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1 Introduction

The international distribution of firm profits is arguably one of the most controversial aspects
of globalization in recent years and particularly firms from richer economies are often blamed

1 Further, as the role of market

for significant profit shifting away from developing countries.
power across the world is becoming more and more important (De Loecker and Eeckhout, 2018;
De Loecker, Eeckhout and Unger, 2020) and predominantly large firms engage in trade (Freund
and Pierola, 2015; Gaubert and Itskhoki, 2021), such issues are likely to become even more
relevant in the future. Surprisingly, however, relatively little is known about how important
such profit shifting is quantitatively. While previous work has provided initial predictions on
the extent of profit shifting, such studies have either not accounted for a significant extent
of sectoral heterogeneity in profits and markups, or did not consider the importance of firm

heterogeneity.

In this paper, we fill this gap and develop a quantitative model of international trade and
profit shifting in which countries specialize in sectors with heterogeneous markups and profits.
To do so, we first incorporate imperfect competition and markups into a multi-sector version
of Eaton and Kortum (2002)’s (EK, hereafter) Ricardian trade model. The benefit of this
approach is that it allows us to determine and quantify how sectoral variation in markups and
trade elasticities, and each country’s industrial specialization matter for the gains from trade,
while still being able to tractably solve the model in changes analogously to the exact hat

algebra employed in Caliendo and Parro (2015).

In order to rationalize markups in the context of the EK model we assume that production
technology is proprietary, and slightly alter the timing of the production process. Specifically,
we assume that each producer needs to pay (at least part of) the production cost upfront
before producing the good. In this case, even though each variety is sourced from the lowest-
cost supplier across the world as in EK, this lowest-cost supplier is able to charge the optimal
Dixit-Stiglitz markup over its marginal cost and has hence a certain degree of market power,
determined by the elasticity of substitution o between varieties (which also equals the demand
elasticity). Based on this assumption we develop a multi-sector version of EK which features
imperfect competition and country- and sector-specific markups and allows us to study profit

shifting both theoretically and empirically.

!See for example https://www.theguardian.com/global-development/2014/dec/18/developing-countries-
debt-eurodad-report. Note that the phrase “profit shifting” is used in two different strands of literature with
differing meanings. In the International Macro/Finance literature, profit shifting is typically defined as the
practice of business owners transferring money to “tax heavens” to avoid paying taxes. In International Trade
however, profit shifting tends to refer to cases where, due to comparative advantage, profits from producing
some goods or services shift from producers in one country to those in another country (see e.g., Ossa, 2014).
In this paper, profit shifting refers to the latter.



We first study the determinants of profit shifting theoretically and highlight the importance
of both the elasticity of substitution o, as well as the extent of heterogeneity in firm productiv-
ities within sectors. Intuitively, a trade liberalization not only lowers prices, but it also shifts
profits of producing high-markup varieties toward the country that has a comparative advan-
tage in producing high-markup products and away from other countries. This profit-shifting
channel will hence amplify the gains from trade for countries which are particularly productive
in high-markup sectors, but reduce them in other countries. We show that this channel is
particularly important when productivity differentials between countries are small, i.e. when
the corresponding trade elasticity is high.

In order to bring the model to the data, we estimate both the elasticity of substitution ¢ and
the extent of sectoral variation in firm productivities, 8, for the universe of 4-digit HS product
categories for a sample of 30 countries. This not only allows us to determine to what extent
countries specialize in high- versus low-markup goods, but also how this specialization varies
across markets. In order to estimate the elasticity of substitution across countries and sectors
we employ a large-scale application of Soderbery (2015) and estimate about 36,000 distinct
sector- and country-specific elasticities o. Further, our structural model delivers an estimation
equation which allows us to quantify sector-specific trade elasticities 6 analogously to Caliendo

and Parro (2015) by using detailed information on trade flows and tariffs.

Based on our estimates, we first document considerable variation in terms of the extent to
which countries both import and export high- versus low-markup goods. Specifically, we find
that rich economies tend to import on average higher-markup goods than poorer economies.
The average inverse demand elasticity of goods imported by the U.K., Germany, and Japan, for
example, ranges between 0.45 and 0.49 compared to 0.36 in India and 0.38 in China. On the
other hand, richer countries also tend to export higher-markup goods than poorer countries, and
the average inverse demand elasticity of exports equals, for example, between 0.35 and 0.37 for
China, Mexico and Vietnam, while it is around 0.42 for Belgium and Canada. Taken together,
we find considerable variation in the difference in markups between imports and exports across
countries and that this gap is moderately increasing in a country’s income per capita. Exports
of Canada, Belgium, and Vietnam for example are significantly higher-markup goods than their

imports while the opposite is true for Norway, the U.K., and Germany.

To evaluate how the observed sectoral specialization shapes each country’s welfare con-
sequences of trade, we analyze several counterfactual tariff scenarios under both perfect and
imperfect competition to highlight and measure the importance of profit shifting. We find that
the gains from specializing in high-markup goods are substantial. In a scenario in which tariffs
are raised by 20 percentage points in each country, welfare losses in the case of perfect com-

petition range from about 1.7% in smaller economies to e.g. 0.3% in the United States. The



introduction of imperfect competition and heterogeneous markups in some cases more than
triples this welfare loss, even though the changes in trade volumes remain almost the same.
Canada and Belgium, for example, due to a strong asymmetry between exports relative to
imports of high-markup goods would experience welfare losses of about 4% compared to 1.6%
and 1.7%, respectively, in the perfect competition case. On the other hand, welfare losses in
countries like the U.K. and Indonesia are higher under perfect competition, since these countries

tend to specialize in the production of lower-markup goods.

More generally, we show that there is a clear positive relationship between the country-
specific difference in the inverse demand elasticity between imports and exports and the coun-
try’s gains from a global tariff war. This suggests that this statistic is largely sufficient in
explaining the degree to which countries benefit from profit shifting. Noticeably, we also find
that profit shifting can be large enough for a small group of countries to actually benefit in a
global tariff war. Specifically, while most countries lose from a global tariff war, we find that
e.g. Germany, the U.K., and Japan would experience moderate welfare gains in a global tariff
war due to more intensely importing than exporting high-markup goods. Further, profit shift-
ing can amplify the implications of unilateral tariff increases: With a unilateral 20 percentage
points increase in tariffs, the U.S. for example would generate a welfare gain of 0.41% in the
baseline model compared to only 0.34% under perfect competition. Interestingly, we find that
profit shifting also appears to be quantitatively more important for the welfare effects of tariffs
and trade wars than for the gains from trade. While the latter differs by at most up to 30%
from the perfect competition case, the welfare implications of global tariffs are amplified by a

factor of 3 for some countries.

We also find that the assumption of homogeneous import demand elasticities across coun-
tries, e.g. by using U.S.-based estimates for each sector, can result in misleading predictions.
While this assumption has little impact on the results in a setting with perfect competition, it
is quantitatively important in a setting with profit shifting. First, we find that the magnitude
of the largest observed welfare losses from a global trade war almost doubles with 2.5% in the
homogeneous elasticity case and 4.4% in the baseline model. Further, a homogeneous-elasticity
model would predict positive gains from a global tariff war for a range of developing coun-
tries, such as Vietnam, Bangladesh, and Romania. We show that by appropriately allowing for
country-specific elasticities of substitution, this result disappears, as industry-specific ¢’s are

significantly higher in these countries than in developed nations.

Finally, to highlight the empirical relevance of our framework and given its importance
especially for tariff wars, we use our model to re-evaluate the implications of the 2018-19 trade
war between the U.S. and China on both countries as well as third parties. We first document

that, while the imposed tariffs were fairly uniformly distributed across sectors, the average



markup of the industries on which the U.S. imposed tariffs was considerably smaller than that
for China, due to differences in the product mix of China’s exports versus that of its imports.
We then determine how each country’s specialization pattern in goods with heterogeneous
markups affects welfare losses incurred during the trade war. Interestingly, we find that U.S.
welfare losses are more than twice as high in a setting with imperfect competition and equal
about 0.07 % compared to 0.03% under perfect competition. In addition, China actually slightly
benefited from the trade war overall. This result is due to U.S. tariffs having less favorable
implications for profit shifting compared to China’s tariffs, which provide large benefits to
Chinese companies in high-markup sectors. We show that a counterfactual scenario in which
the U.S. instead uses tariffs on high-markup goods, while China imposes tariffs on low-markup
goods, could have resulted a small welfare gain of 0.01% for the U.S. and a sizable 0.12% loss
for China.

Our paper makes several contributions to the existing literature. First, by incorporating
imperfect competition and markups into a multi-sector version of Eaton and Kortum (2002), we
contribute to the literature on quantitative multi-sector trade models (e.g., Costinot, Donaldson
and Komunjer, 2012; Arkolakis, Costinot and Rodriguez-Clare, 2012; Costinot and Rodriguez-
Clare, 2014; Ossa, 2015). This approach allows us to study the consequences of imperfect
competition as in Melitz (2003) as well as to tractably account for a distribution of firm pro-
ductivities as in Eaton and Kortum (2002) in a unified framework. Importantly, it also permits
solving the model in changes, a la Dekle, Eaton and Kortum (2008), analogously to the exact

hat algebra employed in Caliendo and Parro (2015).

Second, our paper relates to the literature on profit shifting (see e.g. Spencer and Brander,
1983; Brander and Spencer, 1985; Brander, 1986; Krugman, 1987; Bagwell and Staiger, 2012;
Ossa, 2014; Lashkaripour and Lugovskyy, 2018). We contribute to this literature by explicitly
quantifying how each country’s specialization pattern in goods with heterogeneous markups
affects welfare and the gains from trade and we show intuitively that the net profits a country
receives significantly shape its gains from trade. Our paper differs from Lashkaripour and
Lugovskyy (2018), as we allow markups and profits to be both sector- and market-specific

which has important welfare implications of trade.?

In contrast to Ossa (2014), we study profit shifting in a setting with within-sector produc-
tivity heterogeneity and cross-country heterogeneity in import demand elasticities. We show
that import demand elasticities are both statistically and economically different across coun-
tries, and that imposing the same import demand elasticities across countries would markedly

change the cross-country pattern of export and import markups as well as the welfare con-

2While his focus is quite different, Lashkaripour (2020) also documents cross-country and cross-industry
heterogeneity in export markups; There are no profits, however, in his paper since he assumes free entry.



sequences of trade. Furthermore, since Ossa (2014) employs an Armington-type framework,
markups and trade elasticities are tightly connected and trade elasticities equal o — 1, which
imposes that trade elasticities are comparably lower in high-markup sectors. As a result, trade
in high-markup sectors would not respond much to tariffs, which limits the role of profit shift-
ing. To overcome this potential limitation, we develop a new model by incorporating markups
into an EK-type framework to be able to disentangle markups from trade elasticities. Indeed,
while the correlation between demand elasticities and trade elasticities is 100% in Ossa (2014),
our estimates show that they are weakly correlated (if anything), with the correlation coefficient
ranging from -6% to 7% for our sample countries. Therefore, profit shifting in our framework
plays a quantitatively more important role; In fact, we show that imposing trade elasticities
to be o — 1 substantially reduces profit shifting, which has a quantitatively large impact on

welfare consequences of trade.

To the best of our knowledge, our paper is the first one that provides a detailed and rigorous
assessment of how variation in demand elasticities and trade elasticities across sectors jointly
determine the welfare implications of trade. Importantly, even though firm-level markups are
not variable in our framework, our model does also not fall into the class of models discussed in
Arkolakis, Costinot and Rodriguez-Clare (2012), since the aggregate share of profit is generally

not constant in our framework.

Third, our paper contributes to the literature on the U.S.-China trade war of 2018 and
beyond (see e.g. Fajgelbaum et al., 2020; Amiti, Redding and Weinstein, 2019; Waugh, 2019;
Flaaen and Pierce, 2019; Benguria and Saffie, 2019). We document the novel observation that
the tariffs that the U.S. and China imposed vary systematically in terms of markups which
makes their impact significantly more complex. Further, we find that welfare predictions in a
setting with markup-heterogeneity are markedly different from those in the perfect competition
case, with the result that China may have slightly benefited from the trade war. We are unaware
of other work that quantifies the importance of profit shifting in trade wars and how sectoral
specialization related to markups and industry competitiveness can generate asymmetric welfare

losses and gains in trade conflicts.

Finally, our paper is related to the literature on the estimation of trade and substitution
elasticities (see e.g. Feenstra, 1994; Broda and Weinstein, 2006; Simonovska and Waugh, 2014;
Soderbery, 2015; Caliendo and Parro, 2015). In contrast to these studies, we estimate both
elasticities for the universe of 4-digit HS product categories for a considerable sample of 30
countries, which not only allows us to determine to what extent countries specialize in high-
versus low-markup goods, but also how this varies across markets. We show that using U.S.-
based elasticities of substitution for each country leads to misleading results that are for example

inconsistent with the observation that richer countries tend to specialize in higher-quality and



markup goods.

The remainder of the paper is organized as follows. Section 2 documents the cross-country
heterogeneity in import demand elasticities to motivate the paper. Section 3 illustrates the
main mechanism of the paper using a simple 2-country, 2-sector model. Section 4 develops a
quantitative multi-sector trade model with imperfect product markets and sector- and country-
specific markups. Section 5 describes the data and the procedure to estimate import demand
elasticites and trade elasticities. To show the qualitative and quantitative relevance of profit

shifting, Section 6 performs several counterfactual experiments. Section 7 concludes.

2 Motivation

In this section, we first provide suggestive evidence that the goods which countries export
and import vary systematically in terms of their demand elasticity and hence in their optimal
markups. Specifically, we show that richer countries on average tend to export and import

higher-markup goods while the opposite is true for poorer economies.

As described in more detail in Section 5, we begin by estimating the import demand elasticity
o for each of over thousand categories of goods (sectors, hereafter), as defined by their 4-digit
Harmonized System codes (HS4). To do so, we rely on the procedure originally developed
by Feenstra (1994) and refined by Soderbery (2015) and use detailed information on imports
for each country during the years between 1995 to 2015. This results in a set of demand
elasticities which are allowed to be different for each country to allow for the possibility that
traded varieties of each good as well as their corresponding demand may differ across countries.
We then match the estimated sector- and country-specific elasticities to data on imports and

exports of each country in 2015.

Figure 1 summarizes our estimates and plots the average optimal CES markup o/(c — 1)
for each country’s exports and imports, weighted by trade volumes. As shown in Figure 1a, we
find that richer economies tend to import goods with, on average, lower demand elasticities o.
For the richest economies, the average markup takes values in the range between 2.5 and 3.5,
while the poorest economies we consider, Vietnam, Bangladesh, and India, import goods with
markups between 1.5 and 2.3. In addition, richer countries also tend to export higher-markup
goods than poorer countries do and the pattern we saw for imports is qualitatively similar for
exports. Also here for example, exports from Vietnam, Indonesia and Mexico tend to be on

average lower-markup goods compared to those originating in Belgium, Austria, and Spain.?

3Most values for the average markup range between 2 and 2.5. Both the level as well as the dispersion of these
estimates are consistent with data on markups as e.g. obtained via the methodology developed by De Loecker



Figure 1: Average CES Markup for Imports
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Interestingly however, the difference in markups between a country’s imports and exports
does not vary noticeably with income and we find a considerable degree of dispersion in this
difference across countries. Exports of Canada, Belgium, and Vietnam for example are sig-
nificantly higher-markup goods than their imports while the opposite is true for Japan, the
U.K., and Germany. As shown in Figure lc, the imports of many rich economies tend to
generate higher markups than their exports do and the 5 countries with the highest difference
between import and export markups are all among the richest economies in our sample. For
India and Vietnam on the other hand, this gap is negative and the 3 poorest economies export
goods whose markup is on average 0.2 units larger than that of their imports. Overall, we find
that the extent to which exports and imports differ in terms of markups, varies greatly across

countries.

Appendix Tables F.1 and F.2 describe in more detail why our estimates differ across coun-
tries. Specifically, these tables summarize each country’s 3 most important import and export
sectors along with the corresponding inverse elasticities in each industry. There are several
main takeaways from this table. First, countries tend to import a similar composition of goods,
with e.g. machinery and vehicles being the largest import sectors in most countries. Hence,
the pattern seen in Figure 1a is mainly due to a considerable degree of country-product specific
variation in demand elasticities, i.e., demand for goods in a given sector is differently elastic
in one country compared to another, e.g. because of differences in income or product quality.
The inverse elasticity of Electrical Machinery and Equipment is e.g. markedly higher in the

UK than in Vietnam or Peru.

The export mix on the other hand is significantly more dispersed across countries, and
especially developing as well as resource-rich countries (e.g. Bangladesh, Norway, Brazil, or
Australia) tend to export noticeably different goods than they import. Belgium and Denmark
for example export on average relatively high-markup goods, which is partially due to a high
export share of the low-o sector Pharmaceutical Products. The same is true for India, who has
a high export share in Precious Stones and Pearls. On the other hand, a greater importance
of clothing and footwear is the reason why the average export markup is comparably low in

Bangladesh and Vietnam.

Importantly however, we also find a substantial degree of within-sector heterogeneity in
markups, i.e. the estimated o differs for a country’s exports compared to its imports. The 3
most important import and export sectors in Austria and Germany are for example identical,

but we find that the average import markup is higher than the average export one in nearly

and Warzynski (2012): The Compnet database for example reports markups for a range of European countries
with the median markup equaling 1.27 at the 25th percentile and 1.99 at the 75th percentile of countries. In
the case of CES preferences, these markups would imply values for o of 4.70 and 2.01, respectively, which is in
line with our estimates.



Figure 2: Cumulative Distribution Function - U.S. versus Chinese Exports
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each case. The opposite is true in Vietnam or Belgium, for which sectoral import markups are
lower than the estimated export markups. The importance of within-sector heterogeneity can
also be seen in more detail in Tables F.3 and F.4 as well as Tables F.5 and F.6. Specifically, the
latter 2 tables report inverse demand elasticites for imports and exports if we use U.S.-based
demand elasticities for all countries. Comparing Tables F.3 and F.5 shows that, for example,
the main reason why Belgium’s imports tend to be in low-markup goods is that our demand
elasticity estimates are comparably large in Belgium’s most important import sectors. On the
other hand, China’s export markups would be much smaller compared to import ones, if we

used common elasticities for all countries.

Lastly, as implied by Figure 2, we also find a considerable degree of variation in the extent
to which tariffs were imposed on higher versus lower markup goods in the 2018-19 U.S.-China
trade war. Specifically, this figure shows the empirical CDF of the 2 countries’ inverse demand
elasticities across sectors, weighted by trade volume x tariff. As evident from the 2 curves,
presumably to support struggling industries, U.S. tariffs were predominantly placed on lower-
markup sectors compared to those affected by China’s tariffs, which on average taxed higher-
markup U.S. exports. It is therefore plausible, that these tariffs had an asymmetric impact
on the distribution of profits across both countries and we study in detail below how this

asymmetry matters for welfare.

In light of the cross-country variation documented in Figures 1 and 2, a natural question is
how the observed specialization of economies into higher versus lower-markup goods translates

into welfare and the gains from trade. In this paper we develop a structural model which

10



allows for sectoral and cross-country heterogeneity in markups to answer this question and to

understand how trade affects the distribution of profits and prices across countries.

3 A 2x2 Model

We first illustrate the main idea and mechanisms that we quantify in this paper in a simple

setting with 2 countries and 2 sectors. Section 4 then develops the quantitative model.

