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Abstract

We study the short-run macroeconomic effects of trade policies that are equivalent
in a frictionless economy, namely a uniform increase in import tariff and export subsidy
(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 BAT and IX policies are generically equivalent,
but VP is not as nominal price rigidities shift the incidence of value-added taxes. This
result holds under a wide range of assumptions, including fixed as well as flexible ex-
change rates, alternative pricing schemes, and different sources of nominal rigidities. The
unilateral implementation of BAT or IX increases domestic output, appreciates the ex-
change rate, and reduces output abroad, whereas the unilateral implementation of VP
is contractionary. The three policies are equivalent and have no allocative effects with
permanent tax changes and producer currency pricing.
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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 devaluing the
pound against gold. Thirty years later, Mundell (1961) noted that the mercantilist element
of this Keynesian policy would be inapplicable to countries that do not peg the nominal
exchange as “the equilibrium in the balance of payments is automatically maintained by
variations in the price of the foreign exchange rate”.

In this article, we examine the short-run macroeconomic effects of alternative trade poli-
cies in a two-country DSGE model that builds on contributions by Gali and Monacelli (2005)
and Farhi, Gopinath, and Itskhoki (2014, FGI henceforth). We first consider the Keynesian
prescription of directly manipulating prices of traded goods through a uniform increase in
import tariffs and export subsidies (IX henceforth).

The first key finding of our analysis is that an IX policy can have substantial allocative
effects even under floating exchange rates. These policies clearly stimulate aggregate demand
if the exchange rate is fixed and interest rate unresponsive, as hypothesized by Keynes and
formalized in FGI. However, when exchange rates are flexible IX has been shown to have
no allocative effects in various different models that — drawing on familiar Mundell-Fleming
reasoning — predict that the exchange rate will adjust enough to fully offset the impact of
changes in import and export tariffs on the domestic economy.!

The key assumption that breaks this neutrality result in our model is that agents expect
foreign economies to retaliate to IX with protecionist policies of their own. This damps the
appreciation of the real exchange rate and implies that IX policy stimulates domestic net
exports even under floating exchange rates.

We show that higher import tariffs and export subsidies boost GDP and inflation under
a Taylor-style reaction function, with the size of the effects depending on the response of

monetary policy. Moreover, because the stimulus arises through stronger net exports, foreign

! Cite lerner, werning costinot and references therein.



output tends to decline through expenditure-switching channels.

We then turn our attention to fiscal policies that are often considered equivalent to IX.
In particular, we 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 mimick the effects of IX through an itnernal fiscal adjustment (see, for
example, FGI).

Finally, we 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.

We find that while the import 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 unresponsive,
as occurs if the central bank puts a substantial weight on exchange rate stability.

The contractionary effects of VP are due to two key assumptions. 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 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 FGI, which show the VP provides equivalent

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



stimulus to output and inflation as IX, at least under fixed exchange rates. 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 FGI assume that consumer prices
are sticky inclusive of the VAT. We discuss some evidence in support of our specification
that shows that consumer prices tend to increase quickly in response to VAT increases.?
Nevertheless, rather than viewing this evidence as dispositive in favor of our specification of
price-setting, we view our contribution as highlighting the sensitivity of equivalence results
to this feature.

Finally, we also show that in our framework a border adjustment of corporate taxation
is equivalent to an IX policy and, as a consequence, not to a VP policy. 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, BAT in general provides stimulus
exactly like IX and has no allocative effects only with permanent tax changes and producer
currency pricing.

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 (N;). Households trade noncontingent nominal bond By, and Bp; denom-

inated in the home and foreign currency respectively. The households maximizes expected

3See, for instance, Besley and Rosen (1999), Carbonnier (2007), and Andrade et al. (2010).



lifetime utility
Eo%208°U (Ct, Ny) (1)

subject to the budget constraint
P.Ciy+ Byt + €¢tBpt = Ri—1Bpi—1 + et Rf_{Bri—1 + Wi Ny + I, + T} (2)

where P; is the consumer price index, R;_; 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, I, is
the aggregate profit of the home firms assumed to be owned by the home consumers, T} is
a lump-sum transfer from the government. We assume for simplicity that the period utility

function is
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where Ay 41 = ( C?L) is the real stochastic discount factor of the home household. The

corresponding intertemporal optimality conditions for foreign household holdings of bonds

are
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where y € {0, 00} determines foreign households costs of holding home currency denominated

bonds in excess of a long-run value B. Thus, when y = 0 foreign households 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

