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PROTECTIONISM AND THE EFFECTIVE LOWER BOUND IN THE EURO AREA
by Pietro Cova’, Alessandro Notarpietro” and Massimiliano Pisani”

Abstract

This paper evaluates the macroeconomic impact on the euro area (EA) of the imposition of
tariffs by simulating a multi-country New Keynesian model featuring the effective lower
bound (ELB) on the EA monetary policy rate. The main results are as follows. First, the
bilateral tariff dispute between the United States (US) and China (CH) has positive spillovers
on the EA economy, because of favorable trade diversion effects. Second, simultaneous tariff
increases between the US and CH and between the US and EA have negative effects on euro-
area GDP and (ex-tariff) inflation. The effects are magnified if the ELB binds in the EA.
Third, if the elasticity of substitution among tradables is low, the spillovers on euro-area GDP
of US-CH trade tensions are negligible if the ELB is not binding, while they become negative
if the ELB binds.
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1 Introduction[]

Protectionist measures introduced by the United States (US henceforth) since 2018 have revived
the academic and policy debate on the international macroeconomic effects of tariffs and the
implied responses of central banks. Higher tariffs raised by the US and the implied retaliation
by other countries weaken global aggregate demand. As a consequence, ex-tariff inflation (i.e.,

inflation not inclusive of tariffs) tends to decrease.

The response of the central bank is crucial for the transmission of the tariff increase to
macroeconomic conditions. When higher tariffs weaken domestic economic activity, then the
central bank should reduce the policy rate in order to sustain output and stabilize ex-tariff
inflation. This reduction can be implemented as long as the effective lower bound (ELB) is
not binding. However, if the ELB is binding then the central bank cannot effectively stabilize

macroeconomic conditions in the aftermath of a tariff imposition.

This paper evaluates the macroeconomic impact on the euro area (EA) of tariff imposition on
traded goods by developing and simulating a multi-country model of the global economy featuring
the ELB in the EA. The model is New Keynesian, thus it features short-run nominal price (and
wage) rigidities and a non-trivial stabilization role for the central bank. In each country the
central bank sets the policy rate according to a Taylor rule in response to inflation and output
fluctuations. The model is calibrated to the EA as a whole (i.e., the EA is not modelled as a
monetary union), the US, China (CH), and rest of the world (RW). We include CH because
recent US tariffs have been raised mainly against CH (tradable) goods. The model also includes
a global crude oil market. Ceteris paribus, lower global aggregate demand associated with tariff
imposition could induce a decrease in commodity prices, in particular for crude oil. The price
of oil can in turn affect the purchasing power of households, because of the low elasticity of
substitution between oil and non-oil products, in particular if households belongs to a net oil

importer economy, as it is the case for the EA.

We run the following scenarios. In the first one, the US imposes an ad-valorem tariff on CH
products and CH retaliates by imposing tariffs on imports of US tradables. The US tariff is raised
by 15 percentage points (pp), the CH tariff by 9ppE| We then compare this scenario with one in
which the US imposes tariffs not only on imports from CH, but also on imports from EA and

both CH and EA retaliate in full by raising their tariffs on imports of US products. We assume

1We thank Fabio Busetti, Federico Cingano, and two anonymous referees for useful comments. The views
expressed in this paper are those of the authors alone and should not be attributed to the Bank of Italy or the
Eurosystem.

2These increases in the tariff rates correspond approximately to the increases originally scheduled by the US
and CH to come into effect during 2019. More details on the evolution of tariff rates since 2018 and the calibration
of the shocks to tariff rates can be found in Section



that the US tariff on EA products is raised by 1.5pp, and that the EA retaliates in fullE| The two
scenarios are run under alternative assumptions on the ELB, depending on whether it is binding
or not binding in the EA. Finally, we run a robustness analysis on key parameters, such as the
intratemporal elasticity of substitution among (non-oil) tradable goods, the responsiveness of
the international price of crude oil to changing demand, and non-oil tradable products nominal
rigiditiesEI All scenarios are run under the assumption of perfect foresight. It is always assumed
that the increases in the tariff rates last for four years and that tariff revenues are rebated to
domestic households in a lump-sum way. Also, there is no uncertainty and no confidence effects
associated with tariff imposition. Households and firms perfectly anticipate future shocks and
policy measures. Thus, the whole path of tariffs surprises households and firms only in the initial

period of the simulations.

Given the assumed tariff increase, the main results are as follows. First, the bilateral tariff
dispute between US and CH has small positive spillovers on the EA economy, because of favorable
trade diversion effects. Second, simultaneous tariff increases between US and CH and between
US and EA have negative effects on EA GDP and (ex-tariff) inflation. The effects are magnified
if the ELB binds in the EA. Third, if the elasticity of substitution among tradables is low, the
spillovers on EA GDP of US-CH trade tensions are negligible if the ELB is not binding, while
they become negative if the ELB binds.

The paper is related to the literature on the macroeconomic effects of protectionism and
tariffs.

Eichengreen| (2016]) argues that tariffs may be beneficial when the economy is at the ELB,
as the inflationary effect of increased import costs may help lift the economy out of the trap.
However, [Barattieri et al.| (2018) use an estimated vector autoregression model to show that pro-
tectionism is both recessionary and inflationary and complement the analysis with a strucutral,
small-open economy model. They conclude that the recessionary nature of a persistent trade

policy shocks worsens the liquidity trap. Similarly, Bolt et al.| (2019)) analyze the effects of the

3The size of this tariff shock corresponds approximately to the average tariff rate increase that would occur
under the assumption that the US administration were to bring the actual tariff rate on car imports from the EU
(now at 2.5%) to the level applied by the EU on US cars (10%). See Section 3 for more details.

