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Abstract

We study the short-run macroeconomic effects of trade policies that are equivalent in a friction-
less economy, namely a uniform increase in import tariffs and export subsidies (IX), an increase
in value-added taxes 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
summarize conditions for exact neutrality and equivalence of these policies. Neutrality requires
the real exchange rate to appreciate enough to fully offset the effects of the policies on net exports.
We argue that a combination of higher import tariffs and export subsidies is likely to trigger only
a partial exchange rate offset and thus boosts net exports and output (with the output stimulus
largely due to the subsidies). Under full pass-through of taxes, IX and BAT are equivalent but
VP is not. We show that a temporary VP can increase intertemporal prices enough to depress
aggregate demand and output, even when wages are sticky. These contractionary effects are
especially pronounced under fixed exchange rates.

JEL classification: E32, F30, H22
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1 Introduction

There is a longstanding debate about how trade policies can stimulate the macroeconomy. In consid-
ering different ways of alleviating a deep economic recession within the confines of the gold standard,
Keynes (1931) argued that the U.K. could derive a similar degree of stimulus from raising import

tariffs and providing export subsidies as through devaluing the pound against gold.'More recently,
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of Boston and Philadelphia, Macroeconomic Meetings of the Federal Reserve System, XXIX Villa Mondragone Inter-
national Economic Seminar, NBER Summer Institute, ITAM-PENN Macroeconomic Meetings, Melbourne Institute
Macroeconomic Policy Meetings, the CEBRA-BOE IFM Annual Meeting, the NBER IFM Fall Meetings, the European
Central Bank, the XX Inflation Targeting Conference of the Central Bank of Brazil, and the SED Meetings. The views
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Board of Governors of the Federal Reserve System or of any other person associated with the Federal Reserve System.

I Eichengreen (1981) provides a detailed account of the contentious political debate that preceded the United King-
dom’s shift towards protectionist trade policies in the early 1930s.



there has been renewed interest in the question of how countries constrained by membership in a
currency union can implement tax policies with economic effects akin to a currency depreciation (e.g.
Calmfors 1998 and Farhi, Gopinath, and Itskhoki 2014). The approach of cutting payroll taxes to
lower domestic relative to foreign prices, and thus boost external competitiveness, has strong intuitive
appeal. In this vein, a number of countries have reduced payroll taxes and financed these cuts with
VAT increases.

However, even if these policies can provide stimulus under fixed exchange rates, it is unclear to
what extent they would do so under flexible exchange rates. Mundell (1961) questioned whether
the mercantilist prescription of higher import tariffs and export subsidies would stimulate demand in
economies with floating exchange rates, as “equilibrium in the balance of payments is automatically
maintained by variations in the price of foreign exchange”. Similarly, Feldstein (2017) and Auerbach,
Devereux, Keen, and Vella (2017) have argued that a border adjustment of corporate taxation — that
in effect taxes imports and subsidies exports — would not affect the trade balance provided that the
nominal exchange rate was free to adjust.

In this paper, we examine the short-run macroeconomic effects of three alternative policies that are
equivalent in a frictionless economy, namely a uniform increase in import tariffs and export subsidies,
a reduction in employer payroll taxes financed by an increase in VAT rates, and a border adjustment
of corporate profit taxation. To do so, we use a New Keynesian open-economy framework that builds
on contributions by Gali and Monacelli (2005) and Corsetti, Dedola, and Leduc (2010). We analyze
the extent to which these three policies elicit equivalent macroeconomic effects — under both flexible
and fixed exchange rates — as well as their efficacy in providing cyclical stimulus.

The first key finding of our analysis is that the combination of import tariffs and export subsidies
(IX henceforth) induces expenditure-switching towards domestic goods that 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, Gopinath, and
Itskhoki (2014) — our finding that these policies are 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 tariffs and export subsidies on the domestic economy.?

We lay out the conditions under which the conventional view holds and IX policies are “neutral,”

2See, for instance, the orginal contribution by Lerner (1936) and, more recently, Costinot and Werning (2017).



i.e., have no allocative effects, and argue that these conditions appear extremely restrictive and hence
unlikely to hold in practice. Crucially, the neutrality of IX policies hinges on the expectation that the
real exchange rate will appreciate permanently, reflecting the public’s belief that trade actions will
remain in place forever and not induce foreign retaliation (even in the long run). However, historical
experience suggests that trade policy actions are often reversed or spur retaliation. These reversals
may occur because the trade policies are implemented as cyclical measures to boost the economy or
as a negotiating tool in foreign policy;® alternatively, they may result from an electoral shift towards
a political party more supportive of free trade.* Moreover, although some trade policy legislation has
been enacted with the expectation that it will remain in effect for a long time — as in the Great
Depression — the tariff wars that ensued during the 1930s (especially in response to Smoot-Hawley)
serve to underscore the high likelihood of foreign retaliation under such circumstances.

Given this motivation, we use a Markov-switching framework to consider 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, we find that the policy
boosts output so long as the unilateral actions remain in effect (that is, before the foreign retaliation
occurs). Intuitively, when the exchange rate is expected to eventually revert to its pre-shock level, the
immediate appreciation of the currency falls short of completely offsetting the expenditure-switching
effects of the policy on imports and exports. While the expectation that the policy will be reversed
raises the relative price of current consumption — since tariffs are expected to decline — the resulting
fall in consumption due to this intertemporal substitution channel is swamped by the boost to net
exports, so that output expands. As a matter of fact, a key insight of our paper is that the output

stimulus of unexpected IX policies is largely driven by the export subsidy whereas tariffs, depending

3 In this vein, Irwin (2013) discusses how President Nixon favored the imposition of a 10 percent across-the-board
tariff in 1971 partly to enhance his electoral prospects in the 1972 election, as well as to put pressure on foreign
trading partners to revalue their exchange rates. As it turned out, the tariffs were lifted fairly quickly when the foreign
policy objectives were viewed as largely achieved, as well as from pressure coming even from some members of the
Administration.

4For example, in the U.S. experience, President Wilson, a free-trade Democrat, strongly supported the passage of
the Underwood Tariff Act of 1913 which scaled back the high tariffs that had prevailed under previous Republican
Administrations (see Irwin 2017).

5In standard DSGE models, expectations about how trade policy will be set in the distant future — by affecting the
exchange rate that must prevail in the long-run to satisfy intertemporal trade balance — can exert powerful effects on
the exchange rate today. However, such implications rest on the doubtful premise that agents have a high degree of
confidence about the stance of policy far in the future.



on parameter values, have a negligible or even contractionary effect on output.5:”

We then turn our attention to the analysis of a reduction in payroll taxes financed by an increase
in VAT (VP policy), an alternative tax policy that is often considered either equivalent or a close
substitute to IX. Some European governments have attempted to provide macroeconomic stimulus by
implementing such "fiscal devaluations", including the governments of Denmark in 1988, Sweden in
1993, Germany in 2007, and Portugal in the context of the 2011-2014 EU-IMF Economic Stabilization
Program.®

Our second key finding is that, in general, the effects of IX policies diverge markedly from VP,
even qualitatively. To illustrate the different general equilibrium response to these policies it is helpful
to consider the same conditions under which IX is neutral — namely, when policies are implemented
permanently and exchange rates are flexible. In this case, neutrality of IX occurs through an immediate
jump in the exchange rate which ensures that the price of imported goods remains unchanged relative
to domestically-produced goods; no change in factor prices, including the wage, is required. While VP
also turns out to be neutral — at least if wages are flexible — a striking difference is that no adjustment
in the exchange rate is required to keep the relative price of traded goods constant, reflecting that the
VAT applies to both imported and domestic goods. Moreover, the wage must jump under VP, both
to offset the competitiveness-enhancing effect of the subsidy on firm marginal cost, and to induce
households to keep their labor supply unchanged. A direct consequence of these different relative
price responses is that any departure from the specific conditions that deliver allocative equivalence
(and neutrality) will result in markedly different macroeconomic effects. For instance, in the special
case in which wages are flexible but exchange rates are fixed, IX has expansionary effects while VP
remains neutral.

An important open question remains whether a temporary implementation of VP can provide
stimulus in the event of cyclical downturns. We find that a VP policy can easily have contractionary
effects on aggregate demand and inflation, even when wages are sticky. While the payroll subsidy to

employers increases competitivenes by reducing marginal costs, the temporary increase in VAT rates

6Qur emphasis on intertemporal substitution channels is in the spirit of earlier work by Svensson and Razin (1983),
who use a two-period model to illustrate how a temporary tariff affects the current account through intertemporal-
substitution effects on consumption.

"Barattieri, Cacciatore, and Ghironi (2017) incorporate additional supply-side channels, including endogenous entry
and exit of firms, that amplify the negative effects of tariffs. These authors, however, focus exclusively on the effects of
tariffs rather than the combination of import tariffs and export subsidies (IX policies), as we do here.

8 A number of quantitative and empirical papers have tried to gauge the effects of fiscal devaluations on trade,
including Lipinska and Von Thadden (2012), de Mooij and Keen (2012), Franco (2013), and Gomes et al. (2016).



raises the price of current consumption relative to future consumption, thus depressing aggregate
demand. The latter intertemporal substitution effect exerts a strong contractionary impetus unless
monetary policy cuts interest rates sufficiently. Hence, VP tends to be sharply contractionary under
fixed exchange rates and may well cause output to fall even under flexible exchange rates.

These results may seem surprising in light of the existing literature, including the seminal work by
Farhi et al. (2014), which shows that, under fixed exchange rates, VP provides equivalent stimulus to
output and inflation as IX or an exchange rate devaluation. A critical assumption responsible for the
contractionary effects of VP is that, in our framework, pre-tax prices are sticky, so that VAT increases
are immediately passed through to consumer prices. Given the centrality of this assumption about
VAT pass-through for our theoretical results, we discuss some empirical evidence in support of our
specification that shows that consumer prices tend to increase quickly in response to VAT increases. A
particularly applicable case was the implementation of the German fiscal devaluation in 2007 — a rare
case of a VAT increase accompanied by an equally-sized payroll subsidy — in which the pass-through
of VAT increases was large and immediate.

While our analysis focuses heavily on IX and VP policies, we also study the effects of a border
adjustment of corporate taxes (BAT). Several authors, including Feldstein (2017) and Auerbach et
al. (2017), have recently argued that a border adjustment of corporate taxation, that amounts to
taxing imports and subsidizing exports, would not affect the trade balance provided that the nominal
exchange rate was free to adjust. A key theoretical insight of our analysis is that, with nominal
rigidities and full pass-through of taxes, the BAT is equivalent to IX. Consequently, the BAT would
provide macroeconomic stimulus exactly like IX policies and have no allocative effects only under
fairly extreme assumptions.

A few authors, including Barbiero, Gopinath, Farhi, and Itshoki (2018) and Linde and Pescatori
(2018), have recently provided quantitative assessments of a possible adoption of a BAT by the
United States. These papers mainly consider a unilateral permanent implementation of the BAT
which implies a large jump in the exchange rate. They focus on incomplete pass-through of exchange
rate changes to import prices as a key source of non-neutrality, and show how, under these conditions,
the BAT can have large effects on both trade prices and volumes. While our analysis has clear
complementarities with this research, we focus on features — such as the possibility of retaliation or

reversal as captured by our Markov-switching framework — that greatly diminish the scope for trade



policies to exert large effects on the long-run level of the exchange rate. As emphasized, these features
cause trade policies to have allocative effects by damping the near-term movement in the exchange
rate. Although we retain a standard infinite-horizon general equilibrium framework, our use of a
Markov-switching framework to limit the role of long-run expectations in determining the economic
effects of trade policies is in the same spirit as a recent literature that attempts to damp the role of
beliefs about future policies on current outcomes.’

The paper is organized as follows. Section 2 describes the model. Section 3 develops some intuition
about the effects of IX, VP, and BAT policies by discussing their partial equilibrium effects. Section

4 discusses the macroeconomic effects of IX policies, including conditions for neutrality. Section 5

investigates the relation between IX, VP, and BAT policies. Section 6 concludes.

2 Model

The economy consists of a home (H) country and a foreign (F) country that are isomorphic in
structure. Foreign variables are denoted with an asterisk. Agents in each economy include households,
retailers, producers of intermediate goods, and the government. For ease of exposition, the next
sections describe the optimization problems solved by each type of agent under the assumptions of
producer currency pricing (PCP), fully flexible wages, and a simple financial market structure in which
only a foreign currency bond is traded internationally. Appendix A presents a more general model
that allows for alternative assumptions about price and wage setting and financial market structure,
as well as for differences in country size; all of the theoretical results are derived within the context

of this general framework.

2.1 Households

Households in the home country derive utility from a final good consumption (C}) and disutility from

labor (N;). They maximize expected lifetime utility

EoX520B8'U (Cy, Ny) (1)

98ee, for instance, research on the “forward guidance puzzle” by McKay, Nakamura, and Steinsson (2014), Fahri and
Werning (2018), and Angeletos and Lian (2017), as well as related analysis of the effects of finite planning horizons by
Woodford (2018).



subject to the budget constraint
= 2 « ~
PCi+ By +t | Bre+ 5 (Bre = Br)’| = Rt By + &Rl Brey + WiNe + L+ T (2)

where P; is the consumer price index, By are noncontingent nominal bond holdings denominated in
domestic currency, Bp; are noncontingent nominal bond holdings denominated in foreign currency,
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, T} is a lump-sum transfer from
the government. The parameter x > 0 allows for the possibility that home households face quadratic
costs of adjusting their holdings of foreing bonds.'? In our baseline calibration we focus on the case,
often considered in the literature, in which foreign households cannot invest in the domestic bond so
that only the foreign bond is traded internationally.'!

We assume that the period utility function takes the form

1 1
N) = -0 _ N1+77
U(CN) = 15 CF 7 = =5, 3)
Optimality requires
W,
NU [ 4
t C Pt ( )
P,
1= Pk, |:At,t+1P : Rt:| (5)
t+1
Py e
1=73E; [A —_— Ry 6
5, | Ao 5y | (©

g
where Ay 441 = (C?L ) is the real stochastic discount factor of the home household. The correspond-

ing optimality condition for foreign household holdings of the foreign bond is

* P* *
1= pE, [ t,t+17P*t Rt:| (7)
t+1

Combining the optimality conditions for bond holdings (6) and (7), one obtains the risk-sharing

10 A1l of our theoretical results go through irrespective of the value of x provided that x = 0. For simplicity, the first
order conditions we report in the text assume x = 0. In our simulations we introduce very small costs of adjustment to
ensure stability of a first order approximation. See Neumeyer and Perri (2001) and Schmitt-Grohe and Uribe (2003).

