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1. Introduction

The interest in studying the macroeconomic effects of import and export tariffs has grown recently
since some recent U.S. tax reform proposals—such as the destination-based-cash-flow tax or its
VAT-payroll subsidy equivalent (Auerbach et al., 2017)—implicitly include a border adjustment
tax (BAT) that allows firms to subtract export revenues from their profits but not import costs.!
The macroeconomic effects of BAT's are currently hotly debated. Detractors have often interpreted
the BAT as akin to a protectionist measure while most proponent economists have pointed to the
exchange rate as deus ex-machina to contend its macroeconomic neutrality. More generally, as the
benefits of globalization are under scrutiny, trade tariffs and their use as tools to protect national
economic interests have recently been put at the center of political rhetoric and raised increasing
media attention.

Even so, apart from a few recent papers (discussed below), the qualitative and quantitative
macroeconomic effects of tariffs and, more specifically BATSs, have not been studied at length.
In fact, the recent macroeconomic literature has paid little attention to the effects of changes in
tariffs in empirically validated macroeconomic models. In particular, it is striking how much of
the public and academic debate on the effects of a BAT is still influenced by the long standing
Lerner symmetry result in the trade literature. In a seminal paper, Lerner (1936) established
the equivalence between import and export tariffs: in a deterministic environment, an import
tariff coupled with an export subsidy should lead to a movement in the exchange rate that fully
compensates price distortions induced by the trade policy leaving the real equilibrium allocation
unaffected (often referred to as the Lerner symmetry theorem). This result has been proved to hold
also in more general contexts with multiple goods (see McKinnon, 1966), while Razin and Svensson
(1983) and recent work by Erceg, Prestipino and Raffo (2017) show that the change in trade policy
must be perceived as permanent for the theorem to hold. However, as major trade and tax reforms
occur very infrequently this embedded assumption is seemingly not entirely unrealistic.

In this paper, we re-assess the generality of the Lerner’s symmetry result and quantify deviations
from symmetry in a medium-scale open economy New Keynesian DSGE model (see Erceg and
Linde, 2013). The model assumes that the relocation of production technology is not feasible

and that consumers are immobile between countries, two conditions Costinot and Werning (2017)

! Throughout the paper, we will refer to equally-sized import tariffs and export subsidies as a border adjustment
tax.  Although a BAT may be conceptually different for other purposes, the two concepts are observationally
equivalent in our context and we thus use the two terminologies interchangeably.



demonstrated are necessary for the Lerner symmetry result.? We use the model to study the role
of alternative firm-pricing behavior, exchange rate determination mechanisms, and asset market
assumptions. We also assess a universal BAT adoption and the role of tariff retaliations (trade
wars). Differently from Costinot and Werning (2017), our goal is mainly quantitative and we
highlight the role of trade policy uncertainty by studying the implications of complete markets.

Under incomplete markets and no portfolio effects, we find that the Lerner’s symmetry result
is very robust in the long-term since eventually the equilibrium real exchange rate fully offsets
the price distortions introduced by the BAT. In the short-term, however, the Lerner’s symmetry
breaks down when frictions prevent the real exchange rate to fully adjust immediately. It is useful
to distinguish between frictions that prevent price adjustment and those that prevent nominal
exchange rate adjustment.

Sticky prices (and sticky wages) per se are not a sufficient condition to break the Lerner’s
symmetry as far as the pass-through from the exchange rate and tariffs to import prices is the same
across exporters—and the nominal exchange rate is ‘free’ to adjust.? In this case, a permanent and
unanticipated BAT reform will not have any effect on the real equilibrium regardless of nominal
and real rigidities, home bias in investment and/or consumption, or sectorial differences in these
rigidities. Hence, dollar-invoicing per se does not break the Lerner’s symmetry, in contrast to the
arguments in Amiti et al. (2017).*

Alternative pricing arrangements that entail heterogeneous pass-through may break the sym-
metry, however. Specifically, when tariffs are passed on to prices more quickly than exchange rate
movements, the exchange rate overshoots and the home country output expands while global trade
and output is unaffected. When only import tariffs are passed quickly to prices, the effects are
more modest but global trade and output still decline, as exporters increase their margins but cut
production in response to lower demand.

Moreover, unless good prices are fully flexible in both countries, the nominal exchange rate
determination mechanism will play a key role. The main intuition behind the symmetry result
is that the exchange rate response is driven solely by an adjustment in the long-term equilibrium

exchange rate. This represents a pure change in expectations that does not require any movement

2 Moreover, we assume that trade is balanced in the steady state. This assumption is innocuous since the existence
of trade imbalances per se is neither necessary nor sufficient for the Lerner symmetry result. Similarly, different import
or export intensities across industries are neither necessary nor sufficient to break the symmetry, see Costinot and
Werning (2017) for further details.

3 Feenstra (1989) could not reject the null hypothesis that long-run pass-through of tariffs and exchange rates are
identical for the Japanese automotive industry.

! By dollar invoicing, we mean that tradeable goods are priced in U.S. dollar regardless of their destination.



in cross-country interest rate differentials (and, thus, consumption-saving decisions for the two
countries are unaffected). If the trade policy is anticipated, however, the exchange rate strengthens
too early leading to an initial decline in home output. The impact is quantitatively minor, though.
Gradual adjustment of the exchange rate, on the other hand, induces an sustained expenditure
switch towards home products that leads to an increase in home output and drop in output abroad.
At the extreme, we show that a nominal currency peg may lead to a significant fall in foreign output
and substantial decline in global trade and output in our sticky price framework as foreign monetary
policy cannot respond to domestic conditions.

However, neither alternative pricing arrangements nor slow nominal exchange rate adjustment
generate deviations from Lerner’s symmetry result in the long-term. There is an important excep-
tion, though. When international asset markets are complete (i.e., a set of Arrow-Debreu securities
contingent on tariffs exist), the symmetry result breaks down. In this case, optimal contracts en-
sures that the marginal utility from an additional unit of currency is proportional between home
and foreign consumers in all states of the world—i.e., the change in the value of consumption expen-
diture is approximately equated across countries after the BAT shock. Hence, an appreciation of
the home currency (e.g., the U.S. dollar) following a BAT shock triggers payoffs from the contingent
contracts (i.e., a redistribution) from the United States to the rest of the world, similar to a portfo-
lio effect. This implies that the real exchange rate appreciates by a smaller extent (relative to the
BAT rate shock) and cannot fully offset the price distortions induced by the trade policy.> Global
trade and output are still unaffected but production shifts to the home country while consumption
is shifted abroad.® In terms of magnitudes, the effects are rather large: Under our benchmark
calibration which roughly reflects trade flows and relative sizes of the United States and the Euro
Area, a home economy (e.g., U.S.) 10 percent BAT shock leads to a one percent increase (drop) in
home (foreign) output and two percent decline (rise) in home (foreign) consumption while the real
exchange rate appreciates by 6 percent.”

Finally, a fully symmetric retaliation that implies an analog boarder adjustment tax in the
foreign country is completely neutral. This result is quite robust since it does not rely on exchange
rate movements. However, if the retaliation is performed solely through higher import tariffs to

offset the export subsidy and match the increase in the tariff in the home economy, then global

® Notice that payoffs are specified in nominal (not physical) terms. Hence, because purchasing power parity does
not hold, asset markets do not imply full consumption insurance.

% Dellas and Stockman (1986) and Barari and Lapan (1993) were among the first papers that showed how tradi-
tional trade theory results could be overturned under complete international asset markets.

T We calibrate both the home and foreign economy to match US trade flows with the assumption that trade is
balanced in the steady state.



trade and output will be negatively affected. When the model is calibrated to reflect trade flows
and relative sizes of the United States and the rest of the world, it implies that a 10 percent rise
in import tariffs in both the United States and the rest of the world bloc leads to a 1 percent fall
in world trade and 1/2 percent fall in world GDP. A key assumption in this calculation is that
the other countries do not increase any tariffs visavi each other; they only impose tarifs visavi the
United States. Had they also imposed tariffs visavi each other, the adverse consequences would
be notably larger. As an example, when the model is calibrated to reflect the relative sizes of the
United States and the Euro area, the same-sized increase in import tariffs leads to a 2 percent fall
in trade and 1 percent fall in overall GDP for given degree of openess of the U.S. economy. The
larger impact reflects that the degree of openess in the foreign block is effectively larger in this
calibration, so import tariffs affects a larger share of consumption and investment goods.

The remaining of the paper is organized as follows. Section 2 discusses how to introduce tariffs
in a New Keynesian model and Section 3 the benchmark Lerner’s results. In Section 4, we discuss
permanent and transient deviations from the symmetry result to various perturbations of the model.

The macroeconomic costs of trade wars are discussed in Section 5. Finally, Section 6 concludes.

2. Import and Export Tariffs in a Sticky Price Framework

In this section, we describe how we introduce custom duties (i.e., import and export tariffs) in a
sticky price framework under either producer or local currency pricing. We also describe the fiscal
implications and define the relevant terms of trade. We then offer a brief overview of the workhorse
two-country New Keynesian model we use in the simulations. Further details on the model can be

found in Appendix A.

2.1. Import and Export Tariffs

The home economy imports (exports) bundles of goods and services used for both consumption and
investment purposes from (to) the foreign economy (foreign economy’s variables are marked with

an *). All goods are tradable but home bias in preferences favors domestic over foreign produced

goods.
Under flexible import prices, the law-of-one-price (gross of custom duties) holds®
1 + TM.t
Py = S Py, ————, 1
e = SR (1)

& The arbitrage condition behind the law-of-one-price holds for producers since consumers are assumed to be
immobile across countries.



where Py, is the final import price index in domestic currency, S; is the nominal exchange rate
(home per foreign currency), P%, = Pp, is export price index which is equal to the price index
of foreign domestically produced goods, PB,t? (both expressed in foreign currency), 7ps; is the
uniform import tariff levied by the home economy, and 7%, is a uniform export subsidy (or tax if
negative) levied by the foreign economy.” An equation analog to (1) holds for the foreign economy.
Movements in the exchange rate and foreign prices as well as in custom duties, 77, and T}yt, are
free to fully and immediately affect import prices.

Two alternative pricing assumptions are usually adopted in the open-economy literature as
source of nominal rigidities: producer currency pricing (PCP henceforth) and local currency pricing
(LCP henceforth).!?

LCP assumes pricing to market and invoicing in local currency reflecting firms’ price-setting
behavior where markets are segmented and export prices are possibly rigid in the currency of
the export market (see e.g. Betts and Devereux, 2000, and Devereux and Engel, 2003). In this
environment changes in custom duties as well as exchange rate will only gradually transmit to the
price of imported goods and services. Let §; denote the percent deviations from the law of one

price for the home economy, it follows from equation (1) that §; can be written as
0t = =P+ St +Dx T TME — TX 45 (2)
in first differences we have (where m; = Apy)

Ady = —mag+ Asp+ 7y + ATy — AT, (3)

Adf = —mppp — Asp+mx + ATy — AT (4)
Import price inflation, 7y, is, in turn, determined by import price Phillip’s curve
Ty = I%MEtWM,tH + Tt + kv (me; + 6y, (5)

where mc} denotes (steady state log-deviations of ) real marginal costs in the foreign economy, ¢ps is
indexation to past inflation among the non re-setting firms, and £ the discount factor. Equation (5)
implies that import prices only adjusts gradually to changes in import tariffs, at a speed determined

by kar = (1= &) (1 — BEyr) /€ where &, is the probability that an import firm is not allowed

% Throughout the paper we define the exchange rate as how many units of the domestic currency is required to
purchase one unit of the foreign currency. Hence, a reduction in the exchange rate means an appreciation of the home
currency.