4The higher the degree of substitutability, the larger the trade diversion effect. If in each region it is easier
for households and firms to substitute domestic or non-taxed goods for those that are subject to a tariff, then
the effects of a domestic or foreign tariff on foreign goods should improve domestic production and favor price
dynamics. Instead, in the case of low substitutability, the negative income effect of the higher tariff could prevail
over the positive substitution effect, inducing a drop in demand for the non-taxed good as well and, thus, in
production. The range of existing estimates of the elasticity is rather wide. |Anderton et al.| (2004) report values,
for the EA, between 0.5 and 0.8. [Taylor| (1993)) estimates the value for the US to be 0.39, [Whalley| (1985)
reports a value of 1.5. These are macro estimates, that are in contrast to the estimates from lower levels of
aggregation. |Broda and Weinstein| (2006)) report mean estimates between 4 and 6. It is common in many applied
macroeconomic models to choose values of the elasticity of substitution between 1 and 1.5. However (see Rabanal
and Tuesta |2010| and |[Lubik and Schorfheide|[2006) DSGE models estimated with Bayesian methods using macro
data suggest that the elasticity of substitution is well below unity.



US-China trade dispute and show that, while both countries would lose from a tariff war, the EA
may benefit from trade diversion in the short run, if it does not get involved in the conflict. [Lindé
and Pescatori (2019) quantify the macroeconomic costs of trade tariffs and find that they can
be substantial, with permanently lower income and trade volumes. However, a fully symmetric
retaliation to a unilaterally imposed border adjustment tax can prevent any sizable adverse real
or nominal effects. |Pisani and Caffarelli (2018) evaluate the macroeconomics effects of tariffs
implied by the Brexit on the United Kingdom and the EA. [Faruqee et al.| (2008) analyze the
effects of tariffs in a model of the global economy. Different from all these contributions, we
assess the impact of US tariffs on both EA GDP and inflation, taking into account the response
of the EA monetary policy rate, possibly constrained by the ELBE|

The paper is organized as follows. The next section reports the main equations of the model.
Section [3|illustrates the simulated scenarios. Section[4 contains the main results. Finally, Section

Bl concludes.

2 Model

We initially provide an overview of the model. Thereafter, we describe tariffs and their impact
on aggregate demand and inflation, and monetary policy. Finally, we report the calibration of
model. In a separate online Appendix we report the maximization problems solved by households

and firms and the implied first order conditions.

2.1 Overview

We develop a four-country model of the world economy, calibrated to the EA, US, CH, and RW.

We assume that internationally traded goods can be subject to the imposition of import tariffsﬁ

In each bloc the representative household maximizes an intertemporal utility function by

choosing consumption and leisure.

Consumption and investment are final non-tradable goods produced by local firms under
perfect competition. The consumption good is a basket of two bundles, fuel and non-fuel. The
latter is composed by intermediate non-tradable and tradable goods. The intermediate tradable

bundle is a basket of domestic and imported bundles. The investment basket includes non-fuel

5Metelli and Natoli| (2017) investigate the effect of a Chinese slowdown on inflation in the EA and the US.
They find that commodity, demand, and exchange rate shocks play a role and that there is room for central bank
interventions at EA and global level.

6Countries have different sizes. World size is normalized to one. The size of each country is equal to the
number of households and to the number of firms within each sector.



intermediate goods only. The fuel bundle is assumed to be composed by oil onlym

Intermediate non-tradable goods are produced by firms under monopolistic competition ac-
cording to a constant elasticity of substitution (CES) technology in labor, capital, and fuel. A
similar production function holds for the production of intermediate tradable goods. The latter
are sold domestically and abroad. Following |Corsetti et al.| (2008), in each country there is a
local distribution sector intensive in local non-tradables. Firms in the distribution sector act
under perfect competition. They produce distribution services using intermediate non-tradables
according to a Leontief technology. The distribution sector introduces a wedge between the
wholesale and the retail price. It implies that the exchange rate pass-through to retail prices is

lower than the pass-through at the border (wholesale price), consistent with empirical evidence.

Firms in the intermediate tradable and non-tradable sectors are price-setters. The market
power implies that each firm optimally sets the nominal price of the produced good in the
currency of the destination market charging a mark-up over marginal costs, taking into account

local demand conditions, nominal price rigidities, the distribution sector, and tariffs.

The fuel bundle is a homogeneous good produced by domestic firms using crude oil as the
only input of a linear production function. Firms producing fuel act under perfect competition.
They buy crude oil in the world market, transform it at no cost into fuel and then sell fuel
domestically to households and firms producing non-fuel intermediate goods. The price of crude
oil is set in the world market. World oil demand is composed by region-specific oil demands.
The latter depend on the relative price of oil and region-specific aggregate demand. The oil
price is set in US dollars and is the same in every bloc once corrected for nominal exchange rate
fluctuations. So the law of one price holds for the crude oil price (there is no international price
discrimination). The global oil supply is assumed to be exogenous and, in the main simulations,

constant at its baseline level.

As for financial markets, there is a riskless one-period bond denominated in local currency
that is traded within each bloc other than the US. Moreover, a riskless bond denominated in
US dollars is traded internationally. As such, an uncovered interest parity holds for each region
other than the US, that links the differential between domestic and US policy rates to the
expected nominal exchange rate depreciation of the domestic currency vis-a-vis the US dollar.
Moreover, the model includes nominal and real frictions useful to fit the data. Specifically,

habit in consumption, sticky prices and wages, price and wage indexation, adjustment costs on

"The general model structure is similar to the International Monetary Fund (IMF) Global Economy Model
(GEM), the European Central Bank (ECB) New Area Wide Model (NAWM), and the Euro area and Global
Economy model (EAGLE). On GEM, see [Bayoumi et al.| (2004), Laxton| (2008), and |[Pesenti (2008); on NAWM
see [Warne et al.| (2008)); on EAGLE, |Gomes et al.| (2010).



investment in physical capital.

As for monetary policy, the central bank in each bloc sets the policy interest rate according
to a standard Taylor-type rule, by reacting to changes in ex-tariff consumer price inflation and
real activity. To capture inertia in the conduct of monetary policy, it is assumed that in each
period the policy rate also reacts to its value in the previous period in a gradual way. Moreover,

the ELB can constrain the EA monetary policy rate.