3.1 Framework

There are two countries in the world, Home and Foreign, and let asterisk * denote Foreign
variables. Each country is endowed with L identical agents who inelastically supply labor in a
perfectly competitive labor market. There are two sectors H, L in each country, and preferences

are represented by a Cobb-Douglas function over these two sectors:
U=QrQy" sor+ag=1 (1)
Ut =@, Q" ooy =1 (2)

Each sector produces a composite good that is a CES aggregate over a unit measure of

varieties v. Sectors differ in their elasticity of substitution between varieties, such that

1 i1 o
Q= ([ a0 an T si-Lm ®

! oi—1 % .
Qi = ([ ¢ F ) im @
0

and each variety v is sourced from the lowest-price supplier across the world. We assume

og < O0yp,.

Each variety is produced using a technology with constant returns to scale and labor as
the sole production input. Further, to introduce differences in productivities, we assume that
all Home producers in both sectors and all Foreign producers in sector L share the same
productivity equal to 1, whereas all Foreign producers in sector H produce with productivity
Ay > 1

The Home and Foreign producers of variety v compete over prices, and the one with lower

marginal cost will sell the good. We assume that producers need to pay (at least part of) the

11



production cost upfront before producing the good. To finance the production cost, producers
across the world borrow from a frictionless perfectly competitive international financial market
with zero net interest rate. Since the production cost has to be paid upfront, the producer

which can deliver the variety v with the lowest cost charges the optimal Dixit-Stiglitz markup

(o)

o;—1
charges may be larger than the other producer’s marginal cost, the other producer does not

over its marginal cost. Note that even though the price that the lowest-cost producer

have an incentive to pay the production cost and enter this market, because she would be priced
out of the market: the lowest-cost producer would charge a price below her marginal cost to
take over the market, and in this case the other producer would earn negative profit because

she have already paid the production cost.* In this pricing game, the unique equilibrium is the

one in which the lowest-cost producer charges the optimal Dixit-Stiglitz markup Ui”jl, and the

other producer stays out of the market.’

3.2 Closed Economy

We first assume that both countries are in autarky and solve for both countries’ welfare. We
normalize wages in both countries to one. In autarky, total profits earned by Home producers
in sector ¢ have to equal total revenue minus total cost:

o ¢ Qi 1 @ 1

i_ai_lAi Ai_ai_lzi_;i
where I denotes total Home income and the last equality above uses the fact that the Cobb-
Douglas preference structure given by (1) implies that total expenditure on sector i is the
fraction «; of income. Further, total income [ is the sum of wage income plus total profit:
« LI (0% HI L

I=L+—+—=1= (6)

gy, oy 1—(3—2—}—3—5)

gi
o;—17

Lastly, since all Home producers in sector i charge the same price the price index that

the representative Home consumer faces is

or

ar(_9H Nag 7
O'L—l O'H—1> ( )

P=

4Rather than assuming that production costs have to be paid upfront, it would be equivalent to assume that
firms have to pay an infinitesimal fixed operation cost in order to enter. This cost would ensure that only the
lowest-cost producer enters while the small nature of the fixed cost would not alter our equilibrium conditions
below.

°In the pricing game in Bernard et al. (2003) and Barro and Tenreyro (2006), the price that the best
producer charges is also bounded by the marginal cost of the second-best producer. Our formulation, however,
substantially facilitates the quantitative analysis in the next section.

12



and utility of the Home representative agent in autarky can be written as

O‘LL “H
Gty

(U_L)aL(U_H)aH (8)

O'L—l O'H—l

I
UQM'::}SZZ

In a similar fashion, utility of the Foreign representative consumer in autarky is

*L *
1-(GE+Z1)
:’ll,t - oy, ot - Z_I:I ot (9>
(5r57) L((UH—l)A;{) .

3.3 Free Trade

We assume that international trade is frictionless and balanced, and choose the wage in Home
country to be the numeraire. Here, we consider an equilibrium in which 1 < w* < A}; (below,
we parameterize the model such that this is the case in equilibrium), where w* is the equilibrium
wage in Foreign economy. In this equilibrium, Home country produces all varieties of sector
L only, and Foreign country produces all varieties in sector H only. Income in each country
equals wage bill plus total profits from serving both markets:

arl  apl” agl oyl”

I=L+—+ and I*=w'L+ — +
or, or, OH ox

(10)

We assume trade is balanced, i.e., imports and exports of Home country are equal, ayl =
o} I*, which can be used in income equations (10) to reveal that international trade shifts
the profits of producing high-markup goods from Home to Foreign economy. This in turn
raises income in Foreign country in the expense of Home country’s income. We call this the

profit-shifting channel in what follows. Combining trade balance and income equations yields:

oL I and I =-2H
or — og — 1

I =

w*L. (11)

The income equations (11) along with trade balance can then be used to solve for the Foreign

wage:
(0% oL
* H O'L*l
W= T (12)
L O’H—l

Finally, To compute welfare, we need to first solve for the price indices that the representative
consumer in each economy faces. Recall that in this equilibrium, all varieties of sector L are
produced by Domestic producers with marginal cost equals 1, and they all charge the same
markup —Z&—. Moreover, all varieties of sector H are produced by Foreign producers with

ar
or—1
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A
as defined by (1)-(2), the price indices that the representative consumers in Home and Foreign

which charge a markup of —Z2—. Therefore, given each country’s preferences
G’H—l

marginal cost

economy face are:

*

oy w gy, * oy w*

— JL ag, o * — o ot
P (UL— . p— 114;1) and P*=( L )oH (13)

O’L—l O'H—lA}iI

Comparing the price indices under free trade to those in autarky shows that international trade
through specialization reduces price indices, which makes both countries better off. We call
this the price channel in what follows. We can then use the income equations (11) and price

indices (13) to derive welfare in both countries:

—"LlL —"le*L
Ut de = gL— and U* de — TH * (14)
rade (UZL—l)aL(a:IIil 11;‘0;{ )aH trade (0251)%(02[11 Z}}} )ag

3.4 The Gains from Trade Openness

Given the welfare expressions (8)-(9) in autarky and (14) under free trade, we can derive the

gains from trade openness for both economies:

U o Q Q A
= = T X (D (15)
aut oL ng OHy , w
profit-shifting channel price channel
* * *
trade OH ar Qg * l—af
= l—(—=+—"))x w" 1 16
U;ut UH_l( (O'L O'H)> *ﬁ/—’. ( )
~ price channel

~
profit-shifting channel

where the equilibrium wage w* is given in Equation (12). To analyze the welfare consequences of
trade, note that there are two potentially competing forces influencing the gains from openness
in Equations (15) and (16): the price channel and profit-shifting channel. The price channel
tends to raise welfare in both countries since countries gain access to cheaper varieties.® The
profit-shifting channel, however, shifts profits of producing high-markup varieties toward the
country that has comparative advantage in producing high-markup products (Foreign country
here). This channel, therefore, raises welfare in the Foreign economy in the expense of the Home
economy. Since these channels work in the opposite direction for the country that specializes
in producing low-markup goods, such a country may lose from openness; The other country,

however, always gains from trade. The next proposition summarizes this result.

Proposition. The profit-shifting channel tends to reduce (raise) welfare in the country

6As noted above, in the equilibrium 1 < w* < A%.
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that specializes in producing low- (high-) markup products. Therefore, while the country that
specializes in producing high-markup goods always gains from trade, the county that specializes

in low-markup products gains from trade if and only if partner’s productivity is large enough.
Proof. See Appendix A.

To elaborate on the intuition behind this proposition, note that Home country may lose from

openness if the price channel is not strong enough to offset the profit-shifting channel. The
size of the price channel depends on the ratio 12]’1 . As evident from Equation (15), if Foreign
7

productivity A%, is not large enough (i.e., A} is only slightly above the Foreign wage w*),
Home country does not gain much from lower prices, and therefore, the profit-shifting channel
would make Home country worse off. Notice that if o;, = op, the profit-shifting channel would
not exist since the markup in both sectors would be the same. In this case, the first term
in both Equations (15) and (16) would be equal to one, and therefore, both countries would
definitely gain from trade due to the price channel. The result in this proposition is a special
case of the general theory of the second best (Lipsey and Lancaster, 1956), i.e., in the presence
of more than one friction in the economy, removing one friction might be welfare reducing.
Furthermore, the conclusion is also in line with the strategic trade policy and profit shifting
literature (Spencer and Brander, 1983; Brander and Spencer, 1985; Brander, 1986; Krugman,
1987; Bagwell and Staiger, 2012; Ossa, 2014).

We perform a numerical exercise to show how this simple model works. To do so, we
first parameterize the model and set the Cobb-Douglas parameters equal to ay = aj; = 0.75
and oy = aj = 0.25. Importantly, we also assume that sector H has a lower elasticity of
substitution, and we set oy = 1.5 and o, = 2. Below, we explore how the gains from trade
vary with Foreign productivity A}, > w*. With this parameterization, as discussed above, the
Foreign economy specializes in the high-markup sector H while the Home country specializes
in the lower-markup sector L.

As discussed above, since the price and profit-shifting channels work in the same direction,
Foreign country always gains from trade, regardless of its productivity A};. More interestingly,
however, Figure 3 plots the gains from trade for the Home economy as a function of A}, > w*.
We see that Home country may gain or lose from trade depending on the magnitude of Aj;;
If and only if productivity Aj; is “large enough,” the welfare gains from the price channel
dominates the losses from the profit-shifting channel, and the Home economy would gain from
trade.

In summary, the gains from trade depend on the size of the price and profit-shifting channels,

which in turn depend on relative productivities across the world as well as whether countries

"Note that as Equation (12) shows, the Foreign wage w* does not vary by A%;.
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Figure 3: Gains from Trade Openness for the Home Economy

30

Gains from Trade for Home Economy (%)

30 : \ : I I I \ : \
2 22 24 26 28 3 32 34 36 38 4
Foreign productivity in sector H

Notes: The figure plots the gains from trade openness in the Home country depending on Foreign’s productivity
A% when elasticities vary across sectors (o = 1.5 and o, = 2).

specialize in low- or high-markup products. Which effect dominates and whether or not profit
shifting is quantitatively important are therefore largely empirical questions which we explore

using the quantitative model we develop in the next section.

4 The Quantitative Model

This section develops a general equilibrium model of international trade and profit shifting.

4.1 Environment

There are N countries in the world indexed by ¢ and n. Country n is endowed with L,, identical
workers/consumers who inelastically supply their labor in a perfectly competitive labor market.
There are K sectors in each economy indexed by k. Each sector k consists of J(k) sub-sectors
indexed by j and [.
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4.2 Preferences and Demand Schedules

Preferences of the representative agent in country n are given by the following Cobb-Douglas

function over all sectors:

K
Uy =TH,QE ™, Y ak=1 W¥ne{l,.. N} (17)

where QF denotes a composite good in sector k and oF is its expenditure share in country n.

The composite good QF is a CES aggregate over its sub-sectors:

O
O'k =
Q=0 _a ] (18)
j=1

J(k)

where g7, is a composite good in sub-sector j belonging to sector k in country n. Parameter o*

n
measures the elasticity of substitution between the sub-sectors of sector £ in country n. Note
that these elasticities are allowed to differ across sectors and countries. Equation (18) implies

the following demand for the composite good qfl(k):

_ogk
4 Ph](k) n
o = (—pk " (19)

where PI*) represents the ideal price index for sub-sector j(k) in country n, and P* denotes

the CES price index for sector k in country n:

J) N
Pr=[>_ p® o= (20)

J=1

Moreover, given the preference structure (17), consumers in country n face the following price

index: -
Pn = Hlf:l(a_;l)aﬁ (21>

Finally, the composite good q%(k) is a CES aggregate over a unit measure of varieties w, each

sourced from the lowest-price supplier across the world:

1 In_ =)
q’fl(k_) _ [/ r;(k)(gj) U%(k) dw] O,gl(k),l? (22)
0
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where 73*) (w) is the demand for variety w in sub-sector j(k) in country n, and parameter o7, 2

measures elasticity of substitution between varieties in sub-sector j(k) in country n. These
elasticities are allowed to differ across sub-sectors and countries. We assume that the share of
each variety is infinitesimal. Equation (22) implies the following demand function for variety

w of sub-sector j(k) in country n:

J(k)

() —On
. pn (W) .
) = ( o ) o 23

where pﬂ(k) (w) is the price charged in country n by the lowest-price producer of variety w in

sub-sector j(k) across the world and the CES price index PI%™ is defined as
j 1— agl(k)
Pj(kr [/ p](k ( )1 crn(k)dw:| ) (24)

4.3 Trade Frictions

Selling a variety of sub-sector j(k) from country ¢ to country n is subject to an ad valorem

tariff t{é’“) and an iceberg cost dg,(f)

. The existence of the iceberg cost means that in order to
deliver one unit of a variety in sub-sector j(k) from country i to country n, country i needs to

ship dﬁé’“) units of this good. For future reference, we define trade frictions as
W= a1+ 60) (25)

and assume that the triangle inequality, ék)Thi) > m( )

8

, is satisfied for each combination of

countries.

4.4 Technology and Product Market Structure

Variety w in sub-sector j(k) in country n is produced using a technology with constant returns

to scale and labor as the sole factor of production:

o (w) = 5P ()5 () (26)

80ur formulation implicitly assumes that tariffs are applied to c.i.f. prices. As documented by Feenstra and
Romalis (2014), this is indeed the case for most countries across the world; For a list of exception countries,
refer to footnote 10 in Feenstra and Romalis (2014).
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where zﬁb(k) (w) denotes a producer’s productivity, and the technology of production is assumed
to be proprietary.” We follow the probabilistic formulation in EK and Caliendo and Parro
(2015) and assume that firm-specific productivities in sub-sector j(k) in country n are drawn

(k)

from a Fréchet distribution with location parameter 75" and shape parameter #7*). We assume

that productivity draws are independent across firms, sub-sectors, and countries.

Variety w in sub-sector j(k) in country n is sourced from the lowest-price producer across
the world. As in Section 3, we assume producers need to pay (at least part of) the production
cost upfront and have access to a frictionless perfectly competitive financial market with zero
net interest rate. Hence, as discussed in Section 3, the lowest-cost producer charges the optimal
Dixit-Stiglitz markup ji,:)k)l over its marginal cost, and the other producers stay out of the

market. Hence, the price of a variety w in sub-sector j(k) in country n is

J(k) J(k)
In Y% mm{%} (27)

(k) — ("
P = 20(w)

where w; denotes the wage in country 1.

4.5 Trade Shares and Total Income

As Appendix B shows, we can use the price equation (27) along with the properties of Fréchet
distribution to derive the price index P,* in (24) as

N
k) _ A%(k)[z Tj(k)(wﬂm(k)) 9“’“)] ()7 (28)

=1

where A%( is a constant that is proportional to the Dixit-Stiglitz markup J(k) - Let X7, *® he

total expenditure on sub-sector j(k) in country n, and let Xf,g be the expenditure in country n
spent on sub-sector j(k) goods sourced from country i. Then, using the properties of the Fréchet

distribution, one can derive the share of country ¢ in country n’s expenditure on sub-sector j(k)

aS1()

=T

XiO T wr®)e
mn J iT, in

erz(k) Zh ITJ(k)(w T}Jlﬁlk))_ej(k)

(29)

in

9In principle, one could easily extend the model to incorporate input-output linkages as e.g. modeled in
Caliendo and Parro (2015). In order to focus on the impact of profit shifting and markup heterogeneity, however,
we chose to abstract away from this channel which allows us to more directly highlight the determinants and
implications of profit shifting. That being said, it is well-known that input-output linkages tend to magnify the
welfare implications from trade and the welfare changes we find in our counterfactual analysis will hence be
likely even larger than those which we find.

10See Appendix B for more details.
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" Let I,, denote total income in country n.

Next, we derive an equation for expenditure Xﬁ;(
Given country n’s preferences as defined by (17), consumers in n spend a fraction o of their

income on goods produced in sector k. Together with Equation (19), this implies that

P](k
'Pk

Xi® = a1, (

n

). (30)

Income in country n is equal to the sum of workers’ wage income, firm profits Y,,, tariff revenue
R, and the trade deficit D,,:

I, =w,L,+Y,+R,+ D,, (31)

Since, by our definition, country i’s expenditure in sub-sector j(k) from country n is given by

X, J (-k) = (-k)XZ-j (k), total revenue of sub-sector j(k) firms in country n from their sale in country

(k) i (k . J(k)
i equals flg )XZ-] *) Moreover, since these firms charge a markup of ?{k—)l, total revenue
TR _

nz k) i
of these firms can be expressed as ;T(k—)l times their total cost. Hence, total profit from selling
Ui -

sub-sector j(k) goods in country i equals X k) and total profit Y,, can therefore be

J(k) (1 +tj (k))

K ﬂj(k)X-j(k)
Y, = =t ' (32)
ZZ - Ug(k)(1+ti(ik))

written as

In order to derive an expression for tariff revenues, we make use of the fact that imports of
306 5 (R)

n

country n from ¢ in sub-sector j(k) are equal to ;—f(k) which allows us to write tariff revenue
R, as

—in i x i) (33)
1 =1 = (1 +t](k))

Finally, to compute trade deficits, we use that, by definition, total imports minus the trade

deficit (left-hand side) must equal total exports (right-hand side):

J (k) —C

;ZZ . tjik)—DFZZ N (34)

7j=1 i=1
It can then be shown that trade balance (34) implies labor market clearing. Specifically,

summing over all sub-sectors j(k) and all sectors k in Equation (30), and using the trade balance

allows one to write:
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j K _Jk) N (k) 1 j(k)Xj(k)
—Y = i
j i(k
k=1 j= 111(1+tj ) k=1 j=1 i=1 0; (1+t31(z))

4.6 Equilibrium

Equilibrium Definition leen Frechet location and shape parameters, 75, k) and @ik ), elas-
ticities of substltutlon o and ol , Cobb-Douglas shares af, labor endowments L,, iceberg
trade costs &™), and ad valorem tarlffs #%) an equilibrium is characterized by a set of wages

m ) m )

{w, }_, that satisfy equilibrium conditions (20), (28), (29), (30), (31), (32), (33), and (34).

Instead of solving the model in levels, we solve the model in changes using the “exact hat
algebra” a la Dekle, Eaton and Kortum (2008). The main advantage of solving the model
in relative terms is that we do not need information on the the Frec¢het location parameters
T9® and iceberg trade costs d’ (k)

m

which are both challenging to identify empirically. To solve
the model, we first define the vector of trade frictions as 7 = {77, (k) }fv iVnK i] gf)l =1 and T as
T = x'/x, where 2’ and x denote a variable under a counterfactual trade friction 7" and the
actual trade friction 7, respectively. Making use of this notation allows us to express the

equilibrium conditions in changes as follows.

First, we divide the price index (28) under 7" by the one under 7, and then use (29) to

i(k
remove TTJL( ):

A N . . - 93 (k)
P = [Z w0 (i, 7y =0 )] (36)

Then, the expressions for the price index (28) and for trade shares (29) can be combined to

write the latter in relative terms:

VTN I
~j(k) | WiTin
Next, we write total expenditure (30) in relative terms
~
g = 1, Pyt (59
n - n 75]6
and use Equation (30) to write
—c (k) p'ilk) 1-op; J(k)
R P/k! 1 ,ﬁ J: P’I’L
Pf; 1_05 = :1—05 - Z] : k 1-ok Oék_[ ZPZ . U"Xl( : (39)
Pn Pn =1



Substituting the latter into former delivers!!