P*
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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 = €t?i (10)

2.2 Retailers

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

consumption good according to the constant-elasticity-of-substitution (CES) aggregator

Cr= |wiyyy + (1 —wn)? ypy (11)
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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 (yp:) and the foreign good (yr:) consist

of CES aggregators over home and foreign varieties

YHt = [/01 YHt (i)%l di} o (12)

v
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Profit for the home retailers are
I = (1 — 77) (P.Cy — Pyt — Preyre) (14)

where 77 is the tax rate on profits. Prices of imported goods, are also inclusive of home

tariffs (777).
Given the CES structure of these aggregators, the home and foreign good demand func-

tions are characterized by

P10
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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) = Ay Zi (i) Ny () (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

yue(8) + vy (i) = Y (i) (23)

at price Py (i) and Pjy, (i), respectively.! After tax profits of firm i are
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1 As indicated before, all prices are inclusive of tariffs levied in the two countries.



where ¢f is the export subsidy and 7{** 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
¢ p- Therefore, firm 's domestic price evolves according to:

Puili)  w/prob (1—Cp)

Py (i) = (25)
Pri—1 (i) w/prob (p

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 Py, (7) adjusts in
order to equalize net unit revenues across markets:

(1 +77) Pre(3)
(I+s7) &

Py (i) = (26)

Firm 4 chooses a reset price, P(i), to maximize the expected present discounted value

of profits conditional on no price change

B 222, (5 Ay I1L] (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

Y W
v—1aAsZs(i)Ns(i)1

By 222, ¢ " As i Yire (i) Prs (1 — 77) | P (i) — =0 (28)

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.

’We explore the implications of alternative pricing assumptions, such as local currency pricing (LCP) in
Section XX..



Similarly, foreign firm j sets price Pp,(j) in the foreign market according to

g Wy
v = Ladi Z3 (i) Ny (7)™

Ee S (5 AL Yy () Py (1= 757) | Pry(d) — =0 (29

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

across markets
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Using the evolution of firm 4's price in (25) in the Py price index equation (20) and using

Pri (j) =

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

Cp+(1—Cp) ( P >M] - (31)

Py

THt =

where domestic inflation (7p;) 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

se= (TSt ) (32)

We assume that s; € S is a finite state Markov chain and €) is the associated transition
probability matrix, with element (); ; indicating the probability to move from state j to state
1. Without loss of generality, we do not consider changes in corporate profit taxes as fiscal
instrument under the trade policies (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 tax reforms that increase import

tariffs and export subsidies by the same amount.® In our framework, these policy changes

See McKinnon (1966) and, more recently, Costinot and Werning (2017) and Linde’ and Pescatori (2017).
The Lerner Symmetry Theorem is also a natural starting point for analysis of neutrality of border tax adjust-
ments, as in Meade (1974), Grossman (1980), and Auerbach et al. (2017).



can be modelled as a transition to an absorbing state where only the home-country fiscal
instruments vary. Moreover, our formulation enables to study dynamics associated with
turnover in governments and policy reversals which could introduce an element of cyclicality
in policy changes. Finally, and more importantly for the focus of our analysis, our formulation
represents a natural laboratory to study the effects of possible retaliatory actions by foreign
governments, albeit in a reduced form specification.”

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

* * TP =
Ti'etPhy — e Py + T J:Tﬂ Ir =1, (33)
t

Monetary policy in the home country follows the interest rate rule

1
Rt: - [T(Ht(

(1—7%) - TPy (e, — 2,)Pe
3 )] (Ge)7v (er — &) (34)

v
1—-77 4

where ¢, is the weight on domestic price inflation (7p) 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 proactively 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 producers prices in the

domestic market

2o = (By-1R-1,Bp-1R* |, Pu_1 (i), Pp_y (1))

"Ossa (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 his
approach allows to solve for optimal governments’ policies, the analysis is implemented within the context of
steady state changes.