Finally, it is assumed that the budget of the public sector is always balanced and that tariff
revenues, net of public consumption spending, are rebated to domestic households in a lump-sum

way.

2.2 Firms

In what follows, we report the relevant equations for the transmission of the tariff shock in the
EA. Similar equations hold for other countries. We initially describe the sectors producing final
and intermediate goods and their interaction with the tariffs. Subsequently, we illustrate the

monetary policy rule and the ELB.

2.2.1 Final goods

Firms in the final goods sector produce three different types of goods under perfect competi-
tion. One type is used for private consumption, one for investment, and one for public sector

consumption.

The private consumption bundle is produced according to a CES function of non-fuel Cy

and fuel FUc; bundles:

P _
p—1 p—1 p—1

1
CVS& + a;"UcFUC:Jt ) (1)

=

Ct = (1 — aFUC)

where apy, (0 < app, < 1) is the share of fuel in the bundle and p > 0 measures the elasticity
of substitution between non-fuel consumption, Cv, and fuel, FUc ;.

The private non-fuel consumption bundle, Cy;, is produced according to a CES function of
intermediate, tradable and non-tradable goods (Crc, and Cy ¢, respectively):

_n_
1 n—1 1 n=17n=1
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where the parameter arc (0 < arc < 1) is the weight of tradable goods in the consumption

bundle and n > 0 is the elasticity of substitution between tradable and non-tradable goods.

The basket of tradable goods Cr; is

nr
1 np—1 1 np—1 1 np—1 N N1 pp—1

_ |, nr nr nr nr nr nr
Crp= |agy cCpiy +aiscCudy +alucCotiy +(1—apac—avsc —acu,c)™ Cry,

3)

where the parameters aga c,avs,c,acH,c (0 < agpa,c,0us,c,acH,c < 1, aga,c + avs,c +

acu,c < 1) are respectively the weights of EA, US, and CH goods in the bundle (Cga+, Cus,t,

and Ccp ¢, respectively), while np > 0 is the elasticity of substitution among tradable goods.

The consumption good C'g4 is a composite basket of a continuum of differentiated interme-
diate goods, each supplied by a different EA firm h. It is produced according to the following

function:
o1
EA Oor—1

n op—1
Cras = [ / Cons ()5 dn| | @)
0

where 1 < 7 < oo is the elasticity of substitution among EA brands. The parameter n4 is

the size of the EA economy (0 < nf4 < 1, the size of the world is normalized to 1)@ Similar
bundles hold for other EA tradable (imported) and non-tradable goods.

The production of investment goods I is isomorphic to that of consumption, Eq. . For the
public consumption basket, we assume it is fully biased towards domestic non-tradable interme-

diate goods.

Consumption deflators. The implied overall consumption deflator is

1

Poy = {(1 —arve) Py’ + aFUcP}{;ﬁ] o (5)

where Ppy ¢ is the fuel price deflator and Py; the deflator of the non-fuel component, equal to

1

PV,t = [aTcP%EZ + (1 - aTc) PI{/;:]] o . (6)

where Py ; is the price of the bundle of intermediate non-tradables.

8We assume that the size of each country is equal to the number of households and to the number of firms
within each sector.
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The deflator of the non-fuel tradable consumption basket, Prc ¢, is

1

1— 1— 1— 1-— T=nr
Prey = [aEA,CPEATItT +avs,cPysy +acucPoyy +(1—apac —avsc —acn,c) PRV[}?,ET} T
(7)
where Pga ¢+, Pust, Pomt, and Prw, are the EA consumption prices of EA, US, CH, and RW

tradable goods, respectively.

The EA consumer price of the generic US good is

Pysi = Pysi (1+Tpaus:) + 07" Py 4, (8)

where Tpa,us,: > 0 is the ad valorem tariff the EA applies on the generic imported US good and
PUS,t is the border (ex-tariff) price of the imported euro-invoiced good. The term n%s" > 0 is
a parameter and is due to the presence of distribution services intensive in local intermediate
non-tradable goods. The distribution services introduce a wedge between the border (i.e., whole-
sale) price and the consumer (i.e., retail) price of the tradable good. Similar equations hold in
other regions and for other tradable goods. Thus, higher tariffs would, ceteris paribus, increase
imported inflation and, thus, overall (i.e., headline) consumer price inflation. In equilibrium
the magnitude of the increase would depend upon many factors, in particular the price-setting

decisions of firms operating in the intermediate tradable goods and the monetary policy response.

2.2.2 Production of intermediate goods

The production function for the generic EA intermediate tradable good h isﬂ

1 &y —1 £y —1 y -1

Yo (h) = | (1 apuy)® Vae (h) & +aly, (FUgy: (h) S 7 (9)

where the variable FUpg  (h) represents fuel, bought from the domestic fuel sector, the variable
Vi (h) is value added input, the parameter apy, (0 < apy, < 1) is the weight of fuel in the
production, and the parameter £y > 0 measures the elasticity of substitution between value

added and fuel.

The value added input of the generic EA intermediate tradable good h is:

1 -1 5%1
+ afL[LLH,t (h) € 5 (10)

£—-1
3

Vire (h) = |(1 — azp)® K (h)

9A similar equation holds for the generic firm in the intermediate non-tradable sector.

11



where the variable K ; (h) is the end-of-period physical capital, rented from domestic households
in a competitive market, and Ly, (h) is labor, supplied by domestic households. The parameter
& > 0 measures the elasticity of substitution between capital and labor. The parameter agy,

(0 < agp < 1) is the weight of labor in the production.

The variable Ly (h) is a composite of a continuum of differentiated labor inputs, each supplied
by a different domestic household j under monopolistic competition. In the case of the EA, the

bundle is
op
EA o1

Ly (h) = l/on Lu (ho) F dj ; (11)

where 1 < 0, < oo is the elasticity of substitution among labor varieties. The assumption of

monopolistic supply allows us to have nominal wage rigidity in the model.

