the negative effects of policy spillovers from larger countries.

In the baseline model without endogenous policy choice, country size is irrelevant for real
outcomes such as consumption, output, terms of trade or welfare. 16 But size may matter when
countries engage in currency wars or trade wars. Table 3 illustrates the importance of large
versus small countries in the case of currency wars, and currency and trade wars.

The first two panels on the left-hand side illustrate the impact of an increase in the size of the
Home country from 50 percent to 75 percent of the world economy in the case of a currency war
alone, with zero tariffs. Contrary to received wisdom, the Home (large) country actually suffers
relative to the equal size benchmark. The reason is again related to the trade-off between terms-
of-trade manipulation and inflation. When the Home country is larger, it behaves more like a
closed economy and focuses more on inflationary stimulus to offset the monopoly distortion. In
a discretionary equilibrium, this leaves the Home country worse off. The Foreign country, by
contrast, focuses more on terms-of-trade manipulation. In equilibrium, the Home’s inflation rate
rises, and Foreign’s falls. So, in the currency war, country size is welfare reducing.

The two right-hand panels of Table 3 illustrate the impact of country size in the case of
combined currency and trade wars. Relative to the equal-size Nash equilibrium, the Home tariff
rises and Foreign’s falls. Because the larger country’s consumption basket is more weighted
towards its own goods, the cost of a tariff on domestic consumption is less, while conversely,
that for the Foreign country is greater. The result is that the (large) Home country is more
protectionist, obtains a significant terms-of-trade advantage, and gains in welfare relative to the
Foreign country. Country size is thus an advantage in the combined currency and trade war
environment, but a disadvantage in the currency war alone.

Table 7 in Appendix C illustrates the outcome under alternative parameter values for the trade

16 This is because as country size varies, so also does the range of goods that each country produces, so size has
no implications for the terms of trade.
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and currency wars. For the degree of protection, not surprisingly the most important parameter
is the trade elasticity. Our calibration uses A = 3, which is on the high side of the trade elasticities
used in the aggregate macro literature. But elasticities in the trade literature tend to be higher.
For a value of A = 6 we find that the symmetric Nash equilibrium of the current and trade war
implies a tariff rate of 16.4 percent, substantially lower than that of Table 2. The consequent
welfare impacts of the trade war are then less. But the main qualitative implications are the same

as above.

4 Constraints on monetary policy

In this section we explore the effects of three situations where monetary policy is subject
to some kind of constraint, and the interaction between monetary and trade policy susceptible
of being significantly altered. First we consider a situation of fixed exchange rates, in which
the Foreign economy loses its monetary policy independence by pegging its currency to the
Home economy. Second, we investigate how trade and monetary policies are affected when both
economies are hit by a large discount factor shock that leads both economies to hit the zero lower
bound (ZLB) on nominal interest rates. In this case, the determination of both inflation rates
becomes endogenous. Third, we consider a world economy with dominant currency pricing

(DCP), and where the Home economy issues the dominant currency.

4.1 Fixed Exchange Rates

Now assume that the Foreign economy has an exchange-rate target, so it cedes control over its
domestic inflation rate, leaving the Home country to independently choose an inflation rate. In
this case, only the Home policy-maker has an independent monetary instrument. If the Foreign

country targets the nominal exchange rate, we must have

Si-1
Tt = n}’tTt. (43)
This adds a state variable to the model in the form of the lagged terms of trade. Since the nominal
exchange rate is pegged, the terms of trade can adjust only via differences in inflation rates. In
addition, because the Foreign country is pegging the nominal exchange rate, it loses control of
nji,t, so the Home country takes (43) as a constraint in its choice of 7y ;.

Under a fixed exchange rate regime, we must explicitly account for the initial conditions faced
by the policy-makers in the form of the lagged terms of trade S;_;. Since the peg itself represents
the monetary policy of the Foreign country, we describe a fixed exchange rate problem as the

problem of the Home country. In this case, the Home country will choose 71, to maximize its
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Table 4: Trade war under fixed exchange rates

Currency war Curr.+Trade war
No subsidy (s = 0) Subsidy (s =1/ (e —1)) No subsidy (s = 0) Subsidy (s =1/ (e — 1))
Flex ER Fixed ER Flex ER Fixed ER Flex ER Fixed ER Flex ER Fixed ER

Ty 1.0402  1.0484 0.9898 1.0000 1.047 1.053 1.000 1.007
nj’ﬁ 1.0402  1.0484 0.9898 1.0000 1.047 1.053 1.000 1.007
T 0.0000  0.0000 0.0000 0.0000 0.405 0.292 0.518 0.410
T 0.0000  0.0000 0.0000 0.0000 0.405 0.292 0.518 0.410
S 1.0000  1.0000 1.0000 1.0000 1.000 1.000 1.000 1.000
C 0.2026  0.2005 0.2488 0.2500 0.190 0.191 0.234 0.237
c* 0.2026  0.2005 0.2488 0.2500 0.190 0.191 0.234 0.237
H 0.8799  0.8841 0.9994 1.0000 0.873 0.885 0.976 0.979
H* 0.8799  0.8841 0.9994 1.0000 0.873 0.885 0.976 0.979
Home welf. loss (%) 9.2647  11.326 0.4189 0.0000 14.438  14.904 3.994 3.183
Foreign welf. loss (%) 9.2647  11.326 0.4189 0.0000 14.438  14.904 3.994 3.183

value v(S;_1). The problem can be stated as

[

+

M

[

C7-1 x (Y "
t

subject to (31)-(35) and (43).

Table 4 shows the outcome of the currency and trade war in the case of fixed exchange rates.

Max (¢, c; v, v;

When exchange rates are pegged by the Foreign country, only the Home country has an indepen-
dent monetary policy. Absent tariffs, the left panel shows that the Home country will choose an
inflation rate of 4.84 percent under our calibration, and the equilibrium is perfectly symmetric.
Given unitary initial terms of trade, so that S;_; = 1, the Home country can only improve its
terms of trade by a higher rate of inflation, relative to the Foreign country. This contrasts with
the flexible exchange rate case, where, for a given Foreign rate of inflation, the terms of trade can
be improved by a contractionary monetary policy and an exchange rate appreciation, giving rise
to a downward bias in inflation rates in both countries. With a fixed exchange rate, the Home
country instead focuses on removing the monopoly distortion for a given terms of trade. This
leads to a symmetric equilibrium where both countries inflation rates are positive, and the terms
of trade is unchanged. In fact, in comparing Table 4 with Table 1, we see that the fixed exchange
rate case is identical to the equilibrium of the currency war with cooperation in monetary policy.
This then implies that in welfare terms, the currency war equilibrium dominates the equilibrium
with fixed exchange rates, absent the trade war.

