The Macroeconomic Effects of Trade Policy*

C. Erceg A. Prestipino A. Raffo
Federal Reserve Board Federal Reserve Board Federal Reserve Board

First version: March 20, 2017. This version: July 9, 2017

Abstract

We study the short-run macroeconomic effects of trade policies that are equivalent in
a frictionless economy, namely a uniform increase in import tariffs and export subsidies
(IX), a value-added tax increase accompanied by a payroll tax reduction (VP), and a
border-adjustment of corporate profit taxes (BAT). Using a dynamic New Keynesian
open-economy framework, we show that IX and BAT policies are equivalent, and the
unilateral implementation of either policy boosts output and inflation even under flexible
exchange rates. Although these policies may have no allocative effects under specific
assumptions — as the exchange rate appreciates enough to fully offset the effects on trade
prices — we argue that the conditions required for such neutrality are very unlikely to hold
in practice (even approximately). Finally, we show that VP policies have substantially
different effects than IX or BAT policies under a wide range of assumptions — including
about monetary policy and price-setting — and are likely to be contractionary rather than
expansionary for output.
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1 Introduction

There is a longstanding debate about how trade policies can stimulate the macroeconomy.
In the context of evaluating the merits of remaining on the gold standard during the early
phases of the Great Depression, Keynes (1931) argued that the U.K. could derive a similar
degree of stimulus from raising import tariffs and reducing export tariffs as through devalu-
ing the pound against gold. However, Mundell (1961) questioned whether this mercantilist
prescription would stimulate demand in economies with floating exchange rates, arguing that
for the latter economies “equilibrium in the balance of payments is automatically maintained
by variations in the price of foreign exchange”.

In this paper, we examine the short-run macroeconomic effects of alternative trade policies
in a New Keynesian open-economy framework that builds on contributions by Gali and
Monacelli (2005) and Farhi, Gopinath, and Itskhoki (2014). We begin by analyzing how
Keynes’ proposal of a uniform increase in import tariffs and export subsidies (IX henceforth)
would play out under different monetary policy regimes, and then consider alternative tax
policies that may also affect traded goods prices even without directly taxing imports or
subsidizing exports.

The first key finding of our analysis is that IX policies tend to boost domestic output
and inflation even under flexible exchange rates. While IX policies clearly stimulate demand
under fixed exchange rates — as hypothesized by Keynes and corroborated by Farhi et al.
(2014) — our finding that these policies are also stimulative under flexible exchange rates
contrasts sharply with the conventional view, in which the exchange rate appreciates enough
to fully offset any allocative effects of import and export tariffs on the domestic economy.

We highlight that the conditions under which IX policies are “neutral,” i.e., have no
allocative effects, appear extremely restrictive and hence unlikely to hold in practice. Specif-
ically, neutrality requires that the IX policies are unanticipated, understood as permanent,
and do not trigger retaliatory actions by foreign countries; that valuation effects associated
with the nominal exchange rate appreciation exactly offset changes in fiscal revenues orig-

inating from the policy (i.e., there is no trade in domestic currency denominated assets);

!See, for instance, the orginal contribution by Lerner (1936), Mundell (1961) and, more recently, Constinot
and Werning (2017).



and, finally, that the exchange rate passthrough to import prices is full and immediate (often
referred in the literature as producer currency pricing).

We explore the implications of relaxing these conditions for neutrality, and show that
the long-run effects of the trade policy actions on the exchange rate play a central role in
determining its allocative effects. Using a Markov-switching framework, our paper considers
two mechanisms that cause the exchange rate to revert to its initial level in the long-run:
first, an eventual abandonment of the policy; and second, retaliation by foreign countries. In
both cases, the policy has sizeable stimulative effects. Intuitively, the tariff policies resemble
a familiar “IS curve" shock under these conditions: without any change in the domestic real
interest rate, the real exchange rate must also remain unchanged, so that the higher tariffs
and subsidies show through fully to trade prices, and provide a strong boost to net exports.
In contrast, if trade policy actions are expected to last forever and there is no retaliation
by other countries — as typically assumed in the literature — the expected long-run exchange
rate appreciation puts immediate upward pressure on the exchange rate even without any
interest rate rise. This long-run appreciation markedly damps the shift in aggregate demand
that would occur at any given interest rate, offsetting it completely in the special case in
which the neutrality conditions hold so that output is unaffected.

Our paper also considers how the quantitative effects of IX policies depend on key struc-
tural features of the economy, including monetary and exchange rate policies. While the
stimulus to output is comparatively larger under fixed exchange rates, these policies provide
a sizable boost to output in the near-term even under a standard Taylor rule provided that
policymakers “look through” any transient spike in consumer prices. Our Markov-switching
framework is helpful in illustrating how beliefs about the persistence of trade policy actions,
or about the likelihood of near-term retaliation, influence the size and persistence of the
output response. We also show how empirically relevant frictions such as habit persistence in
consumption and local currency pricing tend to amplify the response of output to IX policies.

We then turn our attention to the analysis of two tax policies that are often considered
equivalent to IX. In particular, we first study the effects of an increase in value-added taxes
accompanied by a reduction in employer payroll contributions (VP), a policy that has been

proposed as a possible way to reproduce the effects of IX and a nominal exchange rate



devaluation through an internal fiscal adjustment (see, for example, Farhi et al. (2014)). We
also analyze the effects of a border-adjustment of corporate profit taxation (BAT). Border-
adjustment of taxes is an issue widely studied in the context of value-added taxation and
flexible prices.? More recently, several authors, including Auerbach and Holtz-Eakin (2016),
Auerbach et al. (2017), have argued that a border adjustment of corporate taxation would
be equivalent to VP and thus fully compliant with WTO rules.

We find that while the import tariffs and export subsidies stimulate GDP, boost inflation,
and induce domestic interest rates to rise, a combination of a higher VAT and a rise in the
payroll subsidy to employers (VP policy) tends to have contractionary effect on aggregate
demand and inflation, at least under a Taylor-style interest rate rule. The contractionary
effects of VP are particularly large when the monetary policy reaction function is fairly un-
responsive, as occurs if the central bank puts a substantial weight on exchange rate stability.

We discuss two key assumptions responsibile for the contractionary effects of VP. First, we
assume that pre-tax prices are sticky, so that VAT increases are immediately passed through
to consumer prices. Second, we assume once again that agents perceive some chance the
VP policy will be reversed. The upshot of this assumption is that consumers would face a
higher real interest rate if policy rates were unchanged and pre-tax goods prices were also
unchanged (since households would expect the prices of goods to be lower at some point in
the future). Thus, policy rates would have to decline to keep aggregate demand (and hence
output) at its pre-shock level, and the exchange rate to depreciate. Since a standard Taylor
rule does not provide enough accommodation to stabilize the economy, output contracts and
inflation falls, and the contraction is much more severe under an exchange rate peg.

These results may seem surprising in light of Farhi et al. (2014) which show that, under
fixed exchange rates, VP provides equivalent stimulus to output and inflation as IX or an
exchange rate devaluation. The key reason for the dramatic difference in results is that we
assume that consumer prices adjust quickly to the VAT — so prices are sticky in pre-tax terms
— whereas Farhi et al. (2014) assume that consumer prices are sticky inclusive of the VAT.

We view our contribution as highlighting the sensitivity of their equivalence results to this

?See, for example, Meade (1977), Grossman (1980), and Feldstein and Krugman (1990), Costinot and
Werning (2017).



pricing feature.

Finally, we also show that in our framework a border adjustment of corporate taxation
is equivalent to IX policies, and, as a consequence, differs substantially from VP policies.
Intuitively, the BAT eliminates the deductibility of imports from profits, thus acting like a
tariff, and exempts exports, thus acting like an export subsidy. Consequently, the BAT in
general provides stimulus exactly like IX policies and has no allocative effects only under the
fairly extreme assumptions.

The paper is organized as follows. Section 2 describes the model. Section 3 discusses
conditions for equivalence of the IX, VP, and BAT policies as well as the macroeconomic

effects of such policies. Section 4 concludes.

2 Model

The benchmark economy features a home (H) country and a foreign (F') country. Agents in
the economy include households, retailers, producers of intermediate goods, and the govern-
ment. The next sections describe the optimization problems solved by each agent. Foreign

variables are denoted with an asterisk.

2.1 Households

Households in the home country derive utility from a final good consumption (C}) and disu-
tility from labor (V). Households trade noncontingent nominal bond By and Bp; denom-
inated in the home and foreign currency respectively. The households maximizes expected
lifetime utility

Bo¥3206'U (Ct, Nyi) (1)

subject to the budget constraint
P,Cy + Bt + €Brt = Ri—1Bui—1 + et Ry _1Bpt—1 + Wi Ny + ﬁt +1; (2)

where P; is the consumer price index, R;_1 is the domestic nominal interest rate, R} ; is

the foreign nominal interest rate, £; is the nominal exchange rate (defined as the price of

one unit of foreign currency in terms of units of home currency), W; is the wage rate, II; is



the aggregate profit of the home firms assumed to be owned by the home consumers, 7} is
a lump-sum transfer from the government. We assume for simplicity that the period utility

function is
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where Ay 11 = ( Cf;) is the real stochastic discount factor of the home household. The

corresponding optimality conditions for foreign household holdings of bonds are
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where x € {0,00} determines the costs for the foreign household of holding home currency

denominated bonds in excess of a given long-run value B. Thus, when y = 0 foreign house-
holds can costlessly adjust their holdings of Bj;,, whereas when x = oo holdings of B}, are
fixed at their long-run value at all times (i.e. B}, = B). These conditions, together with
(6), imply the risk-sharing condition
Qi+1 } Py }
Apy1—— il =—+¢=0 9
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where @), is the real exchange rate expressed as the price of the foreign consumption bundle

in home currency relative to the price of the domestic consumption bundle, that is

P*
Qr =et—- 2 (10)



2.2 Retailers
Competitive home retailers combine home and foreign intermediate goods to produce the final

(11)

consumption good according to the constant-elasticity-of-substitution (CES) aggregator
_6
0—1

6—-1 1 0-1
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where 6 > 0 determines the elasticity of substitution between home and foreign intermediates

and wy € [0.5, 1] governs home bias. The home good (yx:) and the foreign good (yp¢) consist

of CES aggregators over home and foreign varieties
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Profit for the home retailers are

7 = (1 —77) (P.Cy — Py — Priyre)

where 77 is the tax rate on profits. Prices of imported goods, Pr¢, are inclusive of tariffs

(7).
Given the CES structure of these aggregators, the home and foreign good demand func-

|
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The home-country price indexes consistent with the CES aggregators are

_1
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2.3 Producers

Each country features a continuum 4 € [0, 1] of monopolistically-competitive firms producing

different varieties of intermediate goods. Producers use the technology

Y (i) = AeZi (i) N{* (4) (22)

with 0 < a < 1. A; is the aggregate country-wide level of technology and Z:(i) is the
idiosyncratic level of technology. Producers use labor N (i) as the only input of production.