11 That is, the budget constraint for foreign households is given by
* v * 1 * * * Bo\2 * * 1 * wNTE T *
Pror + BFt + et [BHt + XT (BHt - BH) ] = Rt—lBFt—l + ?thleHt—l + WENS + 10 + T

In our baseline analysis we set x* = oo so that only foreign currency bonds are traded internationally. We consider
relaxing this assumption in Section 4.4.



condition

Qt+1 * :| Pt* }
E A —I= — A —— =0 8
t {{ tt+1 0, t+1 P (8)

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=c¢t Ptt (9)

2.2 Retailers

Competitive home retailers combine home and foreign intermediate goods to produce the final con-
sumption good according to the constant-elasticity-of-substitution (CES) aggregator
1 0-1 1 0-177-71
Ci= |wigYy! + 1 —wn)?Yp/ } (10)

where 6 > 0 determines the elasticity of substitution between home and foreign intermediate goods

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

Yire = [/Olym ()= di] ﬁ (11)

Vit = Uol Y (i)' 5 di] ﬁ (12)

where 7 > 0 determines the elasticity of substitution across varieties.

Profit for the home retailers are

P
H{c = (1 — ’T};) (1 - T?) PtC't - PHtYHt - Lkl )YFt (13)

(1 — T%TBATt
where Pp; and Pr, are the price indexes of the home and foreign goods, 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 (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 (7}*).



Given the CES structure of these aggregators, the home and foreign good demand functions are

characterized by

N )
Y (i) = [PH];H(f)] - Y (16)

The zero profit conditions for home retailers imply that price indexes satisfy:

P 1-6 ﬁ
P= |wPL? + (1-w) (”) 1 (18)

1-— T?BATt

1

Py = Uol Py (i) dz} - (19)

1

Ppy = [ / 1 Ppy (i)' dz} ’ (20)

0

2.3 Producers

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

ferent varieties of intermediate goods. Producers use the technology
Yie(i) + Y, (i) = AN (2) (21)

where Y (¢) and Y75, () are firm ¢'s sales in the domestic and foreign market, respectively, A; is the
aggregate level of technology, and a € (0,1) controls the curvature of the production function.

In our benchmark specification we assume producer currency pricing (PCP), that is, producers set
prices in the domestic currency while letting prices in the foreign market adjust to ensure that unit

revenues are equalized across markets. We can then write firm 4's profits as
I} (i) = (1= 77) {Ppe(d) [Yare (i) + Vi, (i)] — (1 = <) WeNe(i)} (22)

where Pp;(i) denotes the unit revenue from domestic sales of the home variety.



The presence of value-added taxes introduces a wedge between unit revenues Pp; (i) and the price

paid by domestic retailers for Ppy (7) :

Ppy (i) = (1 = 7¢) Pre(i) (23)

Similarly, import tariffs, export subsidies, and the deductability of export sales from the corporate
profit tax when the border adjustment is in place (i.e. BAT = 1) create a wedge between the foreign

currency price paid by foreign retailers, Pjy, (i), and firm 4's foreign currency unit revenue from

Ppy (i) .

exports, -

(1 =77BAT:) (1 + 1) Pp: (4)
(1+¢7) ¢

P}, (i) = (24)

Producers set prices in staggered contracts following a Calvo-style timing assumption and with
full pass-through of value added taxes. That is, a domestic firm that adjusts its price at time t sets
the unit revenues Pp; (i) and, absent any price adjustment until time s > ¢, changes in value-added

taxes are fully reflected in retailer’s costs of purchasing the home variety

Pie () = (o (25)

Each firm that reoptimizes at time ¢ will then choose Ppt) to solve

Ppi(i) [Yas(6) + Y, (6)] = (1 = 68) Wy (i) }

S

maXEt Z(sp_t/\t7s (]. - T;r) {

s>t

(26)

where (p is the probability that the firm won’t be able to adjust its price in any given period, labor
demand satisfies (21), and domestic and foreign sales are determined by retailers” demand schedules
in both the home and foreign market (i.e., equation (16) and its foreign analogue, respectively). The

reset price Pp;(i) satisfies the usual optimality condition:

_ o 1= 1— U)W,
B35 A [Vira () & Yoy ()] (1= 77) = |Bpai) — 21— 1 =53)

= 2
P, v—1aA;Ns(i)*1 0 (27)

Equation (27) indicates that the contract price Pp;(i) is set as a fixed markup over the appropriately

discounted measure of firm marginal costs that takes into account the expected duration that the
contract price will remain in effect. We let the producer price index Pp; be defined in a way that

mimics the consumer price index in (19) :

1

Pp; = [ / Ppy (i) dz} ﬁ , (28)
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our Calvo-style pricing assumption then implies that producer price inflation is given by

(p+(1 —Cp)( Pes )H] " (29)

TPt =
Ppi_1

Expression (29) indicates that producer price inflation depends on future marginal costs through the

optimal reset price Pp)t, which is identical across all firms that reset at time ¢. Combining equations
(27) and (29) one obtains the familiar New Keynesian Phillips Curve linking domestic price inflation
to current and future marginal costs.

Similarly, foreign firm j sells its good in the foreign country at a price of P, (j) and in the home
country according to the PCP condition'?

(I+717)

P = T a -

e1Ppy(7) (30)

Foreign firms that are allowed to reset their price choose their contract price ﬁ;t (7) so that

. W
B X CH A [VE (5) 4 Yirs ()] | Py (5) — —2 s - 1
t s—téP s,t [ Fs (j) +Yp (])] Pt(.]) - 1 OéA:Z;k(’L)*N:(])O‘_l 0 (3 )

2.4 Government Policy
Fiscal policy in the home and in the foreign country is characterized by a vector of fiscal instruments
St = (T;n,§f,7’f,§?,7‘?,BATt,T;n*,Q:f*) (32)

that are assumed to follow a Markov chain as described below. The home government balances its

budget in every period through levying lump-sum taxes T}

T P Pactin - 4 TR - GWN T =T (33)
where T} are net international transfers.
Monetary policy follows a Taylor-style interest rate rule:
R = 5 (mro)® ()% G)* (34

where ¢, is the weight on producer price inflation (7p;), ¢, the weight on the output gap (g;), and

¢, determines how policy rates respond to deviations of the nominal exchange rate from an exchange

12 As we specify later, we assume that the foreign governments does not make use of VP and BAT policies. Hence,
unit revenues to producers equal retailers cost in the foreign country (i.e. Pj, = Pp,).
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rate target (i.e. gy = %) 13 When ¢, = 0, the home interest rate responds exclusively to fluctuations
in output gaps and domestic inflation. This specification implies that the central bank looks through
changes in inflation due to the direct effects of tariffs and value-added taxes. When ¢, = M, with M

large, the interest rate is set so that the country pegs its exchange rate to a predetermined target ().

2.5 Market Clearing and Equilibrium

Labor market clearing equates household supply of labor with aggregate firms’ demand

m:/m@w (35)
Bond market clearing requires

Bri + By = 0 (36)

But+ By, =0 (37)

Combining home and foreign households budget constraints and using the bond market clearing

conditions we get a balance of payment equilibrium equation
EtBFt = EtBFt—er—l +NXt (38)

which requires that home households increase their holdings of foreign bonds to meet the total amount

of new borrowing demand from abroad, given by home net exports:

gtPItTt

NX, = —Ht
A+

(Yire — StYrt) (39)

where S; denotes the terms of trade

(1+ T;”*) (1 — Tf) Pry
(1+71) et Pfy,

S, = (40)

which is the key relative price determining the behavior of the trade balance.
Let the initial condition for home holdings of bonds and individual producer prices in the home

and foreign market be:

To = [Bp_lR*_l,PH—l (Z) ’ P;'—l (Z)}

Definition. Given an initial state xq, a stochastic process for fiscal policy {s;} and international

transfers {Tf} , an equilibrium consists of (i) an allocation at home, 2 = {C}, B, Ny, Yire, Yir, Y (4)

13See Benigno et al. (2007) for a discussion of interest rate rules that maintain a fixed exchange rate.

12



Yri (i)} . and abroad = (id) firm-level prices and production decisions at home, ® = {Pp¢ (i), Ny (i),
Py (i), Py, (i) }5 ,and abroad ®*; (iii) aggregate prices at home I' = {Pt, Py, Pry, Ppy,ml, Wi, Rt}t>0

and abroad T*; (iv) (domestic) bond holdings, net exports, currency exchange rates and terms of trade

{But, Bisy NXy, €1, St} such that:

1. The allocation = satisfies households and retail firms optimality conditions (4) — (6) and

(14) — (17) as well as the analogous conditions in the foreign country;

2. Individual producer prices and production decisions ® mazimize firm profits, i.e. they satisfy

conditions (21),(23),(24) and (27) as well as the analogous conditions in the foreign country;

3. Prices ' clear all markets. That is, price indexes, {Pt,PHt,PFt,PPt,ﬂ'f}t>O, satisfy (18) —
(20), (28)—(29); wages clear the labor market, i.e. (35) is satisfied; and nominal interest rates

are determined according to (34). Analogous conditions pin down T'*.

4. The bond market clears, i.e. equations (36) — (40) are satisfied.

2.6 Calibration

In our discussion of the transmission of trade policies, we calibrate the model using fairly standard

values in the literature.'* Table 1 shows our baseline parameter values.

Table 1. Calibration

Parameter Value

Households Discount factor B 0.99
Risk aversion o 1.00

Frisch elasticity of labor supply n! 1.00

Producers Labor share « 0.36
Price stickiness (p 0.90

Trade elasticity 0 1.25

Import share Wit 0.15

Monetary Policy Output gap weight in the rule ©y 0.125
Inflation weight in the rule Or 1.50

14Gee, for instance, Gali (2008).
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3 Partial equilibrium effects of trade and fiscal policies

The trade and fiscal tax instruments considered in this paper directly affect three key margins de-
termining the equilibrium allocation in our model economy, namely relative demand for home and
foreign varieties, for consumption and leisure, and for consumption at different dates. In this section,
we focus on these margins to show how the effects of IX and BAT differ markedly from VP in partial
equilibrium - i.e. holding fixed nominal interest rates, exchange rates, wages, and producer prices.
This analysis will prove helpful in understanding the different general equilibrium effects of these
policies under various assumptions about nominal rigidities and monetary policy.

Starting with the relative demand for home and foreign varieties, the PCP conditions (30) and
(25) allow us to express the relative price of imports as

Ppe _ (1+71")elp, _ (1+7))

st — 41
Pue ~ (4<r) P (1) @M (41)

where
gtPI’;t

Qre =51t (42)

is the home relative to the foreign level of producer prices (henceforth, the producer real exchange
rate). Note that this relative price is not directly affected by changes in taxes.
Equations (14), (15), and (41) imply that the relative demand for imported goods in the home

country can be rewritten as

Qpt (43)

Yiue | Pue (1 — 77 BAT; (1+ <) (1 — 77 BATY)

Y Ppy - (1+7m)

o |-l
This equation shows that the imposition of a tariff raises the relative price of imports for any
given level of the producer real exchange rate, and hence shifts demand away from imports towards
domestically-produced goods. Similarly, the non-deductibility of imports from corporate profits under
the BAT operates like a tariff by raising the effective price of imports. The foreign subsidy to exports
(¢7*) has a countervailing effect, by allowing foreign exporters to decrease their price and hence
stimulate the home demand for imports. In contrast, changes in the VAT have no effect on relative
import prices provided that the producer real exchange rate is unchanged, reflecting that the VAT

has equal-sized effects on both the price of imported as well as domestically-produced goods (see e.g.

Feldstein and Krugman (1982) for a similar argument).

14



Foreign relative demand can be expressed in a symmetric way as

Yi, (1+72"*)1}9
Y5, B [ (1+§f) Qpt (44)

which shows that the imposition of an export subsidy in the home country (s¥) boosts foreign demand

for home exports, while higher tariffs abroad reduce them. Once again, the VAT has no direct effect
on this margin: foreign demand for home exports is unaffected by changes in VAT rates (holding the
producer real exchange rate constant).

Turning to the consumption-leisure margin, we can rewrite the labor supply schedule (4) in terms

of a product real wage, defined as the nominal wage in terms of producer prices (M) , as follows:

Ppt
Wy Py
—t_ ZtoonT 45
Ppt Ppt t t ( )
where
P, 1 (1+77) ]“’ =
— = w+(1—-w 46
Py 1—Tg{ ( ){(1+gf*)(1—TfBATt)QPt (46)

Equations (45) and (46) show that the imposition of import tariffs, the BAT adjustment, and an

increase of VAT rates all induce a contraction in labor supply by causing an increase in the relative

Py

price of the consumption bundle (i.e., a rise in e
P

) holding fixed the producer real exchange rate. As
consumption becomes more expensive, households’ willingness to supply labor, at any given product
real wage, falls. Notably, this effect is larger in the case of VAT increases as these taxes raise the
price of both domestic and foreign goods whereas import tariffs and the BAT raise prices only for the
share (1 — w) of imported goods. In the case of VP policies, payroll subsidies (s}) also affect the labor
market equilibrium by increasing firms’ labor demand at any given level of the product real wage, as
implied by equation (27).

Finally, to see how these policies affect the intertemporal margin, we can rewrite the optimal
consumption-saving condition (5) by using (41) and (46) to express consumer price inflation ;47 in
terms of producer price inflation (), the producer real exchange rate (@) p;), and the tax instruments

as:

1

» w4 (1 _ UJ) (1+77) Q 1-6
Cy Ry 1—71{, (A+<e*)(1—7F BATy) Pt

Of+1 Tpt+1 1-— 7'%) (1+T'm. ) 1-6
_ 41
w+(1-w) <(1+§fi1)(1—7-§’+lBATt+1)QPt+1>
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Equation (47) shows that consumption depends crucially on agents’ expectations about the evolu-
tion of these policies. For instance, when agents expect these policies to be temporary, the price of the
consumption bundle in the future will be lower than the current price, making savings more attractive.
Once again, while IX and BAT policies generate inflationary pressure through only higher prices of
imported goods, VP policies make the entire consumption bundle more expensive. The implication
of this difference is that expected dynamics of VAT changes have stronger effects on internal demand

than the dynamics of IX and BAT tax changes.