The right panel of Table 4 compares trade wars under an exchange rate peg to the flexible
exchange rate case. This panel also identifies a fully symmetric outcome, where the existing
terms of trade facing each policy-maker is unity. The Home country chooses its inflation rate
and its tariff rate, and the Foreign country chooses only its tariff rate. In a symmetric equilibrium
both inflation rates and tariff rates are equal. What is most striking about this outcome is the

large difference between non-cooperative tariff rates relative to the flexible exchange rate case. In
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the Nash equilibrium tariff rates in each country are only 29.2 percent, compared to 40.5 percent
in the flexible exchange rate equilibrium.

What is the intuition for the substantial difference between fixed and flexible exchange rates
with respect to equilibrium tariff rates? This can be best explained by focusing on equation (43),

repeated here.
Si1
St

Under the fixed exchange rate regime, the Home country is choosing both its tariff rate and its

I
ﬂh’t = 7Tf,t

own inflation rate. If it chooses its tariff rate to appreciate the terms of trade, then this implies,
given S;_1, that it must be increasing its inflation rate, relative to the Foreign country inflation
rate. But the fact that the authority is simultaneously choosing 7}, ; subject to the costs of infla-
tion adjustment effectively reduces the benefits of an appreciated terms of trade. In a symmetric
equilibrium where S;_; = 1 these factors exactly offset, so that it chooses an inflation rate iden-
tical to the Foreign rate, and a tariff rate identical to the Foreign tariff rate. For our calibration,
the reduced benefit of tariff hikes under a peg leads to a substantially lower equilibrium tariff
rates. Moreover, in welfare terms there is little difference between fixed and flexible exchange
rates under the trade and currency war, given the lower rate of protection in the former, while,
as noted, the currency war outcome under fixed exchange rates is significantly worse in welfare

terms.!”

4.2 The Zero Lower Bound

One of the principal sources of the debate on currency wars was the fall in policy interest rates
in the US and Europe following the Great Financial Crisis. Caballero, Farhi, and Gourinchas
(2015) and Jeanne (2020) develop models of trade and currency wars at the zero lower bound
(ZLB) of nominal interest rates. We now address this issue within the context of our model.
We assume that monetary policy is temporarily constrained, and inflation rates are determined
endogenously, given expectations about future monetary policy as well as the current stance of
trade policy. In this case, the only policy tool available during the zero-bound period is that of
trade policy.'®

When there is no constraint on nominal interest rate adjustment, it is not necessary to in-

corporate household’s Euler equations to determine equilibria. But in order to capture the ZLB

17There is an important caveat to these results. Indeed, there exists a continuum of equilibrium Nash tariff rates
conditioned on different values of S;_. If we take an initial value S;_1 < 1, then the Home country will choose a
tariff rate higher than that of the Foreign country, so that in equilibrium S; = S;_; < 1, and equilibrium inflation
rates are, again, equalized. Likewise for S;_1 > 1, then the Home country chooses a lower tariff rate than the Foreign
country, and again Sy = S;_1 > 1, with identical inflation rates. Thus, there is a continuum of Nash equilibrium tariff
rates in which the Home country is more or less protectionist than the Foreign country, and each delivers a more or
less appreciated terms of trade for the Home country. See Auray, Devereux, and Eyquem (2020) for a further analysis
of this case.

18Since we are assuming that all monetary policy-makers lack commitment, we do not explore the consequences
of Forward Guidance in monetary policy announcements.
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constraint, we have to incorporate households inter-temporal choices. Because we are in finan-
cial autarky, net national saving is zero, so household’s Euler equations must be consistent with
zero current-account balance. Nonetheless, when nominal interest rates are constrained at zero,
households inter-temporal savings decisions have an impact on aggregate demand and economic
activity. In the case of the Home economy, defining R; as the gross nominal interest rate, the Euler
equation is:

CY Py

1=Bexp(—0C;)E;——"——R;. 45
Bexp (—Ct) e P (45)

We assume that outside of the ZLB, the interest rate is determined by the Taylor rule:

R = o () (72" (46)

where 77 is a target rate of inflation, which is set to mimic the steady state of the Nash equilibrium
in the policy game defined above, and {; is a time preference shock. We also assume that o; > 1.
We will assume an ‘MIT” shock process for the {; shock. Initially, { = 0, but then { < 0 occurs
without anticipation, and continues with probability y, while it reverts to zero with probability
1 — u. We assume identical {; shocks in each country. We focus on a {; < 0 that is large enough
in absolute value that, without restriction, Ry < 1 would be required to satisfy (45) and (46). In

this case, we need to impose the interest rate non-negativity constraint:

R, = max (R?yl"’, 1) : (47)

Table 5 illustrates the impact of the zero lower bound on the trade war. In our numerical
computation, the ZLB is generated by a 15% fall in the subjective discount rate of the private
sector and we assume this persists with probability 0.5. As discussed above, in this case, the
monetary authority has no control of current rates of inflation, and inflation is determined by
aggregate demand, given forward looking consumers and the expectation that the economy will
revert to the Nash equilibrium of the currency and trade war as described in Table 2. In the
absence of trade policy, the ZLB outcome leads to an equilibrium with large deflation rates, with
consumption and output significantly below the Nash equilibrium of the currency war levels.