Total production is sold both domestically and abroad

ymi(i) + v (i) = Yo (i) (23)

at price Py (i) and Pj, (i), respectively.® After tax profits of firm i are

(A4sE) _pe
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where ¢f is the export subsidy and 77"

are import tariffs levied in the foreign economy.
Firm ¢ sets prices as in Calvo (1983): In any given period, it can adjust its price with

probability (1 — {p) and maintains the same price as in the previous period with probability

3 As indicated before, all prices are inclusive of tariffs levied in the two countries.



(p. Therefore, firm ¢’s domestic price evolves according to:

P (i) w/prob (1 —¢p)
P (i) = (25)
Pry—1 (1) w/prob (p

In our benchmark specification, we assume that firms set export prices in their domestic
currency (PCP).* Hence, the price in foreign currency of exported goods Pjy,(i) adjusts in

order to equalize net unit revenues across domestic and foreign markets:

Pio0) = S P (20

Firm i chooses a reset price, Ppy(i), to maximize the expected present discounted value

of profits conditional on no price change

B 220, ¢5 7" [Ay 11 (27)

subject to its production technology (22), the evolution of prices in (25) and (26), retailers’
demand in the home market (17), and an analogous demand schedule in the foreign market.

The reset price Ppy(i) satisfies the following optimality condition
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Expression (28) indicates that the adjusted price Py (i) is a constant markup over the
weigthed-average expected future marginal costs during the period for which the price will
be in effect.

Similarly, foreign firm j sets price F;t (7) in the foreign market according to

*S—1 A * * [ * T\ | . Y W¥
EtZg‘;tC}f tAs,tYFt (j) Pps (1 —757) P;t(]) - .

T—tedizzo Nt 0 @

and lets the price for the home market Pp; (j) adjust in order to equalize net unit revenues

*We later explore the implications of alternative pricing assumptions, such as local currency pricing (LCP).



across markets
(I+7") .
(1 4 g%c*) Ft

Combining the evolution of firm 4's price in (25) with the equation for the domestic price

Pri(j) = (7)et (30)

index (20) and using the law of large numbers, we derive a forward-looking Phillips curve

<p+(1—6p)( P >1_Tlv (31)

P

THt =

where domestic inflation (7z;) depends on future marginal costs through the optimal reset

price PH,t.

2.4 Government Policy

Fiscal policy in the home and foreign country is characterized by a vector of taxes and
subsidies

St = (T;nv §f, T;n*7 §f*) (32)

We assume that s; € S is a finite state Markov chain process and €2 is the associated
transition probability matrix, with element €2;; indicating the probability to move from
state j to state 7. For simplicity, we do not consider changes in corporate profit taxes in our
experiments (i.e. 77 = 77" =7 for ¢t > 0).

This specification for fiscal policy in the two countries is particularly appealing as it allows
to consider a wide range of policy configurations and dynamics. For instance, a large literature
has devoted much attention to the stability of the Lerner Symmetry Theorem (Lerner, 1936)
that establishes the neutrality of permanent increases import tariffs and export subsidies.’
In our framework, these policy changes can be modelled as a unanticipated transition to an
absorbing state where only tariffs and subsidies in the home country vary. Our formulation
is also useful to study dynamics associated with turnover in governments and policy reversals

which could make policy changes to be perceived by agents as transient. Finally, and more

See McKinnon (1966) and, more recently, Costinot and Werning (2017) and Linde’ and Pescatori (2017).
The Lerner Symmetry Theorem is also a relevant result for the analysis of neutrality of border tax adjustments,
as in Meade (1974), Grossman (1980), and Auerbach et al. (2017).
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importantly for the focus of our analysis, our formulation is a laboratory to analyze the
effects of potential retaliatory actions by foreign governments.®

To complete the description of fiscal policy we assume that the government balances its
budget in every period:

* * TF =
TietPry — Siet Py + 7 —|—t7-7?H? + th =T, (33)
t

Monetary policy in the home country follows the interest rate rule

oy ]6n
Ry = ; [WHt((l_Tt))] (G1)%v (e — &1)%= (34)

v
1—-77 4

where ¢, is the weight on domestic price inflation (7) and ¢, is the weight on the output
gap (7¢). The parameter ¢, € {0, M} governs the sensitivity of the interest rate rule to
changes in the nominal exchange rate.” When ¢. = 0, the home interest rate responds
exclusively to fluctuations in domestic inflation and output gaps. When ¢, = M, the home
interest rate rule also responds to deviations of the nominal exchange rate from a target

exchange rate.

3 Equilibrium

Define an initial condition for home holdings of bonds and individual producer prices in the
domestic market

2o = (By-1R-1,Bp_1R* |, Pu_1 (i), Pp_; (1))

Definition. Given an initial state g, a stochastic process for fiscal policy {S,Q} and
international transfers {TtI } ,

an equilibrium consists of an allocation {Cy, C}, Ny,

80ssa (2014, 2016) present estimates about the effects of cooperative and noncooperative commercial
policies in multi-country and multi-industry general equilibrium models of international trade. Although
Ossa is able to characterize the optimal trade policies, his analysis abstracts from dynamic considerations
which are the focus of this paper.

"See Benigno et al. (2007) for a discussion of interest rate rules that maintain a fixed exchange rate.
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N{, By, Bf,Yue, Yre, Yo, Yin >0 sindividual producer prices { Py (i) , Pry (1) , Piy (2) , Pryy (4)
PHt (Z) ) P;‘t (Z)}tZO ) and aggregate prices {Pta Pt*a Wta Wt*7 Rt7 R;fkv PHt; PFta P;‘w P;[ty €ty Qt}tzo
such that

1. Given prices, the allocation solves the maximization problems of households and retail-
ers (i.e. it satisfies optimality conditions (4) — (6) and (15) — (16) and the analogous

conditions in the foreign country);

2. Individual producer prices mazximize producers profits (i.e. they satisfy conditions
(25),(26) and (28) and the analogous conditions in the foreign country);

3. Prices clear all markets. Specifically:
Price indezes satisfy (19) — (21) and the analogous conditions in the foreign country;

Nominal rates are determined according to (66) and an analogous rule in the foreign

country;
Labor markets clear:
N, = / N, (i) di (35)

where Ny (1) is firms employment demand as determined by its prices, its production

function and retailers demand schedules;

The bond markets clear
etBry — By = etBri—1R;_; — B 1Ri-1 + NX, (36)

where net exports (NXy) are defined as

Pz Priyr
N T

4 Macroeconomic Effects of Trade Policy

In this section we study the macroeconomic effects of an increase in import tariffs and export

subsidies (IX) in the home country and investigate how these effects depend on the exchange

12



rate regime. Our main result is that as long as the effects of IX on the real exchange rate are
eventually reversed, the unilateral implementation of IX has potentially large expansionary
effects on the home economy and recessionary spillovers in the foreign economy. The appre-
ciation of the currency, in other words, does not fully offset the stimulus provided by these
trade policies.

We discuss the intuition for this result in a flexible-price version of our benchmark econ-
omy by comparing the effects of a permanent implementation of IX to those of a transitory
implementation of the same policy. We then present two mechanisms that imply exchange
rate reversal and, consequently, an only partial offset of the macroeconomic stimulus associ-
ated with IX. First, we consider the possibility that political turnover in the home country
leads to an eventual abandonment of the policy. Second, we analyze the scenario where the
implementation of IX in the home country triggers retaliatory actions by the foreign econ-
omy. We argue that both mechanisms produce dynamics similar to a transitory change in
policy instruments and analyze the critical role of monetary policy, including the exchange
rate regime, for the short-run transmission of IX policies.

We conclude by specifying the exact conditions under which, in a flexible exchange rate
regime, the IX policy has no effects on the real allocation as its stimulative effects on net
exports and output are fully offset by the appreciation of the exchange rate, an argument
originally put forward in Mundell (1961). Quantitatively, reversal of the exchange rate effects

appears to be the most relevant assumption to deliver sizable allocative effects of IX.

4.1 Parameter Values

The parameters values used in our baseline experiments are listed in Table 1. Given our focus
on the transmission mechanism of trade policies, we consider standard values commonly used

in the literature.’