10 Distribution costs are often introduce to account for a high pass-through from exchange rate to import prices but
a low pass-through from import prices to consumer prices (Burstein, Eichenbaum, and Rebelo 2006 and Corsetti et
al 2005). Our main qualitative results, however, are not affected by an explicit introduction of a distribution sector.



to re-set its price. Notice that even if prices are flexible in the import sector (so kps is arbitrarily
large), we can still have deviations from the law of one price (d0; differs from nil) as flexible import
prices only ensures that mc; +6; = 0—i.e., since we have LCP (i.e., market segmentation), different
degrees of price stickiness between the home and foreign market induce a deviation from the law-
of-one-price (LOP).

Under PCP export prices are set (and are sticky) in the domestic currency of the exporter such
that the price in the home country of a foreign good moves one-for-one with changes in the nominal
exchange rate (Obstefeld and Rogoff 2000, Corsetti and Pesenti 1998 INCLUDE). Because markets
are assumed to be perfectly integrated, the law of one price holds at all times, P)*Ct = PE’t. Hence,

under PCP equation (1) holds!?
g = Asg +7mpy + ATy — ATy (6)

Notice that PCP does not imply that import prices are fully flexible, as export price inflation
mp, may respond only gradually to foreign real marginal costs mc;. To impose fully flexible
import prices, we need to impose the additional assumption of full flexibility of domestic prices,
so me; = 012 Even so, it is clear from eq. (6) that the effects on 7 of import tariffs are
substantially more front-loaded under PCP.

As there is strong empirical support for LCP (for example Engle and Rogers 2001), however, we
will maintain this framework as benchmark throughout the paper, but note that the main aspects
of our results are invariant to the LCP assumption. To show this, we report results in Appendix B
for PCP. We will discuss those results together with our baseline results in Section 3. An analog
discussion holds for the foreign economy.

It is useful to define the terms of trade as the ratio of import to export prices net of import

tariffs.

L+7he Py
1+ TM,t StPITLt,

ToT, = (7)

where Pyy¢/(1+ 7ae) is the price paid (by the home country) for imports and Sy Py, /(1+773,,) is
the price charged (by the home country) for its exports (expressed in home currency). When the

1473 Py Py 1+7x ¢
LOP holds we have ToT; = Thrare SePr, — P Timare:

11 Equivalently, PCP implies replacing equation (5) with Ad; = 0 which, combined with equation (3), gives equation

12 Note that this implies that PCP holds in the flex price-wage version of the model.



If the pass-through from tariffs to prices is low, ceteris paribus, the terms of trade appreciates
after a tariff shock. Vice versa, if the USD appreciates but export prices are sticky in foreign
currency then the terms of trade depreciates. When the exchange rate does not fully offset an
increase in the tariff the term of trade appreciates.™

Our definition of the terms of trade in eq. (7) allows us to express the trade balance as function
of the terms of trade

StP]T/I,t/PtX B PM,t/PtM _ Puy/P

TB,/PY, = _
o/ BV L+ Thy, Yl 14T

[ToT X/ Ye — M/ Y] (8)

Notice that import tariffs (but not export subsidies) introduce a wedge between home (foreign)
import expenditure and foreign (home) exporter revenues which has to be taken into account in
the calculation of the trade balance.

It is also easy to see the fiscal implication of custom duties as the home government custom

revenues are given by
*
PM,t StPM,t
Mt — TX,t T x
14+ 7wme 1+ M

X (9)

TM,t

It is worth noting that in a log-linear approximation around a steady state where trade is
balanced and tariffs are zero implies that there are no first-order effects from BATs to public
finances (i.e., there is a symmetric and opposite effect from equally-sized import tariff and export
subsidy on government revenues and expenses).!4

Finally, we should point out that in our model that we will describe next, both goods intended
for consumption and investment purposes are traded, but since the degree of stickiness is assumed

to be the same in both sectors, and the tariffs and subsidies are levied on both goods we did not

distinguish between them in the exposition above.

2.2. The Model

The model we use is a large-scale two country/region model with endogenous investment and labor
supply decision that closely follows Erceg, Guerrieri and Gust (2006) and Erceg and Linde (2013).
Each region is assumed to be equally large and the parameterizations of the model is completely

symmetric. Abstracting from open economy features, the specification of each country block builds

'3 As Obstfeld and Rogoff (2000) noted, a sticky price framework in which imports are invoiced in the import-
ing country’s currency (LCP) implies that, keeping trade tariffs constant, unexpected currency appreciations are
associated with deteriorations of the terms of trade contrary to what happens under PCP.

4 The (log-linear) trade balance as share of GDP is given by tby = —ZTtot; + x+ — m¢, where x and m are export

and import share of GDP (where the bar denotes the steady state) while tot is the terms of trade in deviation from
1.



heavily on the estimated models of Christiano, Eichenbaum and Evans (CEE, 2005) and Smets
and Wouters (2003, 2007). Thus, the model includes both sticky nominal wages and prices and
indexation; habit persistence in consumption; investment (rather than the capital) adjustment
costs, and a financial accelerator. The model departs from this earlier literature, however, by
assuming that some fraction of households are “Keynesian,” and simply consume their current
after-tax income in a hand-to-mouth fashion.!®

On the open economy dimension, the benchmark model assumes local currency pricing, as
previously described, while financial markets are incomplete as only a single “internationally traded”
bond available is available. The exchange rate is, thus, determined by the choice of foreign and
domestic bond holding, which in our model boils down to a uncovered interest rate parity (UIP,
henceforth) condition where net foreign assets enters to ensure stationarity of bond holdings. We
will study deviations from then UIP in Section 4.2. The trade share of the home economy is set to
14 percent of its GDP, roughly matching the U.S. trade share. This pins down the trade intensity
of both consumption and investment for the home country under the additional assumption that
the import intensity of consumption is equal to 3/4 of investment. For symmetry reasons, we
also assume that the home economy is equally sized as the foreign economy. Our balanced trade
assumption then imply an equally sized trade share of the foreign economy. This calibration is
suitable for studying the impact of tariffs and subsidies on trade and output for U.S. and the Euro
Area, which are about equally sized currency unions, although it overstates the extent of trade
between the United States and the Euro Area. Therefore, in the section on trade wars (Section 5),
we also discuss the economic effects when entertaining a United States versus the rest of the world
calibration of the model (which features the same trade intensity, but assumes that United States
only accounts for 23 percent of the world economy). As the assumption is that tariffs and subsidies
are only imposed between (and not within) the two blocks, this calibration is more reasonable to
trace out the global effects of a U.S. BAT reform if foreign countries solely retaliates versus the
United States and not towards any other country.

In the benchmark model, monetary policy is assumed to follow a Taylor-style rule where the

central bank reacts to domestic inflation, 7, and the flex-price output gap x;:
it = Vi1 4+ (1= y) [T + P (7 — T) + 2 + P Axy]. (10)

Importantly, the central bank does not react to exchange rate movements directly (in section 4 we

% Qali, Lépez-Salido and Vallés (2007) show that the inclusion of non-Ricardian households helps account for
structural VAR evidence indicating that private consumption rises in response to higher government spending.



will later study nominal exchange rate pegs).

Government spending evolves exogenously. To satisfy intertemporal fiscal balance, a lump-sum
tax paid by optimizing households adjust gradually to both government debt and the change in
government debt. Further details on the model and how it is calibrated and solved is provided in

Appendix A.

3. The benchmark Case: Lerner Symmetry

Figure 1 reports the responses to (i) a permanent 10 percent hike in the home import tariff 7,/
(see eqgs. 2 - 5; dotted red line); (ii) a permanent 10 percent hike in the home export subsidy 7x ¢
(dashed blue line); and (iii) their combined effects (i.e., the border adjustment tax: home import
tariff 757+ and export subsidy 7x; move simultaneously; black solid line).

The hike in import tariffs appreciates the home (real and nominal) exchange rate (panel 9 and
10) as the domestic policy rate and the interest rate differential increase (panel 11 and 12).!6 Home
real imports falls (panel 6) while the home terms of trade appreciates (i.e., falls; panel 8) with a
delayed peak due to the LCP assumption. The terms of trade appreciation, in turn, induces a
positive wealth effect on consumption but a drag on real net export (Panel 5 and 6) that implies
a decline in output. The appreciation of the terms of trade is, however, sufficient to improve the
nominal trade balance (panel 7). The expenditure switch to domestic products from imported
consumption goods (panel 3) occurs because the import tariff hike in the home country outweighs
the appreciated exchange rate, so prices of imported goods rise somewhat for home consumers.
However, for foreign households, consumption of imported goods (panel 4) is eventually cut by
over 10 percent as import prices gradually rises due to the depreciated exchange rate. Regarding
spillovers on foreign economic activity, we see from panel 2 that the adverse spillovers to foreign
output are relatively muted and transient, as the depreciated terms of trade boost foreign real
net exports. Finally, in the flex price-wage equilibrium of our model, reported in Appendix B.1,
domestic output declines with —0.5 percent on impact since the immediate transmission of the
appreciated real exchange rate cause net real exports to fall sharply on impact. Similarly, foreign
output rise on impact in the flex price-wage equilibrium because their real net exports rise sharply.

Figure 1 also documents that a 10 percent hike in the export subsidy has completely opposite

effects to those for the import tariff except for the nominal and real exchange rates (panels 9 and

6 The exchange rate appreciates although the policy differential falls because of the permanent nature of the shock.
So one cannot use the UIP condition in eq. (11) to imply that the home exchange rate must depreciate due to a
negative policy rate differential path since such a calculation incorrectly assumes that lim;_ > E:s4; = 0.

10



10), which appreciates slightly less than in the import tariff case. The relatively smaller exchange

rate appreciation—both in real and nominal terms—is explained by the real and nominal policy

rate differentials (panel 12) which is mostly driven by the central bank reaction to inflation.
Under incomplete markets, the relation between the exchange rate and interest rates is governed

by the (log-linear) UIP condition
it — 7/;: = AEtSH—l — ¢bbf,t (11)

where the net foreign assets as share of GDP, by;, ensures stationarity of foreign bond holdings
when ¢, > 0 (a positive value for by, implies that the domestic economy has a net claim on the

rest of the world).!” Neglecting net foreign assets b ¢, we can solve forward equation (11)

o0
5p = — Z E(ie+j — i745) + 5t (12)
=0

where 5, = lim;_soE;s;4; is the long-term (expected) equilibrium exchange rate.'® Changes in
the nominal value of the currency can thus be determined by the equilibrium exchange rate solely
without having to rely on movements in current or expected interest rate differentials.

After the export subsidy shock, about one-third of the smaller nominal exchange rate appreci-
ation is explained by the forward sum of the interest rate differential which is negative instead of
positive as in the import tariff case (Panel 12), while about two thirds of the larger exchange rate
appreciation is explained by the equilibrium exchange rate s;.