8See Benigno et al. (2007) for a discussion of interest rate rules that maintain a fixed exchange rate.
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Definition. Given an initial state xg, an equilibrium consists of:

L. An allocation {Cy,Cf, Ny, Ni', B, BY , Yt Yre, Y, Yir biso

2. Individual producer prices {PHt (4), Ppe (i), P, (3), Py, (i), Pre (i), Py, (z’)}t>0

3. Aggregate prices { Py, PF, Wy, W, Ry, R}, Puy, Pre, Py, Piyy, et 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 maximize producers profits: i.e. they satisfy conditions
(25),(26) and (28) and the analogous conditions in the foreign country;

3. Prices clear all markets. That is:

Price indexes satisfy (19) — (21) and the analogous conditions in the foreign country;

Nominal rates are determined according to (87) and an analogous rule in the foreign

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

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

function and retailers demand schedules;

The bond markets clear
StBFt — B}k{t = 6tBFt71R:_1 — B}k{t_lRt—l + NXt (36)

where net exports (NXy) are defined as

Pyt P
NXt _ thHt c FtyFt (37)

I (WD)
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4 Macroeconomic Effects of Trade Policy

In this section we study the effects of a d—increase in import tariffs and export subsidies (IX)
and investigate the extent to which these effects depend on the exchange rate regime. We
discuss conditions under which, in a flexible exchange rate regime, this policy has no effects
on the real allocation as the appreciation of the exchange rate perfectly offsets the (partial
equilibrium) stimulative effects of IX on net exports and output, an argument originally put

forward in Mundell (1961).

4.1 Parameter Values

The parameters values used in our baseline experiments are listed in Table 1. Given our
focus on the transmission mechanisms of trade policies rather than their quantitative effects,

we consider standard values commonly used in the literature.

Table 1

Parameter Value
Discount factor 15} 0.99
Risk aversion o 1.0
Frisch elasticity of labor supply nt 1.0
Labor share o 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 ©y 0.125

4.2 Import Tariff and Export Subsidies

In our benchmark model we assume that the international trade policy regime belongs to one
of three different states, s; € S = {31, 52, 53}. In the first state (31) no country levies any
taxes. In the second state (52) , the home country unilaterally raises import tariffs and export

subsidies by the same amount §. In other words, the only non zero elements of the state s

12



are 7¢" = ¢f = 0. In the third state (33) , the foreign block retaliates with a symmetric policy.
Hence, 7{* =¢f =1/ =¢f* = 4.

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

follows
l—-n =« 0
Q= 0 p 1—p
1—p O p

where 7 is the probability that the home country unilaterally enacts an IX policy given that
the economy is in the no-tax state (sl) and (1 — p) is the probability that foreign economies
retaliate to the IX policy, implying an expected lag in retaliation of ?lp quarters. The special
case of p = 1 represents the typical experiment considered in the literature of a unilateral
permanent tax change. Finally, the economy can transition from the retaliation state (33)

to the no-tax state (sl) with probability 1 — p.

4.2.1 IX policy and exchange rate dynamics

As originally argued by Mundell (1961), equilibrium in the international balance of payments
provides the key insight for the allocative effects of the IX policy. For a given level of the
exchange rate, higher tariffs make domestic imports more expensive whereas higher export
subsidies make domestic exports cheaper in the foreign country. The corresponding expansion
in the supply of domestic exports and the symmetric contraction in the supply of foreign
exports is depicted in Figure 1a — b, that use the law of on price in the two countries (26) and
(26) to describe the partial equilibrium effect of IX on exporters’ supply schedules. Cheaper
exports and more expensive imports boost home net exports at each level of the exchange
rate, as illustrated by the upward shift of the net export schedule in Figure 2. Therefore, the
direct "trade effects" of this policy put upward pressure on the real exchange rate.

The response of consumption and savings in the home country is the other key determi-

nant of the real exchange rate. Recall that no-arbitrage in the market for foreign currency

13



9,10

oy )
t

Intuitively, an appreciation of the real exchange rate at t 41 (a decrease in Q;+1) amounts to

denominated bonds requires

a decrease in the real interest rate offered by the foreign country, thus discouraging savings in
the home country. This "saving effect" corresponds to an upward shift of the saving supply
schedule, in Figure 2. The overall allocative effects of IX will then depend on the relative
strength of the trade effects and the savings effects.

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 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.

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 imme-
diately to ita 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

9Notice that under our baseline calibration y = co and Bjj; = Bu: = 0, so that all aggregate savings by
the home country are invested in foreign currency denominated bonds Br:. As we explain below, the analysis
is unaffected if we assume that x = 0.

0For ease of notation we are neglecting the covaraince term, i.e. the UIP condition is in fact given by

Qt+l:| N ( . Tig1 ) ( Qir1 Tip1 )
EA = [BeAlyy] +COV (AL ey, ) —cov (A ,
|: tLiNt t+1 Qt [ t t,t+1] t,t+1 Etﬂ'f+1 t,t+1 Qt Etﬂ'f+1
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the mercantilist element of the IX policy but will not prevent an increase in net exports and

a short-run expansion in domestic output.