8See, for instance, Gali (2008).
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Table 1

Parameter Value
Discount factor I5} 0.99
Risk aversion o 1.0
Frisch elasticity of labor supply nt 1.0
Labor share « 0.36
Price stickiness Cp 0.95
Trade elasticity 0 1.2
Inflation weight in the rule O 1.25
Output gap weight in the rule Py 0.125

4.2 Permanent vs Transitory IX in a Flex-Price Economy

Under floating exchange rates, the allocative effects of IX policies depend critically on their
long-run effects on the real exchange rate. Specifically, IX policies may have no effect on net
exports and output if the long-run expected appreciation of the real exchange rate is as large
as the shift in policy instruments, as recognized in the seminal analysis of Mundell (1961).
Conversely, when IX policies exert little or no effect on the real exchange rate in the long
run, they tend to be expansionary in the short run.

To illustrate this point, we begin by comparing the case of a (unanticipated) permanent
implementation of IX with an alternative scenario in which IX is expected to eventually
be reversed. For simplicity, here we restrict our attention to the benchmark economy un-
der flexible prices so that details about monetary policy do not have any bearings on the
transmission of these policies.”

The top panel of Figure 1 provides a graphical representation of the effects of a permanent
IX of size § (i.e. 7™ = ¢* = §) on net exports and the real exchange rate.'® The "NX" locus

(solid blue line) shows a negative relation between real net exports and the real exchange

rate and can be interpreted as the demand for home savings. This schedule is derived from

9We also assume that y = oo and B}y, = Br¢ = 0, so that all aggregate savings by the home country are
invested in foreign currency denominated bonds Bpgy.
0The figure is derived by solving the model nonlinearly under perfect foresight.
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the definition of net exports and the PCP conditions expressed in real terms

P _ Pl £ 707 L (38)
Py P 1+¢f Q4

Pre _ Ppy 147"
P Pf 14

Qu (39)

The other key determinant of the real exchange rate and net exports is the supply of
savings in the home country (the solid red line). This schedule is derived from the uncovered
interest parity condition linking the home real interest rate to the expected appreciation of

the domestic currency (%) and to foreign real interest rates'!

Ey { [At,tﬂ%ﬂ — A H} } =0 (40)
t

The supply of savings schedule slopes upward because — holding constant the foreign real
interest rate and real exchange rate level QQ¢11 expected in the future — a higher level of the
exchange rate today implies a larger expected depreciation of the home currency (or smaller
appreciation), that is, a higher real interest rate and a lower level of desired consumption.

The implementation of a permanent IX policy shifts the "NX" schedule outward (dashed
blue line). A visual inspection of (38) and (39) reveals that, for any given level of the
real exchange rate (Q;), higher tariffs make imports more expensive while higher subsidies
make exports cheaper in the foreign country market. Consequently, home-country households
substitute away from the more expensive imports and exports rise, resulting in higher net
exports (point A).

The shift in the saving supply schedule (dashed red line) depends on how Q4 is affected,
which can be interpreted — in this simple heuristic framework — as a proxy for the effect on the
long-run value of the real exchange rate. In the case of a permanent policy change, long-run
balanced trade requires that the real exchange rate will have to appreciate by exactly § so
as to offset the changes in import tariffs and export subsidies, as implied by (38) and (39).
For any given level of the current real exchange rate (Q;), however, the rise in the long-run
real exchange rate would translate into a lower real interest rate, and hence lower desired

savings exactly when net exports are expanding. Accordingly, the real exchange rate must

"For ease of notation, we do not consider the covariance terms involved in the UIP condition.
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immediately appreciate to its long-run value to bring the demand and supply of savings into
balance. As Mundell recognized (1961), the exchange rate rises enough to fully offset the
stimulus to real net exports from the IX policies.

The bottom panel of Figure 1 provides a graphical representation of the effects of a
transitory I1X. While the initial shift of the "NX" schedule is comparable to the previous
case, the transient nature of this experiment has fundamentally different effects on the saving
supply schedule. Specifically, agents now expect the "NX" schedule, and hence the real
exchange rate, to return to its pre-shock level in the long run. Thus, the inward shifts of
the home saving supply schedule is smaller than in the previous case and the new short-run
equilibrium — at point F — is essentially determined by the outward shift in the NX schedule.
As a consequence, the short-run appreciation of the real exchange only dampens, but does
not completely offset, the expansion in net exports.

Taken together, this simple flexible price model is suggestive of two more general points.
First, under conditions in which the real exchange rate is expected to appreciate permanently,
the impact effect of IX policies on the real exchange rate is likely to be of commensurate
magnitude: if not, the real interest rate would fall, reducing desired home savings at the
same time that the IX policies were driving up home net exports. This strong “gravitational
force” in favor of large immediate appreciation of the real exchange rate — and little response
of net exports — is likely to hold across a wide range of models given the nature of the forces
driving it, even if the model is not consistent with the full exchange rate offset implied by
the simple framework. Second, the effects of IX policies can well be markedly different under
conditions in which the real exchange rate eventually reverts to it pre-shock level. In this case,
net exports are likely to rise, with the effects on output and domestic inflation depending on

monetary policy and other features of the modeling framework, as we will next explore.

4.3 Policy Reversal and Retaliation

We now consider two different international trade policy configurations that imply that the
exchange rate effects of a unilateral implementation of IX vanish in the long run. We first
consider an unanticipated implementation of the IX policy in the home country that may be

subsequently reversed with some probability 1 — p. This assumption captures the possibility
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that a new government in the future may unwind the trade policy adopted by the incumbent
government. In this case, the international trade policy regime belongs to one of two different
states, s; € ST = {SNT, SIX}. In the first state (SNT) no country levies any taxes. In the
second state (sI X ) , the home country unilaterally raises import tariffs and export subsidies

X

by the same amount §. Hence, the only non-zero elements of the state s'* are 71" = ¢¥ = 4.

We assume that the transition probability matrix governing the evolution of s; is as

QT:[ ! 0] (41)

follows

I—p p

The matrix Q7 implies that implementation of the IX policy is completely unexpected and,
conditional on being implemented, it is reversed with probability (1 — p).!2

Second, we consider the possibility that the implementation of IX in the home country
triggers retaliation by the foreign country. We model this environment by assuming that the
trade policy regime belongs to one of three different states, s; € ST = {sN T sIX, STW}.
The first two states are as described above. In the third state (STW) , the foreign country
retaliates with a symmetric policy, that is, 77" = ¢f = 77" = ¢* = 4. In this case the

transition probability matrix is:

1 0 0
Q= | (1-m)(1=p) p 7(1—p) (42)
1—¢ 0 ©

The matrix Q implies that the implementation of IX in the home country is either reversed
by the home country autonomously with probability (1 — 7) (1 — p) , or it triggers a retaliation
by the foreign country with probability = (1 — p). Once the foreign country retaliates, the
economy transitions back to a no-tax regime with probability 1 — ¢, while with probability
© it remains in the trade war regime. Notice that we are assuming that the foreign country
does not autonomously abandon its retaliatory policies so that a trade war can only be
reversed by a coordinated reversal of policies in both countries. Equivalently, a unilateral IX
implementation is unanticipated both from the no-policy state s¥7 and from the trade-war

state sTW.

12The special case of p = 1 represents the typical experiment considered in the literature of a unilateral
permanent tax change.
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Under our assumption of symmetric retaliatory response, the distance between the equi-
librium allocation under retaliation and the equilibrium allocation with policy reversal can
be summarized by the economic effects of two offsetting international transfers, as formalized
below.

Lemma 1 A unilateral implementation of IX with policy reversal, i.e. s; governed by
{ST,QT}, implements the same equilibrium allocation as a unilateral implementation that

triggers retaliation, i.e. sy governed by {SR,QR}, coupled with international transfers that

satisfy:
1) RI 1 Rt -1
' =——_|B L By, —2
t1 146 |: fit1—1 77;1 €ty ht1—1 0
Ry Ry _
I to—1 to—1
T, =90 [Bf,tzl 7:?2 €ty — Bhty—1 7; ]

where t1 is the first time the economy transits to the retaliation state s™W and ty > t; is the
first time it leaves the retaliation state sT" .

Proof. See Appendix.

The intuition of this lemma can be easily understood by considering the special case of a
permanent transition to a trade war regime starting from balanced trade. In this case, Tt]1 =0

and TtI2 never occurs. The effects of the trade war can then be analyzed by considering the

laws of one price in the home and foreign country

P, Pm 147y 1

= — 43
P B 1+ @ (43)
Pry  Pp, 1471
STkt 44
Under symmetric retaliation,
L+7™  1+7" (45)

e 1+efr
so that the net export schedules are unaffected and the equilibrium allocations coincide
exactly.

When the home country has a positive net foreign asset position after a transition to sV’

at time ¢, however, an implementation of IX will generate fiscal revenues. Given its positive
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net foreign asset position, the home country will expect to run trade deficits in the future
so that tariff revenues will exceed export subsidies. Symmetrically, the foreign economy
will suffer losses from its implementation of IX. Consequently, a transfer of resources that
corrects this international wealth redistribution is needed to implement the same allocation
under policy reversal and retaliation.'3

The important takeaway from Lemma 1 is that for reasonable levels of net foreign assets,
the difference between the economic effects of retaliation and policy reversal is tiny. This is
because the size of the two offsetting one-time transfers, Ttl1 and TtIQ, is given by a percentage
% of net foreign assets which, under reasonable calibrations, account for only a very small
portion of countries total wealth. Assuming a net foreign asset position of around 40 percent
and annual GDP of about 4 percent of wealth, the size of each transfer turns out to be in
the order of magnitude of § % .4 x .04, resulting in second order effects on the allocation.

In what follows we will focus on the case in which the real exchange rate reversal is a

consequence of retaliatory behavior by the foreign economy. That is we consider a special

case of {SR, QR} in which 7 =1 and ¢ = p.

1 0 0
Qf=1 0 p (1-p) (46)
1-p 0 p

As explained above, any choice of m and ¢ would yield almost identical predictions for the
effects of IX. Our focus on this specific policy configuration is only guided by the fact that
we regard future retaliatory behavior to be a very plausible mechanism to deliver exchange

rate reversal.