The combined effects of the import tariff and export subsidy shock exactly cancel out—i.e., the
Lerner symmetry holds for a permanent and unanticipated introduction of a BAT (solid black line
in Figure 1). The only variables that are affected by the BAT are the real and nominal exchange
rate, which both immediately appreciate for the home economy by the same magnitude as the
tariff and subsidy (i.e. by 10 percent). Intuitively, the exchange rate appreciation hits two birds
with a stone offsetting both the effects of the import tariff (by effectively lowering the pre-tariff
import price of the home economy by 10 percent) and the export subsidy (by increasing the effective
export price by 10 percent). And because the changes in the tariff and subsidy are permanent and

unexpected, the appreciated exchange rate can offset them with a one-time level jump.

'7 To ensure the stationarity of foreign asset positions, we follow Turnovsky (1985) by assuming that domestic
households must pay a transaction cost when trading in the foreign bond. Our results are not at affected by our
choice of ¢, within an empirically realistic range for it. See Appendix A for further details.

(=]

18 Notice that an analog equation holds in real terms e; = — Y E¢(ri15 — riy;) + €, where e and r are the real
i=0

j=
exchange and interest rate.

11



Formally, by inspecting equations (3) and (4) it is easy to see how As; = A7y = ATxy
perfectly offsets both the import tariff and export subsidy while the UIP, equation (12), allows the
exchange rate to adjust instantaneously without having to alter households’ consumption-saving
decisions. So neither Py nor Py, need to adjust. It is worth mentioning, however, that home
consumers are wealthier in the sense that the dollar-value of their relative consumption expenditure,
PC/(eP*C™*), has increased (see section 4.4 for a discussion).

The Lerner symmetry theorem holds even if there are asymmetries in the degree of price stick-
iness in the home import and export sectors or across countries. It would also be easy to show
that the introduction of additional sectors (for example, a flexible price sector) would not alter the
result.

Another interesting case is when all traded goods are invoiced in the home currency (e.g., in
US dollars). Amiti, Itskhoki and Konings (2017) argues that this would break Lerner symmetry.
We can examine this case within our model by assuming LCP in the home import sector (so that
foreign exporters set their prices in the home currency) and PCP in the foreign import sector. In
Appendix B.3 we show that the Lerner theorem still holds, although the effects of the individual
instruments (757 and 7x ;) differ relative to the benchmark calibration with LCP (i.e. invoicing in
the currency of the importing country). The reason why Lerner still holds, is that the pass-through
from the exchange rate and tariffs to prices is the same across exporters. Moreover, amending the
model with variable markups following Gust, Leduc and Sheets (2009) mitigates the effects of each
individual instruments (7574 and 7x ;) somewhat, but Lerner still holds up.

In the next sections we will explore other price setting assumptions and exchange rate determi-

nation mechanisms that make the model depart from the symmetry result.

4. Deviations from Lerner Symmetry

In this section, we examine a number of mechanisms which breaks the Lerner symmetry result. We
focus on the role of exchange rate adjustment and some alternative pricing assumptions that causes
symmetry to fail. Alternative exchange rate assumptions which causes deviations from symmetry
includes international complete assets markets, gradual nominal exchange rate adjustment, nominal
exchange rate pegs, and if the trade reform is implemented with delay. We organize the discussion of
these mechanisms into channels which generate permanent and temporary deviations. Furthermore,
uncertainty whether the tariffs will remain in place infinitively will also break the Lerner symmetry.

But since this mechanism is discussed in detail by Erceg, Prestipino and Raffo (2017), we omit it
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in our exposition below.

4.1. Permanent Deviations: Complete Financial Markets

Complete international financial markets allow households to trade assets that have payoffs specific
to each possible state of the world giving households the possibility to insure against country specific
shocks. In particular, it is now possible to insure against trade policy uncertainty by buying and
selling financial assets that are contingent to tariffs.

Since markets are segmented (i.e., home and foreign consumers face different prices for the same
good) we assume that it is impossible to make state-contingent trades that allow payoffs in physical
goods, instead payoffs are specified in nominal terms. In that case, optimal contracts ensures that
the marginal utility from an additional unit of currency, Ac /P, is proportional between home and

foreign consumers in all states!'?

Qe =Ac/Acy, (13)

where Q; = S; P}, /Pcy is the real exchange rate. The complete markets condition (13) differs fun-
damentally from the incomplete markets condition. To see this, first notice that the UIP equation

(11) can be rewritten in real terms as

it = Ermogn — (if — Eimgp) = ABigen — dybye,

where Ag; is given by As; +7¢, — mc. Linearizing the Euler equations for consumption

(1+ 1)
1+ 7o

Acy = BE; Acyy1, Aoy = BE; [ AC 415 (14)
T o

and substituting them into the previous equation, we finally derive
AEiqi11 — dpbre = AEAG 111 — AEAC i1, (15)

where Act = dAct/Ac and Agy = dAG /AL, The complete markets condition (eq. 13), on the
other hand, implies that
Aqt = AAZ',t - A)\Cﬂg. (16)

As previously discussed, Lerner symmetry requires exchange rate movements to occur without
altering households’ consumption and saving decisions. This is feasible under incomplete markets

because eq. (15) only holds in expectations; hence, any permanent and unanticipated movement in

19 Without loss of generality we have assumed a the constant of proportionality equal to 1.
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the exchange rate is not sufficient to violate eq. (15). Under complete markets, instead, eq. (15)
(abstracting from by;) has to hold for all shock realizations which means that any movement in
the exchange rate triggers a relative change in household consumption and saving behavior. As a
consequence, the Lerner symmetry will not hold.

To gain further insights, it is also useful to strip down the model to a simpler version with log
utility of consumption, no habit persistence, equal sales taxes, and no ‘hand to mouth’ consumers.

Under these simplifying assumptions, the complete markets condition of eq. (13) simplifies to
SiPeCf = PoyCr. (17)

In this case, optimal contracts ensure that the dollar value of home and foreign consumption ex-
penditures are equated. And the exchange rate movement leads to a transfer of resources across
countries akin to a balance sheet’s valuation effect. For example, assuming that prices are initially
fully rigid, if the nominal exchange rate appreciates by x percent home to foreign consumption
volume ratio will fall by x percent.?’ The fact that household consumption-saving decisions will
have to change under complete markets whereas they may not under incomplete markets might
be surprising, since the complete markets assumption is supposedly a more efficient arrangement.
However, as Stockman (1989) and Barari and Lapan (1993) point out, the welfare superiority of
complete markets holds only under efficient shocks but not for distortionary shocks such as the ones
studied here. Indeed, since contracts’ payoffs are nominal (e.g., in US dollars rather than in con-
sumption units), foreign households want to insure against a loss of the value of their own currency
(vis a vis the home currency) while home consumers want to insure against higher consumption
prices induced by the tariff; hence, a full insurance arrangement where consumption volumes are
equated is not an equilibrium. As our workhorse model does not allow us to demonstrate the break-
down from Lerner equivalence under complete markets analytically, we use a simple static model
in Appendix C — which builds on the framework in Dellas and Stockman (1986) — to demonstrate
that uncertainty about trade policy causes deviations from the equilvalence result under complete
markets. Under perfect foresight (i.e. no uncertainty about trade policies), the appendix shows
that the symmetry result holds up even under complete markets.

The impact of a BAT shock is considerable under complete markets (Figure 2). Initially, output

contracts notably in the domestic economy (Panel 1) and expands in the foreign economy (Panel

20 Notice that this result is not specific to the sticky price allocations. In the flex-price-wage notional equilibrium,
the appreciation of the home real exchange rate will cause the real consumption ratio to rise (e.g. foreign consumption
to rise and domestic consumption to fall). This is discussed in detail by Dellas and Stockman (1986).
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2) before the impact on domestic output becomes positive and the benign effects on the foreign
economy are reversed. Consistent with the model in Dellas and Stockman (1986), the effects on
domestic (foreign) consumption (Panels 5 and 6) are unambiguously negative (positive), reflecting
the associated real exchange rate appreciation of the domestic currency (Panel 12).

To examine the role of the two instruments behind the overall result, Figure 3 teases out their
partial effects of the import tariff and export subsidy shocks. The import tariff 75;; shock has
rather transient effects on actual and potential output, whereas the export subsidy 7x; has much
more persistent positive effect on home output. Since the responses are symmetric in the foreign
economy, this means that the foreign economy expands temporarily following the hike in the foreign
export subsidy whereas it contracts persistently following the hike in home import tariff (Panel 1
and 3).

World output contracts following an increase in the import tariff and expands by an identical
amount for an increase in the export subsidy 7x; (Panel 4). In fact, the partial effect on world
output is identical for the two instruments under both complete and incomplete markets. So the
presence of asset markets only affects the split-up of the production between the domestic and
foreign economy for each instrument. World output is, thus, unchanged when considering the
combined effects of both trade policy instruments.

We now turn to discuss the composition of GDP. In the home economy, the output expansion in
the medium and longer term is mainly driven by net exports (Panel 7) and is modestly supported
by a slight rise in investment (not shown) while the fall in private consumption is only a partial
offset. The home-to-foreign consumption ratio drops by about 4 percent which explains most of the
movement in the real exchange rate (of about -5 percent, Panel 12) since nominal rigidities imply
a slow movement in the inflation differential (Panel 11). If prices were less sticky, the consumption
differential would nevertheless remain roughly the same, but the larger initial decline in the inflation
differential would cause a larger initial appreciation of the nominal exchange rate and a smaller
fall in output. In fact, the initial decline in home output is caused by price rigidities (compare
black lines in Panel 1 and 3); if prices were fully flexible, home (foreign) output would rise (fall)
immediately and not be subject to sign reversal over time.

Finally, we briefly discuss the implications for trade. Home real net exports rise by an identical
amount after a BAT shock (Panel 7). However, because the domestic terms of trade depreciates
(Panel 8) notably following the export subsidy 7x hike, the domestic nominal trade balance as

share of GDP, shown in Panel 9, does not improve for export subsidy. The trade balance only
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improves for the import tariff 7)7; because for this shock the domestic terms of trade appreciates
notably, especially in the near-term. In Panel 10, we report the implications for World trade as
share of GDP. World trade flows rise following a hike in 7x ; but falls following a hike in 757 ¢. This
may seem inconsistent with the fact that net exports rise equally much for both tax instruments
(Panel 7), but it is explained by the fact that the improvement in net exports following the tariff
hike is driven by a decline in imports as opposed to the rise in export which follows after the hike
in 7x¢. Even so, as was the case under incomplete markets, there are no effects on World trade

after the combined shock of both 7,7+ and 7x ;.

4.2. Transient Deviations From Lerner Symmetry

In this section, we discuss mechanisms which generate transient, yet sometimes substantial, devia-

tions from Lerner symmetry.

4.2.1. Implementation Lags

First, we repeat the previous exercise but assuming that the BAT shock is announced 4 quarters
before it is actually implemented.?! Figure 2 (green dash-dotted line) shows that the deviations
from Lerner symmetry due to implementation lags are modest (Figure 2, green dash-dotted line).
The real and nominal exchange rates jump on announcement of the trade policy reform, but since
the actual implementation is delayed 4 quarters, exports fall and imports rise somewhat, resulting
in a peak decline in domestic output of about 0.2 percent after two years. There are no long-term
effects on neither home nor foreign output. Moreover, it is important to note that World GDP (i.e.,
the weighted sum of home and foreign output per capita reported in Panels 1 and 2 in the figure)
remains unchanged even in the short term. So even if implementation lags cause some short-term
deviations from Lerner symmetry, it is a zero sum game at the global level.