The generic firm in the intermediate tradable sector minimizes its production costs by opti-
mally choosing the amount of inputs given the above technology constraints and the correspond-
ing prices (the gross nominal rental rate of capital RX, the nominal wage rate W, the price of

fuel PFU,t) .

Moreover, the firm sets prices in each (domestic and foreign) destination market in local
currency, taking into account local demand conditions and the presence of a local distribution
sector. We introduce nominal price rigidities by assuming that the firm pays market-specific

quadratic costs for adjusting ex-tariff nominal pricesm

Thus, when setting the ex-tariff optimal price, the firm takes into account that tariffs could
affect relative prices and thus demand for the produced good. Specifically, and consistent with
the definitions of the bundles and deflators reported above, the following consumption demand

equation for the generic US brand ¢ holds in the EA:

) Pyrs. ()\ " / P, “rp Py P
Cus,t (Z)ZGUS,TcaTc(l—aFUc)<US’t (l)> ( US’t> ( Tc’t) ( V’t> Cy,
1

Pysy Prcg Py, Pcy

where prices are inclusive of tariff (a similar equation holds for the investment demand). An
increase in the tariff on the US good would raise its price inclusive of tariff, according to Eq. ,

inducing consumers to substitute other goods for the US ones.

10See [Rotemberg| (1982).
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2.3 The central bank

In each bloc the central bank controls the monetary policy rate according to a standard Taylor
rule, which implies that the policy rate reacts to the ex-tariff consumer price inflation, consistent
with the fact that tariffs should mainly affect the level of consumer prices and have a transitory

effect on the change in consumer prices. Moreover, the central bank reacts to real output growth.

In the case of the EA central bank, the gross monetary policy rate RF4 is set according to

the rule:

¢EA s —=FEA
(ZE2Y e o (22) ™ (2
REA REA EEA ﬁgA

EA

GDPtEA (105" ) o5y
(GDPtEﬁ‘)

(1-0R")er”
) L

where EEA is the steady-state gross monetary policy rate, ﬁgf = ?gf /?gff1 is the ex-tariff
gross headline inflation rate, ﬁgA is the long-run steady-state inflation target, and gdpF4 the
EA output in real terms (i.e., evaluated at constant prices), the terms cZ)EA, EA, and 5{,4
are parameters (0 < (bgA < 1). Thus, it is assumed that the central bank reduces the policy
rate if the increase in tariff induces, in equilibrium, a decrease in the ex-tariff inflation rate.
The decrease can be due to the lower domestic and global aggregate demand, induced by the
tariff increase. Finally, the maxz operator in Eq. allows us to have the ELB endogenously
constraining the EA policy rate and, thus, affecting the propagation of changes in tariffs to the

EA economy. The ELB for the EA gross monetary policy rate is set to one (i.e., zero for the net

interest rate)H

2.4 Global crude oil market

It is assumed that there is a global crude oil market. The global oil supply YOS,t is exogenous
and constant at its steady-state level. Oil supply is owned by the RW and, to a smaller extent,
the US, and CH, that receive the related oil revenues. US, EA, and CH are net oil importers.
The US dollar price of crude oil, PtO’USD, is determined in the world market. It is set in US
dollars and is the same in every bloc once corrected for nominal exchange rate fluctuations. So
the law of one price holds for the crude oil price, because of the assumption that the oil market is
global (i.e., there is no cross-country market segmentation and investors can arbitrage out possible

differences in oil price, so that in equilibrium the US dollar price is the same everywhere). Hence,

HWe assume the ELB does not hold in the other three regions of the model.

13



for example, the implied euro-denominated crude oil price is:
PtO _ StPtO7USD,

where S is the nominal exchange rate of the euro vis-a-vis the US dollar (euro units per US
dollar). Firms in the EA fuel sector act under perfect competition. They import crude oil Oy
and transform it into liquid fuel FU; according to a simple linear technology (FU; = O;). Firms
then make fuel available to domestic firms in the final consumption goods sector and to firms
producing the EA (non-fuel) intermediate good. So firms sell fuel only domestically. Thus, the
consumer price of fuel PFU is the same as the crude oil price P®. The adopted framework
is consistent with the empirical evidence on oil price pass-through to fuel prices for European

countries, which is complete and quickE

2.5 Calibration

The model is calibrated at quarterly frequency. Table [I| shows the great ratios for the four
regions. Table [2] reports the trade matrix[7]

The parameters are calibrated to match these quantities and in line with the existing litera-

ture. Tables [3[ to |§| report the (quarterly) calibration.

Table [3] shows the preference and technology parameters. Preferences are the same across

households of different regions.

The elasticity of substitution among tradable goods is 4. For the investment basket, the
elasticity of substitution between domestic and imported goods is the same as that of the con-
sumption basket. The degree of substitutability between tradables and non-tradables is set to
0.8. The parameter n%**" of the distribution sector in Eq. is set so that the distribution
margin (i.e., the ratio between the cost of distribution service and the consumer price of tradable
goods) is around 50%.

The intertemporal elasticity of substitution is set equal to 1.0, the habit parameter to 0.7,
and the inverse of the Frisch elasticity to 1.5. We further assume a depreciation rate of physical
capital of 0.025, consistently with an annual depreciation rate of 10%.

The weight of fuel in the production function of intermediate goods, ary, (arv, ), is set

to 0.02. The elasticity of substitution between fuel and value added is set to 0.8, while that

12See [Donoval et al.| (2010).

13We rely on the United Nations’ Commodity Trade Statistics (COMTRADE) data on each region’s imports of
consumer and capital goods, to derive the matrix delineating the pattern and composition of trade for all regions’
exports and imports.

14



between capital and labor is set to 1. As such, oil and other inputs are hardly substitutable.
For the consumption basket, we set the weight of fuel to 0.08, so that the share of fuel in the
consumption basket is equal to 4.0 percent. The elasticity of substitution between non-fuel and

fuel in the consumption basket is equal to 0.4.