) ok pit) 1= x7®)
wI ST pIE 1=k TR

n n

(40)

Using the income equation (31), we can then write income under counterfactual trade fric-

tions as follows:

Il = w,w,L,+Y, + R, + D, (41)
where "
K J(k) N "j (k) 53 (K)
7k X
Y = E E ' (42)
n k ik
k=1 j=1 i=1 O-ZJ( )<1 +tnji( ))

*)
Ro=>>> tii"(k) m X (43)

and we assume that trade deficits remain unchanged. Similarly, the trade balance equation

(34) can be used to derive the trade balance under counterfactual trade frictions as
K _J(k) N ﬂ—;zl(k)X’;ij(k)

S p ey Yy N m

eSS ) eSS+

Equilibrium Definition in Relative Terms Given Fre¢het shape parameters 67 elas-

ticities of substitution ¢¥ and aﬁ;(k), Cobb-Douglas shares of, total expenditures Xﬁ;(k), trade
shares ") labor endowments L,, relative trade frictions 77’ and ad valorem tariffs 7"

an equilibrium is characterized by a set of relative wages {w,}»_; that satisfy equilibrium
conditions (36), (37), (40), (41), (42), (43), and (44).

' The model presented in the main text does not feature intermediate inputs and input-output linkages.
However, our model in principle easily extends to the case with intermediate inputs and input-output linkages.
In that case, one can for example use the following version of total expenditure equation (30)

.. P,/Lj(k) o p;l‘(k) o P,Z(k) o
Xn](k):a:i[:z( D'k )1 :Ofﬁfé( Pk )1 "(W)l "

where the last term is the expenditure share of sub-sector j(k) in sector k in country n, which can be directly
inferred from data.
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4.7 Extension: Incorporating Multinationals into the Model

So far in the model we assumed that all production in each country is done by its own firms, and
as a result, all the profits generated in each country are owned by individuals in that country.
Given the rising role of multinational companies across the world and as a robustness exercise,
in this section we add multinational companies to the model to explore how they affect the

welfare consequences of profit shifting.

Let %jl(k) denote the share of multinational enterprises in country n’s production in sub-
sector j(k). Moreover, denote by A{ff) the share of country ¢ in total multinational activities in
sub-sector j(k) in country n. We keep the assumption that labor is immobile between countries,
and therefore, multinational enterprises employ labor in the host country. Moreover, we assume
the profits from production are shared between countries based on their share in production.

Since parts of the profit is owned by foreign countries, country n’s total profits Y,, can now be

written as
K Jk) N K Jk) N j(k) Xj(k)
_ _ ~dk)
Vo= > > (=% g(k) . tg(k 2.0 N e
k=1 j=1 i=1 (+ k=1 j=1 i=1 m#n (+ )

where the first term is country n’s profits earned from production in country n, and the second

term is the profits earned in other countries from owning shares of multinational companies.

We also solve this model in relative terms using the exact hat algebra. All the equilibrium
conditions stated before hold in this model except for the counterfactual profits and trade

balance. For counterfactual profits we can write:

K Jk) N ﬂ_’j(k (k) K Jk) N "(k)X’j(k)
I _ ~dk) ng
Yi=> > > (1=7") O ) 202 2 NG 0y iy (9
k=1 j—1 i—1 (1+t k=1 j=1 i=1 m#n (I+tm)

Note that we do not endogenize the multinational decisions. In particular, we are assuming the

total share of multinationals, 'y%(k), and share of each country in multinational activities in other

countries, A%,

counterfactual results in this robustness exercise as the short-run effects before multinationals

remain unchanged in the counterfactual equilibrium. One can interpret our

decide to relocate in response to changes in trade barriers.

In the model with multinationals, the labor market clearing condition looks simpler than the

trade balance, and therefore we will work with the former. The labor market clearing condition
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looks exactly like equation (35), which in relative terms can be written as

K I N itk ) 509 0
= 3° 33 s )
k=1 j=1 i=1

4.8 Solving for the Equilibrium

This Section briefly explains how we solve for the equilibrium, which is described in detail
in Appendix C. Specifically, the equilibrium objects that need to be solved for are relative
i (k)

. N . . ~ . . . ~(k
changes in trade shares 7;, ', relative changes in wages w,,, relative changes in prices pi ), and

(k)

counterfactual expenditures X,/"". The procedure to solve for the equilibrium is the following:
i) Start with an initial guess for w,,.

ii) Compute pi® using equation (36).

iii) Use equation (37) to compute ﬁf,(f)

iv) Use the system of equations (40)-(43) (or using equation (46) instead of (42) in the extension

featuring multinationals) to solve for counterfactual expenditures X, i 12

v) Update 1w, until the trade balance equation (44) (or equation (47) in the extension featuring

multinationals) is satisfied.

4.9 Welfare

We define welfare of the representative consumer in country n as the country’s real income, i.e.
W, = —. (48)

Using the definition of total income I,, in equation (31), we can readily decompose the percent-
age change in welfare into a weighted average of percentage changes in real wages, real profits,

real tariff revenues, and real trade deficits:

. wn wy, L, Y, Y, R, R, 1 D,
—1= S ) 22— )2 4

12This is a system of 36,0004+ equations and unknowns, since we have 30 countries and 1200+ subsectors
j(k) (see Section 5 below). Due to the problem’s dimensions, solving for equilibrium takes about 2 hours on a
40-core machine.
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where we again assume that trade deficits remain unchanged, i.e., D,, = 1. This decomposition
is particularly useful when exploring the distributional consequences of a trade policy, since
the first three terms represent the welfare change contributions of workers, firm owners, and
the government, respectively.!> We explore this decomposition in detail in our counterfactual

experiments.

5 Data, Estimation, and Cross-Validation

5.1 Data

We combine several data sources to quantify the model. First, we use information on imports
and exports during the year 2015 from UN Comtrade, disaggregated by 6-digit Harmonized
System codes (HS6). We include a total of 30 countries in the analysis, which account for the
vast majority of global trade and represent a mix of richer and poorer economies.'* In order to
capture spending on domestic goods we match the trade data to information on expenditure
on domestic goods provided by the GTAP 8 database for each country.'® To map the model to
the data, we treat sectors k and sub-sectors j(k) as 2-digit and 4-digit HS codes, respectively.

To estimate the elasticity of substitution for each sector-country pair, we use trade data for
the period between 1995 and 2015 in each country. In order to account for frequent changes
in the HS classification over time, we construct a time-consistent sectoral classification using
an updated version of Van Beveren, Bernard and Vandenbussche (2012) and crosswalk the
data in each year accordingly.!® Overall, our final dataset contains 4,111 distinct HS6 product

categories.

13We are assuming that firms are owned by a group of entrepreneurs, rather than workers.

H8pecifically, we include the following countries: Australia, Austria, Bangladesh, Belgium, Brazil, Canada,
China, Denmark, Egypt, France, Germany, Greece, India, Indonesia, Italy, Japan, Mexico, Netherlands, New
Zealand, Norway, Peru, Rep. of Korea, Romania, Russian Federation, Spain, Sweden, USA, United Kingdom,
Vietnam, and a constructed Rest of the World.

15The GTAP database mainly uses national input-output tables to construct each country’s expenditure on
domestic and foreign goods across sectors and we use information on ”sales of domestic product, at market
prices” as well as ”imports, at market prices” to infer a country’s domestic expenditure share. Since the
information on domestic good spending is provided within GTAP’s sectoral classification, which is broader than
the HS4 classification, we crosswalk it to the HS4 level and assume that the domestic share in each HS4 category
is equal to that of the corresponding GTAP sector.

16More specifically, the issue is that HS categories can change over time and e.g. in some cases (1) split into
multiple new HS codes or (2) several HS codes are merged into one. In those case, to make sure that categories
do not cover different goods in one year versus the other, we keep track of these changes and create categories
which contain all relevant HS codes. For example, category 722210 splits into 722211 and 722219 in year 1996,
and we therefore create a synthetic category that contains all three categories and hence all goods that are part
of 722210 in 1995 and before and of 722211 and 722219 afterwards.
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Both for the counterfactual experiments and for identification of the trade elasticity 67,
we also use information on sector-specific tariffs imposed by countries on each other, which
we collect from the WITS database. Specifically, we use applied ad valorem tariffs in each
HS4 industry for the year 2015 and match it to the dataset. We obtain tariffs imposed by the
U.S. and China during the 2018-19 Trade War from the Peterson Institute for International
Economics. Specifically, we use information on tariffs which have been imposed in the first 3
waves, i.e., until September 2019. We also infer each country’s wage bill by using information
on labor income shares as a percentage of GDP as provided by the ILO.

Finally, we use several data sources to compute the share of each country in the profits
generated in each sector in foreign countries. To infer the total share of multinationals from

profits generated in each sector-country pair, 73;(]“)

, we use OECD data on inward activity of
multinationals by industrial sector. For each country and each of the 2-digit ISIC revision 4
sectors, these data report gross operating surplus by multinationals as well as national totals.
Therefore we can identify the total share of multinationals in gross operating profits in each 2-
digit ISIC sector-country, and we assume that all HS4 sectors belonging to a 2-digit ISIC sector
have the same share.!” For countries that do not exist in the OECD data, we use UNCTAD
and WDI data to construct total inflow FDI stock divided by total capital stock to infer the
share of multinationals in that country. Since this data is not sector-specific, for these countries

we assume all sectors have the same share of multinationals.

Lastly, to infer the share of each country in total multinational activities in other countries,
&l

report gross operating surplus in the manufacturing sector by an investor country in a recipient

we use OECD data on Inward activity of multinationals by investing country. These data

country. Since the detailed information for each sector is not available, we assume these shares
are the same across all sectors. Moreover, for the countries not included in the OECD dataset,
we use UNCTAD data on inward FDI stock for an investor country in a recipient country.

Table 1 provides detailed summary statistics of the final dataset.

5.2 Estimation of Trade Elasticities

We estimate trade elasticities /(%) using a large-scale application of the approach developed by
Caliendo and Parro (2015). Specifically, using the trade share equation (29), we follow Caliendo

and Parro (2015) to show that trade elasticities #7(*) can be, under relatively mild assumptions,

1"We use data for 2015, or the closest available year.
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Table 1: Summary Statistics
Mean Std. Deviation N

Imports (in bn. $) 0.14 19.87 1,101,600
Exp. Share 0.03 0.13 1,101,600
Wage Bill (in tr. $) 2.09 3.53 1,101,600
Tariff (MFN, ad valorem) 3.70 17.91 1,101,600
Tariff (applied, ad valorem) 2.29 15.93 1,101,600
Tariff - Trade War (U.S., ad valorem) 18.72 8.79 1,230
Tariff - Trade War (China, ad valorem) 18.45 10.12 1,230
Share of Multinationals in Sector-Country, fy,jl(k) 0.22 0.11 36,720
Share of Investor in Recipient Country, A;, 0.03 0.07 870
Profit Margin (ORBIS data) 1.41 0.38 303,331
Markup (ORBIS data) 1.77 1.14 290,217
Labor Share (ORBIS data) 0.50 0.22 303,303

Median Std. Deviation N

0 2.12 1.99 1,101,600
6 (CEPII) 8.09 9.68 1,101,600
o 2.60 1,357.76 1,101,600

estimated via equation

I 3T (R) 33 | FRPREEN
In ( ni ih hn — _0](}{3) In ni th _“hn + g](k) (50)

XX AR

(k)
ni

country and applied tariffs. Since there are 13 EU member countries in the data set, which all

using OLS, where =1+ tfl(ik).ls To estimate this equation, we use data on imports for each
set the same tariffs against other countries, we include only one EU country, Germany, for the

estimation. In total, we hence use 18 countries to estimate 67(),

In estimating Equation (50) and also in the counterfactuals, we assume that all 4-digit
sectors within a 2-digit industry share the same Frechet dispersion parameter, and then esti-
mate #7F) separately for each of 95 2-digit sectors.!? This assumption, for example, implies
that productivity is equally dispersed within each automobile category or within each type of
produce. For example, we estimate a value of §(*) = (0.13 for the HS2 category 87, which

summarizes vehicles such as motor cars (e.g. 8703), buses (e.g. 8702), and trucks (e.g. 8704).

18The crucial identifying assumption is that tariffs are orthogonal to & (%), which requires that tariff changes
can be treated as exogenous after employing Caliendo and Parro (2015)’s triple-differencing strategy.

19We malke this assumption because estimating trade elasticities separately for each 4-digit HS sector results
in quite a few negative #7(*) which are inconsistent with theory.
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Our assumption hence implies that € is equal to 0.13 for each of these 4-digit categories and
that productivity dispersion is the same within those sectors. We later explore the sensitivity
of our results to this assumption and show explicitly how the results change if e.g. the same

§7(k) is used across all goods.

Table 2 summarizes our estimates across all sectors. We estimate a median #7*) of 1.95
across sectors, which is in line with Caliendo and Parro (2015) who find elasticities which range
between 0.37 and 51.08 across sectors. As is well known, Caliendo and Parro (2015)’s approach
can occasionally result in negative estimates, which are inconsistent with theory. In our data,
we estimate a negative 6 for about 30% of sectors. In those cases, we instead use the median

07(k) for those sectors in the counterfactuals.

As an alternative, to assess the robustness of our findings, we also quantify a version of our
model in which we instead rely on recent estimates of HS4-level trade elasticities by Fontagné,
Guimbard and Orefice (2019). Table 2 summarizes these estimates, called § (CEPII). This
robustness exercise has 2 benefits: First, only a small fraction of these estimates is negative,
which alleviates concerns that our results are partially driven by replacing a subset of 67()
with the median estimate. In addition, Fontagné, Guimbard and Orefice (2019)’s estimates
are generally larger and this specification hence also assesses how sensitive the counterfactual

welfare changes are to trade flows being more or less sensitive to changes in trade costs.

5.3 Estimation of the Elasticities of Substitution

We estimate the elasticity of substitution at both the HS4 and HS2 level, separately for each
country, and by using 2 different methods. Our baseline specification utilizes the hybrid estima-
tor method (LIML) proposed in Soderbery (2015), which is based on the approach developed
by Feenstra (1994), but addresses potential small sample biases as well as grid search ineffi-
ciencies present in previous applications.?’ As a second alternative, we infer Jfl(k)

the De Loecker and Warzynski (2012) markups that we estimate using the ORBIS database,

based on

20Elasticity estimates based on the Feenstra-method have been frequently used and referred to in other
papers, such as Broda, Limao and Weinstein (2008), Hsieh and Klenow (2009), Khandelwal (2010), or Ossa
(2014, 2015). Soderbery (2015)’s approach is also consistent with our theoretical framework as the demand
side in both settings is derived from CES preferences. One difference is that Broda and Weinstein (2006) and
Soderbery (2015) model the supply side in a reduced-form way compared to the more structural approach taken
here and allow for an upward-sloping supply curve for varieties. Soderbery (2015)’s framework therefore nests
ours, in which the supply curve is horizontal, and controls for any potential endogeneity bias in cases in which
this assumption might be violated empirically. In practice, however, in line with recent findings by Fajgelbaum
et al. (2020), our estimates of the inverse export supply elasticity tend to be very small in most sectors: For
exporters to the U.S., for example, we estimate a median inverse elasticity of 0.043. Further, less than one third
of export supply elasticities are statistically different from zero, which is consistent with supply being horizontal
in the majority of sectors and which suggests that our estimates of Jfl(k) would likely be similar if we imposed
a horizontal export supply curve in the estimation as well.
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Table 2: Distribution of parameter estimates for # and o

Median 1st Quartile 3rd Quartile
0 1.95 -1.26 3.96
6 (CEPII) 8.09 5.66 12.47
o Median 1st Quartile 3rd Quartile Shal;?gzcizgcéz‘zsally di?fléjZitStfzitEil.ya
Australia 2.06 1.35 4.74 89.68 58.22
Austria 3.09 1.60 7.24 87.41 67.74
Bangladesh 2.90 1.54 7.67 92.85 79.16
Belgium 3.01 1.76 8.21 92.10 66.67
Brazil 2.59 1.59 5.37 87.11 65.06
Canada 4.74 2.01 15.10 94.00 68.31
China 2.76 1.71 5.68 89.58 64.04
Denmark 2.28 1.53 5.92 94.33 74.24
France 2.80 1.62 6.55 86.87 66.03
Germany 2.23 1.39 5.05 91.77 71.57
Greece 2.28 1.51 4.37 82.97 54.28
India 2.64 1.61 6.29 89.85 68.00
Indonesia 2.32 1.56 4.25 91.21 65.51
Italy 2.02 1.39 3.81 89.68 58.22
Japan 1.98 1.35 4.09 88.73 71.26
Rep. of Korea 2.87 1.63 5.24 82.66 66.66
Mexico 3.22 1.78 6.67 90.25 69.99
Netherlands 2.85 1.56 6.20 87.05 60.63
New Zealand 2.88 1.61 6.73 89.80 63.74
Norway 2.31 1.61 3.53 77.93 53.65
Peru 2.65 1.63 5.46 81.04 66.03
Romania 2.38 1.54 4.85 90.78 68.00
Russia 2.43 1.60 5.15 90.79 73.03
Vietnam 6.80 2.48 16.06 77.04 73.91
Spain 2.65 1.74 4.64 84.24 62.16
Sweden 2.76 1.51 8.69 87.21 58.44
Egypt 2.15 1.50 4.43 89.79 72.00
United Kingdom  1.85 1.38 3.53 87.67 61.76
USA 2.07 1.47 6.11 89.36 -
ROW 2.67 1.42 9.06 88.74 53.12

Notes: This table provides summary statistics for the parameter estimates of # and o. The former is
estimated for 2-digit product categories and the latter for 4-digit sectors. The median and quartiles are
taken over product categories. Standard errors for ¢ are computed via the delta method and we refer to
an estimate as statistically significant (i.e. different from 1) whenever the corresponding t statistic exceeds
1.96. The reported fractions are similar when assessing if the estimates are significantly different from 0.
Analogously, we assess whether or not the estimates for o are statistically different from the U.S. via 2-sided
t-tests.

as discussed in more detail in Section 5.4. Specifically, we use that the optimal CES markup
equals oi M / (U%(k) — 1) to back out the values for o2™ which rationalize the observed markups

in the data.
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More concretely, in our baseline approach, we first introduce a time subscript ¢ as well as
time-variety-specific taste shocks bflgk) (w) into the CES aggregator in equation (22), such that

J(k)
J(k) J(k) 1

= [ / D @) A7 ) A de (51)

We treat each HS6-origin-destination combination that we observe in the data as one variety
w who is the winner of the competition among firms for this particular variety w in that
destination. Hence, within each 4-digit sector in a given country there is a range of HS6
varieties, each supplied by a single producer. The assumption that each HS6-source-destination
combination is supplied by one producer is arguably a realistic one for many countries in our
sample. For example, Hummels et al. (2014) find that for Denmark, the median number of
exporters in each HS6-destination is 1 and equals 3 at the 90th percentile. Moreover, as reported
in the World Bank’s Exporter Dynamics Database, the median number of exporters in HS2-
destination pairs for the countries that are part of our sample is: Bangladesh (2), Denmark
(4), Egypt (3), Mexico (4), Norway (3), Peru (3), and Spain (10).2! On the more disaggregated
6-digit level it is hence arguably reasonable that an HS6-source-destination combination is

supplied by only one producer.

Intuitively, in our baseline approach, o2®) is hence identified from substitution across vari-
eties, i.e. from the responsiveness of expenditure shares on a given HS6 variety to changes in
ex post observed unit values. This e.g. includes cases in which households substitute a variety
offered by country ¢ with another variety offered by the same country. In contrast, the trade
elasticity #7®) is identified from changes in HS4-level market shares due to changes in trade
costs and is necessarily driven by substitution from one country to another one. Consequen-
tially, we find that the correlation between the estimates of sigma and theta is in fact quite

weak, and indeed slightly negative for several countries in our sample.

In practice, we follow Soderbery (2015) and Broda and Weinstein (2006) by allowing for a
potentially upward-sloping export supply curve, in which case this structure implies demand
and supply curves of the form

A" (s (W) = —(0I® — DA™ (Pl (W) — & (w) (52)
/{%(k) "
A ) = [ [ ATt @) + 0 ) (53)

where A™ denotes double differencing with respect to time and a reference variety m, s, (k)

J(k)

Spi . its expenditure share, and

denotes the inverse export supply elasticity for good j(k), s

21These data are for the last three years reported by the World Bank, i.e., 2012-2014.
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gi® (w) and 514k (w) reflect unobservable demand and supply shocks.