Although not shown, we have also computed the effects of a 2 quarter delay between announce-
ment and implementation, which should perhaps be viewed as a bit more realistic from empirical
perspective. In this latter case, the peak decline in GDP is less than 0.1 percent. Therefore, the
model suggest that even short-term deviations from Lerner symmetry stemming from implementa-

tion lags should be modest.

21 Major trade and tax reforms are usually known in advance to a large share of the public—both firms and
households—before they are actually implemented.
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4.2.2. Gradual Exchange Rate Adjustment

As noted previously, the results in the benchmark model is contingent on an immediate sizeable
appreciation of the nominal and real exchange rates. The UIP condition embedded into the model
facilitates this exchange rate adjustment. There is, however, strong empirical evidence against
the standard UIP condition. VAR evidence suggests that the impulse response function for the
real exchange rate after a shock to monetary policy is hump-shaped with a peak effect after about
1 year (see, e.g., Eichenbaum and Evans, 1995; Faust and Rogers, 2003), whereas the standard
UIP condition imply a peak effect within the quarter followed by a relatively quick mean reversion.
Moreover, a DSGE model with a standard UIP condition cannot account for the so-called ‘forward
premium puzzle’ recorded in the data (i.e., a currency whose interest rate is high tends to appreciate
which implies that the risk premium must be negatively correlated with the expected exchange rate
depreciation, see, e.g., Fama, 1984; Froot and Frankel, 1989, and Duarte and Stockman, 2005). In
an attempt to account for these empirical shortcomings, we modify the UIP condition to allow for
a negative correlation between the risk premium and the expected change in the exchange rate,
following the vast empirical evidence reported in, for example, Engel (1996).

Our modified UIP condition is, thus, given by

it — i = (1 — ¢5) Etst11 — @g8t-1 — dpby (18)

The suggested modification of the risk premium introduces a lagged dependence between the nom-
inal exchange rate and the domestic interest rate (which is absent in the standard UIP condition,
see eq. 11). Adolfson et al. (2008) documents that this alternative formulation, with ¢, estimated
to be about 0.6, helps their model to account for the hump-shaped impulse response function of
the real exchange rate to a monetary policy shock found in VARs. It also improves the forecasting
properties of the RER. We set ¢, = 0.6, following Adolfson et al. (2008) and refer to this case as
“Gradual Exchange Rate Adjustment” since the modified UIP condition (18) only alters the pace
by which the real exchange rate appreciation occurs.

Even under the gradual exchange rate adjustment deviations from Lerner symmetry are fairly
modest (Figure 2, the red dotted line). With slower appreciation of the home real and nominal
exchange rate, domestic output expands by 0.3 percent after 2-3 years before receding to baseline
(no change) after 5 years. The slower appreciation of the exchange rate boosts the home trade
balance by over 1 percent of GDP (Panel 7) during the first year, roughly as much as the domestic

terms of trade (Panel 8) appreciates nearly 10 percent initially before receding to back to nil when
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the exchange rate adjust. Panel 9 shows that it takes about 3 years for the home real exchange
rate to appreciate 10 percent whereas it takes the nominal exchange rate (Panel 10) about 5 years
to appreciate by 10 percent.

In conclusion, relatively to the case of implementation lags, gradual exchange rate adjustment
implies a greater deviation from Lerner symmetry. Even so, it only results in short-term deviations

without any effect on global trade and GDP.

4.2.3. Nominal Exchange Rate Pegs

We now consider the effects of a nominal exchange rate peg. To begin with, we assume that the
foreign economy is pegging its nominal exchange rate vis a vis the domestic economy. So the foreign
nominal interest rate rule now takes the following simple rule (see equation 10 or equation A.26 in
Appendix A):

i = —7sA5, (19)

where v, is set arbitrarily large.??

If prices were fully flexible, a nominal exchange rate peg would not matter for equilibrium
allocations as the real exchange rate adjustment is brought about by movements in relative prices.
However, when the exchange rate peg is coupled with nominal rigidities the real exchange rate
adjustment takes much longer leading to a deviation from Lerner symmetry (Figure 2 blue dashed
line). In addition, Figure 2 shows that the even world GDP goes down considerably in the short
term because both domestic and, especially, foreign output per capita fall.

The inability of the foreign monetary authority to react to domestic conditions exacerbates the
impact of the BAT shock on the foreign economy since the home central bank cuts the policy rate
at a measured pace because there is only a modest fall in home CPI inflation and output (Figure 4
blue dashed line, Panels 9-12 ). This cut in the nominal interest rate is not enough to achieve price
stability in foreign economy, and foreign inflation falls significantly. This implies a substantial rise
in the foreign real rate of interest which triggers foreign consumption and output to contract with
about -5 percent. Lower foreign consumption and investment are the key drivers behind the fall
in foreign output whereas higher foreign net exports attenuate the decline only modestly (Panels 5
and 6). In the home country, instead, the net export drag more than offset slightly higher domestic

demand and induces a (modest) decline in home output.

22 As a higher (lower) value of S means an appreciated (depreciated) currency from the perspective of the foreign
economy, we have a minus sign in front of v, to indicate that the policy rate will be lowered (raised) sufficiently to
offset any movements in S; in equilibrium.
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For completeness Figure 4 (red dotted line) shows the responses to BAT shock for the hypo-
thetical case when the home economy is pegging its nominal exchange rate to the foreign economy.
In this case, the foreign economy is assumed to follow the Taylor rule (eq. A.26) and be able to

react to domestic conditions whereas the home economy follows the rule
i = ’YSASt7 (20)

where 7, is set arbitrarily large. As can be seen from the figure, the effects are completely symmetric
but flipped; in this case the real exchange rate appreciation occurs gradually via higher home prices
and the home economy experiences a sharp boom in economic activity due to the lower real rates
(and associated rise in consumption and investment) despite a slight worsening of home real net

exports through higher real imports.

4.2.4. Alternative Price Pass-Through Assumptions

In this section, we study alternative assumptions about pass-through of the tariffs and subsidies
onto prices. We will make two alternative assumptions: 1) Export firms fully pass both import
tariffs and export subsidy 7y and 7x fully into import prices; 2) Foreign export firms fully pass
only import tariffs 7,7 to import prices, but home export firms does not, implying that the export
subsidy pass-through remains unchanged and determined by eq. (4) and the foreign equivalent of
eq. (5).%

In this first case, the deviations from the law of one price (eq. 2) is modified to
0t = =Pt + 5t +P§(,t- (21)

The price Phillips curve (eq. 5) is unchanged expressed as a pre-tariff price but the actual import
price inflation is

F?fﬁ =Ty + AT — AT},t, (22)

where now 7 is the home import price net of tariffs and subsidies charged by the foreign exporters.
This way to think about tariffs closely resembles a U.S. style sales tax. Similar equations hold in

the foreign country such that

*, Act
Tare = Tae + AT — ATx (23)

23 The home exporters pricing equation is given by Tht = J%Em}"vu“ + ﬁﬂﬁ%t—l + K3r (mes + 07) where

we assume that 8* = 3, 13y = tum, and Ky = kav. See Appendix A for further details.
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In Figure 5, the blue dashed line report the effects of a combined rise in 757 and 7x; under
this alternative pass-through assumption.?* As can be seen from Panels 9 and 10 in the figure,
home (foreign) CPI inflation jumps (plummet) with almost 5 percent in the first period, reflecting
the immediate pass-through. A little more than 1 percentage points of the annualized CPI inflation
in the first period partly reflects an increase in domestic inflation, because imported inflation
only contributes by 4 p.p. for a 10 percent import tariff hike (A7,s) when the assumed import-
consumption trade share is about 10 percent, A7y x 4 xM/C = 4 p.p.. The slight rise in
overall CPI inflation in the following periods reflects that economic activity (Panel 1) in the home
economy rises persistently (recalling that domestic potential output is unchanged since Lerner
symmetry holds in the flex-price economy), so that higher inflation on domestically produced goods
outweigh the deflationary pressures from lower import prices (not shown) due the appreciated
nominal exchange (Panel 6) rate which gradually transmits into lower import prices according to
egs. (21) and (5). The home real exchange rate (Panel 5) appreciates even more than 10 percent
in the near term, reflecting that foreign (domestic) prices jumps down (up). But over time, the gap
between the actual and potential real exchange rate closes as the effects of slow price adjustment
dissipates.

Because the central banks are assumed to react to one-period ahead inflation they see through
the short-run inflation dynamics. Even so, the home central bank still hike the nominal policy
rate with almost 1 percent after a year due to the positive effects on home growth and output gap
(Panel 1) and the rise in CPI inflation. The foreign central bank, however, cuts the policy rate with
the exact same amount (see Panels 11 and 12) due to the deflationary pressure on CPI inflation
(Panel 10) stemming from the negative growth and output gap (Panel 2) impact from the combined
home tariff and subsidy (in the foreign economy, the deflationary pressure on domestic inflation
outweighs the positive contribution on ﬂ}k\ftd from imported inflation W}‘\“ in eq. 23 stemming from
its depreciated nominal exchange rate).

Even though the Lerner symmetry breaks down, there are no effects on World GDP and trade
neither in the near or long term. In fact, despite the rise in home real net exports which contributes
to the boom in the home economy, World trade does not change because the rise in home export
is exactly offset by lower home import (Panel 3, 4, and 7).

In the second case, instead, World trade fall, leading to an initial fall also in World output

24 All other features of the experiment are exactly as in Figure 1, apart from the fact that the domestic and foreign
central banks in this experiment is assumed to react to expected rather than actual CPI inflation E¢mc ¢++1 so that
they do not hike/cut interest rates massively in response to the short-lived impetus of 7as,: and 7x .
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(Figure 5, red dotted line). The slower pass-through for the export subsidy mitigates the immediate
fall in foreign CPI inflation (Panel 10), while now home exports fall (instead of rising) because of
lower foreign demand and slower home export price adjustment. Because home real exports do
not rise whereas foreign exports fall sharply due to the quick influence of 77+, World trade (Panel
7) falls over 1/2 percent in the near term, and because home output expands less than foreign
output declines, World GDP falls somewhat initially before subsequently expanding as can be seen
in Panel 8. Monetary policy plays an important role for subsequent expansion in World GDP as
the foreign CB cuts policy rates more than the home CB hike rates (the interest rate differential
shown in Panel 12 is more than twice as elevated as the hike in the home policy rate shown in
Panel 11) due to the persistent downward pressure on foreign CPI inflation rate this causes foreign

output to contract somewhat less than output in the domestic economy expands.

5. The Macroeconomic Costs of a Trade War

In this section, we examine the effects of a “ITrade War”, which we assume play out in two different
incarnations. First, we assume the foreign economy retaliates to a BAT by imposing only an import
tariff equal to the sum of the import and export subsidy (i.e., T*M’t = 7x,+ + Twm = 20 percent in
our exercise). This retaliation scheme will ensure that the tariff-subsidy differentials 757+ — T},t
and 7}, , — Tx in egs. (3) and (4) rise equally much; in our experiment 10 percent each. Second,
we consider a case when the foreign economy retaliates in a fully symmetric way by imposing both
a foreign import tariff equal to the home export subsidy (i.e. T*MJ = 7x,.) and an export subsidy
equal to the home import tariff (i.e. T}’t = Tu,)—for example, both countries impose the same
BAT. We will refer to this case as “symmetric retaliation”, although it does not necessarily imply
imposing the same tariff (subsidy) in the home economy as abroad, it is symmetric only in sense

that in ensures that the tariff-subsidy differentials 757, — 7%, and 73, , — 7x; remain unchanged.