The weight of domestic tradable goods in the consumption and investment tradable baskets is
different across countries, to match multilateral import-to-GDP ratios. We then set the weights

of bilateral imports to match the trade matrix, reported in Table 2]

Table [ reports real and nominal rigidities. For real rigidities, parameters of the adjustment
costs on investment changes are set to 4.5 in all countries. For nominal rigidities, we set the
adjustment costs for wages to 600; for prices of domestic and imported tradable goods, to 60;
for prices of non-tradables goods, to IOOOE The price and wage indexation parameters are set

to 0.75.

Table [5] shows price and wage markup values. We identify the intermediate non-tradable
and tradable sectors in the model with the services and manufacturing sectors in the data,
respectively. In each region the markups in the non-tradable sector and in the labor market are

assumed to be higher than that in the tradable sector

Table @reports the parameters of the monetary policy rules Eq. . For monetary policy, as
dictated by Eq. , the policy rate reacts to the its lagged value (the corresponding parameter
is set to 0.87), inflation (1.6) and output growth (0.1) when it does not hit the ELB. |E| The
chosen calibration allows us to get a response of EA GDP and inflation to a domestic monetary
policy shock in line with other models of the EA. The transmission of a global oil supply shock
is also in line with the existing evidence for the EA, according to which the pass-through of
an oil price shock to headline inflation is rather complete. E Moreover, the calibration allows
us to match, for each country, the oil import (shares of overall imports), the share of domestic
demand satisfied by domestic oil production, and the ratio between global oil consumption and

worldwide GDP.

Given that the initial level of tariffs does not affect our results, for simplicity we set steady-

state tariffs to zero in each region.

14The value 60 for import price adjustment costs is consistent with a relatively quick pass-through of the
nominal exchange rate to import prices.

I50ur values are in line with other existing similar studies, such as Bayoumi et al. (2004), Faruqee et al. (2007),
and Everaert and Schule (2008).

16 The response of the policy rate to output growth is rather small, in line with similar models for the EA, such
as |Gomes et al| (2010 and |Warne et al.| (2008)).

T7"See |Donoval et al.| (2010).
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3 Simulated scenarios

In the first scenario it is assumed that the US imposes a 15pp tariff increase on imports of CH
products and that CH retaliates by imposing a 9pp tariff increase on US goods and services.
These broadly correspond to the tariff rate increases originally scheduled by the US and China
to come into effect by the end of 2019E

The second scenario considers an escalation of the (global) trade tensions beyond the bilateral
US-CH trade flows. A US-EA trade dispute is simulated on top of the US-CH one. Thus, while
bilateral tariff rate increases between the US and CH are still as described above, it is now
assumed that the US also increases tariff rates on all of its imports from the EA by 1.5pp and
that the EA retaliates in full. This change in tariffs corresponds approximately to the average
tariff rate increase that would occur under the assumption that the US administration were to
bring the actual tariff rate on car imports from the EU (now at 2.5%) to the level applied by the
EU on US cars (10%)[™]

The two scenarios are run under alternative assumptions on the ELB, depending on whether it
is binding or not binding in the EA. Finally, we run a robustness analysis on key parameters, such
as the intratemporal elasticity of substitution among (non-oil) tradable goods, the responsiveness
of the international crude oil price to the tariff shocks, and on the degree of nominal rigidities in
the non-oil tradable goods sector.

In all simulations the increases in the tariff rates last for four years. Tariff revenues are
rebated in a lump-sum way to domestic households. We maintain the assumption that both
the EA and CH, while affected by the higher tariffs on bilateral trade flows with the US, do

not impose any tariffs on their respective bilateral exports and imports. The same holds for

18Prior to the trade dispute escalation US imports from China were subject to an average tariff rate of 3%,
while China’s tariff rate on imports from the US amounted on average to 8%. US tariffs were then increased in
different waves throughout 2018, when they were raised to 10% on average on 200bn USD and to 25% on 50bn
USD of imports from China (see |Amiti et al.| (2019b), |Amiti et al.| (2019a)), |[Fajgelbaum et al.| (2019)), and Bown
and Zhang] (2019)). Total US imports from China amounted in 2018 to 540bn USD. From the second half of 2019
the US administration further raised tariffs, by levying the 25% tariff rate uniformly also on the 200bn USD of
imports from China that were subject to the 10% rate. Starting on September 1 2019 the US administration has
further imposed an average tariff of 15% on part of the imports that were not yet subject to any tariff. China
has so far always retaliated, levying a 22pp average tariff rate on most imports from the US. See also |Bown and’
Kolb| (2019). At the current juncture further tariff rate increases by the US administration scheduled for October
15 and December 15 2019 have been suspended. As trade negotiations with China are still ongoing, it is as yet
unclear whether these suspensions are to be considered only temporary or whether they are the beginning of a
broader trade detente between the two countries.

19The US administration is considering the imposition of higher tariffs on auto imports from the European
Union (EU). Inside the EA, these higher tariffs would hit exports in particular from Germany. In 2018 EU
exports of auto vehicles to the US amounted to about 22% of total EU exports of manufacturing goods to the US.
Assuming that the US administration increased the tariff rate on car imports (now at 2.5%) to the level applied
by the EU to US cars (10%), the average tariff on overall EU exports to the US would then rise by approximately
1.5pp (see also |Cappariello and Mancini| (2019)). This is the shock underlying our simulations. See also |Bown
and Kolb| (2019).
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the RW bloc which is neither directly affected by higher US, EA or CH tariffs nor is it raising
any tariffs on its three trading partners. Finally, all scenarios are run under the assumption of
perfect foresightm There is no uncertainty and households and firms perfectly anticipate future
shocks and policy measures. Thus, the whole path of tariffs surprises households and firms only
in the initial period of the simulations. In the ELB-based simulations, it is assumed that the EA

monetary policy rate is stuck at the ELB, while the exit period is endogenously determined.

4 Results

We initially report results of the US and CH imposing tariffs on each other’s tradables. We then
consider the case of simultaneous US-CH and US-EA tariff disputes. Thereafter, we investigate
the role of the ELB. Finally, in the section on robustness, we analyze the role of the elasticity of

substitution among (non-oil) tradables and the role of changes in global oil prices.