Following Feenstra (1994)’s identifying assumption that these demand and supply shocks
are orthogonal, i.e., E[&; k) ( )(%k) (w)] = 0, one can then multiply the two shocks to convert

the structural equations of demand and supply into one estimation equation

(A" @) = Mg (A (@) a0 (A7 @) ) (A (s (@) )+l

(54)
where Ay = mh7 /[0 + 1) - (03 = 1)] and Ay = [1 — w07 (@ = 2))/[(k0F + 1) -
(om ilk) _ 1)], which can be consistently estimated using 2SLS estimation with variety indicators

as instruments.??

As described above, we employ bilateral trade data on the HS6 level for the years between
1995 and 2015 and estimate " separately for each 4-digit sector and country to allow for the
possibility that traded varieties of each good as well as the demand for them may differ across
countries. We also apply the same methodology to estimate HS2-level elasticities o for each
country.?®> Table 2 provides summary statistics and shows the distribution of the estimated
import demand elasticities across countries. We estimate ¢ to be particularly low for Australia,
the U.K., Italy, and Japan. On the other end, we estimate comparably large elasticities of

substitution for Vietnam, Canada, and Mexico.?*

Table 2 also shows that most elasticities are precisely estimated with for the majority of
countries more than 80% being significantly different from 1. More importantly, in the majority
of cases we can also reject that elasticities are the same as those estimated for the U.S., which
supports our decision to allow for country-specific import demand elasticities. Specifically, we
find that across all potential country-pair-sector combinations, more then 65% of elasticities

are significantly different.

Generally, we find that about 37% of the variation in the inverse o can be explained by
product and importer fixed effects, with about 2/3 of this variation being due to the elasticity
of substitution varying across products. This is consistent with the idea in Feenstra (1994)
that product categories are differently differentiated and certain categories are hence more or
less substitutable in all countries. Variation across countries on the other hand suggests that

demand for goods tends to be generally more elastic in some countries than in others, for

22Following Soderbery (2015), we weight varieties by their respective estimated residuals to limit the impact
of outliers.

23In estimating each HS2 elasticity, as in Broda and Weinstein (2006), we include all associated HS6-country
observations.

24More generally, we also found the average elasticity to be noticeably larger than the median and to an
even larger degree than e.g. Broda and Weinstein (2006), which is due to a small number of categories with
very large estimates. In practice however, these large estimates have only a small impact on the results as the
markup is effectively 0 for those products and hence contribute very little to profit shifting.
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example due to varying income levels, which might explain why the median ¢ is comparably

high in the poorer economies Vietnam, India, and China.

Furthermore, a significant fraction of the variation in the elasticity of substitution is due to
country-product-specific factors which suggests the presence of other, unobserved determinants
of 0. This may for example be due to the set of varieties that one country imports being
quite different compared to those that another country imports due to varying trade partners,
product standards, or country-specific tastes. While understanding the exact nature of these
factors is beyond the scope of the paper, our model is able to account for such country-product-
specific factors in the analysis and can in principle provide insights on how important they are

for the gains from trade, overall and across countries.

Finally, the correlation between markups and trade elasticities plays a key role in quantita-
tive importance of profit shifting. In particular, Ossa (2014) as well as other Armington-type
frameworks in trade literature impose a perfect positive correlation between trade elasticities
and import demand elasticities, i.e., trade elasticities equal o — 1. This structure implies that
high-markup sectors have low trade elasticities and therefore respond less to changes in trade
barriers, which in turn limits the role of profit shifting in welfare consequences of trade. In
our paper, however, import demand elasticities and trade elasticities are separately estimated
and are weakly correlated (if anything), with the correlation coefficient ranging from -6% to
7% across our sample countries. Alternatively, the correlation between import demand elastic-
ities and CEPII trade elasticities tells the same story, with the correlation coefficient ranging
from -4% to 7%. As we show below, imposing trade elasticities 6 to be equal to o — 1 would

substantially reduce the quantitative importance of profit shifting.

5.4 Cross-Validation of Demand Elasticities

Since demand elasticities are tightly linked to profits in our model and since profits are at
the heart of our analysis, we use other data sources to cross-validate our demand elasticity
estimates. In particular, we show that our model-implied markups are positively correlated
with profit margins as well as markups in several countries, and are negatively correlated with

labor shares.

To do so, we rely on the ORBIS firm-level dataset in this section, which provides balance
sheet information on both larger and smaller companies in several countries along a wide range
of dimensions. We restrict our analysis to a sample of 8 European countries, for which ORBIS
has particularly good coverage, in order to avoid having to rely on the smaller sample sizes for

a range of other countries in the dataset.?> These countries have good data coverage on the

25Specifically, we use data for the following countries: Austria, Belgium, France, Germany, Italy, Norway,
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key variables that we use here, including revenue, wage bill, capital stock, and material costs.

Since our trade data is for 2015, we focus on the same year in our analysis here.

To cross-validate our import demand elasticities, we use two measures: profit margin and
markups. As for profit margins, we first compute firm-level revenue-cost margins defined as
sales over the sum of wage bill, material costs, and capital costs for each firm.?® We then
use the average of these profit margins across all companies within 3-digit SIC codes in each
country as the measure of sector-country level profit margin.?” As for markups, we employ the
De Loecker and Warzynski (2012) methodology and estimate firm-level markups. We then take
the average markup within each 3-digit SIC-country pair as the sector-country level markup.

Table 1 reports the summary statistics for firm-level profit margins and markups.

To map 3-digit SIC codes in ORBIS to HS4 codes in our trade data, we use the concordance
developed by Pierce and Schott (2012).2% We then use our trade data and estimated import
demand elasticities to compute our model-implied trade-weighted average markups that each
SIC-country pair charges across the world.?? Encouragingly, we find that the profit margins
and markups in the ORBIS data are positively correlated with our model-implied markups,
with the correlation coefficient being 41% and 38%, respectively.?® This is consistent with the
idea that the elasticity of substitution is a quantitatively important determinant of profitability

and markups.

Our model also generates a negative relationship between markups and labor shares, consis-
tent with the predictions and findings in other papers in the literature, e.g., Edmond, Midrigan
and Xu (2015).3! This insight provides us with another way to cross-validate our estimates by
testing whether or not sectoral labor shares in the data are indeed correlated with the predicted

markups implied by our elasticity estimates. To explore this idea empirically, we compute firm-

Spain, and Sweden.

26To infer capital costs, we use 10-year government bond yields for each country as the net interest rate,
and we assume depreciation rate is 10% in all sectors and countries. We infer the capital costs by multiplying
firm-level capital stock (which is observable in the data) by the sum of net interest rate and depreciation rate.
Results are robust to not including capital costs in the denominator.

2"To limit the impact of outliers, we winsorize variables at 5 and 95 percent. For all our results using ORBIS
data presented here, we perform several robustness checks. First, the results are robust to winsorizing at 1
and 99 percent. Moreover, we also used cross-firm median (rather than average) and results remained almost
identical. As another robustness check, we performed the analysis at 4-digit SIC codes, and the results were
largely similar.

28Both in our trade data and in the concordance table, we use import classifications.

29To ensure that our results are not driven by very low demand elasticities (i.e., very large markups), we
winsorize demand elasticities at the 5% level, which is equal to the demand elasticity of 1.15. The results are
robust to winsorizing at other levels, or to not winsorizing.

30We also weight each SIC-country pair by the number of firms we observe for that pair in the ORBIS data,
since some SIC-country pairs report only a few firms.

31This is because firms’ F.O.C. implies that markup is equal to labor elasticity of output (which is one in our
framework) over labor share of sale. Also look at the pioneering work by Hall, Blanchard and Hubbard (1986)
and De Loecker and Warzynski (2012).
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level labor share in our ORBIS data as wage bill divided by sales minus material costs. Table 1
reports summary statistics for firm-level labor shares. We then take the average across all
firms within the same 3-digit SIC-country pair and then compare them with the model-implied
average markups at the SIC-country level constructed above. As expected, there is a negative
association between labor share (in data) and average markup (in model) at the SIC-country

level, with a correlation coefficient of -35%.32

Finally, as described above, this paper focuses on variation in markups due to cross-country
differences in demand elasticities. This focus is motivated by ample evidence that these elastic-
ities are not equal across countries and e.g. vary due to heterogeneity in income or idiosyncratic
preferences for individual sectors (see e.g. Fajgelbaum and Khandelwal, 2016; Caron, Fally and
Markusen, 2014; Fieler, 2011) and our counterfactual results highlight that such variation can
already have immense quantitative implications for profit shifting and the welfare consequences
of trade wars. We are however largely agnostic about the question of why elasticities vary across
countries and solely rely on our empirical estimates to identify such heterogeneity, which e.g.
restricts us from inference on inequality. While such an extension is beyond the scope of the
paper, it would certainly be insightful and likely deliver meaningful results, given the sizable

quantitative implications of markup asymmetry in our counterfactuals.3?

6 Counterfactual Analysis

In this section, we use the quantitative model developed in Section 4 to study the welfare
consequences of different trade policies. In particular, we quantify the welfare implications of
a counterfactual global tariff war, the welfare consequences of the recent U.S.-China tariff war,

and the gains from trade (i.e., gains from moving from autarky to the observed trade volumes).

To emphasize the role of the profit-shifting channel in deriving the welfare consequences of
trade, we perform all counterfactual exercises using two versions of our model. The first version
is our baseline model described in Section 4. In the second version, we slightly change the
technology described in Section 4.4: In particular, we follow the standard perfect competition
assumption in Ricardian models (e.g., Eaton and Kortum, 2002; Caliendo and Parro, 2015) and
assume that production technology is common to all potential producers of each variety (rather

than assuming proprietary technology in our baseline model). As a result, in this version of

32This result is robust to defining labor share as wage bill divided by sales.

33A related concern is that demand elasticities may themselves be affected by tariffs, e.g. through changes
in household income. This however is alleviated by the fact that our counterfactuals, especially those related
to the U.S.-China trade war, predict quite moderate changes in income, especially in contrast to any existing
income differences across countries. It is therefore unlikely that this channel would have a large impact on our
results.
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the model, the lowest-cost producer of each variety charges a price equal to its marginal cost.
In what follows, we call the first version the “baseline model” and the second version the
“perfect competition model.” Note that these two versions of our model share the exact same
equilibrium conditions stated in Section 4.6, except for the fact that profits Y,, are zero in the

perfect competition model.

Moreover, to show the importance of incorporating cross-country heterogeneity in the elas-
ticities of substitution, we perform all our counterfactual experiments twice. While in one
3 (k)

version we include cross-country heterogeneity in o; "/, in the alternative specification we as-
sume that all countries share the same elasticities of substitution as in the U.S. Since the latter
assumption is common in the literature, this exercise allows us to explore the importance of

this assumption in our counterfactual experiments.

Since we solve the model in changes using the “exact hat algebra,” we are able to exactly
match the observed data in 2015 before performing the counterfactual experiments. We follow
the approach by Dekle, Eaton and Kortum (2008), Ossa (2014), and Caliendo and Parro (2015)
among others to take care of trade deficits, i.e., we first set trade deficits to zero, then calibrate
both the baseline and the perfect competition models to the observed trade data in 2015. We

assume trade deficits remain zero in all counterfactual experiments.3*

6.1 Welfare Consequences of a Global Tariff War

Baseline vs Perfect Competition Model. In the first counterfactual experiment, we con-
sider a global tariff war in which all countries raise their import tariffs by 20 percentage points,
across all goods and against all countries. Table 3 reports the results. The first four columns
correspond to the baseline model, and the last three columns are associated with the perfect

13

competition model. Columns “welfare” report the percentage change in welfare. Based on the
welfare decomposition (49), we decompose the welfare changes into the percentage change in
real wages, real profits, and real tariff revenues, reported in columns “wage”, “profit”, and
“tariff”, respectively.?®> As expected, in the perfect competition model all countries lose from
the global tariff war. This is the case since in the perfect competition model, a global tariff
war reduces real wages in all economies because of an increase in the equilibrium price index.
Tariff revenues in all countries rise, but this is not enough to compensate for the decline in real

wages.

34To ensure that outlier elasticities do not govern our counterfactual results, we also winsorized the estimated
2-digit and 4-digit elasticities of substitution from above at 20, and from below at 1.15. As a robustness check,
we also perform all our exercises without winsorizing elasticities, and results remain almost identical.

35As noted, we remove trade deficits before doing the counterfactual experiments and assume they remain
Z€ro.
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Table 3: A Global Tariff War: welfare changes (%) when all countries raise all tariffs by 20
percentage points

Countries Baseline Model Perfect Competition Model

welfare wage profit tariff welfare wage tariff
Australia -0.781 -1.283  -0.990 1.492 -0.636 -2.130 1.494
Austria -1.163 -1.597 -1.480 1.914 -0.873 -2.792 1.919
Bangladesh -0.090 -0.226  -0.074 0.211 -0.137 -0.348 0.211
Belgium -3.591 -3.120  -3.934 3.463 -1.673 -5.188 3.515
Brazil -0.330 -0.633  -0.253 0.556 -0.497 -1.052 0.555
Canada -4.347 -3.216  -4.004 2.873 -1.568 -4.505 2.937
China -0.236 -0.552 -0.276 0.592 -0.249 -0.841 0.592
Denmark -2.154 -3.094 -2.461 3.401 -1.456 -4.872 3.416
France -1.572 -1.773  -1.791 1.992 -0.749 -2.756 2.007
Germany 0.048 -1.344 -0.186 1.578 -0.545 -2.115 1.571
Greece -0.669 -0.626  -0.739 0.696 -0.329 -1.028 0.699
India -0.308 -0.273  -0.250 0.216 -0.160 -0.376 0.216
Indonesia 0.093 -1.024  -0.063 1.179 -0.525 -1.699 1.175
Italy 0.061 -0.860  -0.149 1.069 -0.324 -1.391 1.067
Japan 0.275 -0.242 0.184 0.333 -0.112 -0.444 0.333
Rep. of Korea -0.314 -0.442 -0.277 0.406 -0.197 -0.603 0.406
Mexico -0.658 -1.804  -0.756 1.901 -0.752 -2.658 1.906
Netherlands -1.401 -1.757  -1.849 2.205 -0.892 -3.107 2.215
New Zealand -1.408 -1.430 -1.198 1.220 -0.791 -2.018 1.227
Norway -0.911 -1.609  -1.158 1.856 -0.806 -2.662 1.856
Peru -0.182 -0.231 -0.210 0.259 -0.084 -0.343 0.259
Romania -0.271 -0.727  -0.400 0.856 -0.325 -1.181 0.855
Russia -0.822 -0.794  -0.853 0.824 -0.459 -1.286 0.826
Vietnam -2.739 -1.927 -2.514 1.703 -1.002 -2.732 1.730
Spain -0.328 -0.591 -0.523 0.786 -0.283 -1.069 0.786
Sweden 1.026 -0.644 0.483 1.188 -0.476 -1.653 1.177
Egypt -0.065 -0.359  -0.068 0.363 -0.282 -0.644 0.361
United Kingdom 0.202 -1.439  -0.229 1.870 -0.799 -2.655 1.856
USA -0.306 -0.450  -0.475 0.618 -0.251 -0.869 0.618
ROW -0.919 -2.208  -1.346 2.635 -1.056 -3.681 2.625

Notes: The first four columns associate with the baseline model, and the last three columns are associated
with the perfect competition model. Columns “welfare” report the percentage change in welfare. Based on the
welfare decomposition (49), we decompose the welfare changes into the percentage change in real wages, real

profits, and real tariff revenues, reported in columns “wage”, “profit”, and “tariff”, respectively. Numbers are
rounded to the nearest thousandth.

36



As shown in Figure 4, under imperfect competition the welfare consequences of a global
trade war are markedly different from those under perfect competition. First, as evident from
comparing Figures 4a and 4b, predicted welfare changes are significantly larger in magnitude
when we account for profit shifting and range from 1.0 to -4.4 percent compared to only up
to -1.7% in the perfect-competition case. Further, the average markup that countries pay (via
imports) minus the average markup that countries earn (via exports) has a large predictive
power for the welfare results in the baseline model.?® Countries such as Vietnam, Canada, and
Belgium for example experience welfare declines between 2.7% and 4.4% while Germany, the
U.K., or Japan are only very little affected by such tariffs. Interestingly, these three countries
do even slightly gain from this global tariff war since the markups they pay on their imports
are much larger than the markups they earn from their exports. Hence, even though all 3
countries have sizable trade shares and would suffer sizable welfare losses from tariffs under

perfect competition, tariffs would generate strong gains due to profit shifting.

As evident from Table 3, the main reason for this finding is that profits decline much more
strongly in other countries, with the consequence that the additional tariff revenue compensates
for declines in wages and profits in those 3 countries. For most countries, the changes in wages
and tariff revenue in fact largely cancel each other out, with the result that the change in
profits is strongly correlated with the change in welfare. Since differences in import and export
markups are an important determinant of a country’s profits, we therefore find the strong

correlation between this markup gap and welfare that is present in Table 3.

Moreover, as Figure 4c¢ shows, the welfare change from this global tariff war in the baseline
model versus that in the perfect competition model is increasing in the difference between av-
erage import and export markups, and these measures are strongly correlated with a coefficient
of 0.77. As Figure 4c and Table 3 highlight, for countries with low import markups relative to
their export markups, the loss from global war is larger in the baseline model relative to the
case of perfect competition. For instance, the welfare loss in the baseline model is larger than
the welfare loss in the perfect competition setting by almost 3 percentage points for Canada, 2

percentage points for Belgium, or 1.7 percentage points for Vietnam.

On the other hand, for countries with high import markups relative to their export markups,
the loss from the global war is smaller in the baseline model than under perfect competition.
For instance, the welfare loss in the baseline model is 1 percentage point smaller for the U.K.,
and 0.6 percentage points for Germany and Indonesia. Indeed, unlike the perfect competition
model, 6 countries moderately gain from a global tariff war in our baseline model. Finally, for

some countries like the U.S., import markups are close to export markups. Hence, for these

36Note that in the graph, we show the average inverse demand elasticity, which is positively correlated with
the markup.
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Figure 4: Welfare Consequences of a Global Tariff War
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areas reflect linear fitted lines along with their 95% confidence bands.

countries, the welfare consequences of this global tariff war are very similar in the two models.?”

Appendix Tables F.3 and F.4 as well as Tables F.5 and F.6 show in more detail why we find
comparably large differences between the 2 models for some countries and not for others. First,
as mentioned above, the product mix of imports and exports differs across countries, with some
countries e.g. exporting a greater fraction of low-markup goods relative to other countries. This
is for example the case for China, which imports a greater fraction of high-markup goods but
exhibits greater export shares for low-markup ones and as a consequence experiences slightly
smaller welfare losses in the baseline model than it did under perfect competition. Second, there
is a considerable degree of country-product specific variation in the elasticity of substitution, i.e.
demand for varieties of certain goods is differently elastic in one country compared to another.
As evident from Appendix Table F.3, this is e.g. the main reason why Belgium’s imports tend

to be in low-markup goods, as our estimates predict comparably large elasticities in Belgium’s

37"We also find that the differences between the imperfect and perfect competition case tend to be stronger for
smaller economies, and the welfare losses are e.g. significantly larger under imperfect competition for Belgium,
Vietnam, and Canada, while the opposite is true for Sweden or Indonesia. One explanation for this finding
is that the average inverse elasticity for these countries is more sensitive to individual product categories as
these countries tend to trade a smaller fraction of products than big countries. As a consequence, high or low
estimates for ¢ in larger sectors then translate into higher or lower average values and welfare changes as well.
For example, Vietnam imports a comparably large share in HS2 categories 84 and 85, which describe imports of
machinery. Since we estimate the elasticity of substitution to be comparably high for corresponding products,
the average inverse o is relatively small for Vietnam overall.
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most important import sectors. Since its exports tend to be higher-markup goods, Belgium

therefore experiences particularly large welfare losses under imperfect competition.