As shown in Table 5, when countries engage in a trade war under the zero lower bound,
the outcome is substantially worse. Each country levies tariffs in the Nash equilibrium, but
this leads to essentially unchanged inflation rates, but results in lower levels of consumption,
output, and welfare. Although the trade war worsens the conditions of the ZLB, the equilibrium
tariff rates are actually lower; 27 percent compared to 40.5 percent in the baseline case with
active monetary policy and flexible exchange rates. The reasoning behind this is similar to the
example of commitment in trade policy discussed above. In the environment of the ZLB, trade

policy-makers take account of their choice of tariffs on the endogenous rates of inflation in the
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Table 5: Trade and Currency Wars at the ZLB

Curr. war Curr.+Trade war

Base. Z1LB Base. ZLB
T, 1.0402 0.9812 1.047 0.975
7rj; 1.0402 0.9812 1.047 0.975
T 0.0000 0.0000 0.405 0.270
T 0.0000  0.0000 0.405 0.270
S 1.0000 1.0000 1.000 1.000
C 0.2026 0.1773 0.190 0.170
C* 0.2026 0.1773 0.190 0.170
H 0.8799 0.7698 0.873 0.756
H* 0.8799 0.7698 0.873 0.756

Home welf. loss (%)  9.2647 13.0390 14.438  15.970
Foreign welf. loss (%) 9.2647 13.0390 14438 15.970

two countries. This leads them to limit the size of their tariff choices relative to the case where
inflation and tariff rates are chosen simultaneously. ZLB constraints thus make trade wars less

rather than more intense.

4.3 Dominant Currency Pricing

Recent evidence has pointed to the role of the US dollar as an invoice currency for pricing
exports for a large share of the world economy (see Gopinath et al. (2020) and Mukhin (2018)).
In terms of our model, this would imply that one country (say the Home country) sets the price
of both its exports and domestic sales in its own currency, while the Foreign country sets its
domestic sales price in its own currency, while setting its export price in the currency of the
Home country. Gopinath et al. (2020) denote this practice as one of dominant currency pricing.
In this section we explore the implications of DCP for the currency and trade war equilibrium.

The model under DCP differs in only a few features. The nominal exchange rate is still
flexible, but the impact of exchange rate changes on the terms of trade is muted, in particular for
the Home country, since both its exports and imports are priced in its own currency. As we show
below, this has significant implications for the equilibrium of the policy game and its outcome.

The true price index for the Home consumers under DCP now becomes:

1/(1-7)
P = (sp,};A F(1-e)((1+ rt)Pf,t)l—A) (48)

where Py, is the price of the Foreign good set in Home currency. By contrast, the price index
for the Foreign economy is unchanged compared to the baseline PCP model, since the Home
country firm sets all prices in Home currency.

The optimal pricing policy of Home firms is as before, but Foreign firms charge separate
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prices to the domestic (in Foreign currency) and Home (in Home currency) firms and households
respectively buying intermediate and final goods.

The profits of a representative Foreign firm i are then represented as:
[0, = (145 ) (P Vi + ;' PrgaYige) = My (Vg + Yige) ) (49)

where MC3, is defined in the same way as before. The first order conditions for profit maximiza-

tion for the Foreign firm i selling to the Home country can be described as

Yif Pisi 1
14598, — e(S71Pri(1+5") — MCH) 4 — /< el ) S;1P Y
( ) t l,f,t ( t 1,f,t( ) t)Pi/f/t g Pj/f,tfl Pi,f,tfl t f;t f/t

Py Pifrv1 o
+  Eww{,& < o ) lfz S; L Prii1Ypii1 =0 (50)
Pi g p; fot
Note that the Foreign firm incurs costs of price adjustment for sales to the Home country that
are separate from those pertaining to sales to the domestic consumers and firms.
The essential new element that DCP brings to the analysis relates to the terms of trade. In

fact, we now have two separate terms of trade. For the Home country, the relative price of

. . P . .
imports to exports is now S§; = %, where both prices are expressed in Home currency. The
: — SiP;
terms of trade for the Foreign country is expressed as before; S; = P;]; . The two measures
1,

may differ due to deviations of the law of one price for the foreign good, since in general with
price adjustment costs, Pr; will not always equal StP}k’t. More critically, S; can be adjusted only
through nominal price adjustment, while S; adjusts to nominal exchange rate changes for given

nominal prices. This effectively means that the Home country terms of trade &; displays the
B,

same type of persistence as in the case of fixed exchange rates. Since &; = TZ’ we have
7Tt
8 =St (51)
TTh,t

Thus, the home terms of trade adjusts according to the differential between the Foreign export
price inflation and the Home inflation rate.

In the analysis so far, we have assumed that the monetary policy instrument for each country
is the PPI inflation rate. In the case of DCP we continue to assume that each country targets its
PPI inflation rate in domestic currency. But then from Equation (51), the foreign exported goods
inflation rate 715 is an endogenous variable.

The policy game under DCP is defined in the same way as before, where in the currency war
game the Home and Foreign policy-makers choose 77, ; and ﬂ;,t respectively, and with both trade
and currency wars they choose both inflation rates and tariff rates.

Table 6 describes the equilibrium of the policy game under DCP. First, focusing on the cur-

rency war outcome, we see that the equilibrium is asymmetric, with the Home policy-maker
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Table 6: Trade and Currency Wars under Dominant Currency Pricing (DCP)

Curr. war Curr.+Trade war
Base. DCP Base. DCP

T, 1.0402 1.0515 1.0474  1.0570
nji 1.0402 1.0337 1.0474  1.0303
ugs 1.0402 1.0515 1.0474  1.0570
T 0.0000  0.0000 0.4053  0.2576
T 0.0000  0.0000 0.4053  0.0106
S* 1.0000 1.0054 1.0000 0.8833
S 1.0000 0.9993 1.0000  0.8752
C 0.2026  0.1997 0.1900 0.1972
C* 0.2026 0.1941 0.1900  0.1855
H 0.8799  0.9001 0.8733  0.8906
H* 0.8799 0.9159 0.8733  0.9210

Home welf. loss (%)  9.2647 12.1885 14.4376  12.5175
Foreign welf. loss (%) 9.2647 15.8480 14.4376  19.9588

choosing a larger inflation rate (5.15%) than in the PCP case (4.02%), and the Foreign country
choosing a smaller inflation rate (3.37%). For the currency war these results very much look like
the PCP case with asymmetric country size but for a different reason: running up inflation is the
only way for the Home country to improve its terms of trade. This policy gives the dominant
currency issuer an edge in terms of welfare compared to the Foreign country, but both countries
are worse off than in the case of a currency war under flexible exchange rates and PCP.