4.3.1 IX policy with retaliation

We now turn to the effects of an IX policy implementation that triggers retaliation abroad,
as captured by {S R QR} . Figure 3 shows the response of the real exchange rate, net exports,
and domestic output in the home country to a uniform increase in import tariffs and export
subsidies of 10 percentage points under a flexible exchange rate regime. The solid line shows

the response under an expected retaliation lag of five years (p = .95) while the dotted line

13We develop this argument further below in section 4.3.2.
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portrays the response under a permanent unilateral IX policy (p =1). For simplicity, and
without loss of generality, the no-tax state is assumed to be absorbing (7 = 0) in both cases
so that the initial transition is an unexpected shock.

The figure illustrates the key role played by the long run behavior of the exchange rate that
we described above. When the unilateral implementation of IX is permanent, agents expect
the real exchange to remain appreciated forever. Hence, the upward shift of the saving supply
perfectly offsets the increase in the net export schedule and the nominal exchange rate needs
to jump immediately to its long-run value. The only effect of IX is a permanent appreciation
of the real exchange rate.

When we consider the possibility that the foreign country can retaliate, however, the IX
policy affects the allocation in the short run. Agents anticipate that the foreign government
will eventually implement its own IX policy, pushing both countries to the initial steady state
of no taxes. Thus, the saving effect in the home country will not completely offset the trade
effect and net exports will increase. The appreciation of the exchange rate will only attenuate
the mercantilist element of the IX policy but will not prevent an increase in net exports and
a short-run expansion in domestic output.]

Our previous discussion did not rely on any assumption about monetary policy or price
stickiness. Here we compare our benchmark economy with sticky prices and flexible exchange
rates with two extreme cases, specifically a flexible price economy and an economy with sticky
prices under a fixed exchange rate regime, in order to shed some light on the direction of
these effects. As shown in the top row of Figure 4, any transitory IX policy will stimulate net
exports irrespective of whether prices are sticky or flexible and whether the exchange rate
is pegged or free to float. Nonetheless, different specifications of these details will affect the
quantitative response of aggregate demand, prices, and interest rates.

Starting with the benchmark economy with sticky prices (blue lines), higher tariffs raise
the price of domestic imports and induce consumers to switch away from imported goods and
towards home-produced goods. Consumer price inflation jumps because of the pass-through
of tariffs into prices, but firms in the home country are unable to raise their prices in response
to demand switching of home consumers. The nominal interest rate rises and restrains the

relative increase in the demand of domestic goods, leaving consumption of the home good
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essentially unaffected. The moderate rise in domestic prices together with the increase in
the real exchange rate translate into a decrease in export prices and a boom in exports and
output. The IX policy has stimulative effect in home country by diverting global demand
towards home varieties and, as a consequence, negative spillovers to the foreign country.
Foreign output decreases and lower export prices in the home country push foreign inflation
down, calling for lower interest rates.

In the flexible price economy (red lines), the expenditure switching effect of IX away from
foreign goods and towards home-produced goods is met with an immediate increase in prices
of home goods. As a result, policy rates increase more than in the benchmark economy
depressing domestic demand for the home good, which actually falls in this case. The home
output increase is thus smaller than in the benchmark economy as it is only supported by
higher exports.

Finally, when the home exchange rate is pegged (yellow lines), nominal interest rates
actually decrease since the negative spillovers of IX to the foreign economy typically require
lower policy rates. In this case, firms’ inability to raise prices is coupled with a monetary
policy that imports the expansionary stance of the foreign economy in order to keep nominal
rates fixed. As a result, the appreciation of the real exchange rate is much smaller, as both
prices and nominal exchange rates are not allowed to vary flexibly, and the home economy
experiences a larger boom in both domestic consumption of the home good and domestic
exports.

In sum, unilateral IX policies tend to appreciate the exchange rate, boost net exports, and
increase domestic production. These effects do not depend on assumptions about pricing or

the exchange rate regime. IX policies have negative spillovers to foreign output and inflation.

4.3.2 Neutrality of IX: a very fragile result

In the sections above we discussed how the prospect of retaliatory behavior by foreign
economies can result in substantial stimulative effects of IX at home. For pedagogical pur-
poses we conducted our analysis under a set of assumptions that ensured that, absent the
prospect of retaliation, IX would have no allocative effects. While we regard the assumption

of eventual retaliation as a highly plausible scenario in the case of a unilateral implementa-
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tion of IX, there are other important departures from our baseline assumptions that will also
break the neutrality result.

The purpose of this section is twofold. First, we spell out the assumptions that are needed
in order to obtain neutrality in the absence of retaliatory prospects or policy reversal. Second,
we study the effect of relaxing the other conditions that are needed to obtain neutrality.
Overall, we conclude that while the exact neutrality result requires very specific assumptions,
the prediction of small effects of a permanent implementation of IX that does not trigger
retaliation is rather robust.

Proposition 1. Let zg = (B}‘{flR_l, Bp_1R*|,Py_1 (i), Pp_, (1), so) be the initial
condition. In an economy with flexible exchange rates, a unilateral implementation of IX of

size § has no allocative effect if

1. It is unanticipated, permanent, and there is no probability of retaliation;
2. Foreign holdings of home currency are always zero: By _; =0 = B and y = oo;

3. Export prices are set in producer currency (PCP) or prices are flexible

Appendix B contains a formal proof of proposition 1. Here we describe the basic intuition
behind this result in the special case in which at time 0 a unilateral IX policy is implemented
and only the home country actively uses trade policy instruments (i.e. 77" = ¢f* = 0).

Neutrality to a policy change requires that relative prices must remain unchanged. Under

PCP, export prices satisfy the law of one price (for convenience, in real terms)

Py, Py 1

= 47
P P (1+6f) @ 47)
PFt P]?‘t
Tt 1 m 4
Pt Pt* ( + Ty )Qt ( 8)

Equations (47) and (48) imply that relative prices remain unchanged only if a ¢ increase in
import tariffs and export subsidies causes an exchange rate appreciation of the same exact
size. Let @Q; (J) denote the real exchange rate under an IX policy of size J, neutrality then

requires

0.0~ Qo) LT (49)
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At this point we have to check that this appreciation of the exchange rate does not imply
violations in other equilibrium conditions. Changes in the real exchange rate affect directly
the two optimality conditions for holdings of foreign currency denominated bonds, (6) and
(7), and the equilibrium in the balance of payments.

Equations (6) and (7) are unaffected if, and only if, condition 1 is satisfied: since optimal
holdings of foreign currency denominated bonds depend on future exchange rate appreciation,
a permanent appreciation of the real exchange rate does not affect demand schedules. That
is, under condition 1, equation (49) implies Qé:(lé(f ) — Qé:(lég)()l(igf ).

As for the balance of payment, we can rewrite equation (36) in (foreign good) real terms

and, using condition 2, obtain

Bry Bpa Ri 4y P, .  Pr (s
*t - *t t*l + I_ityHt - ' m ’ m (50)
P Py Py Py (1+71) Q¢ (T1)

Equation (50) shows that aggregate home savings in foreign bonds are also unaffected under
(49) . Therefore, , the original allocation is still an equilibrium after the implementation of
IX.

It might seem surprising that the home household is keeping consumption, C, unchanged

while the value of its savings in the foreign market, Q; %’it, declines with the real exchange
t

rate appreciation. The reason for this result is that, under condition 1, IX induces two
perfectly offsetting changes in two different components of households wealth. On the one
hand, the real exchange rate appreciation decreases the value of home holdings of foreign

bonds, thus generating losses of size

BF*t—l R%l __ 9 Q1 (0) BF*t—l R%l
Py om 1+4 Plyom

Q1 (8) = Q¢ (0)] (51)

On the other hand the IX policy generates fiscal revenues whenever the home country has a
trade deficit since in this case revenues from tariffs exceed subsidies to exporters. The wealth

increase associated to these fiscal revenues is given by

i

1 T . s 0
EY ] 7|1 _i_t;ffn (Previvieri — Quvi (0) DhyyiUiri) = mNFAt (52)
i>0 \j=1"t+Jj t+1
which in the case of a permanent unilateral IX policy, 7}, = 0, is proportional to the

present discounted value of future trade deficits. As equation (52) indicates, in equilibrium
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the present discounted value of future trade deficits is exactly equal to the initial net foreign
asset position.

Under condition 2, the net foreign asset position is just given by foreign bond holdings

Q, Bpi—1 B4
P, 7

, which implies that the increase in home wealth through higher fiscal revenues

exactly offsets the decline in wealth induced by losses on foreign holdings

Bpi—1 B 4 Y

—[Qt (6) — Q¢ (0)] P, :1+5NFAt

leaving consumption unchanged.
The argument above also shows why condition 2 of no foreign holdings of home currency
denominated bonds is necessary for neutrality. When Bj;,_; > 0 net foreign assets are given

by

Bri1 RY 1 Bpy 1 Riq
NFA;, = -
=G P, m P om

which implies that the sensitivity of home households wealth to a real exchange rate appre-
ciation through its effect on net foreign assets is bigger than the level of net foreign assets,
i.e. the home country has a leveraged exposure to foreign exchange rate variations. In this

case
Bpi—1 R 4 S d
P, w149

Therefore, given an unchanged path for future trade deficits, an exchange rate appreciation

—[Q¢ (0) — Q¢ (0)] NF A

of the same size of the policy, i.e. as in (49), would induce a decrease in home households
wealth as the increase in fiscal revenues is not enough to offset capital losses on holdings of
foreign bonds. This negative wealth effects on home households induces them to decrease
their saving supply so that in equilibrium the exchange rate appreciates by less and the the
trade balance increases.