Interestingly, since both the baseline and perfect competition models share the same trade
elasticities #7(*) the change in trade volumes is quite similar in the two models. This is evident
by observing that the tariff contributions to welfare are very close across the two models.?®
Hence, even conditional on the same changes in trade volumes, the baseline model has quite
different implications for welfare consequences of trade, which will become more clear when
we compute the gains from trade below. As a result, even though firm-level markups are not
variable in our framework, our model does not fall into the class of models discussed in Arkolakis,
Costinot and Rodriguez-Clare (2012), since the share of profit is generally not constant in our

framework.

Lastly, the global tariff war influences workers and firm owners differently. In countries like
Vietnam, Belgium, Canada, and New Zealand with high export markups relative to import
markups, declines in profits are generally larger than wage reductions. In countries like the
U.K., Japan, Germany, and Sweden with high import markups relative to export markups,
however, workers experience stronger losses than firm owners. Note that Japan and Sweden

are the only two countries in which firm owners gain from this global tariff war.

The Role of Heterogeneous Elasticities of Substitution. To show the importance of
incorporating cross-country heterogeneity in elasticities of substitution, we perform the same
global tariff war experiment, but we instead assume that all countries share the same elasticities
of substitution as in the U.S. We refer to this setting as the model with homogeneous elastici-
ties. To perform this counterfactual, we re-calibrate both the baseline and perfect competition
models to the 2015 data. Table 4 reports the results. Like in the model with heterogeneous elas-
ticities, the difference between the average import and the average export markup has a large
predictive power for the welfare results in the baseline model. This can be seen in Figure 5Ha:
countries which disproportionately import higher-markup goods lose less (or even gain) from
the global tariff war.®® For example, for China and Vietnam, the welfare loss in the baseline
model is between 1 and 1.7 percent smaller than the welfare loss in the perfect competition
model. On the other hand, for Australia and Norway, the welfare loss in the baseline model is

nearly 2 percent larger than the welfare loss in the perfect competition model.

38 As can be seen in Table 3, there are still slight differences in the tariff contributions across the two models
which suggests that the change in trade volumes is slightly different between the two models. This difference is
primarily due to general equilibrium effects.

39Moreover, as Appendix Figure F.1 shows, the welfare change from the global tariff war in the baseline
model relative to that under perfect competition is increasing in the difference between the average import and
export markup.
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Table 4: A Global Tariff War (Homogeneous Substitution Elasticities): welfare changes (%)
when all countries raise all tariffs by 20 percentage points

Countries Baseline Model Perfect Competition Model

welfare wage profit tariff welfare wage tariff
Australia -2.475 -1.252 -2.699 1.475 -0.615 -2.108 1.492
Austria -0.247 -1.351 -0.831 1.935 -0.885 -2.806 1.920
Bangladesh 0.348 -0.141 0.276 0.212 -0.140 -0.351 0.211
Belgium -1.170 -2.615 -2.117 3.561 -1.683 -5.224 3.541
Brazil -1.173 -0.555 -1.167 0.549 -0.489 -1.042 0.553
Canada -2.514 -2.700 -2.737 2.923 -1.603 -4.547 2.944
China 0.614 -0.382 0.404 0.592 -0.241 -0.834 0.593
Denmark -1.426 -2.886  -1.978 3.438 -1.427 -4.861 3.434
France -0.562 -1.555 -1.032 2.025 -0.762 -2.779 2.017
Germany 0.390 -0.977  -0.207 1.574 -0.545 -2.118 1.573
Greece -0.536 -0.510  -0.724 0.698 -0.322 -1.021 0.700
India -0.244 -0.150  -0.308 0.214 -0.153 -0.367 0.215
Indonesia -0.055 -0.772 -0.467 1.184 -0.498 -1.680 1.181
Italy 0.444 -0.654 0.026 1.072 -0.322 -1.389 1.067
Japan 0.184 -0.215 0.066 0.333 -0.111 -0.443 0.332
Rep. of Korea 0.510 -0.261 0.364 0.407 -0.201 -0.606 0.405
Mexico 0.247 -1.499  -0.169 1.915 -0.760 -2.666 1.907
Netherlands -0.612 -1.518 -1.323 2.228 -0.895 -3.120 2.225
New Zealand -1.011 -1.316  -0.917 1.222 -0.791 -2.015 1.224
Norway -2.531 -1.556  -2.843 1.869 -0.719 -2.606 1.887
Peru -0.355 -0.247  -0.364 0.256 -0.098 -0.354 0.256
Romania 0.012 -0.607  -0.243 0.862 -0.323 -1.181 0.858
Russia -1.735 -0.810  -1.758 0.833 -0.434 -1.270 0.837
Vietnam 0.745 -1.481 0.463 1.764 -1.020 -2.760 1.740
Spain 0.277 -0.448  -0.066 0.791 -0.281 -1.068 0.786
Sweden -0.197 -0.751 -0.643 1.196 -0.510 -1.705 1.194
Egypt -0.461 -0.373  -0.461 0.373 -0.303 -0.676 0.374
United Kingdom -0.901 -1.641 -1.099 1.839 -0.863 -2.700 1.837
USA -0.298 -0.449  -0.469 0.621 -0.252 -0.871 0.618
ROW -1.701 -2.191 -2.119 2.610 -1.040 -3.684 2.643

Notes: The first four columns associate with the baseline model, and the last three columns are associated
with the perfect competition model. Columns “welfare” report the percentage change in welfare. Based on the
welfare decomposition (49), we decompose the welfare changes into the percentage change in real wages, real
profits, and real tariff revenues, reported in columns “wage”, “profit”, and “tariff”, respectively. We assume
all countries share the same elasticities of substitution as in the U.S. Numbers are rounded to the nearest
thousandth.
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Figure 5: Welfare Consequences of Global Tariff War
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Comparing Tables 3 and 4 highlights the importance of cross-country heterogeneity in elas-
ticities. First, notice that since the elasticity of substitution does not play a crucial role in the
perfect competition case, the results for this model are quite similar in these two tables.? In
the baseline model however, ignoring any cross-country heterogeneity in elasticities would im-
ply markedly different (and potentially misleading) predictions for import and export markups

across the world, and would consequentially result in significantly different welfare implications.

To facilitate the comparison between the homogeneous- and heterogeneous-elasticity models,
Figure 5b repeats the welfare results in the baseline model with heterogeneous elasticities. The
horizontal axis in Figure 5c measures the average import markup minus average export markup,
for the case of heterogeneous versus homogeneous elasticities. The vertical axis in this figure
shows percentage changes in welfare in the global tariff war, using our baseline model with
heterogeneous elasticities versus the baseline model with homogeneous elasticities. As can be
seen in this figure, for some countries, incorporating cross-country heterogeneity in o2® reduces
the average difference between import and export markups and for this group, incorporating
cross-country heterogeneity in elasticities therefore magnifies the loss from global tariff war
in the baseline model. For example, the welfare loss from a global tariff war in the baseline
model with heterogeneous elasticities is larger than that without heterogeneity by almost 3.4
percentage points for Vietnam, 2.4 percentage points for Belgium, or 1.8 percentage points in

Canada.

On the other hand, as Figure 5c¢ shows, incorporating cross-country heterogeneity in elas-
ticities of substitution can also raise the gap between import and export markups and for these
countries, the welfare loss from a global tariff war is attenuated in the baseline model. For
instance, the welfare loss from a global tariff war in the baseline model with heterogeneity
is smaller than that without heterogeneity by about 1.6 percentage points for Norway and

Australia and close to 1 percentage points for Russia and the UK.

Importantly, in addition to such quantitative differences, introducing heterogeneous elas-
ticities can even change the qualitative consequences of a global tariff war. Specifically, while
China, South Korea, and Mexico lose from the trade war in the baseline model with heteroge-
neous elasticities, they gain in the baseline model with homogeneous elasticities. This is the
exact opposite for the case of the U.K. It is also worth mentioning that there are three countries
that gain from this global tariff war in the baseline model with or without heterogeneous elas-
ticities: Germany, Italy, and Japan. For these three countries, as Figures ba and 5b show, the

average difference between the import and export markup is relatively high, with or without

4ONote that even in the perfect competition model the results slightly change when we add cross-country
heterogeneity in elasticities. This is because in our nested-CES structure, 2-digit HS elasticities enter the
equilibrium condition (40). In a model with one-tier CES structure, however, these elasticities would not have
a quantitative impact at all.
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heterogeneous elasticities.

More generally, these results also highlight that a main reason for the large welfare impli-
cations of profit shifting is the presence of a significant degree of variation in country-product
specific elasticities of substitution. As evident from Figures 5a and 5c¢, once this variation is
removed, we obtain more moderate welfare effects for e.g. Belgium, Vietnam, and Canada, and
welfare changes range only from -2.5% to 0.7% compared to -4.4% to 1.0% in the full model.
Interestingly, in this case, we find that poorer economies such as Vietnam, Bangladesh, and
China export goods with significantly lower markups compared to their imports, which results
in import tariffs generating strong gains from profit shifting for those countries. Importantly,
this result is entirely driven by differences in the product mix that is imported versus that
which is exported. Hence, one may interpret 5a as indicative of the welfare consequences of
profit shifting due to differences in the composition of exports and imports, while the remaining
variation can be explained by country-product specific differences in 2™ due to e.g. differences

in demand.

Appendix Tables F.5 and F.6 show in more detail why the results differ in this case for
three example countries Germany, Belgium, and China. Most noticeably, Belgium’s import
and export markups are now much more similar for its largest import and export sectors with
the result that the welfare implications under imperfect and perfect competition are much more
aligned in this case (see Table 4). For China, on the other hand, the average import markup
increases slightly in the homogeneous-elasticity case while the average export markup drops
significantly. As a consequence, China experiences markedly stronger gains from profit shifting

in the case of homogeneous elasticities.

The Role of Magnitude of and Sectoral Heterogeneity in Trade Elasticities. As the
simple model in Section 3 suggests, the profit-shifting channel is stronger when productivities
across countries are less dispersed, i.e., if trade elasticities 6 are larger. We examine this
relationship quantitatively in two ways: (1) We raise all trade elasticities by 50% and perform
the same global tariff war counterfactual experiment as above and (2) we use the estimates
for #7%) reported by CEPII (Fontagné, Guimbard and Orefice (2019) which are significantly
larger than those used in the baseline specification. We find that both approaches result in

very similar predictions, and hence describe only the second approach in detail.

As summarized in Table F.7, we find that the declines in welfare in the perfect competition
case are noticeably larger in this specification, which is expected given that trade is significantly
more elastic in this case. We also find that the profit-shifting channel is even more prominent
now, with countries such as Canada or Belgium e.g. experiencing welfare declines close to

7%, nearly twice as large as in the baseline model. Overall however, the implications of this
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counterfactual are very similar to before and net exporters of high-markup goods continue to
experience large welfare declines compared to net importers, which again suffer smaller losses

or even gains compared to the perfect-competition case.

In order to assess the importance of sectoral heterogeneity in the Frechet parameter 6, we
also recomputed the impact of tariffs when # in all sectors is set equal to the median value
that we estimated in Section 5. Appendix Table F.8 reports the results. We generally find that
sectoral heterogeneity in trade elasticities can affect countries in either direction and either
amplify or mitigate losses from tariffs. We do however also find that the welfare results are
considerably less affected than by variation in the elasticities of substitution and only contribute
to additional welfare changes of between about -0.5 and 0.5 percentage points. The reason for
this observation is likely that there is little correlation between sectoral differences between

import and export markups and the corresponding values of §7(F) 4!

As mentioned above, Armington-type frameworks (e.g. Ossa, 2014) impose a perfect positive
correlation between import demand elasticities and trade elasticities, i.e. such that 8 = o — 1.
Under this assumption, sectors with high markups (i.e., low o) necessarily face low trade
elasticities, which in turn limits the role of profit shifting. To quantitatively explore how this
assumption influences profit shifting and welfare, we use U.S. import demand elasticities for
all countries and assume that trade elasticities are equal to ¢ — 1. We then perform the same
global tariff war exercise which delivers the results presented in Table F.9. We compare these
results with Table F.7 based on CEPII trade elasticities, to work with comparable magnitudes
for trade elasticities (since we showed above that large trade elasticities tend to magnify the
role of profit shifting). Comparing Tables F.7 and F.9 shows that while both frameworks have
relatively similar results under perfect competition, the results differ in a meaningful way under
imperfect competition. For example, while welfare in Belgium and Canada declines by 7% and
increases by 1.6% in the UK in our framework (Table F.7), these numbers change to 3.5% loss
and 1.8% loss, respectively, when imposing §# = o — 1 (Table F.9). These predictions highlight
that imposing trade elasticities to be perfectly correlated with import demand elasticticies

limits the profit-shifting channel to a large extent.

Employing Elasticities Implied by ORBIS Markups. As a final robustness check, we

also utilized an alternative approach to infer the elasticity of substitution afl(k) based on firm-

41To study this relationship further, we also experimented with weighting each country’s sectoral import and
export inverse elasticities not just by trade volume, but also by the sectoral 6. The idea is that for a given
country and a given sector for which the import markup is higher than the export markup, a higher trade
elasticity would imply that this markup difference is more relevant than one in other sectors with a low trade
elastisticity. We did however only find a small correlation between this adjusted markup gap and the difference
between the baseline model and the homogeneous-6 setting. This suggests that sectoral heterogeneity in the
trade elasticity does in practice affect the quantitative importance of profit shifting only moderately.
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level markups that we estimate using the ORBIS database, by employing the De Loecker and
Warzynski (2012) methodology. Specifically, we use that the optimal CES markup equals
o™ / (Uf'l(k) — 1) to back out the values for o2™ which rationalize the observed markups in
the data. To infer o2*), we first estimate the markup that each firm in sector j(k) in coun-
try n charges in its domestic market. To make sure our estimates are not contaminated by
markups that exporting firms charge in other countries, we drop the largest 20% of firms in
each sector-country.*> We then take cross-firm average markup within each sector-country to
infer o3 / (afl(k) — 1).% One drawback of this approach is that ORBIS only features reliable
data on 8 countries in our sample which limits the scope of this alternative counterfactual com-
pared to the baseline case. Nevertheless, the results of this alternative specification assess if
and to what extent the quantitative results hinge on the use of the Feenstra-method or if they
are robust to using other methods. We find that the main insights from the baseline model still
hold in this specification as well: Under perfect competition, each country experiences welfare
losses ranging from 0.3 to 1.8 percent, but once markups are taken into account, changes in
welfare are more dispersed, ranging from a 3% loss to a gain of 1.5%. In addition, the correla-
tion between the welfare change from this global tariff war in the baseline model versus that in
the perfect competition model and the difference between average import and export markups

is even stronger now, with nearly 0.88.

Gains from Trade. As an extreme case of a global tariff war, we move all tariffs to infinity to
calculate the gains from trade, i.e., percentage changes in welfare as we move from the observed
trade volumes in 2015 to autarky. Appendix E outlines the procedure to numerically solve for
the gains from trade, and Appendix Table E.1 reports the results. As expected, the gains from
trade are larger for smaller countries, as evident from the strongly negative correlation between
domestic shares and the gains from trade in Figure 6a. Moreover, comparing the gains from
trade in the baseline model with those in the perfect competition model (Figure 6¢) reveals
that profit shifting continues to be important for the gains from trade. Specifically, while for
countries like Belgium, Canada, and New Zealand with large export markups relative to import
markups the gains from trade are larger in the baseline model than in the perfect competition
model, the opposite is true for countries like the U.K., Germany, and Japan with relatively high
import markups than export markups. Moreover, by going to autarky, the price index rises a
lot in all countries, and therefore real profits even for these net-importers of high-markup goods

fall, with the only exception being Japan.

Interestingly, however, we find that the gains from trade tend to be less sensitive to profit

42We would ideally drop the exporters from our sample, but export information in ORBIS data has many
missing values and are not reliable.
43For ROW, we use the median elasticity in the respective sector across all countries.
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Figure 6: The Gains from Trade
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shifting than the welfare consequences of tariff wars, as evident from the fact that for many
countries, the perfect and imperfect competition settings have relatively similar implications
for the gains from trade. This is important in so far as it suggests that a perfect competition
framework, at least to a first-order approximation, appears to be well suited to predict the
gains from trade even in a multi-sector setting with heterogeneous demand elasticities, while it
appears to result in misleading implications of the consequences of trade wars and talks. We

will show below for example, that profit shifting significantly alters the predicted implications
of the 2018-19 U.S.-China trade war.

To make this point more clear, Figure 7 plots the percentage difference between the welfare
change in the baseline model versus that under perfect competition as function of the imposed
tariff in a global trade war for both Canada and Japan. This difference becomes smaller in
absolute value for larger tariffs: For smaller tariffs, the welfare decline is about 3 times larger
in the baseline model for Canada and about 50% higher when tariffs are raised by 400%. This
relationship suggests that profit shifting is particularly relevant for low tariffs and becomes
gradually less important afterwards. This pattern also holds for a country like Japan which
gains for moderate tariff levels: Also here, the baseline and perfect competition case become
more aligned the larger the imposed tariffs are. The intuition behind these results is that with
large increases in tariffs (or in the extreme case of going to autarky) the rise in the price index
would be the primary determinant, dominating all other forces including the profit-shifting
channel.
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Figure 7: Difference between the Baseline and Perfect Competition Model
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Finally, cross-country heterogeneity in the elasticity of substitution continues to play an
important role in the gains from trade as well. To show this, Appendix Table E.2 computes the
gains from trade for the case in which we assume all countries share the same elasticities as those
estimated for the U.S. Comparing Tables E.1 and E.2 shows that for countries that abstracting
away from the cross-country heterogeneity in these elasticities underestimates (overestimates)
the export relative to import markups, the gains from trade would be underestimated (over-
estimated). While, for example, the gains from trade for Belgium, Canada, and Vietnam are
underestimated, ignoring the cross-country heterogeneity in these elasticities overestimates the

gains from trade for the U.K., Australia, and Norway (look at the x-axis in Figure 5¢).

Unilateral Increase in the U.S. Tariffs. We also examine the consequences of a unilateral
increase in tariffs by the U.S.) in the absence of any retaliation by U.S. trading partners. To
do so, we raise all U.S. import tariffs by 20 percentage points in both our baseline model
and the perfect competition variant of our model. Appendix Table F.10 reports the results.
Interestingly, the U.S. gains in the baseline model are significantly larger than those under
perfect competition (0.41 vs 0.34%). Moreover, note that these larger gains for the U.S. in the
baseline model are not due to a larger tariff revenue; indeed, the change in tariff revenue is
identical in these two models. Instead, a unilateral tariff increase in the baseline model mainly

shifts profits to the U.S. economy, which mitigates the losses from higher prices.
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Competing at 2-digit HS level. In the model developed in Section 4, we employed a
nested-CES structure in which firms compete in 4-digit HS categories, and therefore, face 4-
digit HS demand elasticities. Here, we explore how our counterfactual results change with the
level of aggregation at which firms are competing. To do so, we slightly change the structure
of the model by employing a one-tier CES structure in which firms compete in 2-digit, rather
than 4-digit, HS categories. This modified model (“HS2 model,” hereafter) along with the
equilibrium conditions is outlined in Appendix D. To perform the counterfactual experiments
in this modified model, we use the same trade elasticities as before. Appendix Table F.11
reports the results for the global tariff war studied above and shows that overall, the results are
quite similar to before: Canada, Belgium, and Vietnam for example also here experience the
largest welfare losses and welfare changes are in general more spread out in the baseline model
than under perfect competition. These findings suggest that our main results are not specific

to the chosen aggregation level and hold more broadly.**

6.2 Welfare Consequences of the U.S.-China Tariff War

This section studies the welfare consequences of the 2018-19 U.S.-China tariff war. We perform
two counterfactual experiments: In the first exercise, we use the factual tariffs imposed by the
U.S. on imports from China in 2018, and the retaliatory tariffs imposed by China on goods
imported from the U.S. In the second experiment, we change the set of goods for which U.S.

and China impose tariffs against each other, and explore how the welfare results differ.