4 Macroeconomic Effects of IX Policy

In this section, we analyze the macroeconomic effects of an increase in import tariffs and export subsi-
dies in the home country (IX policy) assuming that other tax policies (BAT, VP) remain unchanged.
We begin by briefly describing the specification of trade policy regimes. We then provide conditions
under which IX policies are neutral, and explore how various departures from these conditions, espe-
cially in terms of agents’ beliefs about the persistence of tax changes and the risk of retaliation, can

induce IX policies to exert sizable allocative effects.

4.1 Trade Policy Shocks: Retaliation and Policy Reversal

In our benchmark model, we assume that trade policy actions s; € S follow a finite state Markov chain,
which provides a convenient way of capturing the possibility that foreign economies may retaliate, or
that the policies may be reversed. Specifically, the trade policy regime can be categorized as belonging
to one of three different states s, € ST = {sNT, sTX, STW} . In the first state (sNT) , no country levies
any taxes, tariffs, or provides export subsidies (“No Tax” state). In the second state (51 X ) , the home
country unilaterally adopts an IX policy that raises import tariffs and export subsidies by the same
amount §. In the third state (STW) , the foreign country retaliates in a symmetric way by raising its
own tariffs and subsidies by the same amount as the home country, that is, 7{* =¢f = 7" =¢f* =6
("Trade War" state).!> All other taxes, including the VAT, the payroll subsidy, and the corporate tax

rate, are held unchanged (we consider shocks to these tax rates in Section 5).

15 Although we restrict our analysis to symmetric retaliatory actions by the foreign government, we also experimented
with departures from this assumption (e.g., the foreign government retaliates by only imposing a tariff).
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The transition probability matrix €2 can be expressed:

1—a a 0
Q= | Q-m)(1-p) p 7(1-p) (48)
(1-¢) 0 ¢

with element ; ; indicating the probability of moving from state ¢ to state j. The first row of matrix
QF implies that the transition from the no-tax state s™7 to the s’ state - where the home country
implements the IX policy unilaterally - is anticipated with probability a. The second row indicates
that, given an implementation of IX, the economy remains in the state s’X with probability p, returns
to the no-tax state with probability (1 — 7) (1 — p), and transitions to the retaliation state s7" with
probability 7 (1 — p) . Once the foreign country retaliates, the economy returns to a no-tax state with
probability 1 — ¢, while with probability ¢ it remains in the trade war regime. In this specification,
the foreign country does not abandon its retaliatory policies unilaterally, so that a trade war can only
end through a coordinated policy reversal by both countries.!

This general specification for the trade policy regime is helpful for considering a wide range of
policy configurations and dynamics as special cases, including permanent unilateral tariffs, trade (or
tax) policies that are expected to eventually be reversed, and foreign retaliation. Moreover, the
Markov structure will prove very useful in analyzing how uncertainty about prospective trade policies

affects current macroeconomic outcomes.!”

4.2 Neutrality of IX Policies

A large literature has analyzed the Lerner Symmetry Theorem (Lerner, 1936) establishing conditions
under which changes in import tariffs and export subsidies do not have allocative effects on the
equilibrium allocation.'® While most of the literature has focused on tax changes within static models
of international trade, here we enumerate conditions that generalize Lerner’s result in the context of
our dynamic monetary framework.!?

Proposition 1. In an economy with flexible exchange rates (¢, = 0), a unilateral implementation

16Tn our calibration the exact value of ¢ does not have material effects on outcomes (see the discussion in Section
4.3.2). Thus, in our experiments, we set ¢ equal to p.

170ssa (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.

18Gee, for instance, McKinnon (1966) and, more recently, Costinot and Werning (2017). The Lerner’s Symmetry
Theorem is also a relevant result for the neutrality of border tax adjustments, as in Meade (1974), Grossman (1980),
and Auerbach et al. (2017), Lindé and Pescatori (2017), and Barbiero et al. (2018).

9 Fichengreen (2018) provides an intuitive discussion of these neutrality conditions.
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of IX of size § (ie. 7" = <f =6 and 77" = ¢¥* = 0) causes a d—percentage appreciation of the

exchange rate and has no allocative effect if
1. It is permanent, unanticipated, and there is no probability of retaliation (a = 7w =0,and p=1);
2. Foreign holdings of home currency-denominated bonds are always zero (x* = 00);
3. Ezport prices are set in the producer’s currency (PCP) or prices are flexible.

The formal proof of proposition 1 is in Appendix B.2° The main intuition behind this proposition,
however, can be summarized by the observartion that, under conditions .- 3., a permanent and
immediate jump in the real exchange rate is sufficient to insulate international relative prices and
quantities, and thus the entire allocation, from the effects of IX policies.

Recall from section (3) that IX policies affect directly the relative demand of domestic and foreign

varieties in the home and foreign country through the relative prices

P
P = L+ Qr (49)
t
P} 1
L Y (50)

Pry o (1+<7)Qp

where @ p; is the producer real exchange rate as defined in equation (42). These relative prices remain
unchanged if a J-percentage increase in both import tariffs and export subsidies causes an exchange
rate appreciation of the same exact size. In other words, under PCP the exchange rate appreciation
lowers the cost of imports in the home country just enough to offset the increase in tariffs and lowers
the revenues from sales of domestic varieties in the foreign country by as much as the higher export
subsidy.

In a flexible exchange rate regime (¢, = 0), an appreciation of the nominal exchange rate delivers
neutrality. That is, in response to an IX policy of size § implemented at time 0, the nominal exchange

rate €, (0) satisfies
E¢ ((5) - 1
Et (O) - 1 —+ (5’

(51)

and all other prices and quantities are unaffected.?’ To give a sketch of the proof, note first that

expressions (49) and (50) imply that this permanent appreciation of the exchange rate leaves relative

20While we do not prove that these conditions are necessary, we illustrate in sections 4.3 - 4.5 that they are tight in
the sense that relaxing any one of them breaks the neutrality of IX.

21Note that Proposition 1 does not impose any restriction on wage setting, as neutrality of IX does not require any
adjustment in wages. As we discuss later, this result is in stark contrast with the case of VP.
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prices (55 i) and (1;’;’2) unchanged. It is then immediate to verify that the three margins discussed in
section (3) — the relative demand for home and foreign varieties (equations 43 and 44), for consumption
and leisure (equation 45), and for consumption at different points in time (equation 47) — are also
unaffected by the policy change. In addition, the two optimality conditions for holdings of foreign
currency denominated bonds, (equations 6 and 7), are unaffected as these holdings depend on future

exchange rate changes while the IX policy causes a permanent appreciation of the exchange rate.??

Finally, after substituting equations (39) and (40), the expression for the balance of payment
Bri = Bri—1R{_1 + Py [Yii — StYr] (52)

shows that the external balance is also unaffected as the permanent appreciation of the exchange rate
insulates the terms of trade
1 Pry

= T 7 0) P, (53)

4.3 Policy Reversal, Retaliation, and Anticipation: The Role of Exchange
Rate Dynamics
The neutrality of IX policies in our dynamic framework requires that the real exchange rate jumps to a
new long-run value, reflecting the public’s belief that trade actions will be permanent and not induce
foreign retaliation, even in the future. However, as argued in the introduction, these assumptions
seem at odds with historical experience. Given these considerations, we next apply our benchmark
model to study the effects of IX policies that have no long-run effect on the real exchange rate.
Through the lens of the Markov structure presented earlier, the effects on the exchange rate may
prove temporary because the policy action is reversed, or alternatively, because the home country’s
implementation of IX policies prompts the foreign government to retaliate by adopting similar policies.

As the implications of either type of policy turn out to be nearly identical, for expositional simplicity

22This discussion implies that a permanent IX policy would not be neutral under complete markets, absent the use of
additional tax instruments (such as appropriately chosen consumption taxes). The risk-sharing condition would impose
a tight link between the ratio of (marginal utility of) consumption across countries and the current real exchange rate.
Thus, any movement in the current real exchange rate would have allocative effects. Lindé and Pescatori (2017) explore
a similar insight in the context of their analysis of the effects of BAT policies.
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we begin by focusing on the case in which a unilateral IX policy is expected to be reversed (1—p > 0,

7w = 0) and later discuss differences between policy reversal and retaliation (7 > 0).
4.3.1 Reversal of IX policies

In our benchmark framework, a unilateral IX policy of size § that is expected to be reversed with
probability 1 — p > 0 exerts allocative effects by boosting real net exports, as the associated exchange
rate appreciation only partially insulates international relative prices. In order to explain the intuition
behind this result, it is helpful to proceed by way of contradiction. Assume that the allocation is
unaffected and that the exchange rate appreciates by 6 — as in (51) — for as long as the policy
remains in effect. This exchange rate movement suffices to completely offset the effects of IX on
relative prices (49) and (50). However, the expectation that the IX policy will eventually be reversed
implies that the exchange rate depreciates in the future, which in turn requires an increase in the real
interest rate to satisfy the uncovered interest parity condition

cy P
E [ P (Rt - EHIRIH =0 (54)
Cir P &t

As a rise in the interest rate clearly has allocative effects, this contradicts the hypothesis of neutrality
of a transitory IX. The increase in the demand for foreign bonds associated with the expected de-
preciation of the currency turns out to lead to a smaller simultaneous appreciation of the exchange
rate and an expansion of net exports.??> Notably, transitory IX policies are non-neutral both under
flexible prices as well as under sticky prices, although specific assumptions about the form of nominal
rigidities and the monetary policy rule are of course key to determining how the stimulus to net
exports is transmitted to the rest of the economy.

In this vein, the solid lines in Figure 1 show the expected paths of key variables after the home
country adopts a unilateral IX policy in our benchmark model with sticky prices. The IX policy consists
of a 10 percentage points increase in import tariffs and export subsidies that is expected to be reversed
with probability (1 — p) = 0.05 by the following quarter. The policy causes a small appreciation of
the exchange rate that does not fully insulate relative prices and, as a consequence, imports fall
and exports rise. In our general equilibrium model, monetary policy reacts to the stronger external

demand by raising interest rates, which reduces home consumption and contributes to the appreciation

23The use of appropriately targeted capital controls, i.e. designed so that equation (54) holds without requiring an
adjustment in the interest rate, restores neutrality. We thank our discussant Emmanuel Farhi for this observation.
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of the real exchange rate, thus dampening some of the stimulus to net exports. Because the stimulus
to domestic output occurs through expenditure-switching channels, it has negative spillovers to the
foreign economy, so that both foreign GDP and inflation decline.

To clarify the transmission channels through which IX policies that are expected to be reversed
affect the economy — and highlight the distinction between import tariffs and export subsidies in

violating Lerner’s symmetry — it is helpful to consider the following log-linearized equations of the

model:
Gt = Wit + (1 = w) iy = & + (1 — w)nay (55)
nzi = gn — G = 0w[(71" + 07) + 2] + (& — &) (56)
Adprr = (Fr = Tpra1) = (7 = Tpepa) + by (57)
_ 1. m _
Ct = C¢41 — ; [T‘t — Tpt+1 — (1 — Ld) (ATt-i-l + qut+1)] (58)

where a ‘tilde’ denotes the percent or percentage point deviation of a variable from its steady state
level. Equation (55) specifies that output may be allocated to consumption ¢ or to real net exports
nz{, where the latter is the difference between exports and imports (evaluated at steady state prices).
Equation (56) states that real net exports rise in response to higher import tariffs (77*) or export
subsidies (07), a depreciation of the producer real exchange rate (i.e., a rise in gp), or to a rise
in foreign relative to home consumption. The direct effects of the trade policy shocks on aggregate
demand are stronger if technology allows higher substitution between domestic and foreign varieties
(i.e. higher trade elasticity #) and if the country is more open (i.e. higher w). Equation (57) is the
uncovered interest parity condition, linking the evolution of the real exchange rate to the difference
between real interest rates between countries, with the final term ¢bb~t capturing that investors are
willing to accept a relatively lower real return on home bonds if net foreign assets b, are positive.
Finally, using the Euler equation (47), expression (58) links consumption changes to the producer
real interest rate (7, — Tp4+1) as well as to changes in import tariffs and in the producer real exchange
rate (with the strength of the latter changes controlled by the import share). This expression reveals

that IX policies operate not only through trade channels, but also through intertemporal channels, as
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an increase in import tariffs — that is expected to be reversed — raises the cost of current consumption
relative to future consumption. These dynamic effects of tariffs contrast sharply with the effects of
export subsidies, which do not affect the consumer real interest rate directly (but only through the
strength of the monetary policy response).

This intertemporal substitution effect of import tariffs that pushes down consumption is conse-
quential. Returning to Figure 1, the dashed lines show the effects of import tariffs only: An increase
in import tariffs has essentially no effect on output under our baseline calibration (o = 1;60 = 1.25), so
that all of the output stimulus from IX policies comes from the increase in export subsidies (i.e., the
distance between the blue and red lines). The quasi-invariance of output to the tariff increase reflects
that the expenditure-switching effect, which pushes up the desired share of consumption spent on
home goods, is offset by the intertemporal-substitution effect, that pushes down overall consumption.
Stepping beyond our specific calibration, the output effects of higher import tariffs depend on the
relative strength of these two effects. If the intertemporal elasticity of substitution is low relative
to the trade price elasticity, higher tariffs would tend to boost output (as the expenditure-switching
effect dominates), whereas the tariff would reduce output if the intertemporal elasticity is relatively
high relative to the trade elasticity. Even so, under reasonable assumptions about intertemporal sub-
stitution and trade elasticities, a combination of import tariffs and export subsidies that is expected
to be reversed increases output in the near term.