When we allow for both currency wars and trade wars under the DCP specification, Table
6 shows a more substantial asymmetry. The Foreign country sets a very low tariff, around 1%,
while the Home country imposes a 26% tariff, much larger than the Foreign country but lower
than the PCP tariff. This leads to an equilibrium where the terms of trade are substantially
in favor of the Home country. The logic behind this follows from the fact that for the Foreign
country to improve its terms of trade via a tariff, it must engage in costly inflation in its exported
goods price. But in the Nash equilibrium of the trade and currency war, inflation is already high.
Increasing exported goods inflation even further would be self-defeating. In fact, it is optimal
to moderate inflation through a very small tariff. This leads to a terms-of-trade benefit for the
Home country. Then, for the Home country, given an equilibrium terms of trade substantially in
its favor, there is little benefit in levying a large tariff. As a result, the presence of DCP leads to a

significant asymmetry in welfare outcomes in favor of the dominant currency issuer.'?

91t is important to note that this effect of DCP is purely due to the currency of price-setting and the presence of
sticky prices. If prices were fully flexible, then both countries would levy tariffs in a Nash equilibrium at an equal rate
given by Table 2.
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5 Conclusions

This paper is primarily a theoretical exploration of the links between trade policy and mon-
etary policy from the point of view of international strategic policy interaction. There is a large
literature both on international macroeconomic policy coordination/non-coordination on the one
hand and the determinants of trade policy and tariff setting in strategic environments on the
other hand. In our labeling, we denote the first topic as pertaining to ‘currency wars’, and the
second related to ‘trade wars’. Our paper represents a first pass at combining ‘currency wars’
and ‘trade wars” within a simple New Keynesian open economy framework. In the introduction,
we argued that contemporary developments in global economic policy made the interaction of
these two dimensions of policy-making of much greater relevance than in the past. The results
of our analysis show that in many ways, currency wars and trade wars are very closely linked
to one another, and differences in policy settings can lead to major differences in macroeconomic

outcomes, the overall degree of trade protection, and welfare.
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A The Analytical Model

Using Equations (2), (6) and (9) of the main text, we obtain the balance of payments condition
Cht = SiCyy (A.1)

Goods market clearing conditions for the home and foreign country are represented by:

ArHi(1 — %(Tlh,t — 1)2) = Cp +Cp; (A.2)
im0 =2, — 12 = Gk € (A3)

Using Equations (4), (8) and the equivalent for the Foreign country, we obtain the labor market

equilibrium conditions:

V' (H

eqt) = uch/tEt‘If(nh,t/ Tt t4+-1, 9) (A4)
/gl(H*) * * *

A;‘t = uc;,tEt‘P(nf,t, M 11,0") (A.5)

Finally, using Equation (3) and the equivalent for the Foreign country we obtain:

Sy U4T) (A6)
uc}/t t
uCh,t ].

= A7

Equations (A.1)-(A.7) represent the competitive equilibrium of the simplified model, conditional
on monetary and tariff policy, which can be implicitly solved for H;, Hy, Cy, Cr; Cj Ct s and
St

A1 Currency Wars: Optimal inflation choice

The policy-maker in the Home economy chooses inflation, taking the actions of both Foreign
policy-maker and future policy-makers (both domestic and foreign) as given. We take the firm’s
production subsidy as given and constant. In this problem, we abstract from tariffs altogether,
and assume that there is free trade, so that ; = 7" = 0. The point is to show that the inflation

choice of governments will partly attempt to manipulate the terms of trade in the absence of

tariffs.
S %
Define the terms of trade as S; = ;1;{ 2. The policy problem for the Home government is
defined in the form of a value function:
U(Zt) = MaX{Ch/t/Cf,tr HtrStrTft/C;;',/C},ﬂH;‘} M(Ch,t, Cf,t) — E(Ht) + Et,BU(Zt—i-l) (AS)
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subject to (A.1)-(A.7). Let ¢14, ..., 7+ denote the Lagrange multipliers on the constraints (A.1)-

(A.7). The first-order conditions for the discretionary policy-maker are then listed as:

Ch,t U, = CZJ + g4lf”6h;z,fo - g7lt(8tuchh,t - uchf,t) (A9)
Cf,t : qu’f = gl,tSt + C3,t + g‘l,tuC;,f’,‘Ft - g7,t(8tuchﬁt - quf’,) (Alo)
¢"(H

He : 0(H) =G (1 ~ e - 1>2) ) (A11)

C*

St : —Clt +§6 tucht +€7tucht =0 (A].Z)
Tt —gz,tA Ht4>(7Tht —1) — Gape, (27 — 1) =0 (A.13)
G+ Cut— o — Copttg,, Y1 + o (Spugy,  —ug,, ) =0 (A.14)
Crr = =G+ Cerlu, St —uc, ) —Cspuc, ¥i =0 (A.15)

. . . gll H*
Hf : &3A <1 - %(rff,t _ 1)2> n 65,1554;) _o (A.16)
t

Using Equations (A.9) and (A.11) along with Equation (A.4), we can obtain:

1_%(7.[]”_1)2 (rtpe—1) ll] ;

27Th t_l
ArHt(”h,t—l)

7
gy, , 271, —1) Uy, Y= &y (Stuchht uchf,t)

¥, = (A.17)

1—

where ¢ = % is the inverse of the Frisch elasticity of labor supply.

Proof of Result 1. Assume that in a steady state, 7r;, = 1. Then from Equation (A.17) it must

be that: .
6= (A.18)

_ Gt
ey (Stuchht uchf,t)

(where 0 = (Hs)eﬂ < 1) which in a symmetric equilibrium implies a unique particular value
of % But this is generally inconsistent with the solution of Equations (A.9)-(A.16).
Proof of Result 2. Assume that § = 1 (so the optimal subsidy is applied). Then in a symmetric
equilibrium u,, = u, ; SO that from Equations (A.9) and (A.10) we have:
1St + 83t | Car

1- T + at(”chht Ue,, ) ¥ =

C7t

gz ; (Stuchht + ucfft Zuchf/t). (A.19)

The expression % is a measure of the Foreign elasticity of demand for the Home good (see
below) which is gre/ater than unity by assumption. If 71, = 0, then ¢4 = 0 and from (A.19) we
must have 7 > 0. When 6 = 1 this must imply that beginning at 77, = 0, the left-hand side of
Equation (A.17) falls, so 71, must fall to ensure that (A.17) is satisfied.