5.1. Retaliation through Import Tariffs

Figure 6 report the effects of the foreign economy retaliation through import tariffs under incomplete
markets (IM, blue dashed line) and complete markets (CM, red dotted line).

The CM assumption implies that the effects on the home and foreign quantities and prices are
completely symmetric and the nominal exchange rate remains unaffected. However, the home terms

of trade worsens by 10 percent as the foreign tariff 73, , is hiked with 10 percent more than the
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domestic tariff 757;. This implies that the home trade balance as share of nominal GDP deteriorates
permanently—by roughly —1.4 percent (i.e., the terms of trade deprecation times the steady state
import share of output, which equals 0.14). Since the trade deficit is assumed to be financed by
lump sum transfers by unconstrained households, it does not have any real effects in the model.

In contrast, the impact under IM feature non-symmetric results on allocations. Since home and
foreign economy is effectively imposing the same increase in net-tariffs 7,7, — T}J and T*M7t —TX ¢t
(see egs. 3 and 4), the non-symmetric effect on home and foreign output shown in Figure 6 may be
surprising at first glance. However, the non-symmetric effects can be explained by the fact that
the import tariffs (7p7+ and 77, ,) have a direct effect on the terms of trade (see eq. 7) and thereby
on the nominal trade balance as share of GDP (eq. 8). In our example, Ty 18 increased by 20
percent whereas 7,7, is only increased by 10 percent. This has a direct depreciative effect on the
home terms of trade with 10 percent, but since the relatively larger hike in the foreign import tariff
causes the home nominal exchange rate to depreciate about 5 percent (panel 10), the depreciation
of the home terms of trade totals 15 percent (panel 9).2°

Another way of thinking about the asymmetric responses under incomplete markets is to use
the Lerner symmetry results in Figure 1. Since Lerner’s symmetry holds for 757 and 7x, the
retaliation experiment is isomorphic to a 20 percent hike in the foreign import tariff T}‘VM. Hence,
except for the home nominal exchange rate, the IM responses of Figure 6 effectively show the
partial impact of a permanent 20 percent hike in the foreign import tariff. From this perspective,
the overall non-symmetric effects are not surprising.

Moreover, retaining a CM or IM assumption does not matter for the global effects of the trade
war (panels 11 and 12). The incomplete and complete asset markets assumption just affects how
the costs are split between the home and foreign economies (when the size of the two countries is
the same). At a global level, the costs are substantial, global deteriorates permanently with nearly
1 percent and global trade declines with 2 percent of baseline GDP. Furthermore, it should be noted
that the invariance of global trade and GDP to the asset market assumption is not contingent on
both economies being of equal size. When the domestic economy is assumed be only 23 percent of
the world economy, that is we think about the home economy as the United States and the foreign
economy as the rest of the world, global trade and GDP still fall equally much under incomplete and

complete asset markets albeit half as little as in Figure 6 (i.e. with 1 and 1/2 percent, respectively).

%5 In other words, the retaliation experiment just studied is not analog to a change in s and Thr,¢ with 10 percent
each. Such a change would have had completely symmetric effects on economic activity in the domestic and foreign
economies without any changes in the exchange rate and terms of trade.
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These results are qualitatively similar to the tariff scenario presented in IMF (2016).

5.2. The Benign Case: A Fully Symmetric Response

Finally, we analyze the case when the foreign economy responds by providing export subsidies to
their exporters to match the hike in home tariffs and raising the import tariff to just offset the
home export subsidy (i.e., 7apr = —7% and 7}, = —7x).

A fully symmetric response nullifies the adverse impact of a trade war regardless of how ex-
change rates are determined (Figure 6 black line). In addition, if trade is balanced, the budgetary
implications of a combined import tariff and export subsidy are only of second order.

Thus, there is a ‘bad’ and ‘good’ way for foreign economies to respond to trade reform in the
home economy. The bad way involves slapping an import tariff large enough to offsetting the home
export subsidy and matching the hike in the home import tariff. The good way involves the foreign
government using both import tariffs and export subsidies to mimic adjustment in home tariffs and
subsidies. This neutrality result, however, breaks down under the second of our alternative pricing

assumptions analyzed in Section 4.4.

6. Conclusions

We have quantified the macroeconomic effects of tariffs and of border adjustment taxes (BATS) in
an empirically validated New Keynesian open-economy model under various firm-pricing behavior
assumptions, exchange rate determination mechanisms, and asset market assumptions.

Under incomplete markets, we find support for the Lerner equivalence between an import tariff
and an export subsidy in the long run. In the short-term, however, the Lerner’s symmetry breaks
down when various frictions such as implementation lags or gradual nominal exchange rate adjust-
ment prevent the real exchange rate to adjust fully immediately. Deviations are relatively modest,
however, and in both cases there is no effect on global trade and output. Exchange rate pegs,
however, lead to a substantial fall in foreign and, thus, global output in our sticky price framework.

Importantly, sticky prices (and sticky wages) or local-currency pricing per se are not a sufficient
condition to break the Lerner’s symmetry. Hence, dollar-invoicing per se does not break the Lerner’s
symmetry. However, when tariffs are passed to prices more quickly than exchange rate movements,
the exchange rate overshoots and the home country output expands while global trade and output

is unaffected. To discriminate among the various hypotheses we have made would require either an
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explicit micro-fundation of exporters’ price setting behavior or empirical evidence on the symmetry
between tariffs and exchange rate pass-through to import prices.

The paper also shows the importance of international asset markets. In fact, under complete
markets, the symmetry result breaks down in both the short and long run. Since optimal contracts
ensure that the shadow value of home and foreign currencies is equated across states, an appreciation
of the home currency (e.g., the US dollar) triggers payments from the US to the rest of the world,
like a portfolio effect (i.e., when the US dollar appreciates the value of foreign assets held by US
investors decline and viceversa). This implies that the real exchange rate appreciates by a smaller
extent (relative to the incomplete market case) and, thus, it is not able to fully offset the price
distortions induced by the trade policy. Global trade and output are still unaffected but production
is shifted to the home country while consumption is shifted to the foreign country. The effects are
quantitatively important.

Finally, we also assessed the macroeconomic costs of trade wars. A fully symmetric retaliation
that implies an analog boarder adjustment tax in the foreign country is completely neutral. This
result is quite robust since it does not rely on exchange rate movements. On the other hand,
if the foreign countries retaliates exclusively through higher import tariffs, then global trade and
output will be adversely affected. The effects are quantitatively relevant. For a calibration aimed
at capturing the trade flows and relative sizes of the United States and the rest of the world, our
model implies that a 10 percent effective increase in import tariffs between — but not inside — both
regions leads to a 1 percent fall in world trade and 1/2 percent fall in world GDP.

In future work, it would be interesting to consider the impact of the zero lower bound on the
results and to estimate the effects of import and export tariffs using empirical methods, to see
if the model implications are borne out by the data. In addition, we have throughout the paper
retained the assumptions that trade is balanced and no tariffs are in place in the steady state trade.
As a consequence, there are no fiscal implications from the boarder adjustment tax. Also, in the
case of incomplete markets we assume no balance sheet effects from exchange rate movements.
It would be interesting to explore the implications of relaxing these assumptions. Furthermore,
as our analysis have demonstrated that the macroeconomic effects of trade tariffs and subsidies
are highly contingent on the functioning of international asset markets, the empirical merits of
the incomplete and complete markets assumption deserves further attention. Rabanal and Tuesta
(2010) and Chari, Kehoe and McGrattan (2000) find some evidence in favor of incomplete markets,

but it is by no means a clear cut and the issue is not the focus of their studies.
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Figure 1: Effects of Permanent Import Tariffs and Export Subsidies.
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Figure 2: Deviations from Lerner Symmetry for Imgort Tariffs and Export Subsidies.
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Figure 3: Permanent Import Tariffs and Export Subsidies Under Complete Markets.
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Figure 4: Combined Effects of Imp. Tariffs and Exp. Subsidies Under NER Pegs.
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Figure 5: Combined Effects of Tariffs and Subsidies Under Direct Pass—-Through.

1. Domestlc Output 2 Forelgn Output
2' ~ 1 2'
5 AT ~ |5
% 0 T g 0 awm ol W P W W W W W
o O bette”
:
=2F 2e®
0O 4 8 12 16 20 24 28 32 36 0O 4 8 12 16 20 24 28 32 36
3. Domestic Real Exports 4. Domestic Real Imports
R of
- SN -
g . 8 -0.5
5 05¢ ‘ o &'= = = DirectP-Toft  and~
o A o . Mt Xt
\ & .
< ~ -1k " = nmnn: Direct P-T of TMt Oﬂly
O"'!--...- - ...-.-ﬂﬂ.—-.—._-.Hl "A. . . . . . . . .
0O 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36
05. Domestic Real Exchange Rate 06. Domestic Nominal Exchange Rate
2 | T P S Seiriipiototiedels
8:) =10+ “.--..-l-l-l-l-l-l-l-l-l-l-ll & -10 -"‘fl“'
e
-15 — -15 —
0O 4 8 12 16 20 24 28 32 36 0O 4 8 12 16 20 24 28 32 36
7. World Trade (GDP share) 0.2 8. World GDP
O = = = = - - == 1-1.‘.‘.------4 . T T T T T
““‘
= -0.2¢t ** = ‘--...........lllllllll
8 ." 8 0-‘:-----------=.=.4
o Re o .
o 0.4} . o b
e
-06f%, . . ool
0O 4 8 12 16 20 24 28 32 36 "0 4 8 12 16 20 24 28 32 36
9. Domestic CPI Inflation (APR) 10. Foreign CPI Inflation (APR)
T j j j ) ) j ) ) 0 e
- 4 : .|
5 g 2
o [ S
o 2 )
o i o -4
O "_"n-'n-n“__m_____;—_—_— L L L L L L L L L
0O 4 8 12 16 20 24 28 32 36 0O 4 8 12 16 20 24 28 32 36
11. Domestic Policy Rate (APR) 12. Policy Rate Differential (APR)
15} ] 151, Y
g 1l S 1y *
8 e~ 8 RARE LI I
© 0570 ~§ o 05¢p .'.. &
o Illll........“ o ....:'
of --kuuuuq of ...‘.‘...llllll
L L . LI
0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36
Quarter

Quarter



Percent

Percent

o

Percent

7. Domestlc Real Net Exports (GDP share) 8. Dorgestlc Nomlnal Trade Balance (GDP share)
T T T T — - —

Percent

Percent

Percent

Figure 6: Macroeconomic Effects of a Trade War.

1. Domestic Output
I e

g L 4
05t a’e?