The magnitude of the stimulus from temporary IX policies depends on the response of monetary
policy as well. For instance, a larger interest rate response to producer price inflation (higher ¢, in the
policy rule) and, consequently, to the external demand stimulus would imply smaller output effects.
By contrast, when monetary policy gives high weight to stabilization of the exchange rate (high ¢,
in the policy rule), the output stimulus is larger, with a fixed exchange rate regime an interesting
limiting case. In this spirit, Figure 2 shows how the IX policies play out in our baseline model in
which the home exchange rate is fixed to that of the foreign economy (solid lines). Home output
rises significantly more in this case than under flexible exchange rates. This larger output expansion
largely reflects that consumption expands robustly — rather than contracts — as the home policy rate
declines in lockstep with the foreign policy rate. The rise in output is also reinforced by a smaller

appreciation of the real exchange rate, which boosts net exports relatively more.
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4.3.2 Reversal of IX policies and retaliation

We have asserted that the IX policy with reversal considered so far has very similar effects to an IX
policy subject to possible retaliation, meaning in the latter case that agents expect that the foreign
government may retaliate in kind sometime in the future. As shown by the lemma below, the difference
between the equilibrium allocation under retaliation and the equilibrium allocation with policy reversal
is attributable to wealth effects that can be offset by appropriate international transfers.

Lemma 1 If prices are flexible or set in the producer’s currency, a unilateral implementation of
IX with policy reversal implements the same equilibrium allocation as a unilateral implementation of

IX that triggers retaliation coupled with international transfers that satisfy:

0 .
1}11 = —m [Bp7t1_1Rtl_15t1 + BH,tl—lRtl—l]

Rt2—1

7Tt2
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where t, is the first time the economy transits to the retaliation state s and ty > ti is the first
time it leaves the retaliation state sT™.

Proof. See Appendix C.

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, TtI1 = 0 and Tt{z never
occurs so that Lemma 1 implies that the effects of starting a trade war are identical to the effects
of abolishing all tariffs and subsidies in both countries. The reason can be easily understood by
inspecting equation (43) ,where export subsidies in the foreign country exactly offset import tariffs in
the home country, and, symmetrically, equation (44).

When the home country has a positive net foreign asset position, however, a transition to a trade
war regime will not be equivalent to a transition to a state with no taxes. Given that a positive net
foreign asset position implies that the home country is expected to run trade deficits in the future,
import tariff revenues will exceed export subsidy expenditures, implying a positive wealth effect and
an associated appreciation of the home currency. Symmetrically, the foreign economy will suffer
wealth 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
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and retaliation. Under our assumption of balanced trade in the long run, however, the economic

effects of these transfers are of second order.
4.3.3 Anticipation Effects of IX

While we have shown that IX policies may boost output if their implementation is a surprise, the
anticipation that such policies may be implemented sometime in the future can have immediate
contractionary effects. The importance of anticipation effects was recognized by Krugman (1982) in
a setting in which agents were certain about the future implementation date, but is useful to revisit
in our Markov-switching framework given that it provides a convenient way of capturing uncertainty
about the implementation date. In this vein, Figure 3 shows the response of the economy when agents
learn that IX policies will be introduced in the future, but are unsure about the timing. Specifically,
as long as IX policies are not implemented, agents believe that there is a 10 percent chance that IX
policies will be implemented in the subsequent period (i.e., a = 0.10 ), and that — once implemented
— the policies will not be reversed (p = 1.0). The figure plots a realized simulation path in which IX
policies are not actually implemented in the 5-year period shown, even though agents continue to see
a substantial likelihood that they will be put into effect in the near term.

The anticipation effects of IX policies work through an exchange rate channel: The expectation
that the exchange rate must appreciate in the long-run causes the exchange rate to appreciate in the
near-term, when agents first come to believe that IX policies will eventually be implemented (first
panel). The stronger currency leads to a decline in competitiveness for domestic firms, a drop in

exports, and an output contraction.

4.4 Trade in home currency bonds

The neutrality result presented in Proposition 1 requires the strong condition that asset market
incompleteness takes the form of no international trade in home currency denominated bonds. To
understand the role of this restriction, note that the implementation of IX induces changes in two
different components of households wealth. First, 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 with a permanent IX policy of size §, GI' (), is then given by the
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present discounted value of the fiscal revenues it generates
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where the second equality uses the fact that in equilibrium the present discounted value of future

trade deficits is equal to the net foreign asset position of the home country, that is, the difference
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Second, the exchange rate appreciation decreases the value of home holdings of foreign bonds.

Denote with L2 (§) the losses on foreign bond holdings under an appreciation of size ¢, then

Bpi—1 R, 4 Bri—1 Ri_,
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F(0) = [ (9) = Qu(0) T - 0, (0 ST (60)
Equations (59) and (60) imply:
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Expression (61) summarizes the wealth effects associated with IX policies. When there is no in-
ternational trading of bonds denominated in home currency (Bj;, = 0), as required in Proposition
1, wealth gains through higher fiscal revenues G{" (§) are exactly offset by the wealth losses induced
by lower valuations of foreign holdings L (§), thus preserving neutrality of IX policies. In contrast,
when the home country borrows in home currency bonds (Bj’élt_l > O) and invests in foreign currency
bonds (Bpi—1 > 0), it acquires a leveraged exposure to foreign exchange variations and the sensitivity
of wealth in the home country to an exchange rate appreciation is bigger than its net foreign asset
position. Consequently, given an unchanged path for future trade deficits, an exchange rate appre-
ciation of the same size of the policy reduces wealth in the home country as the increase in fiscal
revenues is not large enough to offset the capital losses on foreign bonds holdings implied by equation
(61). These wealth losses induce households to reduce their savings and, in equilibrium, the exchange
rate appreciates less while the trade balance increases.

Figure 4 shows the response of the economy to a permanent unilateral IX policy when the home
country has a leveraged exposure to exchange rate fluctuations. In particular, this experiment assumes

that in the initial state international trade is balanced but countries hold offsetting positions in
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domestic and foreign currency denominated bonds (i.e. B, =By_,> ()) scaled to be twice as
large as the value of annual GDP. As anticipated in our previous discussion, the implementation
of a permanent IX when foreign holdings of home currency denominated bonds are positive lowers
households wealth and reduces savings, thus dampening the appreciation of the exchange rate (solid
lines). As a result, the home country runs a permanently positive trade balance to pay interest on its
negative net foreign asset position. For comparison, we also plot the response of the baseline economy
when there is no international trade in domestic currency bonds, as required in Proposition 1, and a

permanent IX policy is neutral (dashed lines).

4.5 Departing from Producer’s Currency Pricing

We conclude this section with a brief discussion on the requirement of producer’s currency pricing
(PCP) in Proposition 1 to deliver neutrality of IX policies. We follow the literature and compare the
transmission of policies under PCP and local currency pricing (LCP).2* Under LCP, producers in each
country set a price for the home market in domestic currency and a (pre-tariff) price for the foreign
market in foreign currency, with both prices adjusted infrequently because of the Calvo friction.?®

Figure 5 compares the effects of an IX policy under PCP (dashed lines) and under LCP (solid
lines), assuming that all other conditions in Proposition 1 are satisfied. As discussed before, under
PCP international relative prices are insulated by the immediate appreciation of the exchange rate
and the allocation is unaffected. Under LCP, in contrast, the IX policy has allocative effects: Imports
contract, inflation jumps, while exports and output experience a very small boost.

The source of non-neutrality is the asymmetric pass-through of tariff changes and exchange rate
movements to import prices. As shown by the expression for the price of imported goods in the home

country

Pry = (1+T?)th* (62)

changes in import tariffs are fully passed through to import prices (Pp:) whereas movements in the
exchange rate only pass-through gradually as foreign exporters adjust their prices in the home market

(PX;) infrequently under our Calvo pricing assumption. Hence, the rise in import prices reduces the

24For a discussion of transmission under PCP and LCP see, for instance, Devereux and Engel (2002). See section 5.4
for a discussion of alternative pricing assumptions that also considers the "Dominant Currency Paradigm" (DCP). If
the dominant currency is the currency of the country that implements IX, IX would still not be neutral for the same
reasons described in this section.

25 Appendix A presents a full derivation of the optimization conditions of producers under the LCP assumption.
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demand for imported varieties and boosts output through import-substitution channels.

5 Can Alternative Tax Policies Substitute for Trade Policy
Actions?

In this section, we compare IX policies to tax policies that are often considered as having similar
macroeconomic effects. These tax policies include "fiscal devaluation" — implemented through a rise
in the VAT that is coupled with a payroll subsidy to employers (VP) — as well as a border-adjustment
of corporate profit taxes (BAT).

Our main contribution is to provide conditions under which these three policies are equivalent
and to investigate their transmission when they are not. To that end, we first show that under
the (quite stringent) conditions of Proposition 1, all three policies in our baseline framework are
equivalent and neutral. We next present a general result stating that while IX and BAT remain
equivalent when the conditions required by Proposition 1 are relaxed, IX and VP are generically not
equivalent. Our analysis thus emphasizes that the equivalence of these policies often ascribed in the
existing literature and among many policymakers relies crucially on a very specific assumption about
how VAT changes are assumed to be passed through to consumer prices. In particular, under our
preferred specification of full and immediate passthrough of VAT changes to consumer prices — for
which we provide some empirical evidence at the end of this section — we show that the effects of
IX policies often diverge markedly from VP, even qualitatively. Given these differences, we conclude
that alternative assumptions about tax passthrough are highly consequential for the macroeconomic

effects of VP, a result reminiscent of Poterba et al. (1986).

5.1 A Special Case: Equivalence and Neutrality

To understand the differences between IX (and BAT) and VP policies, it is helpful to first consider a
special case in which the effects of these policies look beguilingly similar — namely, the case in which
the policies are implemented permanently, exchange rates are flexible, and monetary policy follows

the benchmark Taylor-style rule that responds only to producer price inflation and the output gap:

R, = %wt)% ()" (63)

Under these conditions, VP, IX, and BAT policies have no allocative effects — meaning no effects

on output, employment, or inflation — and hence may be regarded as equivalent and neutral. These
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results are formalized in the following proposition.
Proposition 2. If monetary policy is described by (63), wages are flexible, and conditions 1.-
8. of Proposition 1 are satisfied, the following policies are equivalent, neutral, and induce the real

exchange rate to appreciate by §:

1. A permanent unexpected IX policy of size 0;

2. A permanent unexpected BAT policy with corporate taxes 7™ = 1%—65

3. A permanent unexpected VP policy of size 1%;

The formal proof of this proposition is relegated to Appendix D. It is immediate to conclude
why the IX policy is neutral as the conditions of Proposition 1 apply. Given that IX and BAT are
always equivalent in our environment, as we show later in Section (5.2), here we focus on the relation
between IX and VP.?6 In particular, we provide intuition for why VP is neutral in this special case
and underscore key differences in transmission with respect to the neutrality of IX. Figure 6 compares
the economic adjustment that delivers neutrality under IX (solid blue lines) and VP policies (dashed
red lines).

The three partial-equilibrium margins discussed in section (3) are a useful starting point to un-
derstand why VP has no allocative effects in this special case. Inspection of equations (43) and (44)
reveals that VP has no direct effect on relative demand of home and foreign varieties, as VAT changes
affect equally the price of imported and domestically-produced goods. Consequently, under VP no
general equilibrium adjustment of the product real exchange rate (Q p;) is required to insulate relative
prices from the effects of the policy. This transmission of VP contrasts sharply with IX where, as
shown in Figure 6, the nominal exchange rate has to jump to insulate relative prices.

Turning to the labor market equilibrium, the increase in the payroll subsidy and the VAT hike
have offsetting effects on labor demand and labor supply. Under our assumption of full pass-through

of taxes, at fixed producer prices, a VAT hike induces consumer prices (P;) to jump by ¢ percent (see

26Tn independent work developed around the same time as our paper, Barbiero et al. (2018) provide similar conditions
required for the BAT to be neutral. Their neutrality result, however, is slightly different from ours because of a different
assumption about the response of import prices to the adoption of the BAT, which allows them to relax condition 3
in the proposition. In particular, these authors assume that under LCP, the actual cost of imports, inclusive of the

effect of the non-deductibility from corporate profits under BAT (i.e.(lp%ﬂ)) remains fixed absent price adjustment
Tt

by foreign exporters (whereas this cost jumps in our environment as the price Ppy remains fixed). This assumption
implies that neutrality goes through under LCP as well in their setup.
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equation 46). In order for the household labor supply to remain unchanged, equation (45) requires an

adjustment in the “product” real wage ( 1‘;‘; ft) of the same exact percentage of the VAT hike. That
is, in response to a VP policy of size %, the nominal wage W; (§) satisfies

Wi (9)
W, (0)

— 1456 (64)

while producer prices are unaffected. In addition, as evident from the optimal pricing decision of
producers (27), the commensurate increase in payroll subsidies (¢}) ensures that firms are willing to
pay this higher wage. As shown in Figure 6, the increase in consumer prices and in the nominal wage
under VP is also in sharp contrast to IX, where the nominal exchange rate is the only price that
neutralizes the effects of the policy.

Finally, the intertemporal optimality condition in (47) clarifies why the consumption profile is
unaffected by VP, as long as the implementation of the policy is unexpected and permanent. We
have already noted that under VP both the producer real exchange rate (Q p;) and the producer price
inflation (7p¢) do not need to adjust. Given that VAT rates jump permanently to a higher level (i.e.,
T{,1 = T{), a constant nominal interest rate keeps consumption growth constant. This result hinges
critically on the assumption that the monetary policy rule responds to producer price inflation and
thus "sees through" rising consumer prices.

In sum, IX and VP are both equivalent and neutral under the restrictive conditions of Proposition
2. That said, while IX policies achieve allocative neutrality through an adjustment in the nominal
exchange rate, VP policies achieve neutrality through a jump in consumer prices and nominal wages
without requiring any nominal exchange rate adjustment. This observation turns out to be the basis
for the main result of this section, namely that IX and VP policies generically implement different

allocations.

5.2 The General Case

We begin this section with a more precise definition of the the three policies that we consider.
Definition. An IX | a VP, and a BAT policy of size § and probability of reversal p are de-
scribed by stochastic processes {§IX, (NZIX} , {§VP7 SNIVP} , {gBAT, SNIBAT} respectively, with SIX —

{SNT,SIX} as defined above; SVF = {SNT,SVP} where in state sV7 all taxes are zero apart from

value-added taxes and payroll subsidies given by 7¥ = ¢V = 1%; SBAT — {sN BAT,SBAT} where
in state sNVBAT all taxes are zero apart from corporate profit taxes given by 77 = % and in state
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)

BA
S 1490

T corporate profit taxes are adjusted at the border (i.e. BAT =1 and 77 = ). The transition

matrix is given by

ﬁi:{ 1 0] (65)

I—p »p
where i = I X,V P, BAT.