4.2.2 The role of monetary policy

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
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.
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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.

4.2.3 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-
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. Second, we show
that our description of the short-run macroeconomic effects of IX under retaliation is largely
unaffected when these assumptions for neutrality are relaxed.

Proposition 1. Let zy = (B;I_IR_l,BF,lRil,PH,l (1), Pp_q (i),so) be the initial

condition. A unilateral implementation of IX of size & has no allocative effect if and only if

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

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

16



Appendix B contains a formal proof of proposition 1. Here we describe the basic intution
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" = ¢¥* = 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)

Pr, Py 1

= 39
PR (rQ (39)
Pry P;t
L 1 m 4
Pt Pt* ( + Ty ) Qt ( O)

Equations (39) and (40) 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; (d) denote the real exchange rate under an IX policy of size §, neutrality then

requires
1
Q:(0)  Q(0)

At this point we have to check that this appreciation of the exchange rate does not imply

(1+9) (41)

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

. . . e Qua(8)  Qit1(0)(145)
is, under condition 1, equation (41) implies C;(lé) = 52:(10)(1 )

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

and, using condition 2, obtain

Bry _ Bri1 R:—l Pﬁt * Pry YFt

-t 42
Py~ By m BT R () Q) ()

Equation (42) shows that aggregate home savings in foreign bonds are also unaffected under
(41) . 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

B

while the value of its savings in the foreign market, Q; P?’ declines with the real exchange
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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

B R, ¢ Brpi1 Ry

Q0 (9) = @ (0] T Tt =~ (0) B

(43)

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, . 0
EY ] |1 ;ﬁn (Dre4iyseiri — Quri (0) DhyyiUhirs) = mN F A, (44)
i>0 \j=1"t+Jj t+1
which in the case of a permanent unilateral IX policy, 77}, = 9, is proportional to the

present discounted value of future trade deficits. As equation (44) indicates, in equilibrium
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: Bri—1 Bi_4

B+ — o, which implies that the increase in home wealth through higher fiscal revenues
t—1 t

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

Bpi—1 R 4 _ d
jjt*_l 7'1';;< 1 + (5

—[Q: (0) — Q¢ (0)] NFA;

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 B7;, _; > 0 net foreign assets are given
by

Bri-1 Ry By R

NFA; = —
t Qt Pt*—l 71'; Ptfl Tt

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
Bpy—1 R 4 S 0
Pt*—l 7'1';;< 1 —+ 5

—[Q¢ (6) — Q¢ (0)] NFA,
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Therefore, given an unchanged path for future trade deficits, an exchange rate appreciation
of the same size of the policy, i.e. as in (41), 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 7?77 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
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

> 14T

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.
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5 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
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.

5.1 A special case : a permanent change under PCP

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:

il oa-m 17
Ry = 3 [ Ht (1 —T?—1)] (91)% (45)

In this case we can state the following proposition.
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Proposition 1. If the exchange rate regime is flexible (p. = 0), monetary policy is
described by (45) and prices are set in producer currency (PCP), a permanent unexpected
IX policy

IX = {Tm,§§}32t st. TH'=¢r =9 (46)

s

a permanent unexpected BAT policy

BAT = {T?}SZt st T = s (47)
and a permanent unexpected VP policy
VP ={r7¢’} st TL=g¢u= 0 (48)
s1°55 s>t e s s 1+6

have no effect on the real allocation and induce a real exchange rate appreciation of size %ﬂs.

Appendix la contains the complete proof of Proposition 1. Here we explain the intuition
behind equivalence of IX 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

Py, (—-7)Pg P, (1-7)Pgy 1
Pt* - (1—|—§$) Pt EtPt* (1—|—§$) Pt Qt

(49)

@_ (1+Tm)P1:tt
P (1—-1v) P

Qu (50)

imply that IX and VP induce the same expansion of domestic exports and contraction of
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 4.2.1 to explain how the balance of pay-
ment 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

L 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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the home firm ¢ requires that a VAT increase is accompanied by a payroll subsidy in order

to prevent any distortion in the supply of the home varieties

v Wi

B2l M ¥in 0) Pars (1= 77) | Pin0) (1= 7") = (1=6") g oy

=0 (51)

Intuitively, the VAT increase reduces the firm’s marginal revenue, Pg;(i) (1 — 7°), for any
given price Pgy(i) paid by the consumer. Payroll subsidies (¢?) 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—~
THt = |Cp <w> +(1—-¢p) ( it ) (52)