-1f
-1.5¢

0 4 8 12 16 20 24 28 32 36
3. Domestlc Potentlal Output

0 e——p g g g
-0.5¢

-1}
=15}

0 4 8 12 16 20 24 28 32 36
Home Consumption of Imported Goods
o

[ TN
\’0

-10} °

*
s T
N ....IIIIIIIIIIIIIII|

5
~

—20- ~~.______‘_-

O 4 812162024283236

-
>
“
L 4

1 X4
24
K4

0 4 8 12 16 20 24 28 32 36
9. Domestlc Terms of Trade

15- ’_---------

“

10-III’IIIIIIIIIIIIIIIIIIIIIIIIIII|
. ¢ = Symmetric Retaliation

5r = = = Tgriff Retaliation under IM
== m= =1 Triff Retaliation under CM

0.
0 4 8 12 16 20 24 28 32 36

11. World Trade ('GD'P shara)

0.

gl s

[
----———_-

O 4 8 12162024283236
Quarter

2. queign 'Out'put'

0| p=yp
0..‘.
2 -05 120
§ ‘:.............II.IIIIIIII
g S
~
-1.5¢ ..-------

0 4 8 12 16 20 24 28 32 36
4. Foreign Potential Output
O.

.
-0.5¢1 ."'-----.

_1-‘ llllllll.llllll.._

Percent

...
-15} Rl T -
. ..-----

0 4 8 12 16 20 24 28 32 36
6. Fo(r)eign Consumption of Imported Goods
‘N

%e

~na
-~
’0. T

-10} ‘e

Percent

a
vy
ay
gy
IIIIIIIIIIIIIIII

=200
0 4 8 12 16 20 24 28 32 36

Percent

O-—_ﬁ_
-

0O 4 8 12 16 20 24 28 32 36
10.1|;5)omestic Nominal Exchange Rate

Percent

0O 4 8 12 16 20 24 28 32 36
12. World GDP
|~

~

N~-
-—--—--_-_-

Percent

0 4 8 12 16 20 24 28 32 36
Quarter



Appendix A. The Open Economy New Keynesian Model

The large-scale model closely follows Erceg, Guerrieri and Gust (2006) and Erceg and Lindé (2013).
The model consists of two equally sized countries (or regions) — home and foreign — and allows for
endogenous investment, hand-to-mouth (HM) or “Keynesian” households, sticky wages as well as
sticky prices, trade adjustment costs, and incomplete financial markets across the two countries.
Given the isomorphic structure of the two countries, our exposition below largely focuses on the
structure of the home economy.

As the recent recession has provided strong evidence in favor of the importance of financial
frictions, our model also features a financial accelerator channel which closely parallels earlier work
by Bernanke, Gertler, and Gilchrist (1999) and Christiano, Motto, and Rostagno (2008). Given
that the mechanics underlying this particular financial accelerator mechanism are well-understood,
we simplify our exposition by focusing on a special case of our model which abstracts from the
financial accelerator. However, we conclude our model description with a brief description of how

the model is modified to include the financial accelerator (Section A.6).
A.1. Firms and Price Setting

A.1.1. Production of Domestic Intermediate Goods

There is a continuum of differentiated intermediate goods (indexed by i € [0,1]) in the home
economy, each of which is produced by a single monopolistically competitive firm. In the domestic
market, firm ¢ faces a demand function that varies inversely with its output price Pp:(7) and directly

with aggregate demand at home Ypy:

p () *(10+9p)
. 1
Ype(i) = I:gtDt] " Yo, (A.1)

where 0, > 0, and Pp; is an aggregate price index defined below. Similarly, firm ¢ faces the following

export demand function:
P —(1+0p)
* N 0
x,() = |27 g (4.2)
Piry

where X, (i) denotes the quantity demanded of domestic good i in the foreign block, Py, (i) denotes

the price that firm 4 sets in the foreign market, Py;, is the import price index abroad, and M} is
an aggregate of the home’s imports (we use an asterisk to denote the foreign’s variables).
Each producer utilizes capital services K (i) and a labor index L; (i) (defined below) to produce

its respective output good. The production function is assumed to have a constant-elasticity of
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substitution (CES) form:
P 1 P 1 1+p
¥ii) = (B K+ (AL ) (A3)

The production function exhibits constant-returns-to-scale in both inputs, and Z; is a country-
specific shock to the level of technology. Firms face perfectly competitive factor markets for hiring
capital and labor. Thus, each firm chooses K, (i) and L (7), taking as given both the rental price of
capital Rgy and the aggregate wage index Wy (defined below). Firms can costlessly adjust either
factor of production, which implies that each firm has an identical marginal cost per unit of output,

MC4. The (log-linearized) technology shock is assumed to follow an AR(1) process:
2t = P 2t—1+ x4 (A.4)

The prices of the intermediate goods are determined by Calvo-style staggered contracts (see
Calvo, j1983). In each period, a firm selling its goods in the home market faces a constant proba-
bility, 1 — &, of being able to re-optimize its price (Pp¢(i)). This probability of receiving a signal
to reoptimize is independent across firms and time. If a firm is not allowed to optimize its prices,
we follow Christiano, Eichenbaum and Evans (2005) and Smets and Wouters (2003), and assume
that the firm must reset its home price as a weighted combination of the lagged and steady state
rate of inflation Ppy(i) = 77?1 17r1_LPPDt,1(i) for the non-optimizing firms. This formulation allows
for structural persistence in price-setting if ¢, exceeds zero.

When a firm i is allowed to reoptimize its price in period ¢, the firm maximizes:

o0 J
max Ee Y ¥ii1ié) [H Tih—1(Ppt (i) = MCip)YDi (i)] : (A.5)
pett) 20 h=1

The operator E; represents the conditional expectation based on the information available to agents
at period t. The firm discounts profits received at date ¢t + j by the state-contingent discount factor
Yy 44,5 for notational simplicity, we have suppressed all of the state indices.*! The first-order

condition for setting the contract price of good 1 is:

(Hizl Trh—1(2) Ppe (2)

B > 458

= (1+0,) - M Ct+j> Ypi4j (i) = 0. (A.6)

For the goods sold abroad, we assume local currency pricing (LCP) as explained in Section

2.1. Although the price-setting problem for the exporting firms is isomorphic to the problem for

Al We define &i,4+; to be the price in period t of a claim that pays one dollar if the specified state occurs in
period ¢+ j (see the household problem below); then the corresponding element of Yy 415 €quals &, ;5 divided by the
probability that the specified state will occur.
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the firms selling its goods on the domestic market (and we assume §,, = £, and ¢, = 1), the

LCP assumption implies that the price of foreign import goods Py, will deviate from the producer

P 1+77%
currency price § Lx %

as follows (in log-linear form)

0 = —p7\4,t — St t+pxzt+ 7'7\4,t —TX,t» (A7)

where px s = pp;. The deviations from the law of one price is due to price stickiness, the foreign

import tariffs (73, ,) and export subsidy the home block provides (7x.).

A.1.2. Production of the Domestic Output Index

Because households have identical Dixit-Stiglitz preferences, it is convenient to assume that a
representative aggregator combines the differentiated intermediate products into a composite home-

produced good Ypy:

1 1 1+6
YDt = |:/ YDt (Z) +6p dZ:| . (AS)
0

The aggregator chooses the bundle of goods that minimizes the cost of producing Ypy, taking the
price Pp; (i) of each intermediate good Yp;(7) as given. The aggregator sells units of each sectoral

output index at its unit cost Ppy:

—0p

poc=[ [ P a] " a9

We also assume a representative aggregator in the foreign block who combines the differentiated

home products X;(7) into a single index for foreign imports:

_ [ /0 X, ()T d@} o (A.10)

and sells M at price Py ;.

1 1 —0p
0

A.1.3. Production of Consumption and Investment Goods

Final consumption goods are produced by a representative consumption goods distributor. This
firm combines purchases of domestically-produced goods with imported goods to produce a final

consumption good (C4¢) according to a constant-returns-to-scale CES production function:

— 1+pc 1+1Pc #Q 1 v tree
Car = Cp© + (1 —we) e (poMey) oo ) (A.12)
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where Cp; denotes the consumption good distributor’s demand for the index of domestically-
produced goods, M¢; denotes the distributor’s demand for the index of foreign-produced goods,
and ¢ reflects costs of adjusting consumption imports. The final consumption good is used by

both households and by the government.*-2

The form of the production function mirrors the
preferences of households and the government sector over consumption of domestically-produced
goods and imports. Accordingly, the quasi-share parameter weo may be interpreted as determining
the preferences of both the private and public sector for domestic relative to foreign consumption

goods, or equivalently, the degree of home bias in consumption expenditure. Finally, the adjustment

cost term ¢, is assumed to take the quadratic form:

PM ]\c%t 2
vor=|1="5% e =1 |- (A.13)
Cpt—1

This specification implies that it is costly to change the proportion of domestic and foreign goods
in the aggregate consumption bundle, even though the level of imports may jump costlessly in
response to changes in overall consumption demand. We assume that the adjustment costs for

each distributor depend on distributor’s current import ratio AC/"Ct relative to the economy-wide ratio

in the previous period M<i=1*
p p Cpi—1

, so that adjustment costs are external to individual distributors.

Given the presence of adjustment costs, the representative consumption goods distributor
chooses (a contingency plan for) Cp; and M¢y to minimize its discounted expected costs of pro-
ducing the aggregate consumption good:

o
min [ Z Vit (PpiskCpirk + PyreykMcitk) (A.14)

Chisr,M,
Dt+k Ct+k k=0

1+ 1+ _PC 1 1+pc
+FPctrk |Capvr — < "CCHAG + (L —we) e (oo Mot yk) “”’C) )

The distributor sells the final consumption good to households and the government at a price Pcy,
which may be interpreted as the consumption price index (or equivalently, as the shadow cost of
producing an additional unit of the consumption good).

We model the production of final investment goods in an analogous manner, although we allow
the weight wy in the investment index to differ from that of the weight weo in the consumption

goods index.*3

A2 Thus, the larger-scale model constrains the import share of government consumption to equal that of private
consumption.

A3 Government spending is assumed to fall exclusively on consumption, so that all investment is private investment.
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A.2. Households and Wage Setting

We assume a continuum of monopolistically competitive households (indexed on the unit interval),
each of which supplies a differentiated labor service to the intermediate goods-producing sector
(the only producers demanding labor services in our framework) following Erceg, Henderson and
Levin (2000). A representative labor aggregator (or “employment agency”) combines households’
labor hours in the same proportions as firms would choose. Thus, the aggregator’s demand for
each household’s labor is equal to the sum of firms’ demands. The aggregate labor index L; has

the Dixit-Stiglitz form:
1464

1
L[ emEEa] (A.15)
0
where 60,, > 0 and Ny(h) is hours worked by a typical member of household h. The parameter ( is
the size of a household of type h, and effectively determines the size of the population in the home
country. The aggregator minimizes the cost of producing a given amount of the aggregate labor
index, taking each household’s wage rate W; (h) as given, and then sells units of the labor index to

the production sector at their unit cost W;:

1 _ 0w
W, = V Wy (h) 7w dh} . (A.16)
0
The aggregator’s demand for the labor services of a typical member of household h is given by
Wi (h)] ™ "
wih = [P L (A7)
t

We assume that there are two types of households: households that make intertemporal con-
sumption, labor supply, and capital accumulation decisions in a forward-looking manner by maxi-
mizing utility subject to an intertemporal budget constraint (FL households, for “forward-looking” );
and the remainder that simply consume their after-tax disposable income (HM households, for
“hand-to-mouth” households). The latter type receive no capital rental income or profits, and
choose to set their wage to be the average wage of optimizing households. We denote the share of
FL households by 1-¢ and the share of HM households by .