36



A.2 Optimal policy with both tariffs and inflation as instruments.

The policy problem for the home government is defined in the form of a value function:

v(Zs) = Maxqc, ,c;, Hy5, 7,61, Cp iy 4 (Cipy Crp) = £(He) + Efo(Ziin) (A.20)
subject to
Balance of Payments : C,; = §;Cy, (A.21)

Market clearing Home : A;H; <1 — %(nh,t — 1)2) = Cpt +Cp; (A.22)

Market clearing Foreign : AjH; ( - f(7'[;2,,5 - 1)2> =Cre+C;y (A23)

2
'(Hy)
Labor market equilibrium Home A = e, EtY (7T, 7Th 41, 0) (A.24)
V' (H)
Labor market equilibrium Foreign A*t = Mc};,tEt‘I’(ﬂ},t, ﬂ?lt 11.07) (A.25)
t
U - *
Optimal spending Foreign St ! :;Tt (A.26)
ucj’;’r t
. . uCh t 1
Optimal spending Home : - = (A.27)

ucf/t St(]. +Tt)

Since the policy-maker has free choice over 7, constraint (A.27) will not bind in equilibrium,
so we can ignore it in the policy problem. Denote §1,.... s+ as the Lagrange multipliers on
the constraints (A.21)-(A.26) respectively. The first-order conditions for the discretionary policy-

maker are then listed as:

Ch,t : uCh,[ = gz,t + 54,tuch;,¢1¥t (A.28)
Cf,t : qu,t - gl,tSt + C3,t + g4,tuChf,tTf (A‘29)
" (H
Hy : 0'(Hi) = GorAs (1 - %(”h,t - 1)2) + Cat 1(4 D (A.30)
t
S —¢ @ + — A3l
b s Cotlhe,, = (A.31)
Tt - —Cz,tAth(P(”h,t -1)— C4,t”ch,t¢(27fh,t —1) (A.32)
C;;,t . Cl,t — (:2,1‘ — (?5,151/[;”/’11!? + Cat(Stu;h’r - Ll:hf’f(l + Tt*)) =0 (A33)
Cj;,t : —C3+ 56,1&(1/{;1]%81‘ — ujff,t (1+7)) — CSItu:ff,rT? (A.34)
. . . g// H*
Hf : ¢3:A7 [ 1— f(7‘[ e 1)?) + &, ( *t) =0 (A.35)
2V A}
From Equation (A.31), we have:
Cht
=Clta - A.36
Cot = C1t S (A.36)

Cht
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and from Equation (A.35):

gS,t = _63,t (//(H*) (A37)
A}
Use these in Equation (A.34) to get:
o, A7 (1-%0m5,-1?) )
_§3t+§1t8t”cht( ChffSt Cfft(1+Tt))+§3/t ) CfftT =0 (A.38)
Af

which gives:
gltgthr ( ChftSt Cfft(]‘—l_Tt ))

C?),t - A*( ( 1)2) (A39)
1o D2, v
///(H*) Cfft
Af
From Equations (A.33) and (A.36), we have:
C*
Gor = C1ttC1 S (Seug,,, —ue,, (1+7)) = Cspue, ¥y
h,t
¢, * ) ) Af(lff( i 1)2)
S+, tS i (Stu% —ug, (1+7)) + 3 e u,, Y
t
-
* gl,t&l}:/f*th( C]xftSt z}f,t(l +T[*)) AZ( ( — %(ﬂ;t — 1)2> ;
glt—i_élt‘s (Si‘ C,,/,[ - C;f,(1+Tt )) + l¥ Py 5 07(Hy) ucgélgp)
Cht 1 A (177(7-5”71) ) LI 4 AT
_ [,,(H*) ucff,t ¢ t
a7
From Equation (A.39), we have:
c;,
Clrtstug} ( C],ftSt Cfft(l + Ty ))
8148t + 3¢ = €145 + ! (A.41)
A*<1_7( fit 1)2) 1}[*
L= U,
A7
So, we get:
c;;,f s
S + St“th/t( chffst Cff/t(l_"-rt))
f Az‘(l—j nf,t71)2) . i
- é”(H[*) ucff,t‘ljt
CriSt+ 33 _ A
Co g Seur (147)) ¢ 2
' ity ongs S e ) A (18, -17) .
1+ S (Stuchht - C}fr(l + 7 )) + A?(P%(n;tfl)z) ¢ (Hf) Chft‘ij
, N X AF
_ 7{,,(11?) ufff,t\Ff t
Af
(A.42)
— 5
e —1
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where 7; is the Foreign country’s general equilibrium elasticity of demand for Home goods,

which is:
(”:ff’t(1+Tt*2)_uﬁhf’t$f)cz,t _1
AT g} )¥iut
. u:ht82(1—4t [//EH*g il (A 43)
Mt = (u ffft(1+Tf) ChftSt)cht (1 _s A2(1—)Yiuk Chft) n (u C}htSt fhf,t(l+Tt*))C;*,,t .
L g MUY, trHE) 1,5t
uq ts ( é//(H?(>
and ¢} = 2( ]*Zt —1)2. From Equation (A.32) we have:
Sap _ AHip(rmy —1) (A.44)
gZ,t uCh,t(P(znh,t - 1)
So that using Equations (A.28) and (A.29) we have:
uch,t _ 62,1‘ + é’4,tuChh,t‘Ft
Ucy, G148t + 83t + Catite,;, ¥
g
. T+ g;“uchht‘}[t
T S8 | Car
ot + §2tuchff‘ijt
AtHip (1)
S = .
- S AtHip (7t — 1) L4 (A.45)
n=1 " ug,,¢2m,—~1) My, Tt
Then, using the competitive equilibrium condition:
ucht 1
ucf,t St(l + Tt) ( )
we have: At 3
P (7,
1 g B T) e Tt
= bt (A.47)
14+ /2 AtHep(rmp,—1) vy
M1 Sptey ¢ 2y, —1) Hohsa Tt
From Equation (A.32) we have:
Aih Tyt — 1
op = — oy e = 1) (A4

uCh,r(P(zr[h,t - 1)

Using this with (A.28) and (A.30) we arrive at the following description for the labor market

condition:

N A1) E(H)
(nh,t - 1) ) - Uct;,,t;b(znh/i_l) Atr )

¢
2
Ug, AtHip(mp,—1)
t <1 e, $(270,—1) uCCW‘Yt)

(A.49)
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which, from Equation (A.24) gives:

(1 — Q(ﬂ:ht _ 1)2) _ 4)(7Th,t*1) Hpé”(hf)‘{ft>
2 ’ 2my—1) 0'(H
‘Y(nh,t/ Etﬂh,H.l) = — 4’1( mpe—1) O'(Hy)
(1 _ AHip(m,—1) ‘Yt)

(A.50)

u
uchrtqb(Zm,,t—l) CCp,t

This implicitly determines the inflation rate in the Home country.