T7) Pt

)

indicates that a VAT increase boosts domestic price inflation 7g;. Given our assumption

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

VAT changes, neutrality of VP follows by letting all prices under V P increase by 1_177; = 1%
IX 11X 196
pyr _ PH,t . VP _ PF,t . VP _ P
H,t 1_7_%)7 F,t 1_7_%)7 t 1_7_%)

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

vp _1+0 P

t = TQt = EtW

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

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 FGI. 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.
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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{" ¢S}ty st T =¢ =90 (53)

S S

and a permanent unexpected BAT policy

vy vy 5
BAT = {TS }Szt s.t. Tg = m (54)

have the same allocative effects of a once and for all unexpected currency devaluation of size

0. A permanent unexpected VP policy of the same size

VP = {Tg7gg}szt st. Tg=¢g= (55)

1+0

has no effect on the real allocaticon.

5.2 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 settting 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 taxes, the policies

IX = {Tg”,gf}sZt st T =¢Y =4, (56)
and
)
BAT = {15}, st 75 = : J: 5 (57)
implement the same allocation. Generically, the policy
1)
VP = {Tgagg}szt st. Tg=¢5= 1 _:58 (58)

does not implent the same allocation as 1X 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).
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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 impot 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:

PFBAT BAT IX
(1 _sTﬂ—) = L' Fs (1 + Tzn) = PFS
s

The intuition for the lack of equivalence between VP and IX (or BAT) inthe general case
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 VATdeductibility of exports.

1

- Again,

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

6 Conclusion

TBA

21f 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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8 Appendix A. LCP Pricing

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 §
which happens with state dependent probability p'™X starting from {S,Q}, is described by a
new stochastic process {S, Q} such that S = S U STX U sV

ST = ai* (18) (59)

O-gX (T;nv gtma T;tn*77—f*) = ((1 + T;n) d— 17 (1 + gtm) d— 17T;n*7gtx*)
S = oy (9)) (60)

O—§X (T;n?§tx77?1*77tz*) = ((1 + T;n) d— 17 (1 + gtx) d— 17 (1 =+ T;n*) d— 17 (1 + C;;U*) §— 1)

and
~ diag (1 — 71X) Q  diag (77X) Q
= [ ( QR ) éIX ) (61)
a - diag (1—7T[X)Q diag (ﬂ'IX)Q 0 (62)
B diag (7rR) Q diag (1 - 7TW) Q  diag (7TW) Q

where the ordering of states in the matriz ) 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, 77", 7¢*) in the no

policy set S to the corresponding element o/X (s;) = (F7*, &, 7% 7%*) in STX that satisfies

1+77 1457
1+ 7 14sf

J as given by (59). The definition above encompasses the possibility that the
policy change is anticipated, with the vector /¥ indicating the probability of implementing
IX in each pre implementation state s € S. Moreover the transition matrices Q/X and QF
govern the behavior of trade and fiscal policy conditional on IX being implemented. These
matrices can therefore be specified to capture different assumptions about retaliation or

eventual reversal. If, for instance, /X = Q the policy does not trigger retaliatory behavior
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and it is permanent, since the probability of changes in trade policy in the foreign country
are unaffected by implementation of IX at home and the probability of a transition back to
no policy states S is zero. On the other hand if QF has non zero elements there is a positive
probability that the policy will eventually be reversed.

Consider a unliateral IX implementation {5’ ,Q} starting from {S,Q}. Take any §' =
(51,589, ...,5;) € St and let /X (5") = s' be a function mapping any finite history § € St
into the corresponding no IX policy history s = (s1, 82, ..., 8¢) € S, that is for s = 1,..., ¢

. { of (&) if 5 € 57X
S if €8

Definition 2. Let {At (St)}steSt,tZO = {Ct (st) , Cf (st) , Ny (st) , NV (st) , Y (st) , Yre (st) Yo (st) Yo (
be part of an equilibrium allocation for a given state xg = (B}‘{_lR_l, Bp_1R*{,Py_1 (i), Pj_4 (7) ,so) ,
and stochastic process for the fiscal state described by {S,Q}. A unilateral implementation
of IX of size 0, {S,Q}, has no allocative effect if A, (§t) = A (utIX (§t)) 1s still part of an
equilibrium under {5’, Q}