4.1 US-CH trade restrictions

Fig. reports the responses of the main US and CH variablesﬂ The imposition of higher
bilateral tariffs persistently pushes down US and CH gross multilateral exports and imports. CH
exports decrease more than CH imports because the US is a large destination market for CH

products. Moreover, the increase in US tariffs is larger than that of the CH tariffs.

Lower US aggregate demand drives down ex-tariff consumer price inflation, while the price
level inclusive of tariffs (headline consumer price level) increases because of the tariff itself. US
GDP declines over time in a smooth way. At the beginning of the fifth year, when the tariffs
are suddenly reduced to their baseline levels, US GDP starts to return towards its baseline level.
The smooth decrease in US GDP mainly reflects lower US consumption and investment, which
are negatively affected by the increase in US tariffs on CH imports, whose weight in the US
consumption and investment bundles is non-negligible (in line with data, US imports of CH
products are in steady state set to 3.0% of US GDP). Lower ex-tariff inflation and economic
activity induce the US central bank to reduce the policy rate, consistent with the Taylor rule,
Eq. .

CH GDP decreases as well. The large drop is accounted for by lower CH exports and domestic

investment. The US tariff widely affects the CH economy, because the US is a relevant destination

20We solve the model in Dynare using a Newton-Raphson type algorithm. This allows us to account for
nonlinearities related to the presence of the ELB.

211n all charts, reported GDP and its components are evaluated at constant prices, i.e. using the steady-state
corresponding deflators.
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market for CH exports and the CH economy is open to international trade.

The CH central bank reduces the policy rate, because the bilateral trade dispute has a negative
effect on the ex-tariff inflation rate and economic activity. Overall, the CH policy rate decrease
is slightly larger than that of the US rate. Thus, the US dollar exchange rate vis-a-vis the CH
currency appreciates on impact. At the same time, the lower US and CH policy rates imply that

both the US dollar and CH currency depreciate vis-a-vis the RW and EA currencies on impact@

Lower economic activity in US and CH induces a decrease in global oil demand, because of the
lower demand of fuel for production and consumption purposes. Given the assumption of constant
global oil supply (at its baseline level), the international price of crude oil, invoiced in US dollars,
decreases. The implied decrease is rather persistent but it is not very large (-1%), consistent
with the relatively small size of the global shock. Thus, it does not greatly contribute at keeping
inflation low in the considered countries, through the lower inflation rate of the fuel component
of the consumption basket and the lower production costs of non-oil products. Instead, weak
inflation dynamics is mainly associated with the reduction in the non-fuel component of inflation

(not reported to save on space).

Finally, spillovers to the RW GDP are rather small, as suggested by the contained GDP

response, whose sign is positive because of the favorable trade diversion effect.

As reported in Fig. [2| spillovers to the EA are small as well. The EA economy is not greatly
affected by the US-CH trade tariff increase. EA economic activity slightly improves (GDP
increases by about 0.1%), because the trade tariff increase between US and CH generates a trade
diversion effect in favor of EA exports, that increase towards both countries. The monetary
policy rate and the other main macroeconomic variables essentially stay at their baseline values.
The policy rate increases only mildly. The nominal exchange appreciates vis-a-vis the US and CH
currencies, because the US and CH central banks reduce the respective monetary policy rates.
The appreciation partly reduces the competitiveness of EA products and, thus, the favourable

trade-diversion effect of the US-CH trade tensions.

Overall, we find that the effects of US-CH trade tensions on the EA economy are rather small.

4.2 US-CH and US-EA simultaneous trade restrictions

Our next scenario considers an escalation of the trade dispute beyond the bilateral US-CH trade

flows. A US-EA trade tariff increase is simulated on top of the US-CH one. Thus, while bilateral

22In the model, each bilateral nominal exchange rate is a forward-looking variable and its current value reflects
the stream of current and expected future monetary policy rates differential, according to a forward-looking
uncovered interest parity condition.
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tariff rates between the US and CH are still increased as in the scenario described in the previous
section, it is now assumed that the US also raises tariffs on all of its imports from the EA by
1.5pp and that the EA retaliates in full. At the same time we maintain the assumption that
both the EA and CH, while affected by the higher tariffs on bilateral trade flows with the US,
do not impose any tariffs on their respective bilateral exports and imports. The same holds for
the RW bloc which is neither affected directly by higher US, EA, and CH tariffs nor is it raising

any tariffs on its three trading partners.

Fig. [3| reports the responses of the US, CH, and RW variables. They do not greatly change
relative to the scenario of US-CH trade dispute (see Fig. . US GDP decreases slightly more
than in that scenario, because EA tariffs induce an additional drop in US exports and because
US households and firms further reduce aggregate demand, given that now both CH and EA

products are more expensive.

Fig. [4) shows the responses of the EA variables. EA consumption, investment, and GDP are
negatively affected by the tariffs. Instead, in the case of CH-US (bilateral) trade tariff increase,
the spillovers to EA GDP were small and somewhat expansionary, because of the favourable
trade diversion effects (Fig. [2). In the current simulation US demand shifts away from EA
exports, causing them to decrease. Similarly, EA imports of US tradables decrease, because of
the higher EA tariffs. The imposition of tariffs negatively affects EA investment, because lower
exports have a negative effect on production and, thus, on capital accumulation. EA ex-tariff
inflation slightly decreases, inducing the central bank to mildly reduce the policy rate to stabilize
macroeconomic conditions. This implies that the decreases in EA GDP and ex-tariff inflation

are rather small.

4.3 US-CH and US-EA trade restrictions: the role of the ELB

We newly consider the previous scenario, representing simultaneous trade disputes between US
and CH and between US and EA, under the assumption that the reduction in the EA monetary

policy rate is not implementable because of the endogenous ELB.