These effects are portrayed in Figure 4 that shows the response of the economy to a
permanent unilateral implementation of IX when condition 2 is not satisfied. In particular
we assume that in the initial state trade is balanced but countries hold offsetting position in
domestic and foreign currency denominated bonds, i.e. Br_, = By;_; > 0. In the simulation
we set By;_; to two times the value of annual GDP. For comparison we also plot the response
of our baseline economy. As explained above, positive foreign holdings of home currency

denominated bonds results in a shifting in of home saving supply schedule. This dampens
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the long run effects on the exchange rate and results in a permanent increase in the trade
balance at home that is enough to pay interests on its negative net foreign asset position.
Finally, to understand the effects of relaxing condition 3 we also study the effects of a
permanent IX policy under the assumption of LCP pricing. Notice that, even though the
allocation is unchanged under conditions 1-3, foreign producers are immediately reducing the
home currency price they charge on home imports, % However, when firms cannot flexibly
adjust the foreign currency price of their exports in response to variations in exchange rates
and taxes, foreign exporters will only gradually reduce their prices so consumer prices of home
imports will initially spike causing a large increase in import prices and an overshooting of the
real exchange rate as the home bundle becomes temporarily more expensive. This movement
in relative prices implies that in the short run the home economy experiences a boom in
output mostly driven by an increase in domestic demand of the home produced good, as
home retailers switch away from more expensive foreign inputs. Exports also increase on
impact since the exchange rate rises by more than export subsidies, domestic exporters

would also like to increase their prices but their inability to immediately do so results in a

temporary increase in exports.

5 Equivalence and Neutrality of IX, BAT, and VP Policies

In Section 4, we analyzed the stimulative effects of IX policies with an emphasis on policy
reversal and retaliation as sources of partial exchange rate offset. Here we turn our attention
to the relation between IX policies and other government policies often considered as having
the same macroeconomic effects of IX, specifically a fiscal devaluation implemented through
VAT-cum-payroll subsidy (VP) as well as a border adjustment of corporate taxation (BAT).

The equivalence between IX and VP policies for countries in a fixed exchange rate regime
appears to be a consolidated result among both practitioners and academics. The main
intuition for this argument is that increases in VAT rates affect traded prices exactly as
increases in import tariffs and export subsidies after taking into account that a commensu-
rate payroll subsidy compensates domestic firms for the adverse effects of higher VAT rates.
Consequently, VP should generate large expansionary effects as IX when a country pegs its

exchange rate. In light of this argument, numerous governments have attempted to provide
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macroeconomic stimulus by implementing these forms of fiscal devaluations, including more
recently in Germany (2006), in France (2012), and at least partially in Portugal in the context
of the 2011-2014 EU-IMF Economic Stabilization Program. From a theoretical perspective,
Farhi et al. (2014) provide exact conditions under which VP is not only equivalent to IX,
but it also implements the same allocation of an exchange rate devaluation when a country
adheres to a fixed exchange rate regime or a currency union. A number of quantitative and
empirical papers have also provided estimates for the pro-competitive effects of fiscal deval-
uations, including Lipinska and Von Thadden (2012), Franco (2013), Gomes et al. (2016) to
name a few.

The equivalence between IX and BAT has been established since Lerner (1936) and, more
recently, Meade (1977), Grossman (1980), and Feldstein and Krugman (1990). Interestingly,
much of this literature focused on the neutrality of BAT in the context of static trade models
with flexible prices. Not surprisingly, then, the recent discussion on reforms of the U.S.
corporate tax system has seen an intense debate on the domestic and international effects of
a shift towards border-adjusted taxation, including its compatibility with WTO rules.'* An
important thesis of the proponents of the BAT is that, despite its equivalence with an import
tariff and an export subsidy, the value of the dollar would immediately jump by exactly the
necessary magnitude to offset any effect of trade.

In this section, we use our framework to study the relation among these three policies and
provide conditions for equivalence and neutrality. We show that, generically, IX and BAT
are equivalent whereas VP is not. The latter result hinges on the insight that the incidence
of value-added taxes depends critically on the formulation of the nature of nominal rigidities,
a result reminiscent of Poterba et al (1986). Conditions for neutrality of the three policies

appear very restrictive.

5.1 BAT and VP in the Benchmark Economy

We first present the description of the benchmark model expanded to include VP and BAT

tax instruments. For simplicity, we focus on the key equations affected by these policies.

1 Gee, for example, Auerbach et al. (2017).
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Retailers. Profit for the home retailers are
P
Hﬁ =1-7)1~-17) {Ptct — Puyme — ﬂ—ﬂ“%yFt} (53)
t

where 77 is the value-added tax rate, 77 is the tax rate on profits, and BAT; € {0,1} indicates

whether profit taxes are adjusted at the border or not. The border adjustment implies that
the cost of imported goods (yp:) cannot be deducted from profits. Prices are inclusive of
value-added taxes and, in the case of imported goods, are also inclusive of home tariffs (777).
Given the CES structure of the aggregators (11), (12), and (13) , the foreign good demand
is ,
Pry -
(1 — T?—BATt) Pt

Yrt = (]. - W) |: Ct (54)

and the home-country consumer price index consistent with the CES aggregators is

Pry 1-67 120
Pt = wP}ﬁe + (1 — w) (1—7'7TBATt> (55)
t

Producers. After tax profits of firm ¢ are

(1+¢F)
(1+ 77) (1 — 77T BAT;)

I = (1= 77) [ (1 1) Paiumi) + P i) — (1= <) Wedi(0)]

(56)

where ¢} is a payroll subsidy, ¢f is the export subsidy, and 7}** are import tariffs levied in the
foreign economy. Expression (56) indicates that export sales are excluded from the definition
of profits when the corporate profit tax is adjusted at the border. Similarly, export sales are
not subject to the VAT.

Firm i sets prices as in Calvo (1986) so that, in any given period, it can adjust its
price with probability (1 — (p) and maintains the same price as in the previous period with
probability (p. We assume that, absent any price adjustment by the firm, changes in VAT

rates are fully passed through to the retailers and, as a consequence, consumers. Therefore,
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firm ¢'s domestic price inclusive of VAT evolves according to:
Prai(i) w/prob (1—Cp)
Py (1) = (57)
Pri—1 (7) % w/prob (p
where ¢} is a payroll subsidy, ¢ is the export subsidy, and 7{** are import tariffs levied in
the foreign economy. In our benchmark specification, we assume that firms set export prices
in their domestic currency (PCP).!5 Hence, the price in foreign currency of exported goods
P}y, (i) adjusts in order to equalize net unit revenues across markets:
(L+ 7)) (1 =77 BATy) (1 — 77) Py (i)

(58)

where ¢} is a payroll subsidy, ¢ is the export subsidy, and 7{** are import tariffs levied in

the foreign economy.'®
Firm 4 chooses a reset price, Pp(i), to maximize the expected present discounted value

of profits conditional on no price change

B2 ¢ [AsTL] (59)

subject to its production technology (22), the evolution of prices in (57) and (58), retailers’
demand in the home market (17), and an analogous demand schedule in the foreign market.

The reset price Pyy(i) satisfies the following optimality condition

g W
v —1aAsZs(i)Ng(i) 1

EeX22,Cp At Qs | Pra(i) (1= 7)) — (1 =) =0 (60)

where Qs¢ = Yp (i) Pgs (1 — 77). Expression (60) indicates that the adjusted price P (i)
is a constant markup over the weigthed-average expected future marginal costs during the

period for which the price will be in effect.

15 Qur results are robust to alternative pricing assumptions, such as local currency pricing (LCP). We explore
the implications of LCP in Section XX..
16We do not study the case in which foreign economies raise VAT taxes.
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Similarly, foreign firm j sets price Pp,(j) in the foreign market according to

y Wy
Y= 1aAiZ:(i)* Nz (5)>!

Etzﬁt(}s_t[\:,ty;t (J) P;;s F;‘t(j) - =0 (61)

and lets the price for the home market Ppy (j) in order to equalize net unit revenues across

markets:
(1+7") .
L+ @—rp) "

Using the evolution of firm 4's price in (57) in the Py price index equation (20) and using

Pry () =

(7)et (62)

the law of large numbers we derive a forward-looking Phillips curve

v 1—y P 115
mzlcp(ll_ﬁ;) H-e () ] (63)

Py

where domestic inflation, 7, depends on future marginal costs through the optimal reset

price Py . This expression also reveals that, in the presence of nominal price rigidities (¢p >
0), a VAT rate increase translates directly into higher domestic price inflation because of our

assumption of full pass through of taxes.

Government Policy. Fiscal policy in the home and in the foreign country is character-

ized by a vector of fiscal instruments
St = (TT,C%,T?,g?,T?,BAﬂj7-?1*7%"”*) (64)

We assume that s; € S is a finite state Markov chain and 2 is the associated transition
probability matrix, with element €2; ; indicating the probability to move from state ¢ to state
j. In our experiments below, we consider different configurations of S and 2 to capture al-
ternative scenarios for the evolution of fiscal policy at home and possible retaliatory behavior
abroad.

To complete the description of fiscal policy we assume that the government balances its
budget in every period:

m * x * th) 77 T? * g%)
Ty EtPFﬂf — St gtPHﬂf + mnt + mPF’t — WWtNt = E (65)
t t t
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Monetary policy in the home country follows the interest rate rule

By =5 [ﬂHt(l_Ttv)] i (1) (e — &)%* (66)
B (1—7¢4)

where . is the weight on domestic price inflation (7p¢) and ¢, is the weight on the output
gap (J:). The parameter ¢, € {0, M} governs the sensitivity of the interest rate rule to
changes in the nominal exchange rate.!” When ¢_. = 0, the home interest rate responds
exclusively to fluctuations in domestic inflation and output gaps. When ¢, = M, the home
interest rate rule proactively responds to deviations of the nominal exchange rate from a
target exchange rate.