Our main result, summarized in Proposition 3, is that while IX and BAT always implement the

same allocation, VP does not (as long as prices are sticky).

Proposition 3. Under full pass-through of taxes, an unexpected IX policy of size § and an
unexpected BAT policy of size & implement the same allocation. Generically, a VP policy of size %
does not implement the same allocation as IX or BAT. Equivalence of the three policies requires that
policies are permanent, i.e. p =1, or that prices are flexible.

Appendix E provides a formal proof showing that BAT and IX policies have identical allocative
effects if there is full pass-through of tariffs, irrespective of the specific assumptions about price and
wage settings. Intuitively, recall from Section (3) that the non-deductibility of imports from firm
profits under the BAT is similar to an import tariff, whereas the exemption of export sales acts like
an export subsidy. Hence, a BAT policy of size 0 exerts the same effects on trade prices and, more
generally, on the allocation as an IX policy of the same size.

The equivalence of BAT and IX policies relies importantly on the assumption of full pass-through
of tariffs. For instance, it is immediate to show that if import tariffs were not fully passed through,
then BAT and IX policies would be no longer equivalent when foreign exporters price in local currency.

Having established the equivalence between the BAT and IX policies in our baseline model, in the
remainder of this section we study the relation between VP and IX (or BAT) by discussing cases that

make differences in transmission more evident.
5.2.1 Fixed Exchange Rates

Proposition 4. In a fived exchange rate regime (¢, = 00), under assumptions 1.- 3. of Proposition

1, an IX policy of size § and a BAT policy of size 1% have the same allocative effects as a once-and-

)

for-all unexpected currency devaluation of size §. A VP policy of the same size 15

has no effect on

the allocation but causes the real exchange rate to appreciate by 6.

Appendix E contains a formal proof of Proposition 4. The equivalence between IX and a currency

devaluation in this framework confirms Keynes’ original argument and has already been formally
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established in Farhi et al (2014). Under our assumption of full pass-through of import tariffs, however,
this result is less general as it requires that changes in the exchange rates are also fully passed through:
Condition 3. of Proposition 1 ensures that this is the case by assuming producer currency pricing.

Here we make use of Figure 7 to compare the effects of VP (dashed red lins) and IX (solid blue
lines) under fixed exchange rates and provide intuition for the different effects. The neutrality of
VP is a direct consequence of the neutrality result discussed in Proposition 2: Given that VP does
not cause changes in relative demand and thus does not require any adjustment in the producer real
exchange rate (Qp:), the fixed exchange rate regime does not pose any constraint to achieving the
same outcome as under flexible exchange rates that was described above. This outcome contrasts
sharply with the large output stimulus provided by IX policies under fixed exchange rates. As shown
in Figure 7, absent an appreciation of the nominal exchange rate, the IX policy boosts net exports
and, with nominal interest rates unchanged, domestic consumption expands as well.

The lack of equivalence between IX and VP policies under fixed exchange rates appears in contrast
with recent results in the fiscal devaluation literature, such as Farhi et al. (2014). The key difference
between the two frameworks is that our analysis assumes that pre-tax prices are sticky and taxes
are fully passed through, so that consumer prices jump immediately after the implementation of
a VP policy. In the fiscal devaluation literature, in contrast, prices are typically assumed to be
sticky inclusive of taxes (and hence pre-tax prices are free to adjust). Therefore, a permanent VP in
this environment exactly replicates the effects of an IX policy as the sluggish adjustment in consumer
prices is associated with a decline in real interest rates that boosts consumption. While we consider our
contribution as largely theoretical, we later discuss some evidence pointing to fairly rapid passthrough
of VAT changes to consumer prices, in line with our benchmark specification. Nevertheless, it is
plausible that this policy could have some delayed effects on consumer prices so that the contrast

between IX and VP would not be quite as stark as in our baseline model.
5.2.2 Alternative wage settings

We next examine the implications of departing from the assumption of flexible wages for the macroeco-
nomic consequences of IX and VP policies. A large macroeconomic literature assumes that households
set nominal wages in Calvo-style staggered contracts that are similar in form to the price contracts

outlined in Section 2.2 We choose the parameter controlling the degree of wage stickiness to imply

27See, for instance, Erceg et al. (2000).
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that wages are adjusted with the same frequency as prices.

Figure 8 shows the response of the economy to unexpected and permanent VP (dashed red lines)
and IX (solid blue lines) policies under flexible exchange rates. Recall from our discussion of Propo-
sition 2 that IX policies do not rely on adjustment in wages to achieve neutrality. Hence, IX policies
continue to have no allocative effects when wages are sticky, as shown by the blue lines in Figure
8. Given that VP policies required a jump in the product real wage to have no allocative effects, it
follows that when wages are sticky VP policies are not neutral. The nominal wage rises only grad-
ually under VP, and the product real wage follows a similar pattern, thus preventing labor supply
from falling. However, the higher payroll subsidy persistently reduces producers’ marginal costs, thus
pushing producer price inflation down and increasing labor demand. As monetary policy cuts the
policy rate in response to below-target producer price inflation, consumption expands. The increase
in consumption and the rise in (net) exports — due to the induced decline in the terms of trade —
contribute to an expansion in home country output.

An equally important macroeconomic literature considers formulations of downward wage rigidities
of the form

Wiz W1, §£>0 (66)

where ¢ governs the degree of downward wage rigidity.?® Given that both IX and VP policies either
do not affect nominal wages or increase them, it is immediate to conclude that our non-equivalence

results would go through when wages are downwardly rigid.
5.2.3 IX and VP with Reversal

We conclude our analysis of VP and IX policies with a comparison of their effects when agents perceive
that these policies will be reversed according to the transition matrix in equation (41). When agents
expect policies to be reversed, changes in the price of the consumption bundle over time can have strong

intertemporal substitution effects on consumption, as shown by the linearized version of equation (47)

~ ~ 1 ~ ~ v ~ m
Ct = Cty1 — ; ['I"t — 7Tpt+1 — ATt+1 — (]. - OJ) (qut+1 + ATtJrl)} (67)

Equation (67) shows that this intertemporal substitution effect is much stronger in the case of tem-

porary VP as this policy, under full pass-through of taxes, induces direct inflationary pressure on

28See, for instance, Schmitt-Grohé and Uribe (2016).
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the entire consumption bundle. IX policies, in contrast, generate inflationary pressure through only
higher prices of imported goods.

Figure 9 compares VP (dashed red lines) and IX (solid blue lines) policies of size § = 10 percent
that are reversed with probability (1 — p) = 0.05 by the following quarter. For simplicity, we focus
here on the case in which wages are sticky and exchange rates are flexible. The higher consumption
real interest rate under VP depresses consumption markedly, causing a contraction in output. As
output declines, the central bank lowers policy rates, which depreciates the exchange rate and boosts
net exports. The contractionary effects of VP contrast substantially with the expansion of output
under IX.

While the two policies have similar effects of trade quantities, this outcome reflects very different
channels. The IX policy has direct “competitiveness-enhancing” effects on relative trade prices which
raise exports and cause imports to contract. This stimulus is only partially counterbalanced by a
tightening of policy rates and an appreciation of the home currency. In contrast, the stimulus to net
exports from the VP policy is mainly due to the depreciation of the exchange rate induced by the fall
in policy rates in the face of lower aggregate demand.

The disparity between VP and IX policies under full pass-through of taxes is not affected by
different assumptions about wage settings and becomes even greater under fixed exchange rates (since
the interest rate cut under VP shown in the figure would be precluded, as would the interest rate hike
under IX).

Taken together, our results underscore that VP and IX operate through substantially different
transmission channels. Given the importance of intertemporal substitution channels in shaping the
macroeconomic effects of VP, the imposition of VP on a temporary basis runs the risk of providing
a contractionary impetus to output, especially if the policy interest rate and exchange rates cannot

adjust much.

5.3 Survey of Empirical Evidence on the Pass-through of Tax Changes

Our finding that an increase in VAT accompanied by a commensurate increase in payroll subsidies
has significantly different macroeconomic effects relative to a increase in import tariffs and export
subsidies appears in sharp contrast with the conventional wisdom established in the fiscal devaluation

literature. The key insight of our analysis is that assumptions about the pass-through of tax changes
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critically determine the equivalence of these policies as nominal rigidities alter the incidence of these
taxes. While the theoretical literature typically assumes that prices are rigid inclusive of taxes, our
analysis has assumed that pre-tax prices are rigid and VAT increases are fully and immediately passed
through to consumer prices.

In this section, we briefly review some evidence in support of the assumption of full pass-through
of taxes. Nevertheless, rather than viewing this evidence as dispositive in favor of our specification of
price-setting, we view our main contribution as highlighting the sensitivity of the equivalence results
of IX and VP policies to assumptions about tax pass-through when firm prices cannot be immediately
adjusted.

Several studies present estimates of large pass-through from the analysis of country-specific episodes
of VAT changes. Carbonnier (2006) reports that two large reductions in French VAT rates for car
and housing services were associated with pass-through of between 60 and 75 percent, with most of
the price adjustment completed within two months. Cashin and Unayama (2016) use the 1997 VAT
increase in Japan to derive estimates of the intertemporal elasticity of substitution using information
about the response of very detailed consumption expenditure categories. They find that the pass-
through of the VAT increase into consumer prices was full and that prices adjusted within one month
of the tax change. Karadi and Reiff (2016) investigate the response of prices to two increases and
one decrease in VAT rates that were implemented in Hungary between 2004 and 2006 across different
categories of goods. In their data, positive increases in VAT rates elicited immediate adjustments of
prices (within one month) with very high pass-through (between 75 and 99 percent). The response
to reduction in VAT rates, in contrast, was significantly smaller, pointing to an asymmetric response
of prices to positive and negative VAT changes.

A few cross-country studies also present evidence of large and quick pass-through of VAT changes.
Benedek et al. (2015) analyze the response of prices to VAT changes that took place in euro-area
countries over the years 1999-2013 and find complete pass-through for changes in standard VAT rates.
Exploiting a different identification strategy on similar data, Benzarti and Carloni (2017) find that
the pass-through of standard VAT rate changes to prices is about 39 percent for VAT increases and
only 11 percent for VAT decreases. Despite this asymmetry, in both cases the passthrough happens

in the first month after the implentation of the VAT change.?’

29The tax shift of sale taxes across U.S. states also appears to be very high and immediate, as discussed in Besley and
Rosen (1999), although it bears noting that the nature of the sales tax base and incidence of the tax differ somewhat
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Direct evidence on fiscal devaluations also point to large VAT pass-throughs. For instance, in 2007
the German government raised the standard VAT rate by 3 percentage points and lowered the marginal
rate for social security contributions by a similar amount. Figure 10 shows the evolution of German
core inflation and motor vehicle inflation (blue lines in the top panels) around the implementation of
these tax changes. For comparison, the figure also presents the behavior of inflation in other euro-area
countries where no changes in VAT rates or payroll contributions were implemented (red lines). Both
panels clearly show a discrete jump in German inflation in the month January 2007, when the tax
changes went into effect, whereas inflation in other euro-area countries does not reveal any outsized
change throughout the 2007 year. This observation suggests that the spike in German inflation is
likely to reflect the increase in value-added taxes. The immediate pass-through to core inflation is
around 50 percent, a large number if one considers that the good categories affected by the VAT
change accounted for just half of the consumption basket.?? Consequently, the VAT pass-through
must have been very high for a large number of consumption items, as exemplified by the evolution
of car prices.

The bottom panels of Figure 10 provide some evidence on the macroeconomic effects of the 2007
fiscal devaluation in Germany. In particular, data on various measures of nominal wages (e.g. nego-
tiatied, compensation per hour) show a substantial pick up in labor costs in the aftermath of VAT
changes, possibly reflecting workers’ requests for stability in after-tax real wages. Finally, private con-
sumption in Germany underperformed consumption in other euro-area countries, suggesting, at least
qualitatively, that VAT hikes may have adverse effects on aggregate demand even when accompanied
by commensurate reductions in payroll taxes.

All told, evidence from country-specific episodes as well as cross-sectional analysis suggests that
VAT changes tend to be passed through to consumer prices quickly and, in many cases, nearly in full.
Within the context of theoretical frameworks where producer prices are adjusted infrequently, this
empirical observation appears easier to reconcile with the assumption that pre-tax prices are sticky

and valued added tax changes are fully passed through.

from value-added taxes.
30The 2007 VAT hike did not apply to goods taxed at a reduced rate (such as food, entertainement, and books).
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5.4 Alternative Pricing Assumptions

For ease of exposition, we described the transmission of the IX (and BAT) and VP policies under
the assumption of producer currency pricing (PCP) and, thus, full pass-through of exchange rate
changes to traded good prices. In this section we study the effects of these policies under alternative
pricing assumptions. In particular, we present simulations of transitory IX and VP policies under
local currency pricing (or LCP, when exporters set prices in the destination currency) and under
dominant currency pricing (or DCP, when exporters both in the home and the foreign country set
prices in the home currency).?!:32 There are two key takeaways from these experiments. First, given
that IX policies directly affect trade prices, different assumptions about pass-through change their
effects on export prices and hence affect transmission on imports and exports. Nonetheless, compared
to the PCP case, the overall macroeconomic effects of IX remain qualitatively similar. Second, the
transmission of VP policies is very little changed under different assumptions on exchange rate pass-
through. This observation should come as no surprise given that, as we argued above, VP policies do
not operate by directly affecting relative trade prices.

Figure 11 shows the response of the economy to a transitory implementation of IX under PCP
(solid lines), DCP (crossed lines), and LCP (dashed lines). While the response of exports is virtually
identical under DCP as under PCP, DCP implies somewhat greater expenditure switching away from
imports, reflecting that foreign exporters under DCP are slow to adjust their “’at the dock” prices
(Px; in equation 62) so that home (cum-tariff) import prices rise by more. Accordingly, output rises
a tad more under DCP than PCP. LCP is similar to DCP in inducing larger expenditure-switching
away from imports than PCP. However, under LCP domestic exporters do not immediately reduce
the prices at which they sell the domestic good in the foreign country (Pjy,) in response to the export
subsidy, leading to a much more limited boost to domestic exports under LCP than PCP (or DCP).
The smaller export boost under LCP translates into a smaller output rise than under PCP or DCP,
though the qualitative responses are clearly aligned.