6.2.1 The Factual U.S.-China Tariff War

In March 2018, the U.S. government initiated a series of trade policy measures with the an-
nouncement of tariffs on steel and aluminum of 25% and 10%, respectively. A month later, U.S.
President Trump released a list of more than 1,300 goods under consideration for a 25% tariff
on China based on the argument that China dealt “Harm to American intellectual property
rights, innovation or technology.” This announcement was the starting point for several waves
of bilateral tariffs by both the U.S. and China: According to Fajgelbaum et al. (2020), by the
end of 2018 more that $300 billion (about 12 percent) of U.S. imports were subject to tariffs
and the average tariff rate imposed by both countries on each other rose to levels above 20%
in 2019.

In this section, we use both our baseline and the perfect competition model to study the

441t is important to note that these results are not due to differences in trade elasticities. Since we estimate
sectoral trade elasticities on the 2-digit level in the baseline specification, the ones used for this modified model
are the same.
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welfare consequences of this factual U.S.-China tariff war. Table 5 reports the results. In the
perfect competition model, both the U.S. and China lose from this U.S.-China tariff war by
0.032 and 0.056 percent, respectively. As expected, this finding is due to the tariff war reducing
real wage in both economies because of an increase in the price index under perfect competition.
Tariff revenues in both countries rise, but not enough to compensate the decline in real wage.
Notice that the decline in welfare of 0.032 for the U.S. almost exactly matches the findings
by Fajgelbaum et al. (2020), that were obtained under the assumption of perfect competition,
which is reassuring and suggests that our results in the perfect competition case are not based

on unusual assumptions or parameter estimates.

Our welfare results do, however, change significantly when we allow for imperfect competi-
tion and profit shifting: While the U.S. loses from this tariff war by 0.072 percent, China gains
by 0.014 percent. To explore this result, notice that real wage in both economies fall, due to
the increase in the price index. Real profit, however, rises in China while it falls in the U.S.
The fall in real profit in the U.S. magnifies the welfare loss for the U.S. relative to the perfect
competition model (-0.072 percent in baseline versus -0.032 percent in perfect competition).
The rise in real profit in China, on the other hand, compensates the decline in real wage, which
in turn makes China better off from this tariff war. Hence our baseline model, compared to the
perfect competition model, changes both the quantitative and, more importantly, qualitative
consequences of the U.S.-China tariff war. To see why real profit falls in the U.S. while it rises
in China, note that the average inverse elasticity of the goods on which the U.S. places tariffs
(weighted by trade volume and the tariff rate) is 0.26 compared to 0.33 for China. Hence, even
though the imposed tariffs were fairly uniformly distributed across sectors, the average markup
of the industries on which the U.S. imposed tariffs was considerably smaller than that for China,
due to differences in the product mix of China’s exports versus that of its imports. Effectively,
the U.S. therefore imposed import tariffs on low markup goods significantly more than China,
and China taxed high-markup goods relatively more. As a result, the U.S.-China tariff war
disproportionately shifted profits from the U.S. to China, leading to a decline in real profits in
the U.S. and a rise in real profits in China. In addition, while workers in both countries and

also firm owners in the U.S. experienced losses in this tariff war, firm owners in China gained.

Appendix Table F.12 provides more details on why exactly this is the case and summarizes
the average inverse elasticities for imports and exports in the 20 largest 2-digit sectors as well
as the tariffs that were imposed by the U.S. and China. As evident from the table, products
exported by the U.S. are on average significantly higher-markup goods than those which it
imports for the 5 largest broadly defined sectors in the dataset (machinery, furniture, toys,
and footwear). This means that for more than 60% of observed trade flows, China imposes
tariffs on higher-markup goods, while the U.S. taxes lower-markup imports, which translates

into profits shifting from the U.S. to China. Notice that the average tariff is actually fairly
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Table 5: The Factual U.S.-China Tariff War: welfare changes (%) given the observed U.S.-China
tariff war

Countries Baseline Model Perfect Competition Model

welfare wage profit tariff welfare wage tariff
Australia 0.000 -0.001 0.001 0.000 -0.002 -0.002 0.000
Austria -0.000 0.001 -0.002 0.000 0.003 0.002 0.000
Bangladesh 0.001 0.001 0.000 0.000 0.001 0.001 0.000
Belgium 0.002 0.000 0.001 0.000 0.001 0.000 0.000
Brazil 0.002 0.001 0.001 0.001 0.001 0.001 0.001
Canada 0.008 0.009 -0.002 0.001 0.014 0.013 0.001
China 0.014 -0.064 0.037 0.041 -0.056 -0.097 0.041
Denmark 0.004 0.003 0.001 0.000 0.005 0.005 0.000
France 0.006 0.002 0.004 0.000 0.003 0.003 0.000
Germany 0.003 0.002 0.000 0.000 0.003 0.003 0.000
Greece 0.001 0.000 0.000 0.000 0.001 0.001 0.000
India 0.001 0.000 0.001 0.000 0.001 0.001 0.000
Indonesia 0.001 0.002 -0.000  -0.000 0.003 0.003 -0.000
Italy 0.001 0.001 0.000 0.000 0.001 0.001 0.000
Japan -0.000 0.001 -0.001 0.000 0.002 0.002 0.000
Rep. of Korea 0.001 0.001 -0.000 0.000 0.001 0.001 0.000
Mexico 0.010 0.014 -0.005 0.001 0.022 0.021 0.001
Netherlands 0.003 0.001 0.002 0.000 0.002 0.002 0.000
New Zealand -0.001 -0.001 0.000 -0.000 -0.001 -0.001 -0.000
Norway 0.002 0.002 0.000 0.000 0.003 0.002 0.000
Peru 0.001 -0.000 0.001 0.000 -0.000 -0.000 0.000
Romania 0.000 0.000 -0.000 0.000 0.001 0.001 0.000
Russia 0.003 0.000 0.003 -0.000 0.000 0.001 -0.000
Vietnam 0.010 0.007 0.003 0.000 0.010 0.009 0.000
Spain 0.001 0.000 0.001 0.000 0.001 0.001 0.000
Sweden 0.000 0.001 -0.001 0.000 0.001 0.001 0.000
Egypt 0.000 0.000 -0.000 0.000 0.000 0.000 0.000
United Kingdom 0.002 0.002 -0.000 0.000 0.004 0.003 0.000
USA -0.072 -0.058  -0.095 0.081 -0.032 -0.113 0.081
ROW 0.007 0.004 0.003 0.000 0.007 0.006 0.000

Notes: The first four columns associate with the baseline model, and the last three columns are associated
with the perfect competition model. Columns “welfare” report the percentage change in welfare. Based on the
welfare decomposition (49), we decompose the welfare changes into the percentage change in real wages, real

profits, and real tariff revenues, reported in columns “wage”, “profit”, and “tariff”, respectively. Numbers are
rounded to the nearest thousandth.
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comparable across sectors, so the main reason for this finding is simply that the U.S. exports
higher-markup goods to China than vice versa for the majority of sectors. This suggests that
this result is less due to the specific tariffs that were chosen by the U.S. in this case, but more

due to general differences in the type of goods offered by both countries.

Finally, among third-party countries, the U.S.-China tariff war has a particularly strong
impact on countries close to the U.S. and China, such as Canada, Mexico, and Russia. However,
also the welfare predictions for these countries are affected by profit shifting: While almost all
countries benefit from the U.S.-China trade war due to trade diversion, these gains tend to be
smaller under imperfect competition. Intuitively, this is due to the U.S. experiencing greater
income losses in the baseline model which translate into stronger declines in exports by Canada
and Mexico to the U.S. This in turn partially offsets the more sizeable welfare gains found
under perfect competition. The opposite, however, is true for Russia, which exports more to
China than to the U.S. and which therefore indirectly benefits from China’s gains through profit
shifting.

A Uniform U.S.-China Tariff War. So far we examined the welfare consequences of the
observed U.S.-China tariff war in which the U.S. and China imposed additional tariffs on a
range of targeted industries. In this observed tariff war, some industries are hence taxed more
than others. To study to what extent variation across sectors is responsible for the findings of
Table 5, we quantify how the results would change if the U.S. and China instead raise all tariffs
against each other uniformly by 20 percentage points across all 4-digit sectors. This exercise
is particularly helpful to understand to what extent the results of the factual war are due to
the composition of goods that the U.S. and China import from each other, as opposed to the

degree to which both countries actively targeted high- versus low-markup industries.

As Table F.13 reports, we find that in the baseline model, both the welfare losses experienced
by the U.S. (-0.09% versus -0.07%) and the gains experienced by China (0.024% versus 0.014%)
are even larger than in the factual war. This result is due to the inverse elasticity of the goods
on which the U.S. and China place tariffs (weighted by trade volume and the tariff rate) being
0.24 for the U.S. and 0.34 for China compared to 0.26 and 0.33 before. The results are however
still largely in line with those seen in the baseline case, which could be expected given our
previous finding that import and export markups differ mainly because of general differences
in the type of goods offered by both countries. Hence, profit shifting favors China even in the

case of a uniform tariff.

The Role of Heterogeneous Elasticities of Substitution. To explore the role of heteroge-

neous elasticities of substitution, we perform the same factual U.S.-China tariff war experiment,
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but we assume all countries share the same substitution elasticities as in the U.S. Appendix
Table F.14 reports the results. As discussed before, elasticities of substitution play almost
no role in the perfect competition model, and therefore, the welfare results in this model do
not change when we abstract away from heterogeneous elasticities. The welfare results in the
baseline model, however, change significantly: U.S. welfare, which used to fall by 0.07 percent
in the heterogeneous model, now falls by 0.11 percent, and China, which used to gain by 0.01

percent in the heterogeneous model, now gains by 0.06 percent.

To see why by imposing homogeneous elasticities welfare consequences of U.S.-China tariff
war crucially change, let’s look at the welfare change decomposition into the contributions of
wage, profit, and tariff revenue. Comparing the results for the baseline model in Tables 5 and
F.14 shows that imposing homogeneous elasticities almost does not influence the contributions
of wage and tariff revenue. Note that since trade elasticities in the model with homogeneous
elasticities are the same as those in the model with heterogeneous elasticities, the change in
trade volumes and therefore the change in tariff revenues are almost the same in these two

models.

Imposing homogeneous elasticities, however, substantially influences the change in profits,
which in turn, affects the welfare consequences of this tariff war. As Tables 5 and F.14 show
for the baseline model, U.S. profit loss from the U.S.-China tariff war is much larger in the case
of homogeneous elasticities. On the other hand, profit gain for China magnifies in the model
with homogeneous elasticities. To make sense of these results, notice that the U.S. on average
has lower elasticities than China, and therefore, imposing homogeneous elasticities raises the
average import markups for China. Indeed, while with heterogeneous elasticities the average
inverse elasticity of the goods on which China places tariffs is 0.33, this goes up to 0.41 when
using homogeneous elasticities. Hence, the model with homogeneous elasticities would imply a
larger welfare gain for China and a larger welfare loss for the U.S., compared with the model

with heterogeneous elasticities.

As mentioned before, the U.S.-China tariff war has consequences for many countries across
the world, especially for U.S. neighbors. While, as shown in Table F'.14, Canada and Mexico still
gain from this tariff war in in the baseline model with homogeneous elasticities, these gains are
less pronounced. This result is due to fact that the U.S. now experiences even stronger declines
in income than before, which translates into greater reductions in exports from Canada and
Mexico. Overall however, third-party countries are only moderately affected by the U.S.-China

trade war, as was the case in the baseline model.
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6.2.2 A Counterfactual U.S.-China Tariff War

As discussed in the previous section, in the observed U.S.-China tariff war the U.S. imposes
tariffs on its low-markup sectors while China imposes tariffs on its high-markup sectors. As
discussed, in our baseline model, while China gains, this tariff war leads to a welfare loss for
the U.S. In this section, we explore how the welfare results would look like in a counterfactual
tariff war in which this markup pattern is flipped, i.e., the U.S. targets high-markup industries
while China targets low-markup industries. To perform such a counterfactual, we first rank
industries according to their inverse elasticities and assume that the U.S. (China), instead
of using comparably homogeneous tariffs across sectors, taxes only its 50% highest- (lowest-)
markup sectors with a tariff of 37% (additional to pre-war tariffs). In this counterfactual tariff

war, the average tariffs imposed by the U.S. and China match those in the factual war.

By construction, the average markup of the sectors targeted by the U.S. in this counter-
factual tariff war is hence larger than the average markup of the sectors targeted by China.
Specifically, the average inverse elasticities (weighted by trade volume and tariff rates in 2015)
for the U.S. and China are 0.57 and 0.09, respectively. For example, in the factual tariff war,
the U.S. placed high tariffs of 24% on the low-markup industry Rubber but only a 15% tariff
on the high-markup sector Clothing Accessories. In the counterfactual tariff war, the tariff on

rubber averages only about 14% while the tariff on high-markup goods is considerably higher.

Table 6 reports the counterfactual results. As the results show, in our baseline model the
welfare results for the U.S. and China are nearly reversed: while China now experiences sizable
losses from this counterfactual tariff war, the U.S. slightly gains. Comparing the results of our
baseline model in Tables 5 and 6 reveals that profit shifting is responsible for this result: while
in the factual U.S.-China tariff war the U.S. loses profit and China gains profit, this would be
the exact opposite in the counterfactual U.S.-China tariff war. This result shows that, in our
baseline model, the welfare consequences of a tariff war crucially depend on markups of the
industries that a country targets, and also on the markups of those industries in which the
other country retaliates. Note that, however, as is also the case in the factual U.S.-China tariff
war, both the U.S. and China lose from this counterfactual tariff war in the perfect competition

model.

Interestingly, this counterfactual tariff war also affects third-party countries quite differently
than the factual one. Intuitively, these countries can now (1) more easily export high-markup
goods to and import low-markup goods from the U.S. (which tends to magnify their gains) and
(2) more easily export low-markup goods to and import high-markup goods from China (which
tends to mitigate their gains). The overall impact of profit shifting therefore depends on which
channel dominates and the results e.g. suggest that the change in trade with the U.S. has an
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Table 6: A Counterfactual U.S.-China Tariff War: welfare changes (%) when the U.S. and
China impose tariffs on high- and low-markup sectors, respectively.

Countries Baseline Model Perfect Competition Model

welfare wage profit tariff welfare wage tariff
Australia 0.012 0.008 0.004 -0.000 0.014 0.014 -0.000
Austria 0.001 0.000 0.001 -0.000 0.000 0.000 -0.000
Bangladesh -0.002 -0.001 -0.001 -0.001 -0.002 -0.002 -0.001
Belgium 0.009 0.006 0.003 0.000 0.010 0.010 0.000
Brazil 0.004 0.004 -0.001 0.001 0.008 0.007 0.001
Canada 0.022 0.016 0.007 -0.001 0.019 0.020 -0.001
China -0.115 -0.063  -0.111 0.049 -0.033 -0.082 0.049
Denmark -0.007 -0.002  -0.004  -0.000 -0.003 -0.003 -0.000
France -0.003 0.004 -0.007  -0.000 0.006 0.006 -0.000
Germany 0.000 0.002 -0.002 -0.000 0.003 0.003 -0.000
Greece -0.002 -0.001 -0.001 -0.000 -0.001 -0.001 -0.000
India -0.002 -0.001 -0.001 0.000 -0.001 -0.001 0.000
Indonesia -0.002 -0.000  -0.002 0.001 0.001 0.000 0.001
Italy -0.000 -0.001 0.001 -0.000 -0.001 -0.001 -0.000
Japan 0.002 0.001 0.001 0.000 0.002 0.002 0.000
Rep. of Korea 0.006 0.004 0.001 0.000 0.006 0.005 0.000
Mexico -0.007 -0.003  -0.002 -0.002 -0.008 -0.006 -0.002
Netherlands 0.000 0.002 -0.002 -0.000 0.004 0.004 -0.000
New Zealand 0.012 0.007 0.004 0.001 0.010 0.010 0.001
Norway -0.000 0.002 -0.002 -0.000 0.003 0.003 -0.000
Peru 0.001 0.001 0.000 -0.000 0.001 0.001 -0.000
Romania -0.001 -0.000  -0.000  -0.000 -0.001 -0.001 -0.000
Russia -0.004 0.001 -0.005 0.001 0.002 0.002 0.001
Vietnam 0.003 -0.005 0.008 -0.000 -0.007 -0.006 -0.000
Spain -0.001 -0.000  -0.001 -0.000 -0.000 0.000 -0.000
Sweden 0.001 0.000 0.001 -0.000 0.000 0.001 -0.000
Egypt 0.001 -0.000 0.001 -0.000 -0.000 0.000 -0.000
United Kingdom -0.003 0.001 -0.003  -0.000 0.001 0.002 -0.000
USA 0.010 -0.044 0.033 0.021 -0.064 -0.085 0.021
ROW -0.003 0.008 -0.011 -0.001 0.014 0.013 0.000

Notes: The first four columns associate with the baseline model, and the last three columns are associated
with the perfect competition model. Columns “welfare” report the percentage change in welfare. Based on the
welfare decomposition (49), we decompose the welfare changes into the percentage change in real wages, real

profits, and real tariff revenues, reported in columns “wage”, “profit”, and “tariff”, respectively. Numbers are
rounded to the nearest thousandth.

o4



overall stronger effect on welfare in Canada than the change in trade with China, due to the
country’s proximity to the former. For Vietnam and Russia, however, the result is reversed, as

these countries are geographically closer to China.

U.S. imposes tariffs on high-markup goods, China imposes factual tariffs. A natural
question is whether or not the U.S. could have benefited from the trade war on aggregate,
conditional on factual retaliation by China, i.e., is profit shifting potentially strong enough
such that the U.S. could have actually experienced welfare gains through imposing tariffs on
high-markup products? To answer this question, we recompute our results for the case in which
China imposes factual trade war tariffs while the U.S. imposes 23% tariffs (additional to pre-
war tariffs) on its 80% largest-markup sectors, in which case, the average tariff imposed by the
U.S. again matches that in the factual war. As evident from Appendix Table F.15, we find that
this policy would not have resulted in welfare gains for the U.S. but would have still lowered
its welfare losses by about 17%. China, on the other hand, experiences losses of nearly 0.06
percent in this case instead of welfare gains as predicted in the factual war. Such a policy could
hence be in principle successful in terms of putting political pressure on China, as intended by
the U.S., while reducing the cost in terms of the U.S. welfare.