We now report below proposition 1

Proposition 1. Let xg = (B}{_lR,l, Brp_1R*|,Py_1(i),Pp_4 (7,)) be the initial condi-
tion and {S,Q} describe trade policy. A unilateral implementation of IX {5,(2} of size §

has no allocative effect if and only if

1. It is unanticipated, i.e.

X =

, permanent, i.e.for any &

Pr{l+7, =¢sy=5_¢€ 8%} = Pr{l + 7 = lse =0t 1 (50) € S}

1+6
Pr{1+a§+1:§yst:§_eSfX}:Pr{Haﬁl:

and there is no probability of retaliation, i.e. for any &

T 3 T
Pr{ 4t — si=5_ eS8  =Prd H —¢ls, =X (5 )e s
{T?:LH 1+5|t Tﬂl f‘t Os ( )

Pr{gﬁl =5 =5 ¢ S’X} - Pr{gﬁl =&lsi =05 (5 € S}
Sty 1496 St+1 ’
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2. There is no trade in home currency denominated bonds: By _; = 0 = B and y = oo.

(Orif x =0 the equilibrium under {S,Q} features Bjy, = 0)
3. Ezport prices are set in producer currency or prices are flexible
We start by collecting all of the equilibrium equations affected by trade policy and the

real exchange rate:

P, Pge (14+71)

— 63
Py Py (1+¢§)Q: (63)
Pry P;;t (1 + T;n)
il RS A 64
PR AT o
Ct Qiy1 Cy ] Py }
' { [Ct+1 Qi Ol Pha (65)

cr Q Cy ] P } (B;{ B)
E : - = ti 66
' { |:C£k+1 Qi1 Ci1] P X R, (66)

Bre By 1 Bpa By By Ria 1 Phy vy Pre Yrt
Py B Qe PLyom P om Q PR 14t B (1+7)Qu ()

First notice that, retaliers demand schedules imply that if the IX policy is neutral on the

(67)

allocation than it must be neutral also on all relative prices:

Puy (3Y) _ Pa (1™ (51))

b3 P (u¥(3)
)

)
P, (3" P (i (34)
Pj;t (5") _ Pry (1™ (5))
Py (st P (u(3)

And similarly households demand imply that intertemporal prices are also the same

Pi1 (5", st41) _ Pr1 (pi (8% st41))
P, (8% Py (u (34)

29



Py (8 5041) _ P (1™ (3" s041))
Py (st) Pf (p (3)
Let the real exchange rate in the origianl equilibrium under {5, Q} and in the new equailib-

rium under {S’ , Q} be denoted by

Q¢ (st;O) for s € S¢
Q¢ (St;5) for st € S

It is straigthforward that at any & = (31, 32,...,5) € S* equations (63) and (64) are

satisfied by the same relative prices that hold at /X (ét) in the original equilibrium if and

only if
1 cp o~
1 Qu (1~ (3)0) if sees (63)
I 1 oo X
Qe (559) Qe (niX(34)0) (1+9) if €S

.Given this, IX is neutral if and only if equations (65) - (67) are satisfied by Ay (uf™ (5%))
given (¢ (§t; 5) and neutrality on all relative prices.

The if part is straightforward and can be easily checked following the same arguments in
the main text.

For the only if part, let’s start from condition 1. For any 5! = (31, 32, ...,8;) € 5% let
tie (§t) be the first time that 5 € S'X. If p’X has a non zero element pZ-IX there exists 5!
such that 35y € SIX, Syie(zty—1 € S and Pr{si41 = Spi 5ty |5t = gtiz(gt)_l} = plX > 0.
Then consider the left hand side of equation (65) at t* = ¢@ (.§t) — 1. This is given by

Cyx st" Q ~t*7 x41;0 Ch gt" P 5"
(1—pyme [ 0() @) i) | m() g
? Cyry1(87 592 41) Q:(3) Cr 41 (3 51 41) Pt*+1(s Stri1)
+
IxXg Ci (§t*) Qt (§t*78t*+1;5) _ Ol (gt*) P (g”) |s € §1X
Pi ” Ct*+1<ut*+1(§t*78t*+1)) Qt(gt*) Ct*+1(ﬂt*+1<§t*75t*+1)> Pt**+1(“t*+1(§t*75t*+1)) e

Since {At (st)}
(68), and the definition of ji;« | the second term is given by

pz'IXEt* {

stest >0 18 an equilibrium under {5, 2} the first term is equal to zero. Using

Coo (3V)  Qe(8",s¢41;0) 1 = (87)
Crg1 (87, 8p01) Qi (3) 146 Cpy1 (87, sp41)

P (37)

* S S - — IXE *
Ptt—i-l <§t*’ 3t*+1) |St +1 D t

(69)
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where we have used the the structure of Q to change the conditioning set. Equation (69)
shows that equation (65) is not satisfied.