Also, this analysis pertains only to the Home country’s tariff decisions. The other country’s
decision is exactly analogous. Then tariffs will be determined simultaneously in the Markov
Nash game between countries.

Results 3 and 4 may be obtained from Equations (A.47) and (A.50). If monopoly distortions
are zero, then inflation will be zero and the tariffs will follow the optimal monopoly tariff rule.

Proof of Result 5. Either in the case of zero inflation, or purely flexible prices, we can set
¢ =0, and from Equation (A.30) together with Equations (A.28) and (A.29) and the definition of
¢ from above, we obtain the implicit tariff formula as:

1 14+ Qe

— (A.51)
T+ o+ Qg

(6—1) A
"
: Xlt) *“fhh,tAfez

distorted economy, where § < 1 with flexible prices (¢ = 0), the Nash equilibrium tariff in the

where (); = ,and 6 = (Hs)eﬁ < 1. From Equation (A.51), we conclude that in a

currency war game will be less than the pure monopoly tariff rate. Intuitively, this is because
policy-makers take account of the distortionary impacts of the tariff on domestic production,
which is inefficiently low when 6 < 1.

Proof of Result 6 - Part 1

Let inflation be determined cooperatively and tariffs non-cooperatively. We define the terms

St P}

of trade as S; = Tftt The policy problem for the cooperative government is defined in the form

of a value function:

2

0(21) = Maxqc, ,.c;,. HyHy €1, Ch Sy Y Cits Crp) — E(HE) + (G, Cr ) — £(HE) + Etpo(Zt41)
(A.52)
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subject to

Balance of Payments Chi = SiCyy (A.53)
Market clearing Home AHy <1 — %( Tyt — 1)2> =G +Cpy (A54)
Market clearing Foreign A{Hf (1 - %(n}‘/t - 1)2> =Cri+C;y  (ASD)
e ¢'(Hy)
Labor market equilibrium Home 1 = U, ESY (7, 70441, 0) (A.56)
, :
BT : ¢'(Hf) £ ¥ x
Labor market equilibrium Foreign A = uc};ytEt‘P(nﬂt, T p11,6%) (A.57)
Optimal spending Home : — — ! (A.58)
P P & Lo, Si(1+Tw) '
U -+ *
Optimal spending Foreign Ot 15 (A.59)
”cj*r/t S
The first-order conditions for the discretionary policy-maker are then listed as:
Cht - Uey, = G+ §4J”Chh/tlljf - ‘:@t(“Chh,rSt(l + Tt) - qu) (A.60)
Cri & ey, = G148+ Gap + Capthey, Ve + Cot(tieyy, — ey, (1+ ) St) (A.61)
() — ¢ 2 " (Hy)
He o O(H) = GopAr (1= (e = 1)7 ) 4 Car— (A.62)
C*

Sy —(_?LtSLj + (:6,tuch,t(1 + ’L't) + Cy,tu:h/t =0 (A.63)
T+ —Co ArHyp(7tp — 1) — G pthe,, (2715, — 1) = 0 (A.64)
CZ,t : M;ﬁh’t +C1r—Cot — g5,tu;:khf,tllj:< + €7rt(8tu:11h,t — u;k}1f,t<1 + Tt*)) =0 (A.65)
Crp - ujf,t — 83t + 67,t(“?hf,t8t — uz‘m(l +7)) — §5,tu2‘m‘f’f =0 (A.66)

* * * * g” H*
Hf : —0(H})+&A; <1 — %(nf,t — 1)2> + &5 1(4*” =0 (A.67)
t
Ty 1 —CarATHip(my, — 1) — ‘ZS,t“Zkf,tCP(Z”?,t -1)=0 (A.68)

Result 6 states that, when tariffs are positive, the cooperative policy-maker will depart from a
zero inflation policy even when the monopoly distortion in prices is offset by an optimal subsidy.
To prove it, start by assuming the opposite. Say the cooperative policy-maker sets inflation to
zero in both countries, i.e. 7T, = nj’é/t = 0. Then by Equation (A.64) and Equation (A.68) we must
have {4y = {5 = 0. But if the firms receive an optimal subsidy, then we must have: ¢'(H;) = Ayu,,
and ¢'(H}) = Aju} (1 SO that from Equations (A.62) and (A.67), we must have & = u,,, and
Cat = U, " Then from Equations (A.60) and (A.66), we must have (s = 7 = 0. And from
Equation (A.63), we must have ¢1; = 0. This then implies from Equations (A.60) and (A.65),
and also from Equations (A.61) and (A.66), that u.,, = ug

o and uc,, = u/ . But this violates the

Cf,t *
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optimal spending equations (A.58) and (A.59), which together imply

ucht ucf,f 1
B A.69
e Tw A+ w0+ (A.69)

Cht Cft

Thus, we have a contradiction. So cooperative policy-making with non-cooperative tariff setting
will not close the output gap, even if an optimal subsidy is in place.

Intuitively, the cooperative planner will depart from zero inflation if tariffs are positive, be-
cause there is a distortion preventing full consumption risk-sharing across countries. We can see
this more clearly as follows.