7 Conclusion

In this paper, we developed a multi-sector, multi-country model of international trade with
imperfect product markets which embeds markups into Eaton and Kortum (2002)’s Ricardian
trade model. We used our framework to highlight the importance of profit shifting in a setting
with country- and industry-specific markups and industry-specific firm heterogeneity. Our
results suggest that profit shifting can have meaningful qualitative and quantitative implications
for both the gains from trade and especially the welfare consequences of trade wars. Further,
our findings imply that the way in which tariff policy is implemented can have widely different

implications for welfare of both the imposing and the retaliating country.
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Appendices

A Proof of the Proposition

This section proves the proposition stated in Section 3. First, we show that the profit-shifting

channel reduces welfare in Domestic economy, i.e., we show -2 (1 — (¢£ + 22)) < 1. To

1 oy, oy
see that, note that since o7 > oy, then 1 — (S£ + %) <1 — (¢£ + 72 = "i;l, where the
equality uses the fact that ay + oy, = 1. Therefore, JZ5(1 — (2= + £4)) < %Ufil =1.Ina

similar fashion, we show that the profit-shifting channel raises welfare in Foreign economy, i.e.,
o (] — (%L Y)Y > 1,

og—1 oy, oy

Next, note that since w* > 1, the Foreign economy always gains from trade, since both price

and profit-shifting channels are welfare-improving in this country. For the Domestic country to

gain from trade, however, since %k (1-— (i—i + 3—2)) < 1, the Foreign productivity Aj; has to
be large enough:
oL
U « S
trade * w oL og—1
T >1 = AH > o [ a = o a a
aut [P (1= (52 + S|V [ 2 (1 — (S5 + S82))|V/en

where the equality uses the equilibrium wage (12) under free trade. Intuitively, this condition

states that the price channel has to be strong enough to dominate the profit-shifting channel.

B Price Indices and Expenditure Shares

The productivity of country ¢ in producing a variety w in sector j(k) is the realization of a

random variable 2’ (k)

-/, This random variable is drawn from a Fréchet distribution Fij (k)(z) =
(k) —g3 (k)
e’ .

The marginal cost of exporting this variety from country ¢ to country n by a
firm with productivity zf (k), denoted by cf,sk)(zf (k)) is the realization of the random variable

AW (R = wﬂf;fk) /2] ") Note that the marginal cost also follows the Fréchet distribution:

in %

7>\j(k)cgj(k>

Pr[cgflk) (w)y<c=1-e (55)

where, Agﬁk) =7/ *) (wﬂi{l(k))_w). Given this and using equation (27), the lowest price of a

variety in country n will also have a Fréchet distribution:

j i JZL(k) —1
Prip® < p] =1 -1, Pr(c}"” > = —=—p) (56)

On
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and using equation (55) we obtain

. j Jj (k)
Pripi® < p) = (1) (57)

. i (k) .
where &% = (Uglj—(kjl)w(k) SN T '®) (1,779 =0" escribes the state of technologies, wages

and trade costs aC;oss the world.

Using equations (24) and (57), the price index is given as

n

pj(k)lf"gl(m _ /pl—aﬁ'f’“)peﬁ'(’“)—lej(k)q;qjl(k)e—@%(k)p”j(k)dp (58)

Let x = @ﬂ(k)p(’j(k). Then, we can write the price index as

A1 )

We can compute the above integral using the Gamma function, which yields:

PI® = IO 170 (w,ri )~ (60)

. : . — 1
where A3 = ( ‘,’(i()k) )F(l_”%é)”ﬂ“) 1=
0% -1

93 (k)
To derive the expenditure shares 77, i) fn(k)/ X3™  note that
Xj(k [cznk < I&lﬁnc‘] ] Xk (61)

where cf,(f) = wﬂzik) /2] ") Using equation (55), we derive equation (29) in the paper:

k j (k)
i T )<sz () o

N T )0

C Solving for Equilibrium

As explained in the body of the article, we solve the model in relative changes following the

steps below:
i) We first make a guess on w,,.

ii) Compute PI™ using equation (36).
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iii) Use equation (37) to compute ﬁf,gk)

iv) Use the system of equations (40)-(43) to solve for counterfactual expenditures X,

v) Check the trade balance equation (44). If it is satisfied, we are done. Otherwise, we update

our guess on w, and go back to step (ii).

Step (iv) merits further explanation. To solve for the counterfactual expenditures X;lj (k),
we use the equations (41)-(43) into (40) to write:

kXJ(k)P](k) 1- U Z Z Z (k’)X J(k)
Xk wwL + +
n A 1—ok n=n k
211 A X" k1g1z1‘7j( 1+tj ))
K J(k) N 1i(k)

Z Z Z tiilt’j(k W;i(k)X,llj(’“) +D,] (62)

This is a system of J x K x N equations and unknowns to be solved for counterfactual expen-
ditures in each sub-sector j of sector k in country n. Let’s re-write this system of equations in

matrix form:

AX =T (63)
where ) "
X 51( )(wlwlLl + Dy)
X,/ fi](l)(@lwlLl + Dy)
X = X;J(K) ) U = J( )(w1w1L1 + D1>
X;\}(l) En RS )(wNwNLN + Dy)
TI(K J(K) / ~
XN( ) JKNx1 N( )(wNwNLN +Dw) JKNx1
and o X
fj(k) OAZX%(k)PTJL(k) l-0oy,

— —Jk) k) 1—ok i(k
S i) 1ok y1h

The matrix A is a square matrix with size J x K x N defined as:

A=T-T-11I
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where 7 is the identity matrix, and

21T Ojrxigx - Oyrxik
T Orrxirk Z2®@Ty ... Oyrxik
Osrxik Oyrxix .. EN®TN KNS KN
1(1)
1
J(1) ~1(1) = 7(1) ~ J(K) = (k) W "(k)
=, = ,Tn:<Tn T T ) L i) — in j
51. IxJK " Z (1_|_tj(k))
J(K)
1 JK x1
1) ~1(1 1) ~J(1 101) ~ J(K 11)~1(1 101) ~ J(K
51()771§) 51()7T11() 51()711() 51()711(\{) 51() v
1) ~1(1) J() ~J(1 J() ~ J(K (1)~ J(K
51) SR 1()7T11() 1()711() 51 1N 51)
J(K) ~J(1 J(K) ~J(K 1(1) J(K
II = 51 7T11 51( )7r11() 51( )7r11( ) 51 7TU(V 51 7TU(V)
11)~1(1
ez gN 0 gN #E - aWal gN )
J(K 1 J(K) ~J(1 J(K) ~ J(K <101 (K) ~J(K
el IO LI II) fN T )~ wo |
"5 (k)
i) _ T
ne (k)<1+t1(k))

We solve for the vector of counterfactual expenditures X by inverting the matrix A:

X =AU

D The Alternative Model: Competing at HS2 Level

The model we develop here is similar to the baseline model presented in Section 4, with one

difference: here, there is no nested CES structure. Hence, all varieties compete at the 2-digit

HS, rather than 6-digit HS, level.
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D.1 Environment

There are N countries in the world indexed by ¢ and n. Country n is endowed with L,, identical
workers/consumers who inelastically supply their labor in a perfectly competitive labor market.

There are K sectors in each economy indexed by k.

D.2 Preferences and Demand Schedules

Preferences of the representative agent in country n are given by the following Cobb-Douglas

function over all sectors:

K
k

Up =T,Q5 . Y af=1 Vne{l,..N} (64)
k=1

where QF and of are sector k composite good and its expenditure share in country n, respec-
tively. The composite good QF is a CES aggregate over a continuum of varieties w, each sourced

from the lowest-cost supplier across the world:

op—1 on
@ = f rh) ¥ @ul (65
where 7% (w) is the demand for variety w in sector k in country n, and parameter of measures

elasticity of substitution between varieties in sector £ in country n. These elasticities are
allowed to differ across sub-sectors and countries. We assume that the share of each variety is
infinitesimal. equation (65) implies the following demand function for variety w of sector k in

country n:

W)
rhtw) = (adyoty (66

where pF (w) is the price charged in country n by the lowest-cost producer of variety w in sector
k across the world. The CES price index P* is defined as

P =1 [ phtw)t il 78 (o7

Moreover, given the Cobb-Douglas preferences (64), consumers in country n face the following

price index:
K Ps ak
Pn = Hk:l(J) " (68)

n



Online Appendix: For Online Publication only 65

D.3 Trade Frictions

Selling a variety of sector k from country i to country n is subject to an Ad Valorem tariff ¢
and an iceberg cost d¥ . The existence of the iceberg cost means that to deliver one unit of a
variety in sector k from country i to country n, country i needs to ship d¥, units of this good,

since a fraction of this good melts on the way. For future references define trade friction as
Tin = din (L4 15,) (69)

We assume the trade friction satisfies the triangle inequality: 7578 > 7k .

D.4 Technology and Product Market Structure

Variety w in sector k£ in country n is produced using a Constant Returns to Scale technology

using labor only:
Gn(w) = 2, (W)l (w) (70)

*(w) is the productivity of this producer, and we assume technology of production is

where 2

proprietary. We follow the probabilistic formulation in Eaton and Kortum (2002) and Caliendo
and Parro (2015) and assume productivities in sector k in country n are drawn from a Fréchet
distribution with location parameter T* and shape parameter #*. We assume productivity

draws are independent across firms, sectors, and countries.

Variety w in sector k in country n is sourced from the lowest-cost producer across the world.
Each producer needs to pay the production cost upfront before producing the good. To finance

the production cost, producers across the world borrow from a frictionless perfectly competitive

1

international financial market with zero net interest rate.” Since the production cost has to

be paid upfront, the producer that can deliver the variety w in sector k to country n with the
op
ok—1

even though the price that the lowest-cost producer charges may be larger than some other

lowest cost charges the optimal Dixit-Stiglitz markup over its marginal cost. Note that
producers’ marginal costs, the other producers do not have an incentive to pay production
cost and enter this market, because there is a threat to these other producers if they enter:
these producers know that if they enter, the lowest-cost producer would charge a price below
their marginal costs to take over the market, and in this case, those other producers would
earn negative profit because they have already paid the production cost. In this pricing game,

the unique equilibrium is the one in which the lowest-cost producer charges the optimal Dixit-

'We assume international financial markets are frictionless and perfectly competitive, so the equilibrium net
interest rate would be zero.
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Stiglitz markup Ug—f_Ll, and the other producers stay out of the market.? Hence, the price for

variety w in sector k£ in country n is

k

Phiw) = () x mind

} (71)

Wy Ti’%
zf(w)

where w; is the wage in country .

D.5 Trade Shares and Total Income

Similar to what we showed in Appendix B, we can use the price equation (71) along with the

properties of Fréchet distribution to derive the price index P* in (67):

1

N
Ph = AR TF(wirk )~ (72)
=1

where AF is a constant including the Dixit-Stiglitz markup U,fizl. Let X* be total expenditure
on sector k in country n, and let X¥ be the expenditure in CT(L)untry n made on sector k goods
sourced from country ¢. Then, using the Fréchet distribution properties and similar to what we
did in Appendix B, we can derive the share of country ¢ in country n’s expenditure on sector
k as

Xb _ & T (wiry) ™"

— (3

Xo " ol T (war, )~

(73)

Now we derive an equation for expenditure X*. Let I,, denote total income in country n.
Given the Cobb-Douglas preferences (64), consumers in country n spend the fraction of of

their income on sector k:

XF=dkI, (74)

Income in country n consists of workers’ wage income plus firms’ profits Y, plus tariff revenue
R,, plus trade deficit D,,:
I,=w,L,+Y,+R,+ D, (75)

where L, is labor force in country n. Since, by our definition, country ’s expenditure in sector

k from country n is XF = 7% XF total revenue of sector k firms in country n from their sale

1
1+tk,

g

k
7k XF. Moreover, since all these firms charge the same markup —, total

in country ¢ is

ok . . .
revenue of these firms is —— times their total cost. Hence, total profit from selling sector k

2Rather than assuming that production cost has to be paid upfront, we can use the following assumption
which delivers the same equilibrium prices: firms have to pay a tiny fixed operation cost. Since the fixed cost
is tiny, we do not include it in our equilibrium conditions below.
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goods in country i is -~ XF*.. Therefore, total profit Y, can be written as

(1+tk
K N k k
e X!

Yn _ 2 :2 : ni<*i 76

— gF(1+tF) (76)

k
Imports of country n from ¢ in sector k is #tk” Hence, tariff revenue R,, can be written as

K N tk ok
R, = E E ——m. X 7
L (gt (7)

As for trade deficits, by definition, total imports minus trade deficit (left-hand side) equals
total exports (right-hand side):

K N ok Xk K N kX
22 midy P Ll (78)

It can be shown that trade balance (78) implies labor market clearing. To see that, sum

over all sectors k in equation (74), and use the trade balance to write:

D.6 Equilibrium

Equilibrium Definition Given Fre¢het location parameters 7% and shape parameters 6%,
elasticities of substitution o¥ Cobb-Douglas shares of, labor endowments L,, iceberg trade
costs d¥,, and Ad Valorem tarlffs tk an equilibrium is characterized by a set of wages {w, }_,

that satisfy equilibrium conditions (72), (73), (74), (75), (76), (77), and (78).

Instead of solving the model in levels, we solve the model in relative changes using the
“hat-algebra” notation in Dekle, Eaton and Kortum (2008). The main advantage of solving
the model in relative terms is that we do not need to know the Frechet location parameters

T* and iceberg trade costs d¥ , which simplifies the analysis substantially. Define the vector of

in>

N,N,K :
trade frictions as 7 = {7}, };2, 2, ., - Let 2/ and x denote a variable under a counterfactual

trade friction 7/ and the actual trade friction 7, respectively. Define & = z'/x. Now we express

the equilibrium conditions stated above in relative terms.

First, divide the price index (72) under 7’ by the one under 7, and then use (73) to remove
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Tk
A A (80)

Then, we use the price index (72) in the trade shares (73) to write the trade shares in relative

terms: o
w; in1—
b = [ (81)
Pn
Next, we write total expenditure (74) under the counterfactual trade frictions:
XF=akr, (82)

Using income equation (75), we can write income under counterfactual trade frictions as follows:
Il = w,w,L,+Y, + R, + D, (83)

where

=22 i (84)

k=1 i=1 ¢
e t/k k k
/ in 4 4
k=1 i=1 m

and we assume trade deficits remain unchanged. Similarly, use trade balance equation (78) to

write trade balance under counterfactual trade frictions
K N /k K N /k, Ik
mEX TR X
m ;n, _ Dn — nt ;L 86
where we again assume trade deficits remain unchanged.

Equilibrium Definition in Relative Terms Given Fre¢het shape parameters 6%, elastici-

ties of substitution o, Cobb-Douglas shares o, total expenditures X*, trade shares ¥ , labor

m?

endowments L, relative trade frictions 7 , and Ad Valorem tariffs ¢/ an equilibrium is char-

wm? mno

acterized by a set of relative wages {1, }_; that satisfy equilibrium conditions (80), (81), (82),
(83), (84), (85), and (86).
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D.7 Solving for Equilibrium

This section briefly explains how we solve for the equilibrium. The procedure is similar to the

one described in Appendix C. The equilibrium objects that we need to solve for are relative
ik (k)

i , and

), relative changes in wages 10, relative changes in prices P;
)

changes in trade shares 7

counterfactual expenditures X,llj *®) The procedure to solve for the equilibrium is as follows.

i) We first make a guess on .

ii) Compute PI™ using equation (80).

iii) Use equation (81) to compute ﬁf,gk).

iv) Use the system of equations (82)-(85) to solve for counterfactual expenditures X%,

v) Check the trade balance equation (86). If it is satisfied, we are done. Otherwise, we update

our guess on w, and go back to step (ii).

E Gains from Trade

To numerically compute the gains from trade, we use the equilibrium conditions in relative
terms derived in Section 4.6, and move the trade cost between countries to infinity. So we can

write the price equation (36) as
PO = [ri]em

1
k)

(87)

Note that as we showed in the text, trade balance and labor market clearing are two sides of
the same coin. Since by definition trade is balanced in autarky, labor market also clears at

every wage. We set w, = 1 for all countries.

To find the expenditures in autarky, we use equation (40) in the text:

pitk) 10k i)

XJ® <ok - (88)
ST pllk) 1= 1)
where
I = w,L, +Y, (89)
K J(k) +'j(k)
X
Y= 0 (90)

k=1 j=1 In

We solve the system of equations (88)-(90) for the counterfactual expenditures X,7%®. To do

so, we transform this system of linear equations to a matrix form similar to what we did in
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Appendix C.

After solving for the counterfactual expenditures, we find counterfactual incomes using
equation (89). To find counterfactual welfare (i.e., real income), we use the change in sectoral

price indices in equation (39):

J(k)

Pk 1ok _ kl Z Plk) 10k 3U(k)
ntno—1
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Table E.1: Gains from Trade: the (opposite of) welfare changes (%) as we move from the
observed trade data in 2015 to autarky

Countries Baseline Model Perfect Competition Model

welfare wage profit tariff welfare wage tariff
Australia 8.988 5.482 3.209 0.296 9.378 9.082 0.296
Austria 12.254 6.496 5.498 0.260 11.566 11.306 0.260
Bangladesh 2.069 1.257 0.550 0.262 2.196 1.934 0.262
Belgium 27.900 13.370 14.060 0.470 22.341 21.870 0.471
Brazil 5.190 2.807 1.739 0.644 5.311 4.666 0.644
Canada 23.741 12.421 10.976 0.344 17.352 17.007 0.344
China 3.269 2.023 1.023 0.223 3.303 3.080 0.223
Denmark 30.546 17.841 12.256  0.450 28.317 27.867 0.450
France 14.210 7.975 5.936 0.298 12.600 12.301 0.299
Germany 7.885 5.982 1.624 0.279 9.753 9.474 0.279
Greece 6.018 3.159 2.766 0.093 5.264 5.171 0.093
India 1.885 1.036 0.684 0.165 1.588 1.423 0.165
Indonesia 6.985 4.820 1.751 0.415 8.457 8.042 0.415
Italy 5.206 3.816 1.230 0.160 6.358 6.198 0.160
Japan 0.921 1.050 -0.192 0.063 1.996 1.934 0.063
Rep. of Korea 2.771 1.745 0.883 0.144 2.521 2.378 0.144
Mexico 9.373 7.032 2.188 0.153 10.531 10.378 0.153
Netherlands 16.568 8.280 8.000 0.288 14.873 14.585 0.288
New Zealand 10.457 6.609 3.658 0.190 9.480 9.290 0.190
Norway 11.772 6.391 5.068 0.313 10.863 10.550 0.313
Peru 2.172 1.388 0.746 0.038 2.097 2.059 0.038
Romania 5.972 3.433 2.392 0.147 5.720 5.573 0.147
Russia 6.258 3.228 2.678 0.352 5.558 5.206 0.352
Vietnam 16.173 8.504 6.999 0.669 12.563 11.894 0.669
Spain 5.985 2.918 2.527 0.141 5.415 5.274 0.141
Sweden 5.309 2.731 2.435 0.143 7.241 7.097 0.144
Egypt 3.480 2.004 1.186 0.291 3.883 3.592 0.290
United Kingdom 8.563 6.186 2.058 0.320 11.842 11.523 0.320
USA 4.206 1.861 2.250 0.096 3.701 3.605 0.095
ROW 15.410 8.678 5.890 0.842 15.323 14.486 0.838

Notes: The first four columns associate with the baseline model, and the last three columns are associated
with the perfect competition model. Columns “welfare” report the percentage change in welfare. Based on the
welfare decomposition (49), we decompose the welfare changes into the percentage change in real wages, real

profits, and real tariff revenues, reported in columns “wage”, “profit”, and “tariff”, respectively. Numbers are
rounded to the nearest thousandth.
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Table E.2: Gains from Trade (Homogeneous Elasticities): the (opposite of) welfare changes
(%) as we move from the observed trade data in 2015 to autarky