We consider first the problem faced by FL households. The utility functional for an optimizing

representative member of household A is

> : 1 1—0
B4 {1_0 (CO, (h) = 3CO.,_ — Cresj) " + (A.18)
=0
XOZt1+_jU 1—x M By j11(h)
e O Ee A RS
1—x Pt
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where the discount factor ( satisfies 0 < [ < 1. As in Smets and Wouters (2003, 2007), we
allow for the possibility of external habit formation in preferences, so that each household member
cares about its consumption relative to lagged aggregate consumption per capita of forward-looking
agents C’tq 1- The period utility function depends on an each member’s current leisure 1 —V; (h), his

. MByy1(h
end-of-period real money balances, 1372()

, and a preference shock, v.. The subutility function
F(.) over real balances is assumed to have a satiation point to account for the possibility of a
zero nominal interest rate; see Eggertsson and Woodford (2003) for further discussion.** The

(log-linearized) consumption demand shock v is assumed to follow an AR(1) process:
Vet = PyVet—1 F Evert. (Alg)

Forward-looking household h faces a flow budget constraint in period ¢ which states that its
combined expenditure on goods and on the net accumulation of financial assets must equal its
disposable income:

Poy (14 71cv) Cto (h) + Pridy (h) + M Byyy (h) — M B(h) + fs §t7t+1BDt+1(h)
P:,B h
—Bpt(h) + PptBct+1 — Bt + St%:l() — S¢Bry(h)

= (1 — TNt)Wt (h) N (h) + I (h) + TRt(h) + (1 — TKt)RKth(h)+
P]tTKtéKt(h) - PDt¢It(h)-

(A.20)

Consumption purchases are subject to a sales tax of 7¢¢. Investment in physical capital augments

the per capita capital stock K;11(h) according to a linear transition law of the form:
K1 () = (1 = 6)K¢(h) + I (h), (A.21)

where 0 is the depreciation rate of capital.

Financial asset accumulation of a typical member of FL household h consists of increases in
nominal money holdings (M Biy1 (h) — M B (h)) and the net acquisition of bonds. While the
domestic financial market is complete through the existence of state-contingent bonds Bp;1, cross-
border asset trade is restricted to a single non-state contingent bond issued by the government of
the foreign economy.*-?

The terms Bgi+1 and Bpy1 represents each household member’s net purchases of the govern-
ment bonds issued by the home and foreign governments, respectively. Each type of bond pays one
currency unit in the subsequent period, and is sold at price (discount) of Pp; and Pj,, respectively.

S; is the nominal exchange rate. To ensure the stationarity of foreign asset positions, we follow

A4 For simplicity, we assume that o is sufficiently small that changes in the monetary base have a negligible impact
on equilibrium allocations, at least to the first-order approximation we consider.
A5 The domestic contingent claims Bpsy1 are in zero net supply from the standpoint of home economy as a whole.
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Turnovsky (1985) by assuming that domestic households must pay a transaction cost when trading
in the foreign bond. The intermediation cost depends on the ratio of economy-wide holdings of net

foreign assets to nominal GDP, Pp;Yp:, and are given by:

B
Py = €xp <—¢b (PD}Z;F;t>> : (A.22)

If the home country is an overall net lender position internationally, then a household will earn

a lower return on any holdings of foreign bonds; conversely, if the home country is a net debtor
position, home households pay a higher return on their foreign liabilities. Given that the domestic

government bond in the home economy and foreign bond have the same payoff, the price faced by

home residents net of the transaction cost is identical, so that Pg; = Zit. The effective nominal
interest rate on domestic bonds (and similarly for foreign bonds) hence equals iy = 1/Pp; — 1.
Each member of FL household h earns after-tax labor income, (1 — 7x¢)W; (k) Nt (h), where
TNt 1 a stochastic tax on labor income. The household leases capital at the after-tax rental rate
(1—7xt) Rict, where Ty is a stochastic tax on capital income. The household receives a depreciation
write-off of Pry7 x4 per unit of capital. Each member also receives an aliquot share I'; (k) of the
profits of all firms and a lump-sum government transfer, T'R; (h) (which is negative in the case of a
tax). Following Christiano, Eichenbaum and Evans (2005), we assume that it is costly to change

the level of gross investment from the previous period, so that the acceleration in the capital stock

is penalized:
(Te(h) = I1)°

1
¢ri(h) = 561 Iy

5 (A.23)

In every period ¢, each member of FL household A maximizes the utility functional (A.18) with
respect to its consumption, investment, (end-of-period) capital stock, money balances, holdings
of contingent claims, and holdings of domestic and foreign bonds, subject to its labor demand
function (A.17), budget constraint (A.20), and transition equation for capital (A.21). In doing
so, a household takes as given prices, taxes and transfers, and aggregate quantities such as lagged
aggregate consumption and the aggregate net foreign asset position.

Forward-looking (FL) households set nominal wages in staggered contracts that are analogous
to the price contracts described above. In particular, with probability 1 —¢,,, each member of a

household is allowed to reoptimize its wage contract. If a household is not allowed to optimize its

wage rate, we assume each household member resets its wage according to:

Wi(h) = wi® w' =W, _1(h), (A.24)
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where w;_1 is the gross nominal wage inflation rate in period ¢t — 1, i.e. W;/W;_1, and w = 7 is the
steady state rate of change in the nominal wage (equal to gross price inflation since steady state
gross productivity growth is assumed to be unity). Dynamic indexation of this form introduces
some element of structural persistence into the wage-setting process. Each member of household A
chooses the value of W;(h) to maximize its utility functional (A.18) subject to these constraints.
Finally, we consider the determination of consumption and labor supply of the hand-to-mouth
(HM) households. A typical member of a HM household simply equates his nominal consumption
spending, Poy (1 + 7¢¢) CHM (h), to his current after-tax disposable income, which consists of labor

income plus lump-sum transfers from the government:
Poir (1+70¢) CFM (R) = (1 — 75e) Wy (R) Ny (h) + TRy (h). (A.25)

The HM households are assumed to set their wage equal to the average wage of the forward-
looking households. Since HM households face the same labor demand schedule as the forward-
looking households, this assumption implies that each HM household works the same number of

hours as the average for forward-looking households.

A.3. Monetary Policy

The central bank is assumed to adhere to a Taylor-type policy rule although we allow here for some

inertia in the interest rate reaction function that is captured by the term ~,i;—1:

ir = (L —y;) (Upmot + Y Any + Y p Ay + v405-1), (A.26)

where 7y is consumer price inflation, and z; is the model consistent output gap, i.e. the percent
deviation of actual output from the notional level of output that would prevail if prices and wages
were fully flexible.

When monetary policy is subject to the zerlo-lower-bound (ZLB), the policy rule is modified as

follows:

i = max [—1, (1 = 7;) (Y7ot + Vet + Ya A2t + Yiie-1)] (A.27)

where i is the steady state nominal interest rate: as before, 7; measures the policy rate as a deviation

from steady state, so that i, = —i implies that the policy rate is zero when expressed in levels.
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A .4. Fiscal Policy

The government does not need to balance its budget each period, and issues nominal debt Bgyi1
at the end of period ¢ to finance its deficits according to:
PpBg i1 — Bay = PoyGy+ TR + TRIM — 7y Wi Ly — 704 PouCr — Tiu (R — 0Pr4) Ky

—(MByy1 — MBy) — s Prre My /(1 + Tare) + 7x P Xo /(1 + Tx ),
(A.28)

where C; is total private consumption. Equation (A.28) aggregates the capital stock, money
and bond holdings, and transfers and taxes over all households so that, for example, T R? =
foo TRtO (h)dh. The taxes on capital 7, consumption 7¢¢ and labor income 7p, as well as the

. HM _ TRFM
ratio of real transfers to (trend) GDP to hand to mouth households, tr; = —py—» are also

assumed to be fixed.2® Government purchases have no direct effect on the utility of households,
nor do they affect the production function of the private sector.

The process for the (log of) government spending is given by an AR(1) process:

(9t — 9) = pc (gi-1 — 9) + g1, (A.29)

where ¢4 is independently normally distributed with zero mean and standard deviation og.
We assume that policymakers adjust the ratio of real transfers to (trend) GDP for optimizing

O
households, trto = %, to stabilize the debt/GDP ratio and the deficit. Specifically, the labor tax

rate evolves according to:
tr9 —tr® = vy (trto_l - tro) — (1 =v1) [v2 (bgt — bg) + v3 (Abgry1 — Abg)], (A.30)

where bg; = Bagi/(4PY) (i.e. government debt as share of nominal trend output).

A.5. Resource Constraint and Net Foreign Assets

The home economy’s aggregate resource constraint can be written as:

Ypr = CDt+IDt+¢It+ <<Mt*, (A?)l)

where ¢r, is the adjustment cost on investment aggregated across all households. The final con-

sumption good is allocated between households and the government:

Cat = Ct + G, (A.32)

A6 Given that the central bank uses the nominal interest rate as its policy instrument, the level of seigniorage is
determined by nominal money demand.
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where Cy is (per capita) private consumption of FL (optimizing) and HM households:
Cy = (1—¢)CP +cCHM, (A.33)
Total exports may be allocated to either the consumption or the investment sector abroad:
M} = M}, + Mj,. (A.34)

The evolution of net foreign assets can be expressed as:

P: B x
B’tTF’t“ = Bpy + Pj\}tCCMt* — Py, M, (A.35)
bt

This expression can be derived from the budget constraint of the FL households after imposing
the government budget constraint, the consumption rule of the HM households, the definition of
firm profits, and the condition that domestic state-contingent non-government bonds (Bp¢y1) are
in zero net supply

Finally, we assume that the structure of the foreign country is isomorphic to that of the home

country.

A.6. Production of capital services

The model is amended to include a financial accelerator mechanism into both country blocks of our
benchmark model following the basic approach of Bernanke, Gertler and Gilchrist (1999). Thus,
the intermediate goods producers rent capital services from entrepreneurs (at the price Rgy) rather
than directly from households. Entrepreneurs purchase physical capital from competitive capital
goods producers (and resell it back at the end of each period), with the latter employing the same
technology to transform investment goods into finished capital goods as described by equations
A.21) and A.23). To finance the acquisition of physical capital, each entrepreneur combines his net
worth with a loan from a bank, for which the entrepreneur must pay an external finance premium
(over the risk-free interest rate set by the central bank) due to an agency problem. Banks obtain
funds to lend to the entrepreneurs by issuing deposits to households at the interest rate set by the
central bank, with households bearing no credit risk (reflecting assumptions about free competition
in banking and the ability of banks to diversify their portfolios). In equilibrium, shocks that affect
entrepreneurial net worth — i.e., the leverage of the corporate sector — induce fluctuations in the

corporate finance premium.*-7

AT We follow Christiano, Motto and Rostagno (2008) by assuming that the debt contract between entrepreneurs
and banks is written in nominal terms (rather than real terms as in Bernanke, Gertler and Gilchrist, 1999). For
further details about the setup, see Bernanke, Gertler and Gilchrist (1999), and Christiano, Motto and Rostagno
(2008). An excellent exposition is also provided in Christiano, Trabandt and Walentin (2007).
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A.7. Solution Method and Calibration

To analyze the behavior of the model, we log-linearize the model’s equations around the non-
stochastic steady state. Nominal variables are rendered stationary by suitable transformations.
To solve the unconstrained version of the model, we compute the reduced-form solution of the
model for a given set of parameters using the numerical algorithm of Anderson and Moore (1985),
which provides an efficient implementation of the solution method proposed by Blanchard and
Kahn (1980). When we solve the model subject to the non-linear monetary policy rule (A.27), we
use the techniques described in Hebden, Lindé and Svensson (2009). An important feature of the
Hebden, Lindé and Svensson algorithm is that the duration of the liquidity trap is endogenously
determined.? 8

The model is calibrated at a quarterly frequency. The country size parameter ( = 1, so that
the home and foreign countries are equally large. The trade share of the home economy is set to
18 percent of its GDP, which intended to match U.S. trade with the rest of the world. This pins
down the trade share parameters wo and wy for the home country under the additional assumption
that the import intensity of consumption is equal to 3/4 that of investment. The trade share of
the foreign economy is thus 7.5 percent. We assume that po = p; = 2.5, which together with
our price markup 6, = 0.2 is consistent with a long-run price elasticity of demand for imported
consumption and investment goods of 1.5. The import adjustment cost parameters are set so
that ¢, = ¢y, = 1, which slightly damps the near-term relative price sensitivity. The financial
intermediation parameter ¢, is set to a very small value (0.00001), which is sufficient to ensure the
model has a unique steady state.