Similarly we have that if the policy induces retaliatory behavior or it is eventually reversed
a similar argument can be applied by showing that equation (65) won’t be satified at t* =
fiz ( gt) .

In order to show that the policy is neutral, we have to check that this appreciation of
the exchange rate does not imply that other equilibrium conditions are violated with an
unchanged allocation. The only other equilibrium conditions that are affected by changes
in the real exchange rate are the two optimality conditions for holdings of foreign currency
denominated bonds, (6) and (7), and the equilibrium equation in the balance of payments.

It is immediate that equations (6) and (7) are unaffected if and only if condition 1 is
satsfied: since optimal holdings of foreign currency denominated bonds depend on future ex-
change rate appreciation, a permanent appreiciation of the real exchange rate does not affect

. o : e Qu1(8) . Qi1 (0)(146)
demand schedules. That is, under condition 1, equation (41) implies ét(lg) = ctgt(lo)(l v

Turning to the equilbrium in the balance of payment, we can rewrite equation (36) in

(foreign good) real terms and using condition 2, i.e. B}, ; = Bj;; = 0, we obtain

Bri _ Bri-a Ri y Py . Ppe YFt

+ S 70
Pr B, om BB (h Q) (70)
P,
1 = BB, [Am+1 5 ! Rt] (71)
1
P,
1= BE, [At,tJrlP ! QHRI] (72)
t+1 Et

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

corresponding intertemporal optimality conditions for foreign household holdings of bonds

are

P*

1 = pE, [ :tk,t+1P:R::| (73)
t+1

where x € {0, 00} determines foreign households costs of holding home currency denominated

bonds in excess of a long-run value B. Thus, when y = 0 foreign households can costlessly

adjust their holdings of Bj;,, whereas when x = oo holdings of B}, are fixed at their long-run
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value at all times (i.e. B}, = B). These conditions, together with (6), imply the risk-sharing

condition

10 Appendix C. Equilibrium Equations under VP and BAT

In Section XX, we analyze the short-run macroeconomic effects of trade policies by focusing on
IX policies. Here we present the full description of the model inclusive of VP and BAT policies

with an emphasis on how these policies compare and contrast with IX in key equations.

10.1 Retailers

Profit for the home retailers are
R v T PFt
Ht = (1_Tt)(l_Tt){PtCt_PthHt_MB/lmyFt} (74)
t

where 7} is the value-added tax rate, 77 is the tax rate on profits, and BAT; € {0, 1} indicates

wheter profit taxes are adjusted at the border or not. The border adjustment implies that
the cost of imported goods (yr;) 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 (77").
Given the CES structure of the aggregators (11), (12), and (13) , the foreign good demand
is ,
Pry -
(1 — T?—BATt) Pt

yre = (1 —w) [ C, (75)

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

o Pry 1-67 120
Pt = wPH; + (1 — w) <1—T7TBATt> (76)
t

32



10.2 Producers

After tax profits of firm 7 are

(1+¢7)
(1 + T%n*) (1 — TfBATt)

I = (1= 77) [(L= 7)) Prre(i)yse () + Prre()y (1) — (1 = ¢¢) WilNi(i)

(77)

where ¢} is a payroll subsidiy, ¢f is the export subsidy, and 77** are import tariffs levied

in the foreign economy. Expression (77) 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 VATs.

Firm i sets prices as in Calvo (1983) 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,
firm i’s domestic price inclusive of VAT evolves according to:

Pri(i) w/prob (1—Cp)

Py (i) = : (78)
P () Y= wprob ¢,

where ¢} is a payroll subsidiy, ¢f is the export subsidy, and 77"* are import tariffs levied in
the foreign economy. 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
P}, (i) adjusts in order to equalize net unit revenues across markets:

(14+77*) (1 — 77 BATy) (1 — 19) Py (i)
(1+<F) €t

Py (i) = (79)

where ¢} is a payroll subsidiy, ¢7 is the export subsidy, and 77** are import tariffs levied in

the foreign economy.!? Expression

13 Our results are robust to alternative pricing assumptions, such as local currency pricing (LCP). We explore
the implications of LCP in Section XX..
"We do not study the case in which foreign economies raise VAT taxes.
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Firm 4 chooses a reset price, Pp(i), to maximize the expected present discounted value

of profits conditional on no price change

B S, Cp " [Asally] (80)

subject to its production technology (22), the evolution of prices in (78) and (79), 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