Figure 12 shows the response of the economy to a transitory implementation of VP under PCP

(solid lines), LCP (dashed lines), and DCP (crossed lines). In all cases, monetary policy cuts interest

31'We focus on policies that are eventually reversed given our interest in assessing the scope for IX and VP policies
to provide macroeconomic stimulus. Our simulations allow wages to be sticky: As discussed before, when wage are
sticky VP induces the competitive-enhancing effects which typically motivate the use of such policies (see, for example,
Calmfors 1998).

32 Casas, Diez, Gopinath, and Gourinchas (2016) study the implications of DCP in a standard New Keynesian model.
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rates in response to weaker domestic demand, thus contributing to a depreciation of the exchange
rate. Compared to PCP, the slower responsiveness of trade prices to such depreciation under LCP
results in a smaller boost to net exports, so that output initially contracts even more. The drop in
output, in contrast, is very similar to PCP under DCP as exporters benefit from the depreciation of
the home currency. Notwithstanding these minor differences, the overall transmission of VP is very

similar across pricing assumptions as these policies do not directly alter trade prices.

6 Conclusions

Our paper has presented a systematic analysis of the short-run effects of trade policies that are
equivalent in a frictionless economy, namely a uniform increase in import tariffs and export subsidies
(IX), an increase in value-added taxes accompanied by a payroll tax deduction (VP), and a border
adjustment of corporate taxation (BAT). Using a New Keynesian dynamic general equilibrium model,
we have studied the transmission of these policies and summarized conditions for their equivalence
and neutrality.

Our paper has shown that the conventional view that trade policies do not stimulate output
under flexible exchange rates — on the grounds that long-run balance of payment equilibrium should
induce an immediate currency appreciation large enough to insulate trade prices — rests on fragile
assumptions. Specifically, we argue that an increase in import tariffs and export subsidies is likely
to elicit a much smaller response of the exchange rate than required for “full insulation” to hold, so
that expenditure-switching effects show through to higher output. This output stimulus is largely
driven by the export subsidy whereas tariffs tend to have a negligible or even contractionary effect on
output.

We have also shown how VP can differ substantially from either IX or the BAT under full pass-
through of taxes. VP tends to have contractionary effects on output if implemented on a temporary
basis, reflecting that the competitiveness-enhancing effects of producer subsidies — the typical emphasis
in the fiscal devaluation literature — are outweighed by the drag on consumption from the implied rise
in the real interest rate (since the VAT is expected to decrease through time).

We caution that our results should not be interpreted as implying that IX policies are likely

to provide a reliable and effective way of providing macroeconomic stimulus relative to other fiscal
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measures. Indeed, given that the stimulus is due to expenditure-switching, it is contingent on foreign
economies refraining from retaliation, which seems unlikely if the IX policies are put in place for very
long. Conversely, our analysis of VP should not be interpreted as dismissive of the possibility of using
these policies to boost the economy; rather, in doing so, the program should be designed to pay keen
attention to intertemporal substitution effects in addition to the competitiveness effects emphasized
in the literature.

While we have used a workhorse open-economy model to facilitate comparison between the policies
considered, trade policies in practice have widely divergent effects across different industries and
economic sectors, with political economy considerations often playing a paramount role in determining
the structure of tariffs or subsidies. In future work, it would be of interest to use a medium-scale model
with a broader array of frictions and more sectoral differentiation to revisit some of the questions we

have considered here.
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7 Appendix A. Model Equations

7.1 Households

Household i € H = [0, 1] chooses {w; (i), w; (),n¢ (i), ¢ (2) , are41 (2) , Bae (i), Bpy (1)} to maximize
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Ry 1Bri—1 (i) + et R{_1Bri—1 (3) + Prag—1+ (3) + wy () ng () + Iy + T}

wy (i) = { W1 (Z) w.p. Cy (70)

(69)

we (1) wp. 1—Cy

ne (i) = [wév(j)}% Ny (71)

where W, is a wage index (descrobed below) and ¢ ,+1 is the price of a state contingent Arrow
security paying one unit of consumption in a specific state at time t+1. We assume that a complete set
of Arrow securities is traded domestically so that perfect risk sharing within each country allows for
simple aggregation. Equation (70) states that housheholds can only adjust their wage with probability
Cw- Equation (71) is the firms’ demand schedule for labor variety ¢, derived below.

Optimality conditions are

Cc% P
1=0E, | -t R 72
BE; oo P (72)
_ C % P e
1 Bpy (i) — Bp) = BB, | 2L ~t 2t pox 73
—i—X( Ft (7) F) BBy C7 Pry1 e (73)

s—t o [ Ins (1 K n Wt .
EiCyy ZCS {[6’52](7:—1) _Ps}ns (i)=0 (74)

7.2 Retailers

The problem of retailers is as described in the main text.
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7.3 Producers
7.3.1 PCP pricing

Producer i € F' = [0,1] chooses an optimal reset price Pp; (i), export prices {Pj, (i)} -, quantities

{Yhs(2), Yyi,(i)},>, and employment { s (1), {ns (J39) }; } N to maximize
s>t

Peri) [Yars(i) + 5 Y70, 6)] = (1= <) [, () n () dj

max B, Y C5 A (1—77) 5 (75)
: s.t.

Yirs(i) + S Vi (1) = ANE () (76)

w0 ={ [ Gyt o) ()

Vi) = | 2| i, (79)

Vi) = [0 v, (79)

Py = TR L) PO (50)

where s* and s are the size of the foreign and home country respectively.
The optimality conditions for this problem are constraints (76) — (80) as well as an optimal pricing

condition as in the text:

B30, A e |Vira (1) + m()}ﬂﬂl [Ppt@) v o) Wa ] (g

v —1aA;Ng(i)>—1

where W is the wage index
T=vn
w. = | [ G a (52)
7.3.2 LCP pricing

Producer 4 chooses optimal reset prices Pp; (i) and P, (i), where P%,(i) is the foreign currency
price of domestic export net of tariffs, export prices { P, (i)}, , quantities {Yp,(i), Y77,(4)},~, and

employment { s (1), {ns (730)} } . to maximize
2

Ppa (i) Y5 (0) + €6 Py (1) agitry S Yins (8) — (1= <) [ ws () s (53 ) dj

maXEtZC Ats 1—7')

P,
s>t s
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s.t.

Yire(i) + = Yo (i) = AuNE (1) (84)

N, (i) = { [ dj}”znl (85)

o [Ppe(i) -
YHS(Z)_|: PPs :| YHS (86)
Viuli) = [“0] v (57)
Piry(5) = (14 72) P i) (59)

The optimality conditions for this problem are constraints (84) — (88) and optimal pricing condi-

tions for domestic and foreign markets:

YHs (7’)
Py

BN Cp Ars (1 77)

{Ppt(i)_ gl (1—<Z)Ws]:0

v—1aA;Ng(i)>1 (89)

- Yiro(4) (1+45) : v (A=W
[e'e] s—t s Hs s * s _
Etzs:tCP At,s (1 - Ts) P, |:ES (1 — T?BATS) PXt<Z) - v — 1 OLASNS(Z.)O‘71 =0 (90)

where Wy is the wage index )
wo={ [ o1 o) ay

An analogous problem for the foreign producers yield

o YR (e W
o t Fs * S o
Etzs:t SP At75 P, |:PPt(Z) - v—1 @Alst* (’L)O‘_1:| =0 (92)
L YR [1 o ~ W
B2, C5 T A s — (1 +¢%%) Py (i) — ; =0 93
t~s=tS P t, Ps Eq ( + gé ) X t(?’) v — 1 O[A:N: (Z‘)afl ( )

where
(14 77") Px«t(4)
(1—7Y)

PFs (Z) =

8 Equilibrium equations

Equations (94) —(125) determine the equilibrium process {V (s*) ste(s)t >0+ For ease of exposition we
we group elements of ¥ into variables that we associate with households optimality conditions,V g

and U7, abroad, retailers optimality conditions, ¥rr and U% g, firms optimality conditions, ¥y
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and V%, price indexes, ¥p; and ¥%;, and market clearing conditions, ¥j;c. We have that ¥ =

Woan, Yym Yre: Ve Ve Vi Yp, U, Ui}

Households optimality

Uy = {wt (1), Wi, ne (i), Cy, BHt} (leaving out budget constraint and Bpy)

N owe(4) w.p. ¢
wep (7) = { V_Vt_H w.p. 1 —VZW

s—t —c [nS (l)]n Tn Wt N
B Lo [ g ey - B =0

Cih P
C; % Py

Ct_.y_al Poerp R*
C;° P1 &

1 = ﬁEt Rt

1+ x (BFt (1) — BF) = BBy

and symmetric conditions for W}, = {w; (i), W, n} (i), C}, By, } abroad
Retailers optimality

\IIRE = {YHtv YFtayHt(i)7YFt(i)}

P —0
YHt = W l:‘;:til Ct
B Pry -’
Yre=(1-w) {(1 - TfBATt)Pt] Ct

vt = (£20) 7,

Yi(i) = <Pg(j)> v

and symmetric conditions for ¥rr = {Y3,, Y, Y5 (¢), Y7, (4) }
Firms optimality

Vpr = {P;;Ia(l)ﬂ PFt(i)v PPt(i)a P;t(i)vppt(i%ﬁ;t(i)’ P)*(t(z)a p)*(*t(i)a P)*('t(i)a PX*t(i)}

Piry(i) = (14 7;") Px,(2)

N LT .
Ppo(i) = T Pxei(i)
t
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| Pru(i)  wpC 105
Ppiia(i) = { Ppt; (1) w.p. 1 —pCp e

* . P*t(z) w.p. G,
PPt+1(Z)={ e (106)

L stve ] B a-—w. ] _
EtEé’itC}_tAt,s Y, (Z) + STYHS (7’):| %g |:PP75(Z) - ﬁm} =0 pPCP

(107a)
s— NORE-3 N2 (A= DWs |
EX32.Cp tAt,sYHTS() [PPt(Z) - %QASI\/Z(Z')"‘*I} 0 LCP
(107b)
. — wr _
BT G5 AL [ Y () + Y, ()] 7 [Pui) - Sy maerges | =0 PCP
(108a)
00 5t*ng() D Vwi* =0 LCP
B X2, Cp AL~ Pp(i) = 75 54 N:()o—T
(108b)

« 7 1—7"BATy)(14+711"*) Ppy(i)
Pipy(i) =+ f = pcp

(1+<7) €t
(109a)
G D pr (-snw. ] _
By S22 (A s Es(l_(ijéin)PXt(Z)*%W] =0 LCP
(109b)
, T Ph (i)
Prli) = 15 g5 POP
(110a)

xT* _ W* o
Ee222, (5 Ay YO | ) by (i) — flm] =0 LCP
(110D)
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Px-4(i) = Px-; (i) PCP

(111a)
. Py«4(i) w.p. Cy
P * 1) = — . LCP
xeenn (i) { Pxepy1 (1) wp. 1= Cy
(111b)
and symmetric conditions for U%,; = {Nt* (i), Pri(i), Pp, (i), Pp, (i), Px-1 (i), PX*t(i)}
Price indexes
Vpr = {P, Prt, Ppt, Pre, Wi}
1
Py o
Po=|wPp' +(1-w) | ——rr 112
1 =
Py = [/ Py (i) dz} (113)
0
Ppy = Py (1 —1Y) (114)
1 =
Ppy = [/ Py ()7 dz} (115)
0
b

w. = | [t 1 al (116)

and symmetric conditions for U}, = { P}, Py, P, Pires Wi}
Market Clearing
Une = {N: (4), N (i), Ne, Ni', Bre, By e, Re, Ry }

Vini) + ¥ ) = AN () (117)

Vi, (i) + S%YFt(z') = AN (4) (118)

leng@ (119)

N = [ NG (120)
JEF
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Bpi+ Bi, =0 (121)

Bhi+ B, =0 (122)
s* P; (1—7Y) Ppy
B Byy = eBpi 1 R} Bri_1Ri1 + — Ht vy ! Y, 123
Etbpt + bt = €tDpr—1lty | + D11 + s€t1+7_%n* Ht 0+ Ft (123)
* Pr % Py *

R = 1( Py Ym+Ye (‘%)% (124)

\F) i) &

[’DZU

R, = 1 ( Dot >% Y+ Vg, (5t>% (125)

B \ Ppi—1 Ygltw—l—YI}‘{l” gt

9 Appendix B. Proof of Proposition 1

We start by giving a formal definition of neutrality of a policy and equivalence between policies.

Definition 1.Let the evolution of the policy regime s; before the implementation of a given policy
be determined by the stochastic process {S,Q} and let {S’, Q} describe the process for policy after the
implementation of the policy. We say that the implementation of the policy has no allocative effects
or that it is neutral if for any equilibrium process {¥ (St)}ste(s)t’t>0 before the implementation of the
policy there is an equilibrium process {\if (st)} () under which the real allocation

ste ,t>0
E={C(s1).C" (") i (i) o {" (ost) b T (o) b (s b W s b T s } ),
ste(8)",t>0
N

is unaffacted: that is there exists a sequence of functions i, : (S) — (S)t such that for each element

nm

[

Nt
7 (s') =5 (py (")) for any s € (S) ,t>0
where 3 is the corresponding element in the real allocation = which is part of equilibrium process W.

We also say that the two policies described by {S, 1} and{g, Q} are equivalent.

Definition 2 gives a definition of a unilateral IX policy that generalizes the example used in Lemma

Definition 2. Let the evolution of trade policy at home and abroad sy = (77", ¢F, 77", s¥*) before
the IX implementation be determined by the stochastic process {S,Q}. A unilateral implementation

1

of IX of size ¢ that is anticipated w.p. ™% and is reversed w.p. p, is described by a new stochastic

process {GPIX7 QIX} such that GPTX = S U STX where the set of states is given by
S = a3 ([8) (126)
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where Y (T3, %, 77 7)) € S the function oiX (77, ¢F, T TE) = (7,38, T, T8) with

1477 147
1+ 1+F

=146 (127)

and
(1—7rIX)Q 7I1XQ
(I-p)Q2  pQ

where the ordering of states in the matriz QX is the obuvious one.

QX = (128)

Notice that the process {GPIX, QIX} does not encompass the possibility of retaliation.
Proposition 1. 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;

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

The only effect of the policy is to cause a § percent appreciation of the currency e;.