Balance of payment. The only other equation that is affected is the condition deter-
mining equilibrium in the balance of payment, that becomes

Pyne (1= 7¢) Preyr
147! 1 +7)

EtBFt — B;{t = EtBFt—lR;_l — B;{t_lRtfl + (67)

6 Equivalence Results

We begin our comparison of the effects of IX, BAT, and VP by focusing on the special
case of permanent policy changes under producer currency pricing and flexible exchange
rates also discussed in the previous section. Under these assumptions, the three policies are
equivalent and neutral as the real exchange rate appreciate just enough to completely offset
any stimulative effect of these policies on net exports and output.

The appreciation of the real exchange rate, however, originates from different sources,
namely an immediate jump in the nominal exchange rate under IX or BAT, and an adjustment
in the domestic price level under VP. A direct implication of this observation is that when we
consider the case of fixed nominal exchange rates, the policies are not equivalent anymore.
In this case IX and BAT act like a fiscal devaluation and stimulate output, while VP remains
neutral.

We next turn our attention to the more general case of transitory policy changes. We
show that, for IX and BAT, the same qualitative effects of a permanent change with PCP that

materialize under a fixed exchange rate regime extend to both fixed and variable exchange

1"See Benigno et al. (2007) for a discussion of interest rate rules that maintain a fixed exchange rate.
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rate regimes and arbitrary pricing conventions (e.g. LCP). IX and BAT are always equivalent,
stimulate net exports and domestic output, and reduce foreign output. These policies still
appreciate the real exchange rate but this effect only partially offsets the boost to output
and net exports. VP is not equivalent to IX or BAT, however. With a significant level of
nominal price rigidity or under fixed exchange rates, VP is contractionary even in the home

country.

6.1 A special case : Equivalence and Neutrality

We start by considering the case in which policies are expected to be permanent and retali-
ation by foreign economies is ruled out.
Further, we assume that monetary policy targets domestic price inflation and the output

gap, while exchange rates are perfectly flexible:

1 - 17
Rt_ﬁ[ﬂ-Ht(l_Ttv_l)] (41)” (68)

The interest rate rule in (68) implies that monetary policy policy sees through any transitory
increase in consumer price inflation due to VAT changes or import tariffs.

In this case we can state the following proposition.

Proposition 2. Under the assumptions of Proposition 1 and if monetary policy is de-

scribed by (68), a permanent unexpected IX policy
IX ={r{",¢Stsy st T8 =¢ =90 (69)

a permanent unexpected BAT policy

0
BAT = {T;r}szt s.t. 7_;1' = m (70)
and a permanent unexpected VP policy
VP ={r¢} st TL=g¢l= U (71)
5155 s>t v s s 14+ 5

have no effect on the real allocation and induce a real exchange rate appreciation of size %.
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Appendix la contains the complete proof of Proposition 1. Here we explain the intuition
behind equivalence of X and VP'™. As discussed above, under the assumptions of Propo-
sition 1 IX will be neutral on the equilibrium allocation. To understand why VP will also be
neutral notice that the two laws of one price

P]i{[t o (1-T”)PH,5 Pt _ (1—TU)PH,5 1

= = — 72
Py (14+¢%) P &Py (I1+¢*) P Q (72)

Ppe  (1+71") Ppy
P (1-1v) P

imply that IX and VP induce the same expansion of domestic exports and contraction of

o (73)

foreign exports. This is because the VAT increase acts like an import tax and the VAT
deductibility of exports acts as an export subsidy.

The same exact argument developed in Section 77 to explain how the balance of payment
equilibrium determines the exchange rate response to IX can be applied directly also to the
case of the VP policy, with an important difference. In the case of VP, in fact, the tax
changes affect two additional equilibrium conditions. First, the optimality condition of the
home firm i requires that a VAT increase is accompanied by a payroll subsidy in order to
prevent any distortion in the supply of the home varieties

gl W
v —1aANg (i)t

By, ¢5 " As i Yy (1) Prs (1 — 77) | Pre(i) (1 — 1Y) — (1 — V) =0 (74)

Intuitively, the VAT increase reduces the firm’s marginal revenue, Pgy(i) (1 — 7), for any
given price Ppy(i) paid by the consumer. Payroll subsidies (¢V) ensure that this reduction
in marginal revenues is offset by an equal reduction in marginal costs .

Second, under our assumption that VAT taxes are fully passed through to the consumer,

the Phillips curve for domestic price inflation

1
1—v

v 1=y D 1—y
e = |Cp <M) +(1—-<¢p) ( Py ) (75)

Py

indicates that a VAT increase boosts domestic price inflation mgy. Given our assumption

that monetary policy policy sees through any increase in consumer price inflation due to

18 As shown in Section 3.2, IX and BAT are always equivalent in our environment. Hence, we decided to
simplify notation and focus on the relation between IX and VP here.
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VAT changes, neutrality of VP follows by letting all prices under V P increase by ﬁ = 1%
IX IX X
pye _ Pri VP _ Pri . ve _ b
S T 17y

In other words, under VP the real exchange rate appreciation is achieved through an adjust-

ment in the price level
¢ 4]

The different response of inflation and the nominal exchange rate under IX and VP in

P*
Qt = ¢t —L

VP
Pt

a flexible exchange rate regime is key to understand the response of the economy when
the nominal exchange rate is fixed. In a fixed exchange rate regime, IX (and BAT) will
in general stimulate net exports and output as the inability of the nominal exchange rate
to appreciate does not allow the real exchange rate to fully offset the net export stimulus
of the policy. Indeed, IX (and BAT) in this case will implement the same allocation of a
currency devaluation as conjectured by Keynes (1931) and formalized in the fiscal devaluation
literature, such as Farhi et al. (2014). VP, in contrast, remains neutral irrespective of
the monetary policy regime as the nominal exchange rate is constant even under a flexible
exchange rate regime. The proposition below formally states this result. The proof is in the

Appendix.

Proposition 2. If the exchange rate regime is fived (¢, = M) and prices are set in

producer currency (PCP), a permanent unexpected IX policy

IX ={r{" Sty st T8 =¢=90 (76)

S

and a permanent unexpected BAT policy

7 a_ 0
BAT = {TS }Szt s.t. TS = m (77)

have the same allocative effects of a once and for all unexpected currency devaluation of size
6. A permanent unexpected VP policy of the same size

0

VP= () st Ti=sl=

(78)

has no effect on the real allocation.
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6.2 The general case

In this section we study to the case in which the fiscal adjustments are perceived to be
transitory, perhaps because of threat of retaliation. We show that the equivalence between IX
and BAT generalizes to transitory changes and arbitrary price setting conventions (i.e. PCP,
LCP). In contrast, with nominal rigidities, relaxing any of the assumptions in Proposition 1
will result in different allocative effects of VP and the other two policies. The proposition
below states this result formally:

Proposition 3. Under full pass-through of tazes, the policies

IX = {T?,C?}szt st T =¢Y =04, (79)
and
)
BAT = {77}, st 701= : : 5 (80)

implement the same allocation. Generically, the policy

VP = {TL’AZ}@ st T=¢g= (81)

does not implement the same allocation as IX or BAT. The three policies are equivalent only if
prices are flexible or when the change is permanent and firms set prices in producer currency
(See Proposition 1).

Appendix A.1 presents a formal proof of Proposition 3. The intuition for the equivalence
of IX and BAT can be summarized by the observation that the non-deductibility of imports
acts like an import tariff whereas the exemption of export sales acts like an export subsidy.
Nonetheless, this observation is not sufficient as the IX and BAT policies appear to distort,
respectively, the supply and demand of foreign good in the home country. The assumption of
full pass through of import taxes ensures that the supply shift under IX is exactly symmetric
to the demand shift under BAT, regardless of the specific pricing convention.!® Therefore,
the allocation under BAT will be identical to the allocation under IX with the only difference

that import prices will be lower under BAT:

19Tf import tariffs are not fully passed through, as for example in FGI, BAT and IX would not be equivalent
under LCP.
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BAT
Prs”  _ ppar

1-rp) 7

The intuition for the lack of equivalence between VP and IX (or BAT) in the general case

(L+77") = Pgg

follows the same argument as in Proposition 2 above. Under VP, and given our assumption
of full pass through of VAT, the slow response of domestic producers in adjusting (pre-tax)
prices leads to an increase in consumer prices of the domestic good at home (Pp ). This
increase depresses domestic demand of the home variety and limit the competitiveness boost

coming from the VAT deductibility of exports.

.1

Finally, Figure 9 shows the same exercise with a VAT cum payroll increase of 5.

Again,
we can focus on the domestic market for the home good to understand the differences between
IX and VP. Under VP, when domestic firms are unable to freely adjust prices, the VAT is
fully passed through to consumers causing a big jump in CPI inflation. This results in a
sizeable drop in the home consumption of the domestic good, Y7, and a smaller boost to net
exports associated with higher export prices and smaller relative increase in import prices.

When prices are rigid enough, this can cause output to actually contract in response to VP.