EeS32 5 Ay Qt | Pre(d) (L—77) — (1= <Y)

where Q¢ = Yp¢ (i) Pys (1 — 77). Expression (81) indicates that the adjusted price P g (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 (j) in the foreign market according to

. W
B2, 5t Y, (5) Phy | Pig() — — :
t s—tCP s,t1 Ft (.7) F's Ft(]) v—1 aA:Z:(Z)*N:(])D‘_l

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

=0 (82)

markets:
1+ .
L+ @—m) ™

Using the evolution of firm 4's price in (78) in the Py price index equation (20) and using

Ppy (j) =

()t (83)

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

v 1—y D 17775
. [cp () - (pn) ] (54)

P

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

price pH7t. 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.
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10.3 Government Policy

Fiscal policy in the home and foreign country is characterized by a vector of fiscal instruments
st = (71,5t 7¢ St 71 BATy, 7", <) (85)

We assume that s; € S is a finite state Markov chain and €) is the associated transition
probability matrix, with element €2; ; indicating the probability to move from state i 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:

p
_Tt
L+7¢

T 7_115] * C%)
Ht + P ﬁWtNt =T (86)

m * x *
Tt 5tPF,t - St EtPH,t + 14 ot Bt 1 e
t t

Monetary policy in the home country follows the interest rate rule

oy ]%n
Ry = ; [WHt((l_Tt))] (e)7v (€0 — &0)7° (87)

v

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 proactively responds to deviations of the nominal exchange rate from a

target exchange rate.

15GSee Benigno et al. (2007) for a discussion of interest rate rules that maintain a fixed exchange rate.
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Figure 1. Supply Effects of IX (Partial Equilibrium: Fixed RER)
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Figure 2: Exchange Rate and Trade Balance
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Figure 3: Permanent IX vs. IX with Retaliation
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Figure 4: Macroeconomic Effects of IX
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Figure 5: Permanent Unilateral IX With and Without Foreign Holdings of Home Bonds
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Figure 6: Permanent Unilateral IX With PCP and LCP

I
o I
Io I
x| I
)
m I
< | I
< |
< !
L |
@ L /
¥ /
/
¢ - -
o o 0 o
— —
SS wol} V %
y
’
’
I ’
0 Y
Sl
= /
(al
oy 1
o |
o
< z/
E- ~
~
~
III
< P ~ -
o o o o
SS wol} V %
I
/
I /
%) /
S /
2 p
a | ’
M /
o \\
- ,
-} 7’
P d
P
P d
-
E o e e e e
o] [{e) A._. (q\] o

SS wol VvV %

40

30

20

10

40

30

20

10

40

30

20

10

40

I
)
//
/ S
/
= /
o | / o
5 / 5
@) ’
/7
7 o
7
P —
-’
-’
-
I\ lllllllll
. s = o
o) < ™ ~ — o
o o o o o
SS wol} V %
o
| <
1
|
I ]
I
2 1
-
(ol} ] S
< y
L /
/
7 o
-’ =
-
-
-
\\
s o e - o
. . . o
- © © < ~ o N <
o o o o n_u =}
SS wol} V %
o
Y <
\
\
\ &
\
n \
= \
a . &
e \
- \
\
S S
N
N
~
I/I
IIIII . o
N o N < © © o
1 1 1 1 1_—

SS wWol vV %

Quarters

Quarters

PCP- -LCP

Quarters




% A from SS

% A from SS

VP and IX
0 5 10 15 20
Domestic Good : Yh
0 5 10 15 20
Imports : Yf
0 5 10 15 20
Quarters

VP vs IX Calvo Rigidities (PCP)

% A from SS

% A from SS

% A from SS

o

o
o
(e}

©
o
0o

Real Exchange Rate

5. 1.0 1.5
Foreign Good Abroad : Y:

20

S o
o o
= N

o

15
Quarters

—VP - - IX

% A from SS % A from SS

% A from SS

60

40t

20

Inflation (CPI; Annualized)

5 10 15 20

5 10 15 20
Production Abroad : Yf+Y:

15 20

Quarters



	Binder june 2017.pdf
	Figure 1a-b_new
	fig2
	fig3
	fig4
	fig5
	fig6
	VP_VS_IXCalvo Rigidities (PCP)