We may show more directly how this impacts on the equilibrium rate of inflation. Using
Equations (A.63), (A.62), and (A.60) we obtain:

¢ (H) By (74, —1)

¢ 2
o) A (1 —2(mn = 1) ) " g, @y —1) (A.70)
- A¢H, — '
e, 1 A g, ¥ — g,

Using Equation (A.56), we can write this as an equation determining the inflation rate (also
imposing a symmetric equilibrium with &; = 1):

¢ (H) By (e —1)

¢ 2
1-— §<7Thrt - 1) - Atuch,t(znhrtil)

Y= (A.71)
AgH, (i —1 ]
- ucilltég,;—lg Uey, ¥t — %(uchh,t (1+7) - Uy, )
where in a symmetric equilibrium it can be shown that:
Go,t Uey, Tt (uchh,t - uchf,t)TtAth(nh,t - 1)
- = : (A.72)
€2,t gZ,t(uChh,t (1 + Tt) + Uepry — zuchf,t> Uey, (Zﬂh,t - 1)
f”(Hf)

with C 2t =

¢ " (Hy)Hy (mrj 4 —1)
A(1-§ (my—1)2) - ticy ¢ 2ripy—1)

Now take Equation (A.71), and impose a steady state. Assume that 6 = 1, and then assume
that inflation was zero, so 71, = 1. Then the left-hand side of Equation (A.71) is unity, while the
right-hand side is greater than unity, using Equation (A.72) as long as there is a positive tariff
rate, i.e. T > 0. Since the left-hand side is increasing in 71, and the right-hand side is decreasing
in 71y, it must be that the equilibrium cooperative inflation rate is greater than zero when 6 = 1
and T > 0.

Proof of Result 6 - part 2

The policy problem for the home tariff setter when inflation is chosen by the cooperative
planner is:

U(Zt) = Max{ch,tch,t/HhShC* c*, H, Tt}M(Ch,t, Cf,t) — E(Ht) -+ Et,BU(Zt+1) (A73)

hp = f it
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subject to

Balance of Payments

Market clearing Home
Market clearing Foreign

Labor market equilibrium Home
Labor market equilibrium Foreign
Optimal spending Foreign

Optimal spending Home

CZ,t — Sth/t

AHi(1 — %(ﬂh,t —1)%) =Gy + Ch
im0 =20, — 12 = Gt €
!'(H

eqt) = e, ErY (7tne, 7641, 0)
0(H;) C e g

A?f = uC},fEt\Ij(nf,t’ nf,t—i—l’ 0 )
”Cit o 1+ Ttﬁ<
uc},t St
U, 1

ucf,t St(l + Tt>

(A.74)
(A.75)

(A.76)
(A.77)

(A.78)

(A.79)

(A.80)

Again, Equation (A.80) will not bind. The first-order conditions for the discretionary policy-

maker are then listed as:

Cnt : Ue,, = Got + Gatlicy,, Yt

Crr Uep, = C1+St +Ca + g4,tuchf,tlft

¢"(H
He : O(Hi) = GopAr (11— f(”h,t —1)?) + &, U1,)
2 Ay
bt Gt S + o tlic,, =
Cie + Cup— G — Cspug, Y1+ Cor(Spug,  —ug, (14+77)) =0
C},t : _63,t + (’:6,t(u:hf,t8t - M:ff,t (1 + Tt*)) - €5rtu:ff,t1¥;‘k =0
N N (P . g//(H*)
Ht . (:3,iAt (1 - E(ﬂf’t — 1)2 —|— 65» A;kt = O
Following the steps from Equation (A.42) we have:
1+ Sy, ¥
Ue, Eop Fenn Tt

Uy, T C1SitEay

Cot

where % is the same as in Equation (A.42),

U'(Hy) = Asue,

Cat
—+ E uchf,t‘Y
with

(1 — (i, — 1)2)

Cat = Ty
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TR e A (1= (e - 1)2)

(A.81)
(A.82)

(A.83)

(A.84)

(A.85)
(A.86)

(A.87)

(A.88)



and
g/(Ht) - At”ch,t ( % Tt — 1)2>

(
2//1(4 5o qultTtAt (1 — %(nh,t _ 1)2)

(ert = uch,t - uchll,tIF

If we assume 6 = 1, then from from Equation (A.77), in a steady state, we have
U'(Hy) — Agu,, (1 - %(nh,t - 1)2> = Aug, <4>7Th(7Th -+ %(ﬂh - 1)2> >0 (A.89)

Then % > 0, and from Equation (A.42) ,we can describe the optimal home tariff by the

condition: :
1 1+ 2u,, Y
—— == 6254 i (A.90)
+T T + & uchf‘f’

where we have used the notation for the steady-state Foreign demand elasticity #. Since % >0
it follows that in the case 6 = 1, and monetary policy is determined cooperatively, the tariff rate

exceeds the monopoly tariff rate.

B General Model derivation

We describe a two country model, denoted Home and Foreign, where agents supply labor
and consume goods from both countries. The world is populated with a unit mass of agents and
Home has share n of these, with Foreign share 1 — n. We assume that firms set prices in domestic
currency (PCP), and adjust prices constrained by Rotemberg-style price adjustment costs. Agents

in the Home country have preferences over consumption and hours given by

Ctl_g —1 X gty

U; = -
! 1-0 1+y "

(B.91)

We assume no financial market trading across countries, which implies that trade is balanced.

B.1 Households

Absent international asset trading, the Home country budget constraint is
Ph,tch,t + (1 + Tt)StP}‘,th,t = Wth + Ht + TRt (892)

where Py ; (P t) is the Home (Foreign) goods price in Home (Foreign) currency, S; is the exchange
rate, Cy; (C f,t) is the consumption of the Home (Foreign) good, 7; is an import tariff imposed
by the Home government, W; is the Home nominal wage, I1; represents the profits of the Home
firm and TR; is a lump sum transfer from the Home government. The elasticity of substitution

between Home and Foreign goods is A.
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It is assumed that )

11
cl ) o (B.93)

>l
>

_1 _
C = (eic;,y +(1-e)tCy,

where € > n, representing the possibility of home bias in preferences.20
The true price index for the Home consumer given the above preferences and the price defi-

nitions then becomes

1/(1-A)
P = (w,};A +(1-e)((1+ rt)stp;,t)l—A) (B.94)

Optimal consumption of Home and Foreign goods for the Home consumer is

P 7A
Chy = ¢ <“> C (B.95)
% Pt
(14 1)S:P¢ -
Cre = (1—¢) (Ptft C (B.96)
Optimal labor supply is described by
W; = xP,CTH/ (B.97)

The preferences, budget constraints, and optimal choices for the Foreign economy are analogous.
The presence of home bias in Foreign preferences then implies that the price index for the Foreign
economy is