Fig. [ displays the results. The EA policy rate is endogenously stuck at the ELB in the
first four years, i.e., when higher tariffs are implemented. Thereafter, the policy rate gradually
increases. In this case, the recessionary effects of the tariff increase on the EA economy are
widely amplified. EA aggregate demand decreases more, because of the lower consumption
and investment induced by the higher real interest rate (not shown to save on space). The
latter increases because the nominal policy rate is stuck at the ELB while expected inflation

decreases. Moreover, on impact the nominal exchange rate vis-a-vis the US dollar appreciates
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to a larger extent under the ELB-assumption, inducing (i) lower imported inflation and (ii)
a deterioration in the price-competitiveness of EA exports and, thus, contributing to further
decrease EA exports?] EA GDP and annualized ex-tariff inflation decrease by around 0.25%
and 0.1pp, respectively (trough levels).

Overall, we find that the deflationary effects of trade tariffs are enhanced if the ELB constrains

the central bank response.

4.4 Robustness

We newly run the two scenarios (trade disputes between US and CH, simultaneous trade disputes
between US and CH and between US and EA) under alternative assumptions on the value of the
elasticity of substitution among (non-oil) tradables. In one case, we set the value of the elasticity
to a higher value than in the benchmark calibration, 6.0 instead of 4.0. In the other, to a lower
value, 1.2. Moreover, we newly run the scenario of “simultaneous trade disputes between US and
CH and between US and EA” under alternative assumptions on the response of crude oil price

in US dollars, i.e., it decreases or it is kept constant at its baseline level.

4.4.1 The elasticity of substitution

Fig. [l reports the responses of the EA variables in the case of US-CH trade tensions. Spillovers
to the EA are positive and relatively large under the assumption of high elasticity. In this case,
it is easier for US and CH households to rebalance their aggregate demand towards the EA
products, that are not subject to the tariff increase and, thus, are cheaper (than CH and US
products, respectively). Following higher exports, both EA GDP and inflation increase more
under the high elasticity assumption. The EA central bank raises the policy rate to stabilize

inflation and economic activity.

Under the no-ELB assumption for the EA, and different from the case of high elasticity, the
spillovers to the EA are roughly nil in the case of low elasticity (assumed to be equal to 1.2).
EA GDP slightly decreases in the medium run, following the lower EA exports. For CH and US
households it is now more difficult to substitute EA products for the corresponding goods and
services subject to tariffs. Thus, the negative effect of higher tariffs on US and CH aggregate

demand dominates the positive (to the EA exports) trade diversion effect. The lower aggregate

23The additional appreciation is consistent with the uncovered interest rate parity condition — that links the
difference between EA and US policy rates to the expected depreciation of the euro — and the larger decrease,
compared to the EA, in the US policy rate, which is not constrained by the ELB when reacting to weak pre-tariff
inflation and production dynamics due to the trade tensions.
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demand reduces EA inflation. Consistent with the weak inflation, the EA central bank lowers

the policy rate.

When, in addition to low elasticity of substitution, the ELB is binding, the sign of the
spillovers on EA GDP is negative. The EA central bank cannot reduce the policy rate in response
to lower inflation and economic activity. As a result, the real interest rate increases and the EA

faces a persistent drop in EA GDP (around -0.1%) and inflation.

Fig. [7 shows the EA variables in the scenario representing simultaneous trade disputes

between US and CH and between US and EA.

If the ELB is assumed to never bind and the elasticity is high (equal to 6), EA exports
increase instead of decreasing as in in the case of low elasticity, while EA imports decrease more.
The reason is that under high elasticity US households find it easier to substitute EA products
for CH tradables, which are subject to a higher tariff. Similarly, CH households substitute EA
for US products. In addition, EA households have a larger incentive to reduce imports of US
products and shift aggregate demand toward domestic goods. EA GDP decreases to a lower
extent if the elasticity is high.

For a given (high or low) elasticity, if the ELB binds, EA exports drop to a larger extent
relative to the no-ELB case, because of the stronger appreciation of the euro exchange rate vis-
a-vis the US dollar and the other currencies. Moreover, the ELB implies, for a given elasticity, a
larger drop in EA imports, consistent with the larger decrease in EA aggregate demand. There
is a pronounced and persistent decrease in EA GDP when the ELB binds and the elasticity of
substitution is low, because of the larger drop in EA exports and the larger drop in EA aggregate
demand. The latter is due to the combination of higher real interest rate (the ELB binds) and
the greater difficulty of households and firms to substitute domestic for imported goods (the
elasticity is low).

Overall, we do find the elasticity of substitution among tradables can matter for the sign
and size of the tariff effects. In particular, the effects on EA GDP are negative and larger if the
elasticity of substitution is low and the ELB binds.

4.4.2 Constant oil price

Finally, Figure[§|reports the responses of the main EA variables in the case of simultaneous trade
disputes between US and CH and between US and EA under alternative assumptions on crude
oil prices. Specifically, it is assumed that the crude oil price, invoiced in US dollars, is constant

at its baseline level instead of dropping, because the global o0il supply decreases to match the
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decrease in global oil demand.

If the ELB is assumed not to bind in the EA, the drop in GDP is smaller when the global oil
price decreases after the imposition of higher tariffs on non-oil tradables. Since the EA is a (net)
oil importer, households’ purchasing power benefits from the decrease in fuel price associated

with lower oil prices.

Similarly, if the ELB is binding, EA GDP decreases to a smaller extent when the oil price
is not constant (but instead drops following the decline in global aggregate demand). Given
the relatively mild decline in global oil prices and the calibration of the consumption basket,
the favourable income effect of lower oil prices partly compensates the negative intertemporal
substitution effect associated with higher real interest rates. The reason is that the EA is an
importer of oil, whose elasticity of substitution with other goods is relatively low. Thus, the
reduction in its price positively affects the purchasing power of households and firms (positive

income effect).