The utility functional parameter o is set equal to 1 to ensure that the model exhibit balanced
growth, while the s parameter determining the degree of habit persistence in consumption is
set to 0.8 (following empirical evidence). The Frisch elasticity of labor supply is set to 0.4 (so
X = 2.5). The utility parameter y, is set so that employment comprises one-third of the household’s
time endowment, while the parameter p, on the subutility function for real balances is set at an
arbitrarily low value (so that variation in real balances do not affect equilibrium allocations). We
set the share of HM agents ¢ = 0.5, implying that these agents account for about one quarter of
aggregate private consumption spending (the latter is much smaller than the population share of
HM agents because the latter own no capital).

The parameter determining investment adjustment costs is estimated to be ¢; = 3. The

A8 In future work, it would be of interest to solve the model in a fully non-linear form.
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depreciation rate of capital § is set at 0.03 (consistent with an annual depreciation rate of 12
percent). The parameter p in the CES production function of the intermediate goods producers
is set to —2, implying an elasticity of substitution between capital and labor (1 + p)/p, of 1/2.
The quasi-capital share parameter wx — together with the price markup parameter of 8p = 0.20
— is chosen to imply a steady state investment to output ratio of 20 percent. In the augmented
version of the model with a financial accelerator, our calibration of parameters follows Bernanke,
Gertler and Gilchrist (1999). In particular, the monitoring cost, u, expressed as a proportion of
entrepreneurs’ total gross revenue, is set to 0.12. The default rate of entrepreneurs is 3 percent
per year, and the variance of the idiosyncratic productivity shocks to entrepreneurs is 0.28.

The Calvo price contract duration parameters are set to be £, = &, = 0.92, while the wage
contract duration parameter is estimated to be &, = 0.90. We set the degree of price indexation
tp = 0.5 and wage indexation ¢, to unity, while the wage markup Oy = 1/ 3.A9 The parameters
of the monetary rule are set such that v, = 2.5, v, = 0.125, Yo, = 7,/2, and 7; = 0.7. With
the discount factor set at 8 = 0.995 and the inflation target at 2 percent, the steady state nominal
interest rate is 4 percent.

The parameters pertaining to fiscal policy are intended to roughly capture the revenue and
spending sides of the U.S. government budgets. The share of government spending on goods and
services is set equal to 18 percent of steady state output. The government debt to GDP ratio, bg,
is set to 0.90, roughly equal to the average level of consolidated federal debt at end-2016. The ratio
of transfers to GDP is set to 7.5 percent. The steady state sales (i.e., VAT) tax rate 7¢ is set to
6 percent, while the capital tax 7x is set to 0.30. Given the annualized steady state real interest
rate (of 2 percent), the government’s intertemporal budget constraint then implies that the labor
income tax rate 7y equals 0.375 in steady state. We assume an unaggressive tax adjustment rule

in (A.30) by setting v1 = 0.985 and vo = v3 = .1.

Appendix B. Additional Results

In this appendix, we present some additional results referred to in the main text.

A9 Given strategic complementarities in wage-setting, the wage markup influences the slope of the wage Phillips
Curve.
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B.1. Effects on Flexible Price-Wage Allocations

In Figure B.1 we report the results on the allocations in the notional equilibrium with flexible
prices and wages of exactly the same experiment as in Figure 1. As some variables in Figure 1 are
specific to the sticky price version of the economy, those variables are replaced with other ones in

the figures (potential real rate and investment at home and abroad).

B.2. Results Under Producer Currency Pricing

In Figure B.2 we report the effects of exactly the same experiment as in Figure 1 but under PCP
instead of LCP assumption.

B.3. Results Under Home Currency Invoicing

In Figure B.3 we report the effects of exactly the same experiment as in Figure 1, but under the
alternative assumption that all trades goods are priced in the home currency when they are traded.
Technically, we implement this by assumption LCP in the home import sector, but PCP for the

home export (foreign import) sector.
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Figure B.1: Effects of Import Tariffs and Export Subsidies on Flex—price Equilibrium.
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Figure B.2: Effects of Permanent Import Tariffs and Export Subsidies Under PCP.
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Figure B.3: Import Tariff and Export Subsidy Under Home Currency Invoicing.
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Appendix C. Analytical Results under Complete Markets

In this appendix, we show that uncertainty about trade policy rather than the introduction of
tariffs and subsidies per se is the key mechanism whereby the complete markets assumption causes
deviations from Lerner symmetry. We first outline the model setup. Next, we show that Lerner
symmetry holds when there is no trade policy uncertainty. Finally, we establish the breakdown

from the equivalence when there is uncertainty.

C.1. Model Setup

Following Dellas and Stockman (1986), we assume an endowment world economy where there are
two countries, two tradable goods (X and Y') that are endowments for both countries, and 4 state of
the world. In State 0 there are no tariffs, in State 1 the home country imposes an import tariff 7. In
State 2, the home country imposes and export subsidy ¢ and in State 3 the home economy imposes
both an import tariff and an export subsidy. Each state has a probability 7; > 0,¢=1,...,3. We
will denote the foreign country variables with an asterisk (*).

The endowment of the two goods for the home country is X and Y, and X* and Y* in the
foreign country. Moreover, it is assumed that X /Y and Y*/X* are sufficiently high so that the
home (foreign) country is an exporter of good X (Y) in equilibrium.

Households in both countries have a separable and symmetric utility function U(z,y) = Inz +
Iny. The government collects the revenues from the import tariff and extend export subsidies to
export firms. It balances its budget each period through lump sum taxes, T, which are extended

to the households.

C.2. Deterministic Trade Policy

In the absence of trade policy uncertainty, we consider the state when the government introduces
an import tariff 7 and export subsidy o with certainty. Formally, this means that we set w3 = 1

and m; = w9 = m4 = 0. In this case, the household problem in the home economy is

max U(x,y) (C.36)
Y

~T=pX —2)1+0)+q¥ —y)(L+7)

where p and ¢ are the price of x and y, respectively. A similar problem holds for the foreign country

with o* =7 = 0.
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The first order conditions are (where A is the lagrange multiplier associated to the budget

constraint)

1/z = Ap(1+o0) (C.37)

1)y = Ag(1+71) (C.38)

A similar pair of equations hold for the foreign country. No arbitrage conditions also imply that
p=p(1+0)and ¢ =¢*(1+ 7). We set p* = 1 as numeraire.

If the export subsidy equals the import tariff, o0 = 7, eqs. (C.37) and (C.38) can be combined
to show that relative prices are undistorted by the trade policy within a country ¢/p = ¢*/p* =
X /Y™, where X% = X + X* is global production of good X (similarly for Y). The terms of trade
p/q and the real allocation are, thus, not affected by the trade policy.“1°

The real exchange rate F/, however, will move with the policy. Following the workhorse model,
the real exchange rate is defined as F = P*/P where P = wp+ (1 —w)q and P* = wp* + (1 — w)q*,
for some allocation share of the X and Y goods w > 0. Hence, we have £ = P*/P =1/(1+71)

Since prices are free to adjust, the introduction of an import tariff and export subsidy ap-
preciates the home-country real exchange rate while keeping relative prices unaffected. While
consumption volumes are unaffected, the relative value of the home consumption bundle, C/C* =
(px + qy)/(p*z* + ¢*y*) = 1 + 7, increases at rate 7. In fact, the additional value of money (i.e.,

the shadow price of government transfers) is lower in the home country A < \*.

C.3. Trade Policy Uncertainty

Now we consider the general case with uncertainty about trade policy, i.e. m; > 0 Vi. The repre-
sentative consumer of both countries can trade Arrow-Debreu securities (i.e., claims of a unit of

good i in state j) to maximize
3
max 27%[](1’1':%)7
1=

s.t. (C.39)
—T; = pi(X —2) (L4 03) + (Y —y) (1 +75)

Where p; and ¢; are the prices of the claims.®!! The foreign consumer faces a similar problem but

in this country tariffs and subsidies are zero in all states, that is o} = 77 = 0 V.

C10 1t is easy to verify the solution z = X/2 4+ Y X% /Y™, o* = X*/2 + Y*XV/Y" q/p = X /Y™, y = x/q, and
el
C-11 Recall that we have assumed co=70=0,01=0and 71 =7,02 =0 and 72 =0, and 03 =0 and 73 = 7.
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Without loss of generality, we assume that the two countries are symmetric X = Y* and
Y = X*. In this case, in State 0 consumption must be symmetric 79 = yo = 2§ = y§ = X*/2 and
prices undistorted pg = qo. This allows us to determine the lagrange multiplier associated with an

additional unit of money as

A= )\* = O.57T0/(p0Xw) = 0.57T0/Xw, (C.40)

having set po = 1 as numeraire.®'> The fact that the shadow value of an additional unit of money
is constant across countries is a departure from the deterministic case previously studied and will

be key to understand the departure from the Lerner equivalence.

State of the world with import tariff and export subsidy In this case the price distortion
induced by the tariffs is symmetric for net exported and imported good such that ps/qs = 1.
However, since in equilibrium contracts ensure that the marginal utility from an additional unit of
money is proportional between home and foreign consumers in all states, the following relationships
has to hold in State 3:

1 1

A == — C.41
P3/T3 (1+o)zs a3 ( )
s/ ! ! (C.42)
q3/m3 = = —. -
(I+7)ys w3
As a result, the value of the consumption is equated across the two countries
Cs = (1+ 7)psxs + (1 + 0)g3ys = psxs + qzy; = C3, (C.43)
but the Lerner symmetry breaks down because volumes differ (assuming 7 = o):
1
C _x3tys _ (C.44)

c astyr 147
where ¢ (¢*) is consumption volume in the home (foreign) country.

We have introduced assets that allow shifting wealth to or from a state where a border adjust-
ment tax (by the home countries) is introduced. Households optimally choose to ensure the value
of their wealth (i.e., the value of an additional unit of money) from the trade policy shock. In the
standard static deterministic framework, it is only the relative price of a good that guides resource
allocation and this relative price remains the same. However, in a stochastic framework with asset
markets, consumers also respond to changes in the relative price of a good across states by shifting

consumption from one state to another via asset markets.

€12 Using po as numeraire only requires mo > 0.
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