7 Conclusion

TBA
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8 Appendix A. Proof of Lemma 1

Lemma 1 Under balanced trade, a transition to state s'"V at time t, has the same effects
on the equilibrium allocation as a transition to a state s™NT. If trade is not balanced two

international transfers are needed for the equivalence: a transfer at time t1 when the economy

transits to s*W
0 R{_, Ri 1
Ty = ——— |Bft 1——¢e+ — Bpe—
t 1+5|:f,t17r%kt htlﬂt
and another symmetric transfer at time to when the economy leaves state sV
R R
Tine =0 | By ynr_ &6 NT — BpinT_ AEES|
t FANT -1 t RtNT —1
TrtNT 7TtNT

Proof. Let {\If (st)}sz (ST 430 denote an equilibrium allocation with no international

transfers and no retaliation, i.e. T (st) =0Vst e (ST)t and vVt > 0, ST = {SNT, SIX}.
Consider the process with retaliation {SR,QR} and define a sequence of function g :

(SR)t — (ST)t as follows: Vst = (s1,...,8¢,...) € (SR)t Ly (st) =5 = (51,...,8¢,....) € (ST)t

where Vi > 1

Si = .
sNT if 5, =sTW

_ { s;  if si# sV

that is function p, maps all histories in which a trade war occurs into a history in which
instead of a trade war we have no taxes.
Consider now an allocation {\ff (st)} such that, for each element 3¢ of alloca-
ste(S”)! t>0

tion ¥, other than bond holdings, we have
(s = s (g (1)) Vste (SB)', ve=0 (82)

where s is the corresponding element of the equilibrium allocation ¥ without trade wars.
That is, all quantities and prices, apart from bond holdings, do not depend on whether

retaliation has ever occurred. In fact (82) and the definition of p readily imply that

5 (s') = 5 (m (s1))

since [ (,ut (st)) = (st) , i.e. if an history has no retaliation p does not modify it.
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e By (1 () 2 (1 () = B (1 ()] if 50 # 57
B (s E (st — By (st) = [ F Mt t .
2 -mn) =S OR A athy
(83)
We want to show that {\if (st)} , is an equilibrium when international transfers
ste(SR)" t>0
satisfy
0 if si—1 #sTW and s; # sTW
T (st) = —ﬁ [Bf,t—ll%lgt - Bht-ﬁéj] if si—1 # T and sp = TV (84)
) |:Bf7t_1 %@ — Bht_1R%;1:| Zf St—1 = s™ and St 75 sTW

where we use tilde to denote elements of allocation ‘ilt.
It is straightforward to check that if ¥; is an equilibrium equation then U, satisfies all
static equations. This follows by construction for any s’ such that s; # s7". When s; = 7

the only static conditions that need to be checked are the laws of one price. Considering the

law of one price for domestic goods at an history s’ such that s’ = (st_l, STW) we see that
Pil) | Paln() _Pu(n() 1 )
P (st) Pr(p(sh)  Pp(sh)) Q(u(sh))
Py (st)1+46 1
_ Pa() 1+ (86)

P(st) 14+0Q(s")
where the first and third equality follow from (82) and the second from the fact that ¥ is an
equilibrium. An analogous arguemt shows that all static conditions are satisfied.

Consider now the balance of payment equilibrium which we rewrite as follows
Ay = A 7+ NX 4+ Ty

where

A1 =By 181 — B
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Take any history §° = (51,...,5,...) € (SR)OO such that s; = s 3i. Let t; and t satisfy

St = sTW, Sty—1 F sTW \Sty F sTW. Stg—1 = sTW At ¢, we have

Ay = Ay + NXy + T3 (87)
= Anrh o+ Jffté _ &Atl_lrg
i Atl—l"“?l +NXt1
N 1406
_ An
1494

where, with abuse of notation we let A;, 1 = A (u (stl*l)) and analogously for other vari-
ables. Notice that (83) implies A (s"=1) = A(u(s"~1)) given the definition of ¢;. Also (82)
implies N th = % so that the second equality follows.

As long as the trade war is in place we have: Vs t1 < s < to

A, = A, 7+ NX, (88)
149
And when it ends, at to, we have
Am = 121,52_1?212 + NX@ =+ Tt2 (89)
At2_17’g2

1)
+ NXyy + —— A, 17y,

1+0 1+9

= At2_17’?2 + ]\7')(152

= A,

where we are using again (83) and (82) as in (87).

9 Appendix B. Proof of Proposition 1

We start by giving a broad definition of a unilateral IX policy.

Definition 1. Let the evolution of trade policy at home and abroad s, = (7", <¥, 77", ¢F¥)
be determined by the stochastic process {S,Q}. A unilateral implementation of IX of size 0
which happens with state dependent probability p'* starting from {S,Q}, is described by a
new stochastic process {5’, Q} such that S = S U SIX U sTW

S = a5* (I8) (90)
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o5 (i<, i ) = (L4716 = 1,(1+67) 6 — 1,7, ¢f)
Y=oy ([8]) (91)

IX m X _m*x __I*
Os (Ttagt:Tt 7Tt)

(L+7™M6—1,1+¢H) 0 -1, (1 +7/)5—1,(14+c7) 0 —1)

and
~ diag (1 —71%) Q  diag (7'X) Q
[ =) g (7 -
(1—7T[X)Q X0 0
G=| 7(1-pQ 2 (1-m)(1-p)Q (93)
(1-9)Q 0 2y

where the ordering of states in the matrix Q is the obvious one.
When IX is implemented, import tariffs and export subsidies proportionally increase
at home by 0, that is the economy transits from a given state s; = (77, <7, 7", 7¢%) in

the original set S to the corresponding element o!X (s;) = (77*,&%, 7 7¢*) in S'X that
477 145 _
1+ 7 1467 st) -

~M T Mk ST TW 3 SO & S & o S & o S iti
(78,8, 777, 77%) € ST satisfies THrm = T4e? = T THed 0 . The definition above

satisfies sTw W

0 as given by (90). Similarly, , captures retaliation: o

encompasses the possibility that the policy change is anticipated, with 7/% indicating the
probability of implementing IX.

Proposition 1. Let zg = (Bj_jR-1,Bp-1R*y,Py_1 (i), P_, (i),s°) be the initial
condition. In an economy with flexible exchange rates, a unilateral implementation of IX of

size § has no allocative effect if

1. It is unanticipated, permanent, and there is no probability of retaliation;
2. Foreign holdings of home currency are always zero: By_; =0 = B and y = oo;

3. Export prices are set in producer currency (PCP) or prices are flexible

Proof.
Condition 1 implies that 7/%* = 0 and p = 1. In this case we can focus on a reduced state

space given by S = S U S'X and
Q0
0 Q

(94)
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Let {\Il (st)} denote an equilibrium allocation before the IX implementation,

i.e. when s; is governed {S,Q}.

ste(ST) t>0

Consider the process with unilateral IX {5' , Q} and define a sequence of functions p; :

(g>t — (9)" as follows: V&' = (31,...,5,....) € <S)t, p (81) = st = (51,00 8¢,...) € (S)

where Vi > 1
Si = -1, .
’ (cf) 7 (3) if 5 e S
that is function p, maps all histories in which IX is implemented into a history in which IX

is not implemented.

Consider now an allocation {\i/ (st)} with an unanticipated permanent IX such

ste(8)" 120
that, for each element 3z of allocation W, other than the nominal exchange rate, we have

(38 = s (n (3Y)  Vi'e (S’)t, Wt > 0 (95)

where s is the corresponding element of the equilibrium allocation ¥ without IX. The nominal

exhange rate satisfie V5! = (31, ...., 5;)

ot e(m (5Y) if €8
8(8)_{ W) f g e g0 (56)

We want to show that {\il (st)} . is an equilibrium.
ste(SR) >0 )
It is straightforward to check that if W; is an equilibrium equation then W, satisfies all
static equations. This follows by construction for any s’ such that s; € S. When s; € /X
the only static conditions that need to be checked are the laws of one price. Considering the

law of one price for domestic goods at an history & such that 5; = (7", &F, 77, 177*) € S1X

and letting (agX)fl (5¢) = (7j*, 78, 7", 7F) € S we see that

) PG P ()11 o
*(5t) {3* (1(s)) P 1+o0f Q(u(sh))
_ Py (gt) 147 _ 1 (98)

P(3) (14+07)Q(5) (1+49)
where the first and third equalities follow from (95) and (96) , which together imply @ (u (5:)) =
Q(5,) (14 6). And the second equality follow from the fact that ¥ is an equilibrium. An
analogous arguemt for the law of one price abroad shows that all static conditions are satis-

fied.
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Consider now the balance of payment equilibrium which we rewrite in real (foreign good)

terms as ~ ~ _ ~ ~
% ~ ~
Bry . Bry—1 R4 P}f[t Z/}kqt _ Pry YFrt

Py Py Prl+m™ P (1+7)Q
clearly this equation is satisfied when s; € S. When 3; = (77, &%, 7", 77*) € STX we have

Bry _ Bry _ Brpi—1 Rf4 Py, Z/Zrt . @ YFt
By P Py Pr1l4+rm™ P (1+71)Q
_ Bthl Rr—l P};t g?{t N & gFt
Bry ® B 14T B (1477 (1+6)
BpaRi, P e Yme Pry UFt

Pry ® P+ ™ B (147 Q
where we abuse notation by denoting Bp: = Bp (§t) and Bgp; = B (ut (§t)) and analogously
for all other variables. The first and third equality follow from (95) the second from the fact
that ¥ is an equilibrium and the last one from the fact that (95) and (96) imply @ (u (5;)) =
Q (50) (1+9).
Inspecting all of the other dynamic equations we observe that since the allocation is
unchanged, no taxes enter any of those equations and the exchange rate only enters as a

ratio, all equations will be satisfied by W, since they are satisfied by ¥,.

We start by giving a definition of a permanent unexpected implemnation of I X, BAT
and VP.

Definition 2. Let the evolution of trade policy at home and abroad
St = (Tz:n7 gtwv T}S)’ gi}v T?v BAT;, TiTEn*v gtw*)

be determined by the stochastic process {S,Q} that satisfies BAT =0 Vs € S. A unilateral
implementation of 1X of size § is described by a new stochastic process {5’,(2} such that
S=85usix

S = a5 (18] (99)

o5 (T T, < T BAT, 71 ) = (L4716 = 1L, (L +6§) 6 — 1,77, <) 77, BAT, 7, 77, )

= (1—7TIX)Q 1XQ
(1=p)  pQ

(100)
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where the ordering of states in the matrix Q is the obvious one.