5 Conclusions

We have evaluated the macroeconomic impact on the EA economy of US tariffs on traded goods
by developing and simulating a multi-country model of the global economy featuring the ELB
in the EA. According to our results, the bilateral tariff dispute between US and CH has small
positive spillovers on the EA economy, because of favorable trade diversion effects. Simultaneous
tariff increases between US and CH and between US and EA have negative effects on EA GDP
and (ex-tariff) inflation. The effects are somewhat magnified if the ELB binds in the EA. Finally,
if the elasticity of substitution among tradables is low, the spillovers on EA GDP of US-CH trade
tensions are negligible if the ELB is not binding, while they become negative if the ELB binds.

Our contribution can be extended along several dimensions. First, the EA economy can be
modeled as a monetary union. The deflationary effect would depend on the relevance of in-
ternational (both intra- and extra-EA) trade of EA member countries. Second, we can assess
the effectiveness of non-standard monetary policy measures, such as long-term sovereign bond
purchases by the central bank, in overcoming the ELB constraint and, thus, limiting the defla-
tionary effects of tariffs. Third, changes in the monetary policy strategies can be considered,
like assuming that the central bank targets the price level or time-average inflation instead of
following an inflation targeting. Fourth, the role of employment and wage dynamics for the
propagation of the shock can be assessed by introducing in the model a labor market featuring

search-and-matching frictions.?* We leave these issues for future research.

24See Jacquinot et al. (2018).
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Table 1: Great ratios (% of GDP)

EA US CH RW

Private consumption 58.5 57.8 bH8.0 574
Investment 20.0 20.7 20.5 21.1
Public consumption 21.5 215 21.5 21.5
Imports 24.8 147 182 21.6

Consumption goods 18.0 9.6 109 19.6

Investment goods 4.7 4.8 5.7 3.0
Oil (net imports) 21 03 16 -1.0
Share of world GDP 206 24.1 16.1 39.2

Note: EA=euro area; US=United States; CH=China; RW=Rest of the world.

Table 2: International linkages (% of GDP, non-oil tradables)

EA US CH RW

Imported consumption goods from

EA 1.6 1.0 9.0
UsS 1.0 09 71
CH 20 20 .. 3.5
RW 15.0 6.0 9

Imported investment goods from

EA 0.8 03 20
Us 0.7 .. 04 05
CH 1.0 1.0 .. 0.5
RW 3.0 3.0 50

Note: EA=euro area; US=United States; CH=China; RW=Rest of the world.
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Table 3: Households and firms behavior

EA Us CH RW

Households

Subjective discount factor g 0.9996 0.9996 0.9996 0.9996
Intertemporal elasticity of substitution 1/c 1.00 1.00 1.00 1.00
Habit persistence ¢ 0.70 0.70 0.70 0.70
Inverse of the labor Frisch elasticity 7 1.50 1.50 1.50 1.50
Depreciation rate of capital & 0.025 0.025 0.025 0.025
Distribution margin n®st" 50% 50% 50% 50%
Final consumption goods

Substitution btw fuel and (non-fuel) goods p 0.40 0.40 0.40 0.40
Substitution btw domestic and imp. goods 1y 4.0 4.0 4.0 4.0
Substitution btw tradables and nontrad. 7 0.80 0.80 0.80 0.80
Bias toward fuel apy, 0.08 0.08 0.08 0.08
Bias toward tradable goods arc 0.60 0.60 0.60 0.60
Bias toward domestic tradable goods ag 4, 0.50 0.65 0.50 0.70
Final investment goods

Substitution btw domestic and imp. goods nr; 4.0 4.0 4.0 4.0
Substitution btw tradables and nontrad. n; 0.80 0.80 0.80 0.80
Bias toward tradable goods ary 0.70 0.70 0.70 0.70
Bias toward domestic goods ag4, 0.65 0.50 0.50 0.20
Intermediate tradable goods

Substitution btw value added and fuel &y 0.80 0.80 0.80 0.80
Substitution btw labor and capital £ 1.00 1.00 1.00 1.00
Bias toward fuel ary, 0.02 0.02 0.02 0.02
Bias toward capital (1 —apr) 0.40 0.40 0.40 0.40
Intermediate non-tradable goods

Substitution btw value added and fuel &y, n 0.80 0.80 0.80 0.80
Substitution btw labor and capital &y 1.00 1.00 1.00 1.00
Bias toward fuel ary,, 0.02 0.02 0.02 0.02
Bias toward capital (1 —agp, N) 0.36 0.36 0.36 0.36

Note: EA=euro area; US=United States; CH=China; RW=Rest of the world. In each region the
corresponding parameter is set equal to the reported value.
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Table 4: Real and nominal rigidities

Real rigidities
Investment adjustment ¢; 4.50

Nominal adjustment costs
Households

Wage stickiness sy 600
Tradable goods

Price stickiness (domestically produced goods) kg~ 60

Price stickiness (imported goods) kg 60
Non-tradable goods

Price stickiness kpy 1000
Indexation

Prices ap 0.75

Wages aw 0.75

Note: in each region the corresponding parameter is set equal to the reported value.

Table 5: Gross price and wage markups

Tradables price markup 67 1.20
Non-tradables price markup 0y  1.33
Wage markup 6y 1.30

Note: in each region the corresponding parameter is set equal to the reported value.

Table 6: Monetary policy rule

Interest rate inertia ¢p 0.87
Interest rate response to inflation gap ¢ 1.60
Interest rate response to output growth ¢4y 0.10

Note: in each region the corresponding parameter is set equal to the reported value.
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Figure 1: Increase in US and CH tariffs: US, CH, and RW variables
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Figure 2: Increase in US and CH tariffs: EA variables
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Figure 3: Increase in US, CH, and EA tariffs: US, CH, and RW variables
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Figure 4: Increase in US, CH, and EA tariffs: EA variables
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Figure 5: US, CH, and EA tariff increase and EA ELB: EA variables
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Figure 6: US and CH tariff increase, elasticity of substitution, and EA ELB: EA variables
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Figure 7: US, CH, and EA tariff increase, elasticity of substitution, and EA ELB: EA variables
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Figure 8: US, CH, and EA tariff increase, constant oil price, and EA ELB: EA variables
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