Proof. Condition 1 implies that 77X = 0 and p = 1. In this case the transition matrix is simply

Q¥ = { S; g ] (129)

Let {¥ (st) stE(ST) 430 denote an equilibrium process before the IX implementation, i.e. when s;
is governed {S,Q}.

Consider now a process {\i’ (st)} with an unanticipated permanent IX such that, for

ste(§)" >0
each element 5 of W, other than the nominal exchange rate, &, and home currency producer prices of

foreign exporters, Px-; (i), we have
72(5) =5 (n, (3) V&' e (GP™Y)', vE>0 (130)

where s is the corresponding element of the equilibrium process ¥ without IX and function u,
maps all histories in which IX is implemented into a history in which IX is not implemented: i.e.

Vst = (31,...,5) € (GPIX)t, py (8Y) = st = (s1,...,5,) € (S)" where Vi > 1

S; =

S; Zf 5 €S
(1) (5) if 5 e GPIX
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For ease of notation in what follows, for any §¢ = (51, ....,5;) € (GPIX)t, we let 55 = 5 (8') and

s = s (pi¥ (5Y) .
The nominal exhange rate and the home currency producer prices of foreign exporters are V5 =

(31, ..., 50) € (GPTX)'

gt{ £t ’LfStES (131)

E¢ : =5 IX
i s €S

PX*t (Z) Zf St 7é STW

1+§PXt() ifSt:STW
} is an equilibrium.
ste(GPIX)t t>0

We want to show that {
\i/( t) satisfies all of the equations directly affected by the tariffs and export

We first show that
subsidy change when 8, = (7}",37, 7%, 7*) € STX. These equations are the laws of one price (109a) —
(110a), the tax pass-through equations (104) — (103), and the balance of payment equilibrium (123)
Considering the law of one price for domestic goods at an history s such that §; = (7}*,S7, 77, 79%) €

SIX and letting (JgX)fl (8¢) = (7, 78, 77, 77*) € S we see that

Y N 14771
Py (i) = Ph,(i)= P]{t()ﬁg (133)
~ 14771
P, RN 134
Ht ()(1+Ut)5t ( )

where the first and third equalities follow from (130), (131) and (127) and the second from the fact
that ¥ is an equilibrium. An analogous arguemt holds for (110a) and (104) .
Consider now the balance of payment equilibrium which, under condition 2 B}, ; = 0 = B and
X = 00, is
Bpi =B R+ Pi?* ——Y]
Ft — DFt—14v%_1 1+ m* Ht (1_"_%?)5]& Ft
to see that this is satisfied, let again (o gX) (8¢) = (7, 78,77, 77%) € S to get

- Py Pry

Bpi = Bpy= Bp_1R" B T L

rt Fe = PRl F e e~ (g,
- - Py, 5 Yrt
R e (O E

where the first and third equality follow from (130) (131) and (127) and the second from the fact that
U is an equilibrium .
We then need to check that the adjustment of the nominal exchange rate and local currency

producer prices of exports in (131) — (132) does not induce violations in other equilibrium equations.
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Under PCP P, (i) and Px-; (i) only affect (104) and (103), i.e. they are definitions.The exchange
rate ¢; affects optimal holdings of foreign bonds (98) and an anlogous condition abroad. As long
as 71X = 0 and p = 1 we have that Vs € (GPIX)t, if stt! ¢ (GPIX)t has positive probability,

Pr{s'™ |s'} > 0, the appreciation is identical across equilbria:

€41 Ety1

E¢ &t

and since these conditions only depend on exchange rate appreciation they are satisfied.

10 Appendix C. Proof of Lemma 1

Consider an IX policy subject to policy reversal and characterized by {ST, QT} where ST = {SNT, SIX} .
In state (sN T) no country levies any taxes and in the second state (31 X ) the home country unilaterally
raises import tariffs and export subsidies by the same amount §. The transition matrix is
o = [ Lo ] (135)
I—p »p
Consider also an IX policy that triggers retaliation and characterized by {SR,QR}, where S =
{ST, STW} . ST includes the same two states as described above but in s7" the foreign country retal-

iates with a symmetric policy ( i.e. 7" =¢f = 77 = ¢7* = §). In this case the transition probability

matrix is:
1 0 0
Qf=1 (1-m(1-p) p w(1-p) (136)
1—¢ 0 %)

Lemma 1 If export prices are set in producer currency, a unilateral implementation of IX with
policy reversal, i.e. sy governed by {ST,QT}, implements the same equilibrium allocation as a uni-
lateral implementation of IX that triggers retaliation, i.e. sy governed by {SR,QR}, coupled with
international transfers that satisfy:

1)

Ttll =133 [Brt,—1R;, _1€t, + But,—1 R, 1]

Rt271

I *
Tt2 =4 BF,t271Rt2_15t2 + BH,t271 p
2

where t1 is the first time the economy transits to the retaliation state sTW and ty > t1 is the first
time it leaves the retaliation state sTW.
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Proof. Let {VU (s")} e(sT)t +>0 be an equilibrium with no international transfers and no retalia-
tion, i.e. T (st) =0 Vst (ST)t.
Consider now the process {\il (st)} such that, for each element 3z of W, other than
ste(SR)1 t>0

bond holdings and local currency producer prices of exports, we have
5 (st) =5 (, (")) Vst e (SF)', vt>0 (137)

where s is the corresponding element of the equilibrium process ¥ without trade wars and function
1, maps all histories in which a trade war occurs into a history in which no taxes are levied: that is

Vst = (s1,...,8) € (SR)t, wy (st) =8 = (51,...,5) € (ST)t where Vi > 1

. { s;i if si#sTW

S; =

sNTGif 55 =sTW
For ease of notation in what follows, for any s' = (s1,....,8;) € (SR)t, we let 5 = 3 (s') and
s = 2 (u(s1)).
Bond holdings and local currency producer prices of exports satisfy Vst = (s1,....,5;) € (SR)lt
~ ~ 1 if s #sTW
Br; Bpuy fou#
Bo =Bl = (138)
Fit H,t 11W Zf s = ITW
~ ~ 1 if s #sTW
Py Pp, fse#
Pl = pr = (139)
X*t Xt ﬁ ’Lf §¢ = STW
We want to show that {\il (st)} (57 is an equilibrium when international transfers satisfy
ste L >0
0 if sp_1#s™W and s4 # sTW
T(s') = { —ii5 |BroaBisee+ BraaaRia| if sa# 8™ and s =™ (1)

[ » D = » > ; _ JTIW TW
T |:BF7t71Rz<71€t + BH’tflRtfl] Zf St—1 =S and St # S

It is straightforward to check that if ¥, is an equilibrium then U, satisfies all equilibrium equations
other than (123). When s; = s”" the only conditions that need to be checked are the laws of one
price (109a) — (110a) and the tax pass-through equations (104) — (103) which are satisfied under (139).
All the other equations are clearly satisfied by construction of ¥, and by the fact that the probability

of leaving the unilateral IX state is the same in (135) and (136).
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Consider now the balance of payment equilibrium (123) which we rewrite as follows
A=A 7 + NX, + T,

where

Ai—1 = Bpt—18t—1 + Bpi—1

{BF,th;lﬁt + Bhtqétq}

ra —
' At
~ P s* (]_—TU)PFt
NX, =g, —Ht 2 yx _ 1= 't/° 5t
¢ Etl—i—ﬂ"* s Mt (1+7) £t

Take any history §° = (31, ..., 8¢, ...) € (SR)OO such that s; = sTW 3i. Let t; and t; satisfy s;, = s7W,
St,—1 F# STW,Stz =+ sTW,stQ_l = sTW At t; we have

~ A,

Ay = (141)
N Atl_l’l"g'l + Nth
1+46
. NX, b .

= Atlflfgl +NXt1 +Tt1

where, the first follows from (138) given s;, = s7"; the second from the fact that ¥ is an equilibrium;

and the last follows from the fact that (138) imply A, _17f = fltl_lffl given s;, 1 # 7" together

with the fact that s;, = s7" implies NX,;, = % and that T}, is given by (140).

As long as the trade war is in place (138) readily imply that Vs and t; < s < tg

A, = ‘ (142)

And when it ends, at t5, we have

A, = Ay (143)
= Atg—lrgz —|— ]V)(t2
AtZ_l’l"g'z

5 a
= ﬁ + ]V)(t2 + mAQ,thQ

= Ay, 17, + NXy, + T,
where we are using again (138) as in (141).
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11 Appendix D. Proof of Proposition 2

We start by giving a definition of a permanent unexpected implemnation of BAT and V P.

Definition 2. Let the evolution of trade policy at home and abroad
st = (7¢",s¢, ¢, T8, BAT, 77, ¢f7)

be determined by the stochastic process {S,Q} that satisfies BAT = 0 Vs € S. A unilateral im-
plementation of BAT and an implementation VP of size % are described by stochastic processes
{GPBAT,QBAT} and {GPVP,QVP} respectively such that GPBAT = § U SBAT gnd GPVF =
S U SVP where SBAT = ¢BAT ([S]) and SVF = oY P ([S]). The functions o247 and )P satsify

m x v v s m* Tk
V(i st TSy, TE, 0, T cE) € S

BAT (m x ,v v _7 m% _x*\ _ (.m & v VU _T m* Tk _mkx  _T*
s (Tt 7gt’7t’§t)7—t’0’7—t ) St )_(Tt ’gthtvgtaTml?Tt )5t Ty agt)

VP m x _v v _m m¥ Tk __ m T =vU =v T m¥ Xk _Mm%x _T*
05 (Tt agthﬂgtht’Oth ) St )_(Tt ’gt’TtﬁgtHTtvl’Tt ySt Tt 5S¢ )

with
~vU ~U 1

-7, 1-¢
1—7¢ 1-¢¥ 146

The transition matrices are given by

QAT _ (1 . 7TBAT) O xBATQ (144)
(1 _ pBAT) 9] pBATQ
1-— 7TVP) Q 7VPQ
Qvr = [ ( } 145
(1 _ pVP) [9) pVPQ ( )

where the ordering of states in the transition probability matrices is the obvious one.
Proposition 2. If monetary policy is described by (63), wages are flexible, and the three condi-

tions of Proposition 1 are satisfied, the following policies are equivalent and neutral:
1. A permanent unexpected IX policy of size §;
2. A permanent unexpected BAT policy when corporate tares are 77 = 1%;
3. A permanent unexpected VP policy of size 1%;

These three policies have no effect on the real allocation and induce the real exchange rate to

appreciate by 9.
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Proof.

Neutrality of IX under the assumptions of Proposition 1 was already proved. Therefore, we just
need to prove that a BAT and a VP implementations of size 1% are neutral and generate a real
exchange rate appreciation of size §.

Let {W (s")},.c (8):,£0 denote an equilibrium process before the implementation of any policy, i.e.
when s, is governed {S,Q}.

Consider now the process {@BAT (St)}ste(GPBAT)t7t>0 with an unanticipated permanent BAT
such that, for each element 3 of UBAT other than retai_lers and producers import prices, IsFBtAT (7)

and Py« (1), and the nominal exchange rate, €¢, we have
FPAT (5 = 5 (PAT (5Y)) W&t e (GPPAT)', wi>0 (146)

where s is the corresponding element of the equilibrium process ¥ and V5! = (31, ....,§;) € (GPBAT)t

the function s, (3') = s* = (s1, ..., 81, ...) € (S)" where Vi > 1

{ 5 ifs €S

oBATY (3, if 5 e §BAT

. Import prices and the exchange rate satisfy V5! = (31, ....,5;) € (GPBAT)t

PRI (i) _ PRI PRAT () _ { 1 if 5, €8 (147
Ppy (i) Pry Py 1 (i) (1—77) if 3 €8PAT
g4 1 if 5 €8 (148)
£t (1—7F) if & € SBAT
We want to show that {@BAT (st)} is an equilibrium which, given (148) and the fact
ste(GPBAT)! t>0

that P, and P/ are unaffected also implies that the real echange rate appreciates by 4.
The conditions that are directly affected by BAT are the law of one price for domestic exporters,
(109a) , retailers optimal demand of imports, (100), and the domestic price index, (112). Fix an

: . ¢ . . . .
history ' = (77", ¢¥, 70, ¥, 77, L, 7 cp* i, ¢¢*) € (GPBAT) . Equation (109a) is satisfied since:

(L4 73") (L= 1) Pre(i)

PiBAT = Py, = 149
Ht Ht (1 +§f) s ( )
A4 A7) =77 PRAT()
(1+<7) G
the last equality from (148) and 7] = %.
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Retailers optimal demand of imports is satisfied since

yEAT Yre = (1 —w) [} -’ Cy (150)

I
—
=
|
S
=

where the last equality follows from (147). And analogously for the price index:

_1
ﬁtBAT = P = [WP;I;G + (1 _ UJ) (PFt)1—9:| -0
~ 1-07] 1—0
5 1—6 PBAT
— (ng‘T) +(1-w) (1 Ftﬂ) (151)
t

Moreover to make sure that the adjustment in import prices is still consistent with firms optimality

conditions we also need to check the law of one price for foreign exporters:

~ 1 +’7—m)
PEAT = Pp(1-rf) = LT P (1 =77
Ft e ( r) (147 (1 —7Y) Fiet ( 7)
_ (L+7") PrBATZBAT

I+ (1—7y) ™

Finally we need to check the balance of payment equilibrium

. Py, s* (1 —7%) Ppt Yy
BBAT _ B., — Bwr R _THt 2 yx A\ Tt)TH
o Ft 1Ry 1+ T+ s Ht A+ &
pﬁ?AT iY*BAT _ (1—-1¢) PFBtAT Z?zl;gtAT
Ht

_ BBAT H+BAT
= Bp{ R+

1 + T;n*BAT s (1 + T;n) gtBAT
H»BAT
where the third equality uses (Ifii‘ﬂ) = Ppy, 77 =

Inspecting all of the other dynamic equations we observe that since BAT adjustemnts and import

o5 and &7 (14 0) = &,
prices do not enter any of those equations and the exchange rate only enters through the future
appreciation which by (148) and under conditions of Proposition 1 is identical across allocations with
probability one, all equations will be satisfied by WZ4T since they are satisfied by .

Let’s now turn to equivalence with VP.