P\ 1A e
P = (g*P},t/\ +(1—¢%) <(1 +Tt*);:) > (B.98)

B.2 Firms

A measure n of firms in the Home economy produce differentiated goods. The aggregate
Home good is a composite of these differentiated goods, where the elasticity of substitution
between individual goods is denoted as € > 1. The production function for firm i in the Home
country is

Yine = AcH XY, (B.99)

where A; is an aggregate productivity term. Here, X;; represents the use of intermediate goods
on the part of the Home firm i and H;; the use of labor. We allow that intermediate good

inputs are composed of Home and Foreign goods in a different composition than that of the

20 Letting 0 < x < 1 represent the degree of home bias in preferences, where x = 0 (x = 1) represents zero (full)
home bias, we can define e = n + x(1 — n).
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consumption aggregator. Namely

—_

1ok txi-h
Xip=(ex X,/ + (1— sx)AXl./f,t
where X;;; is the Home firm i’s use of inputs from country j = h, f. The profits of Home firm i

are then represented as
ILe = ((1+sit) Pipe — MCy) Yips (B.100)

_\a—1,—a . . . . .
where MC; = %W}_“Pﬁ‘,t denotes the firm’s marginal cost, where P, is the price index
relevant for the firm’s use of intermediate inputs, and s;; represents a subsidy that may be given
to the firm to offset the monopoly distortion in pricing.?!

Cost minimization by the firm implies:

Af(1—a)H X} MC = W, (B.101)
1
1 /X, 1
AtvcH};“Xf‘;ls;} <§’”> MC; = Dy, (B.102)
, , »
X-l 3
AtocH};“X;’ft_l(l_gx)% <;;ft> MC; = (1+Tt)StP},t (B.103)
1t

The firm chooses its price to maximize its present value of expected profits, net of price adjust-

ment costs

= Pt
Et ) wyy (Hi,t+j -G <Pl]> Ph,t+th,t+j) (B.104)
j=0 iht+j—1

where w; is the firm’s nominal stochastic discount factor, and ¢(.) represents a price adjustment
cost function for the firm. We assume that ¢’(.) > 0, and ¢"”(.) > 0. Price adjustment costs
are proportional to the nominal value of Home output, to be consistent with the nominal profit
objective function of the firm.

The first-order condition for profit maximization for the Home firm i can be described as

Y; P; 1
(1+5)Yip: = e(Pyp(l+s) — MC)ZM +¢& ( o ) Py Yt
Pyt Pini—1) Ping

P; P;
+ Ejwpal ( l'h'tH) L Dy 1 Y1 =0 (B.105)

pi,h,t Pz%h,t

B.3 Economic Policy

There are three separate levers of policy in this model. Fiscal policy may be used to subsidize
monopoly firms. Trade policy may be used to levy tariffs on imports, and monetary policy may

be used to either target inflation rates or exchange rates. In the case where firms are subsidized,

1/(1-A
21 In particular, Py = (EXPI};)‘ +(1—ex)((1+ Tt)StP;,t)1*A> ( ),
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we follow the literature in assuming that a fiscal authority chooses a subsidy to offset the steady-
state monopoly markup. But we also allow for the possibility that the monopoly markup remains
as a pre-existing distortion in the economy. As we see, this may have an important implication

for both optimal monetary policy and trade policy.

C The Competitive Equilibrium

When we combine the description of optimal behavior for the Home economy with the anal-
ogous conditions for the Foreign economy, and impose market clearing conditions, we obtain a

competitive equilibrium which can be described by the following equations:

* * —A * —A
Pht —A Pht A Stpft (1+Tt)5fpft Stpft (1+Tt)5t i Pht
— C - X 1-— : ‘ C 1- ‘ X = Y- Y 1
() are () xra-o9ft 5 (e o= g () e e
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Equation (C.1) is the Home country budget constraint after netting out the government bud-
get constraint. Equation (C.2) and equations (C.3)-(C.5) are the profit maximizing and cost min-
imizing relationships for each Home firm i, and the Home labor supply equations. Equations
(C.6) and equations (C.7)-(C.9) are the analogous conditions for the Foreign firm. Then equa-
tions (C.10) and (C.11) are the Home and Foreign goods market clearing conditions. The system
(C.1)-(C.11) can be simplified and rewritten into the 5 equations (31)-(35) of the text.

D Appendix: Alternative parameter values

Table 7 describes the results of the currency and trade war under alternative parameter values.
For a larger trade elasticity, assuming A = 6, equilibrium tariffs in the trade war are substantially

lower. Tariffs are higher than the baseline when the monopoly markup is lower (e = 11, implying
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Table 7: Trade and Currency Wars under alternative parameter values

Trade and currency war - no subsidy (s = 0)

Base. A=6 €=11 e=¢=075 a=02 oc=2 ¢=0
Ty 1.0474 1.0479 1.0170 1.0465 1.0278  1.0433  1.0580
4 1.0474  1.0479 1.0170 1.0465 1.0278  1.0433  1.0580
T 0.4053  0.1644 0.4352 0.4164 04612 04314 0.3912
T 0.4053 0.1644 0.4352 0.4164 04612 04314 0.3912
S 1.0000  1.0000  1.0000 1.0000 1.0000  1.0000  1.0000
C 0.1900  0.1960  0.2130 0.1826 04572  0.3310 0.1674
cr 0.1900  0.1960  0.2130 0.1826 04572  0.3310 0.1674
H 0.8733  0.8845  0.9000 0.8575 0.8946  1.5055 0.8012
H* 0.8733  0.8845  0.9000 0.8575 0.8946 15055  0.8012
Home welf. loss (%)  14.4376 12.5938 6.2893 16.6131 5.5570  86.2889 18.3069
Foreign welf. loss (%) 14.4376 12.5938 6.2893 16.6131 5.5570  86.2889 18.3069

a 10 percent markup), and lower in the case of greater home bias in preferences and production.

In addition, a smaller weight of intermediate goods, and a lower elasticity of intertemporal substi-

tution also leads to higher Nash equilibrium tariff rates. A lower Frisch elasticity of substitution

in labor supply has minimal effects on equilibrium tariff rates, but leads to a 1 percentage point

rise in the equilibrium inflation rate.
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