An Implementation of BAT and an implementation VP of size %é are described by
stochastic processes {S'BAT, Q} and {gvp, Q} respectively such that SBAT — gy §BAT gnd
SVP = §uUSVP where

SPAT = o AT ((5)) (101)

IX/ m x v v _m m* xx\ __ (.M T U U _T mx _XTx _mx _IT*
Os (Ttvgthtvgt’Tt’O’Tt y St )_(Tt’gtht’gt’Ttvlth ySt Tt 7§t)

SV = o (19]) (102)

0
O'gX (T;n’ gf,Tf, g:t)v T?? 077—?1*7%1*) = (thnagtxv (1 + 7—:‘,)) m - 17 (1 + §;)) m A

Proposition 2. If the exchange rate regime is flexible (p, =0), monetary policy is

described by (68) and prices are set in producer currency (PCP), the following are equivalent:

1. A permanent unexpected IX policy of size §

2. A permanent unexpected BAT policy when corporate taxes are T = %

3. A permanent unexpected VP policy of size %

These three policies have no effect on the real allocation and induce a real exchange rate
appreciation of size %.
Proof.In the case of a permanent unexpected IX policy of size § the transition matrix

becomes
Q0

0 Q

(103)

Let {\if (§t)} o denote an equilibrium allocation with a permanent IX implemen-
5t€(8)"t=0
tation of size J, i.e. when s; is governed {5’, Q} .
Consider the processes with BAT and VP{S'BAT,Q} and {S’VP ,Q} and define se-
. t N . t Ny
quence of functions pPAT - (SBAT> — (S) and p)'* : (SVP> — (S) as follows:
. t N
Vst = (s1,...,8) € (SBAT) , pBAT (s") =5 = (51,...5) € (S) where Vi > 1

- { S if s, €8

%= O'gX <(05BAT)_1 <§z)> Zf S; € SBAT
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and Vst = (s1,...,8) € (gvp>t, puBAT (st) =5 = (51,...,5) € (g)t where Vi > 1

N Si Zf s; €8
T A (Y T G) if siesvT

that is functions pP47 and p}'” maps all histories in which BAT and VP are implemented

in histories in which IX is implemented instead.

Consider now an allocation {\iIBAT (st)} with an unanticipated permanent

ste (S‘BAT)t,tzo
BAT implementation such that, for each element 52547 of allocation WBAT  other than import
p}%AT

prices , we have

SPAT (51) = 5 (uPAT (51))  vite (SBAT)t, Wt > 0 (104)

where 3¢ is the corresponding element of the equilibrium allocation U with IX. Import prices
satisfy V&' = (31,...., ) € ($B4T)"

BEAT (3t) = Pr (uPAT (1)) if 5 €8
F (1 —77) P (uPAT (8%)) if 5 € SBAT

We want to show that {@BAT (st)} is an equilibrium.
ste(SR) t>0
The static condition that are affected by BAT and IX are the two laws of one price,
retailers optimal demand of imports and the price index, equations (54) and (55). V&' =

* * * * BAT\!
(7 E Ty S8, T8, L™, sPeri™, o) € (SP4T)

~ —0
- - P ~
gt = ar=01-w) |5 G (105)
t
~ —0
- (1 PJ%AT 1 ~BAT
= ( - ) ptBAT 1— 7_?— t
1-61 77
. . . . 0] -
pPAT = P = [WPIZG +(1-w) (Ppt) ] (106)
1-07 750
N 1-6 PBAT e
_ PBAT) 1— Ft 107
o (BRT) -9 (= (107)
where we abuse notation to let gjgflT = gngT (Et) and ypr = Y (utBAT (Et)) and analogously

for all other variables.
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Turning to the laws of one price at home and aborad, equations (58) and (62), we have

V& such tath § = (77,6, 7¢,¢¢, 77, 1, 77, ¢p*rin* ¢¢*) € SBAT and pPAT (5!) = s! such

that St = ((1 -+ T%n) (1 + 5) - 17 (1 + gtx) (1 + 5) - 17 7_%]7915)77—?’ Oa T?*7gf*7;n*a Cf*)
- - 1+77) (1= 7) Pa(3)
P*BAT — P* —_ ( t t 108
1 L+ (L=79) (1 —7F) PEAT ()
(1—77)(1+9) (1+¢9) gpAT

(147 (146) (1 —77)
L+ (1 —79)

PEAT — Py (1 —7T) = P& (109)

when
1-77)(146) =1 (110)

equations (108) and (109) imply that the two laws of one price (58) and (62) are satisfied.

Under our assumption that 77 = 1% equation (110) is satisfied.

Consider now the balance of payment equilibrium which we rewrite in real terms in the

no IX and no BAT case as

BFtQ _ But _ Bria RZLIQ _Baia Ry | Py Y Q) - Pre  yr
PR Py om Y B om Pr 1+t R (T4
and take §' such that 5 = (77%,¢¥, 77, ¢}, 77, 1, 77, <P i ¢7*) € SBAT and pPAT (58) = st

such that s, = (L +77) (1 +9) — 1, (1 +<¥) (L +9) — 1,77, ¢, 77, 0, 77™*, s 77", ¢T*)

BgtAT NBAT B?{?AT _ BFtQ _ B (111)
ptBAT* t ptBAT pt* t J2)
_ Bithl R, 5, BNth Ry ]5}‘“ Utre O, — @ UFt (112)
Py T P T Py 147 P (14717 (1+9)

RBAT pBATx RBAT HBAT — HBAT+ ~BATx PBAT -~
_ Bp{Z1 R4 OBAT _ Bty B i P YH¢ ~pAT _ Py Ykt
PtBi?T* frFAT* t PtfifllT 7~rtBAT PtBAT* 1+ 7 ¢ P (1+T!

where the last equality uses that as long as 77 = 1% we have (1+9) (1 —77) = 1.

No other equilibrium equation is affected by tariffs, export subsidies, BAT or import
rices so that {\PBAT st }
P ( ) ste(SEY t>0

Let’s now turn to equivalence with VP.

is an equilibrium.
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Consider an allocation {@VP (st)} with an unanticipated permanent VP

ste(8VP)' 420

implementation such that, for each element 5¥* of allocation ¥V

, other than domestic

prices (ng , P};/tp ,PYP > and the exchange rate &}'*, we have

P =P () vite (SVP>t, Wt > 0 (114)

where 3 is the corresponding element of the equilibrium allocation ¥ with IX. Prices satisfy

Vst = (31,....,8) € (SVP)t and for each domestic firm %
PyP Gy (s)  PYP(s) 1 if&es
Py (3) (uYP (3) Py (uYF(3) | (1+0) if 5 eSYVF

PRP@ ) BPGE) [ 1 ifses
Pp (i) (YT (3))  Pr(ufT () | (1+0) if 5 e8YF
PP 1 if 5 €5
P(py? ) | 1+6) if 5esVF

and the exchange rate

VP (gt):{ " (3) i ses
(1+6)e(w't (89) if 5€8vF

We want to show that {\PVP (st)} e(57) 450 is an equilibrium.
ste t>

The two laws of one price are again straightforward: V3! such that
(1—7%) (1—7¢)

gt = <T;n7gtx71 - (1+6) 71 - (1+5) 77—?7077—?*7§tz*7—?1*7§f*) S SVP

and pf 7 (8') = s' such that sy = (1 +77") (14+0) = 1, (L +<F) (1 +6) — 1,77, <7, 77, 0, 79", <7 7™, <)

we have

(L+77) (1= 79) P(i)
I+ (1+6) &

(L+7) (L=77) PEL(0)
1+ (1+6) &/

Pp" = Py = (115)

L+ (1+0) 5,
P
I+ (1—rp) Tt
A+7") (1 +90) 50 2vp
P
L+ =)

pyr Pry (1+6) = (1+9)
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The balance of payment equilibrium condition is also satisfied since

VP D*V P 5 D
By WP Bu,  _ Bre O, — B (116)
PtVP* PtVP Pt* P,
BriaRiy -~ BmiaRi1 P 1—7y
_ ~F*t 1 f;th _ BHt-1 i1 }it Yt Qt 1 ( () Yrt (117)
jjtl Ty Pt—l Tt P 1+T t(1+7-t)(1+5)
_ BVP 1 RVP* VP _ Bpy1 Ry ng* ?]er* AVP _ I:)I‘?/t (1—7¢) ggtp
PY i+ 7y P Py o BYPr14rpett o PYP (147 (149)

Now consider the optimality condition for the price of the domestic good at home at any 3

such that

~ (1 B Tv) (1 B 7.1)) b mx* * * * VP
St: (T?L?gf’]‘_ (1_{_(;) 71_ (1+6t) 7Tt’077— ’gf T;n 7gtm ES

we have that

~ — — T _ VP
BY P ¢ RV P T <>ngu._aw[P25<ﬂﬂ_%5>—(ﬂ_;yxyflaAﬂziuyl1] a1s)
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Finally, consider domestic good inflation
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7¢) P

When the policy is implemented, i.e. § s.t. s; € SV and s;_1 € S, Ty also jumps by
(1+9):
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however our assumption that monetary policy sees trhough transient changes in inflation due
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to taxes implies that the nominal rates are unaffected:
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Figure 1: Exchange Rate and Trade Balance
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Figure 2: Permanent IX vs. X with Retaliation
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Figure 3: Macroeconomic Effects of IX with Retaliation (p = 0.95)
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Figure 4: Permanent Unilateral IX With and Without
Foreign Holdings of Home Bonds
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Figure 5: Permanent Unilateral IX, PCP vs. LCP
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Figure 6: VP vs IX (PCP)
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