Consider the process {\i'vp (st } with an unanticipated permanent VP implementa-

ste(GPV P t>0
tion such that, for each element ¥ of UV, other than domestic prices (]3};53 (i), PYF (i), PYP (z))

and wages (E)XP (@), @) " (i), WtVP) and the associated price indezes (P}I/tp, f)}/‘tP,ﬁ)tVP)7

2P (3 = s (WP (3Y) vile (S*VP)t, Wt >0 (152)
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where 3 is the corresponding element of the equilibrium process ¥ with IX and V3! = (81, ., 8¢, ....) €

(GPYPY' | 1y (3') = s' = (51, .00y 81, ..) € (S)" where Vi > 1

{ 5 if & €8
S; — ( )

if 5 € 81X

Q
o<
<
S—
L
=

PRy @) PEP ) BYP () ! Jees (153)
PH,t (Z) PF,t (Z) P (Z) (l—l—(S) if & e gvP
~VP . - ) = 1 if €8
o) @yt ) WY fo (150
Wy (7’) Wy (7’) Wt (1 =+ 5) Zf §t c SVP
We want to show that {@VP (st)} (GPYPY 450 is an equilibrium, which given (153) and the fact
ste tt>

that ¢; is unaffected also implies that the real echange rate appreciates by 4.
The two laws of one price and the balance of payment are again straightforward: fix an history

- t . N
§t € (GPYP)" such that §, = (77",<F, 77, <0, 77, Lr* o7 i, o7*) € SVP. We have

(L +7") (1= 7¢) Pri(i)

PP (i) = Py (i) = 155
Ht ( ) Ht( ) (1 +§tw) £t ( )
(1+<f) &'’
where we are making use of (153) and 1:? = ﬁlé.And similarly for foreign producers. For the

balance of payment equilibrium condition we use the same argument as well:

) Pr s (1—77) Pry
BYP — Bu. — Be R _THt 2 yx A Tt/ U

Fi Ft Ft—11t_q + L1 s HET 11 g, i
Fe-1T-1 7 e g L A+rmye

Now consider the optimality condition for the price of the domestic good at home an history ' €

t - v -
(GPVP) such that & = (77, ¢% 77,5V, 77, 1, 7% ¢rxpinx o) ¢ SV

BY PR AT |V 0+ SR )] ) 2 LS ] (157)

_—_|P - i

pve | P 0 S A Ry p (e

1+5{VPZ, o (1—<§)W5VP]
Y =1 ad,NVP(i)e

s— . s *
B2, e |Vins () + ¥, 9) e

pV P VP v
where the first equality follows from Poo W™ _ (=c.)

e = T = =1+ 5 wp. 1.




With flexible wages, optimal labor supply is also satisfied since real wages are unaffected:

2SO O N 10 (N P 1O
C’tVP_U (7n - 1) ﬁ)tVP C;J (771 - 1) Pt

SVP

Morevoer, since the transition from s;_1 € S to sy € is unanticipated, the different inflation
dynamic ex post does not affect optimal bond holdings ex ante. On the other hand since the policy

is permanent, future inflation is unaffected by its implementation as is clear from (153).

12 Appendix E. Proof of Proposition 3

We start by giving a definition of a permanent unexpected appreciation of the nominal exchange rate.

Definition 3. Let the evolution of trade policy and monetary policy at home and abroad
St = (T;nv g:tbv T?v g;)a T?a BATta T;n*v gitt*v g15)

be determined by the stochastic process {S,Q} that satisfies BAT = 0Vs € S. A currency devaluation
of size § starting from {S,Q} is described by a stochastic processes {GP®,Q} such that GP® = SUS*®

where
5% =05 (15D (159)

BAT . m x* _v v _m m*x x* =\ _ (.M T vV U _T m* _xT* =
g5 (T8 St TSt Te, 0,7 6 B) = (T St T st 1, 0, 7, 64, B (1 46))

and the transitiong matriz is
(1-7)Q 70

g __
Y =la-me o

(160)

where the ordering of states in the transition probability matrices is the obvious one.

Proposition 3. If monetary policy is described by (34) in a fized exchange rate regime (¢, = o0)
and assumptions 1.-8. of Proposition 1 hold, an unexpected IX policy of size 0 and an expected BAT
policy of size % have the same allocative effects of a once and for all unexpected currency devaluation

s

of size 6. An unexpected VP policy of the same size 115 has no effect on the real allocation but causes

the real exchange rate to appreciate by §.
Proof.
Let {W€ (s%) ste(sT)t >0 denote an equilibrium process under {GP<,Q°}.
Consider now the process {@IX (st)} with an unanticipated permanent IX such

ste(GPIX)t >0

IX of WIX | apart from the nominal exchange rate, we have

that, for each element 3¢
HX (5 =5 (us (3Y) V&' e (GPTY)', vi>0 (161)
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where »° is the corresponding element of the equilibrium process ¥¢ and V3! = (51,...,5,....) €

(GPIX)' | 15 (31) = ' = (51,0, 84, ..) € (GP?)" where Vi > 1

T s () G) if se s
For ease of notation in what follows, for any & = (31, ..., 5) € (GP™X)" we let /X = !X (s")

and 5 = 2 (5 (s")).

The exchange rate satisfies V3! = (51, ...., 8;) € (GPIX)t

- es Zf §t es
51{X = E% Lo~ X (162)
s if 5, €8
To show that {\iJIX (st)} I is an equilibrium we can follow the same steps as in the proof
ste(GP >0

Proposition 1.
At 8¢ = (51,....,8;) € (GPIX)t such that §; € S'X, the laws of one price and the balance of
payment equilibrium equations are satisfied since

X (1+6Y  a+Fm

eX (to) (47
and the only other equations in which the exchange rate appears only depend on its expected appre-
ciation which is the same in the two processes.
The argument for the BAT policy is analogous but in that case optimal import demands and the
price index need to be checked as well just as in the proof of Proposition 2.33
Finally, the fact that VP is still neutral even under fixed exchange rates is a straightforward
consequence of the proof of Proposition 2. Since under flexible exchange rates VP is neutral and

the nominal exchang rate is unaffected by its implementation, it follows that even if monetary policy

targets a given fixed exchange rate the policy still remains neutral.

13 Appendix F. Proof of Proposition 4

Proposition 4. Under full pass-through of taxes, an unexpected IX policy of size § and an unezxpected

5 does not

BAT policy of size § implement the same allocation. Generically, a VP policy of size s

implement the same allocation as IX or BAT. Equivalence of the three policies requires that policies

are permanent, i.e. p =1, or that prices are flexible.

33The equivalence result between BAT and IX in Proposition 4 also delivers taht BAT is equivalent to IX in this
context and hence it is equivalent to an exchange rate devaluation.
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Proof.

Let { @7 (s")} .
BATIX

Consider the process with BAT {GPBAT, QBAT} and define a sequence of functions p;

(GPIX) 50 denote an equilibrium process with IX.
(GPBAT)' — (S)! as follows: V3! = (31,..., 31, ....) € (GPEAT) | uPATIX (5t — st — (51, .. sy, ...) €

(S)" where Vi > 1
S; Zf 5, €8
S; = -1, e~
! olX ((U?AT) (sz)> if 5 € SBAT

that is function pf ATIX maps all histories in which BAT has occurred into histories in which IX has
occurred instead.

Consider now a process {@B AT (st)} with an unanticipated permanent BAT such

ste(GPBAT)! >0

that, for each element 24T of WBAT  other than import prices, (IE’I%AT (1), If’ﬁtAT), we have

J*'{BAT (gt) — %IX (‘utBAT’IX (gt)) \V/gt c (GPBAT)t7 Vi Z 0 (163)

IX s the corresponding element of the equilibrium process ¥/X and V3' = (31,...,5;) €

(GPBAT)t, pPATIX (31) = 6t = (s1,...,8,) € (S)" where Vi > 1

where s

I A (@B G) i sie sPAT
Import prices satisfy V3! = (5, ....,8;) € (GPBAT)t

PEM (i) PEAT 1 if 5, €8
Pr:(i)  Pry | (1—77) if 5 € SBAT

(164)

We want to show that {\I'BAT (st } is an equilibrium.
ste(GPBAT)! t>0

Under PCP the equilibrium equations that are directly affected by BAT and IX are the laws
of one price for exporters, (109a) and (110a); the tax passthrough equation, (104) ;retailers optimal
demand of imports, equation (100); the price index (115); and the balance of paymet equilibrium
(?7) Fix an history §' € (GPBAT)t with &, = (77, ¢%, 7V, ¢V, 77, 1, 7% 77 ¢7*) € SBAT and let

st = P (&)

where s; = (77,38, 77, 6¥, 77, 0, 77, <7*77*, ¢¥*) has IX in place instead of BAT.
Under LCP instead of (109a) and (110a) we only need to check equation (109b).
The laws of one price (109a) and (110a) are satisfied since:

(L+7™) (L= 77) Phiy

S«BAT _ prlX _
N (- =
(1+%) gBAT
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77 My elX
PEATG) = (- Pl ) = U T it
)~BAT

_ ( +Tt % T /-
= Traas o

Under LCP, equation (109b) is satsified since:

Y (Z) B _ . vy (1_§v) W
oo s5—t Hs T iyl — £ =
EX (5 TA P. |:Es (1+23%) Px,(3) v =1 AN,y (i)*—T
a Y7 () (1+¢%) = . Y (1—c9)Ws
E.5° StA . Hs s 5 Py - >
t s t PS |:E (1 - TTrBATs) (Z) V= 1 aASNS(i)a_l

and similarly for equations and (104)

_ (A=) a+7") N A+ 5 :
PEAT = (1 — ™) PEX = =) PEX (i) = (1_7%))P§54T(z)

Retailers optimal demand of imports is satisfied since

~BAT IX P}ég( -’ IX
BT = i =a-w) | ] o (166)
t

And analogously for the price index:

PPAT =PI = | (PE) 4 (=) (PR (167)

~ 1-07 1—96
~ 1-0 PBAT
= (Pﬁ;“T) F(1-w) ( Ft ﬂ) (168)

1—17]

Finally we need to check the balance of payment equilibrium:

*IX * v 11X
P S elX (1 —=79) Pry o 1x

BBAT
Ft 1471 TYL* Ht (1-'-’7';”)8{)( Ft

_ pIX «IX
= Bp =B R+

pDxBAT 7V ~BA
= DBBAT RrBAT P ™ 8" cupar _ (1 —=71) PP y BAT
Ft 1 1+7_;n* Ht (1+’Tt )~BAT Ft

Given that import prices, BAT adjustments and IX policies don’t enter any other equilibrium
equations and WX is an equilibrium, than U547 is an equilibrium as well.
To see that VP will generically implement a different allocation notice that the first order condition

for optimal reset price of domestic firms can be rewritten as

= . oo (1=62) rs—t . W,
P (i) _ " B2, = :.v)CP Ay Y (0) Wﬁ (160)
S By 532, 2 Vi (i)
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which implies that as long as there are price rigidities, i.e. ¢p € (0,1), and policies are not permanent,

ie. ((11 :j?) is not equal to unity w.p. 1, the introduction of VAT taxes and payroll subsidies will induce
t

a different optimal level of relative prices and hence production by domestic firms. So within our setup

equivalence can only old if p = 1 or when prices are flexible.

14 Appendix G. Data Sources

We report below details on the data used in Figure 10. In the case of price series, the "Euro-area
excluding Germany" aggregate refers to the weighted average of data for Belgium, France, Italy, the
Netherlands, and Spain (these countries account for nearly 80 percent of the actual euro-area aggregate
excluding Germany). All series were obtained from Haver Analytics and corresponding mnemonics
are reported in parenthesis.

Core Inflation. Inflation series in the first panel refer to seasonally-adjusted core HICP data (i.e.
excluding energy, food, alcohol, and tobacco) for Germany (EUDATA’H134HOEF), Belgium (EU-
DATA’H124HOEF), France (EUDATA’H132HOEF), Italy (EUDATA’H136HOEF), the Netherlands
(EUDATA’H138HOEF), and Spain (EUDATA’H184HOEF). Data are plotted in 12-month percent
changes.

Motor Vehicle Inflation. The price series in the second panel refer to seasonally-adjusted new
and used automobiles prices for Germany (EUDATA’H134H711), Belgium (EUDATA’H124HT711),
France (EUDATA’H132H711), Italy (EUDATA’H136H711), the Netherlands (EUDATA’H138HT711),
and Spain (EUDATA’H184H711).

Wage Inflation. The wage series for Germany in the third panel refer to seasonally-adjusted nego-
tiated hourly wages (GERMANY-DENEDBS), wages in the production and service sector (GERMANY-
DENES6I), total labor costs in all sectors excluding agriculture (GERMANY’DESLTXA), and gross
wages in all sectors excluding agriculture (GERMANY DESLEXA). Data are presented in 4-quarter
percent changes.

Real Consumption. The consumption series in the fourth panel refer to Households and Non-
profit Final Consumption Expenditures (SWDA, millions of chained 2010 euros) for Germany (EU-
DATA’J134PCT) and the euro area (EUDATA’J025PCT).
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Figure 1. Macroeconomic Effects of IX with Retaliation
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Figure 2. Macroeconomic Effects of IX with Retaliation: Fixed Exchange Rates
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Figure 3. Anticipation Effects of Permanent IX
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Figure 6. Permanent IX vs. VP: Neutrality
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Figure 7. Permanent IX and VP: Fixed Exchange Rates

Home Inflation

15

20

Quarters

15

1l(}lominal Exchange Rate

% A from' SS '(a.r.)'

% A from SS

Imports

Exports

10

(o]

% A from SS (a.r.)

Home Policy Rate

10

15 20 0

Home Consumption

-<____--_-_-_ 6

% A from SS

5

10
Quarters

15 20 0 5 10 15 20
Quarters

—IX - - VP

% of GDP

% A from SS (a.r.)

25

20

[y
a1

[N
o

Nominal Wage

15 20

Home Output

-

5 10
Quarters

15 20



% A from SS
N

'% A from' SS '(a.r.)'

10

15

Home Inflation

(o]

% A from SS (4Qq)

1
N

(o]

N

N

A
o

15
Quarters

Figure 8. Permanent IX and VP: Sticky Wages
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Figure 9. Temporary IX vs. VP: Stick Wages (PCP)
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Figure 10. Fiscal Devaluation in Germany (2007)
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Figure 11. Temporary IX with Sticky Wages: PCP vs LCP vs DCP
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Figure 12. Temporary VP with Sticky Wages: PCP vs LCP vs DCP
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