Countries Baseline Model Perfect Competition Model

welfare wage profit tariff welfare wage tariff
Australia 13.887 5.429 8.162 0.296 9.265 8.969 0.296
Austria 12.268 5.580 6.428 0.260 11.886 11.626 0.260
Bangladesh 1.279 0.791 0.225 0.263 2.242 1.979 0.262
Belgium 23.267 11.325 11.471 0.472 23.189 22.717 0.471
Brazil 7.028 2.483 3.898 0.647 5.278 4.632 0.646
Canada 21.096 10.988 9.760 0.349 18.704 18.356 0.349
China 1.689 1.397 0.071 0.220 3.297 3.075 0.222
Denmark 28.787 16.346 11.991 0.451 27.976 27.525 0.451
France 12.688 6.738 5.651 0.299 12.352 12.053 0.299
Germany 8.805 4.299 4.229 0.277 9.669 9.391 0.278
Greece 6.051 2.562 3.396 0.093 5.220 5.127 0.093
India 1.748 0.576 1.007 0.165 1.576 1.411 0.165
Indonesia 7.926 3.511 4.001 0.415 8.095 7.678 0.416
Italy 5.667 3.025 2.483 0.160 6.623 6.463 0.160
Japan 1.406 0.935 0.408 0.063 1.997 1.934 0.063
Rep. of Korea 1.436 1.050 0.243 0.144 2.593 2.449 0.144
Mexico 9.397 6.032 3.210 0.155 10.969 10.814 0.155
Netherlands 16.741 7.683 8.770 0.288 16.099 15.811 0.288
New Zealand 10.484 6.192 4.103 0.190 9.665 9.475 0.190
Norway 15.480 6.359 8.807 0.315 10.781 10.467 0.314
Peru 2.643 1.441 1.165 0.038 2.098 2.060 0.038
Romania 5.493 2.903 2.442 0.148 5.806 5.658 0.148
Russia 8.910 3.445 5.111 0.355 5.697 5.344 0.353
Vietnam 11.152 7.173 3.312 0.667 14.190 13.521 0.669
Spain 4.582 2.151 2.290 0.141 5.289 5.149 0.141
Sweden 7.573 3.110 4.319 0.144 7.226 7.082 0.144
Egypt 4.410 2.076 2.041 0.293 4.061 3.767 0.293
United Kingdom 12.314 7.091 4.902 0.321 11.976 11.655 0.321
USA 4.307 1.863 2.348 0.096 3.703 3.608 0.096
ROW 17.691 8.829 7.973 0.889 15.511 14.732 0.779

Notes: The first four columns associate with the baseline model, and the last three columns are associated
with the perfect competition model. Columns “welfare” report the percentage change in welfare. Based on the
welfare decomposition (49), we decompose the welfare changes into the percentage change in real wages, real
profits, and real tariff revenues, reported in columns “wage”, “profit”, and “tariff”, respectively. We assume
all countries share the same elasticities of substitution as in the U.S. Numbers are rounded to the nearest
thousandth.
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F Additional Figures and Tables

Figure F.1: Welfare Consequences of the Global Tariff War in the Baseline Model versus Perfect
Competition Model: Homogeneous Elasticities

VNM

Aus NOR

Change in welfare from tariff war [Baseline vs. Perfect Comp.]
o

-0.2 -0.1 0.0 0.1
1/sigma (Imports) - 1/sigma (Exports)

Notes: The horizontal axis measures average import markup minus average export markup for a country, when
we assume all countries share the same elasticities of substitution as in the U.S. The vertical axis is percentage
changes in welfare in our baseline model minus those in the perfect competition model, when all countries raise
all import tariffs by 20 percentage points. The shaded areas reflect linear fitted lines along with their 95%

confidence bands.
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Table F.1: Inverse Demand Elasticities and Import/Export Shares for each country’s largest

sectors
Imports Exports
Country Product Category (HS2 level) Share 1/o Product Category (HS2 level) Share 1/c
Australia Machinery, Mech. Appliances (84) 16.26 .21 Ores, Slag, and Ash (26) 2749 .37
Australia Vehicles (87) 12.92 .69 Mineral Fuels/Oils, etc. (27) 26.08 41
Australia Mineral Fuels/Oils, etc. (27) 11.21 .35 Precious Stones, Pearls (71) 7.2 .58
Austria Machinery, Mech. Appliances (84) 13.85 .41 Machinery, Mech. Appliances (84) 18.06 .34
Austria Vehicles (87) 10.82 .56 Elec. Machinery/Equipment (85) 11.21 .34
Austria Elec. Machinery/Equipment (85)  10.06 .54 Vehicles (87) 941 .32
Bangladesh  Cotton (52) 14.89 .49 Cloth. Accessories, not knitted (62)  41.86 .39
Bangladesh  Mineral Fuels/Oils, etc. (27) 10.87 .53 Cloth. Accessories, knitted (61) 414 .35
Bangladesh Machinery, Mech. Appliances (84) 9.98 .31 Textiles, made up articles, rags (63) 2.88 .38
Belgium Mineral Fuels/Oils, etc. (27) 12.18 43 Mineral Fuels/Oils, etc. (27) 11.61 .49
Belgium Vehicles (87) 11.61 .28 Vehicles (87) 10.61 .42
Belgium Pharmaceutical Products (30) 9.92 .11 Pharmaceutical Products (30) 9.11 .54
Brazil Mineral Fuels/Oils, etc. (27) 14.65 .32 Ores, Slag, and Ash (26) 1294 44
Brazil Machinery, Mech. Appliances (84) 14.47 .40 Seeds and Grains (12) 11.25 .38
Brazil Elec. Machinery/Equipment (85)  11.98 .54 Mineral Fuels/Oils, etc. (27) 8.53 .54
Canada Vehicles (87) 16.33 .10 Mineral Fuels/Oils, etc. (27) 19.31 .64
Canada Machinery, Mech. Appliances (84) 15.38 .17 Vehicles (87) 15.06 .19
Canada Elec. Machinery/Equipment (85) 10.05 .26 Machinery, Mech. Appliances (84) 7.53 .28
China Elec. Machinery/Equipment (85) 21.8 .38 Elec. Machinery/Equipment (85) 28.97 .26
China Mineral Fuels/Oils, etc. (27) 12.97 .33 Machinery, Mech. Appliances (84) 17.26 .25
China Machinery, Mech. Appliances (84) 8.9 .40 Furniture, Bedding, etc. (94) 3.82 .22
Denmark Machinery, Mech. Appliances (84) 12.64 .27 Machinery, Mech. Appliances (84) 14.02 .27
Denmark Elec. Machinery/Equipment (85) 10 AT Pharmaceutical Products (30) 12.37 .57
Denmark Vehicles (87) 799 .22 Elec. Machinery/Equipment (85) 791 .36
Egypt Mineral Fuels/Oils, etc. (27) 13.93 .33 Mineral Fuels/Oils, etc. (27) 2847 41
Egypt Vehicles (87) 8.66 .56 Elec. Machinery/Equipment (85) 6.5 .24
Egypt Machinery, Mech. Appliances (84) 8.3 .39 Plastics and Articles thereof (39) 5.03 .33
France Machinery, Mech. Appliances (84) 11.8 .24 Machinery, Mech. Appliances (84) 11.52 .37
France Mineral Fuels/Oils, etc. (27) 10.61 .22 Vehicles (87) 10.37 41
France Vehicles (87) 9.7 .55 Aircraft, Spacecraft (83) 10.17 .40
Germany Machinery, Mech. Appliances (84) 13.32 .54 Vehicles (87) 19.63 .37
Germany Elec. Machinery/Equipment (85) 12.57 .57 Machinery, Mech. Appliances (84) 17.69 .29
Germany Vehicles (87) 9.96 .29 Elec. Machinery/Equipment (85) 9.73 .33
Greece Mineral Fuels/Oils, etc. (27) 2594 .35 Mineral Fuels/Oils, etc. (27) 27.34 .62
Greece Machinery, Mech. Appliances (84) 6.77 .34 Aluminium and Articles thereof (76)  5.93 .49
Greece Pharmaceutical Products (30) 6.39 .19 Machinery, Mech. Appliances (84) 446 .28
India Mineral Fuels/Oils, etc. (27) 27.55 .25 Precious Stones, Pearls (71) 13.54 .53
India Precious Stones, Pearls (71) 15.71 .56 Mineral Fuels/Oils, etc. (27) 12.29 .59
India Elec. Machinery/Equipment (85) 9.46 .44 Machinery, Mech. Appliances (84) 544 .27
Indonesia Mineral Fuels/Oils, etc. (27) 17.62 .29 Mineral Fuels/Oils, etc. (27) 21.12 .43
Indonesia Machinery, Mech. Appliances (84) 15.72 .52 Animal and Vegetable Oils/Fats (15) 11.94 .43
Indonesia Elec. Machinery/Equipment (85) 109 .55 Elec. Machinery/Equipment (85) 6.67 .31

Notes: Inverse demand elasticity in each HS2 sector is the average of HS4 inverse demand elasticites, weighted
by trade volumes.
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Table F.2: Inverse Demand Elasticities and Import/Export Shares for each country’s largest
sectors (cont.)

Imports Exports
Country Product Category (HS2 level) Share 1/c Product Category (HS2 level) Share 1/c
Ttaly Mineral Fuels/Oils, etc. (27) 12.36 .37 Machinery, Mech. Appliances (84) 19.84 .26
Ttaly Machinery, Mech. Appliances (84) 9.63 .53 Vehicles (87) 834 .36
Italy Vehicles (87) 8.98 .36 Elec. Machinery/Equipment (85) 6.21 .32
Japan Mineral Fuels/Oils, etc. (27) 20.88 .49 Vehicles (87) 2091 .24
Japan Elec. Machinery/Equipment (85) 14.69 .70 Machinery, Mech. Appliances (84) 20.05 .30
Japan Machinery, Mech. Appliances (84)  9.69 .57 Elec. Machinery/Equipment (85) 18.11 .30
Mexico Elec. Machinery/Equipment (85)  23.14 .32 Vehicles (87) 24.3 .28
Mexico Machinery, Mech. Appliances (84) 18.04 .32 Elec. Machinery/Equipment (85) 21.7 .19
Mexico Vehicles (87) 9.69 .23 Machinery, Mech. Appliances (84) 15.83 .18
Netherlands Mineral Fuels/Oils, etc. (27) 14.92 .48 Mineral Fuels/Oils, ete. (27) 15.85 .44
Netherlands Machinery, Mech. Appliances (84) 13.33 .29 Machinery, Mech. Appliances (84) 13.04 .30
Netherlands Elec. Machinery/Equipment (85)  11.98 .23 Elec. Machinery/Equipment (85) 9.45 .37
New Zealand  Vehicles (87) 13.53 .27 Dairy, Eggs, Honey (4) 23.43 .38
New Zealand ~ Machinery, Mech. Appliances (84) 13.37 .28 Meat and Edible Meat (2) 13.92 .19
New Zealand ~ Mineral Fuels/Oils, etc. (27) 10.08 .29 Wood and Articles of Wood (44) 821 .39
Norway Machinery, Mech. Appliances (84) 14.55 .37 Mineral Fuels/Oils, etc. (27) 48.88 47
Norway Vehicles (87) 10.8 .24 Fish, Seafood (3) 12.1 .33
Norway Elec. Machinery/Equipment (85) 8.93 .33 Machinery, Mech. Appliances (84) 7.13 .29
Peru Machinery, Mech. Appliances (84) 14.47 .30 Ores, Slag, and Ash (26) 29.75 .34
Peru Elec. Machinery/Equipment (85)  11.76 .20 Precious Stones, Pearls (71) 1719 .31
Peru Mineral Fuels/Oils, ete. (27) 10.28 .59 Fruits and Nuts (8) 6.61 .29
ROW Elec. Machinery/Equipment (85)  17.06 .16 Mineral Fuels/Oils, etc. (27) 22.38 .38
ROW Machinery, Mech. Appliances (84) 13.34 .18 Elec. Machinery/Equipment (85)  14.34 .36
ROW Vehicles (87) 749 .27 Machinery, Mech. Appliances (84) 7.92 .37
Rep. of Korea Mineral Fuels/Oils, etc. (27) 23.69 .26 Elec. Machinery/Equipment (85)  30.78 .30
Rep. of Korea Elec. Machinery/Equipment (85) 17.82 .29 Machinery, Mech. Appliances (84) 11.97 .28
Rep. of Korea Machinery, Mech. Appliances (84) 10.64 .30 Vehicles (87) 11.32 .28
Romania Elec. Machinery/Equipment (85) 15.42 .35 Elec. Machinery/Equipment (85)  18.05 .34
Romania Machinery, Mech. Appliances (84) 13.18 .36 Vehicles (87) 14.12 40
Romania Vehicles (87) 871 .21 Machinery, Mech. Appliances (84) 10.39 .30
Russia Machinery, Mech. Appliances (84) 18.99 .26 Mineral Fuels/Oils, etc. (27) 59.59 .48
Russia Elec. Machinery/Equipment (85)  11.74 .18 Tron and Steel (72) 5.38 .56
Russia Vehicles (87) 8.55 .28 Precious Stones, Pearls (71) 319 41
Spain Mineral Fuels/Oils, etc. (27) 13.9 .42 Vehicles (87) 1853 41
Spain Vehicles (87) 12.75 .62 Machinery, Mech. Appliances (84) 823 .29
Spain Machinery, Mech. Appliances (84) 9.57 .26 Elec. Machinery/Equipment (85) 5.76 .38
Sweden Machinery, Mech. Appliances (84) 134 .20 Machinery, Mech. Appliances (84) 17.48 .31
Sweden Elec. Machinery/Equipment (85)  13.19 .17 Vehicles (87) 12.59 .34
Sweden Vehicles (87) 11.73 .39 Elec. Machinery/Equipment (85)  10.79 .34
USA Elec. Machinery/Equipment (85) 14.98 .16 Machinery, Mech. Appliances (84) 15.39 .31
USA Machinery, Mech. Appliances (84) 14.83 .19 Elec. Machinery/Equipment (85) 10.88 .30
USA Vehicles (87) 12.78 .25 Vehicles (87) 884 .19
UK Vehicles (87) 12.73 .62 Machinery, Mech. Appliances (84) 14.12 .35
UK Machinery, Mech. Appliances (84) 12.32 .54 Vehicles (87) 12.67 .26
UK Elec. Machinery/Equipment (85) 9.78 .55 Precious Stones, Pearls (71) 10.64 .34
Viet Nam Elec. Machinery/Equipment (85)  25.43 .12 Elec. Machinery/Equipment (85) 3241 .31
Viet Nam Machinery, Mech. Appliances (84) 12.83 .18 Footwear (64) 843 .32
Viet Nam Plastics and Articles thereof (39) 6.03 .29 Machinery, Mech. Appliances (84) 7.37 .28

Notes: Inverse demand elasticity in each HS2 sector is the average of HS4 inverse demand elasticites, weighted

by trade volumes.
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Table F.3: Inverse Demand Elasticities and Import/Export Shares for selected countries

Germany Belgium
Imports Exports Imports Exports

Product Category (HS2 level) 1/c Share 1/  Share 1/c Share 1/  Share
Machinery, Mech. Appliances (84)  .541 13.32 .29  17.69 .246 7.9 286 6.91
Elec. Machinery/Equipment (85) 574 12,57 325 9.73 248 436 363 3.27
Vehicles (87) 293 9.96 37 19.63 278 11.61 417  10.61
Mineral Fuels/Oils, etc. (27) 297 6.64 .543 1.48 43 12.18 489  11.61
Pharmaceutical Products (30) 815 458 509  5.86 A12 992 544 9.11
Plastics and Articles thereof (39) 57 3.78 401 467 263 4.3 396 7.79
Instruments/Apparatus (90) 559 3.64 407 4.87 A81 336 464 2.55
Organic Chemicals (29) 701 316 459 231 448 875 534 5.96
Aircraft, Spacecraft (88) 766 2,59 358 3.04 173 .25 527 .32
Iron and Steel (72) 414 243 419 1.92 308 2.67 .398  3.69
Iron and Steel Articles (73) 43 1.95 394 2.28 385 1.22 404 1.08
Furniture, Bedding, etc. (94) 662  1.88 228  1.16 403 94 .264 .54
Cloth. Accessories, knitted (61) 386 1.72 278 46 165  1.05  .363 .59
Cloth. Acc., not knitted (62) A7 1.72 .352 D 173 .93 375 44
Aluminium & Articles thereof (76) 318  1.62 484  1.14 287 .83 377 17
Precious Stones, Pearls (71) 262 148 483 .89 376 4.68 A48 6.76
Rubber and Articles thereof (40) 446 143 281 1.17 236 111 311 1.15
Chemical Products, N.E.C. (38) 445 1.33 46 1.83 872 147 452 2.02
Paper, Paperboard (48) 653 1.29 521  1.47 391 1.17 549 1.07
Footwear (64) 192 1.07  .309 33 11 .99 357 .86
Weighted Average: 0.482 0.378 0.309 0.433

Notes: Inverse demand elasticity in each HS2 sector is the average of HS4 inverse demand elasticites, weighted

by trade volumes.
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Table F.4: Inverse Demand Elasticities and Import/Export Shares for selected countries (cont.)

China
Imports Exports
Product Category (HS2 level) 1/oc Share 1/o  Share
Machinery, Mech. Appliances (84) 404 8.9 249 17.26
Elec. Machinery/Equipment (85) 382 21.8 255 28.97
Vehicles (87) 218 455 378 2.54
Mineral Fuels/Oils, etc. (27) 333 1297 583 91
Pharmaceutical Products (30) 348 126 578 .25
Plastics and Articles thereof (39) 246 414 475 283
Instruments/Apparatus (90) 3 5.68 334 2.99
Organic Chemicals (29) 267 3.12 541 1.83
Aircraft, Spacecraft (88) 279 1.69 24 .09
Iron and Steel (72) S44 117 427 212
Iron and Steel Articles (73) 347 .63 383 2.63
Furniture, Bedding, etc. (94) 349 2 217 3.82
Cloth. Accessories, knitted (61) .29 13 31 3.2

Cloth. Accessories, not knitted (62) 208 21 .39 3.18
Aluminium and Articles thereof (76)  .108 43 513 92

Precious Stones, Pearls (71) 653 624 353 1.24
Rubber and Articles thereof (40) .326 91 211 91
Chemical Products, N.E.C. (38) A15 .93 537 .58
Paper, Paperboard (48) 404 .25 A7 75
Footwear (64) 466 .16 343 2.39
Weighted Average: 0.361 0.321

Notes: Inverse demand elasticity in each HS2 sector is the average of HS4 inverse demand elasticites, weighted

by trade volumes.
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Table F.5: Inverse Demand Elasticities and Import/Export Shares for selected countries (Ho-

mogeneous Elasticities)

Germany Belgium
Imports Exports Imports Exports

Product Category (HS2 level) 1/c Share 1/  Share 1/c Share 1/  Share
Machinery, Mech. Appliances (84) .208 13.32 .207 17.69 77 7.9 18 6.91
Elec. Machinery/Equipment (85) 183 1257 218  9.73 218 436 236 3.27
Vehicles (87) 335 9.96 245 19.63 194 11.61 21 10.61
Mineral Fuels/Oils, ete. (27) 665  6.64 .651  1.48 646 12,18 645 11.61
Pharmaceutical Products (30) 616 458 617  5.86 617 992 616 9.11
Plastics and Articles thereof (39) 441 378 438 4.67 395 4.3 344 779
Instruments/Apparatus (90) 334 3.64 335 4.87 445 336 441 2.55
Organic Chemicals (29) .608 3.16 .615 2.31 .58 8.75 .606 5.96
Aircraft, Spacecraft (88) 093 259  .097  3.04 .088 .25 071 32
Iron and Steel (72) 509 2.43 507 1.92 D75 2.67 .56 3.69
Iron and Steel Articles (73) 476 195 441 2.28 A72 122 421 1.08
Furniture, Bedding, etc. (94) 27 0 1.88 124 1.16 125 .94 152 54
Cloth. Acc., not knitted (62) 462 1.72 462 D A7 .93 507 44
Cloth. Accessories, knitted (61) 241 1.72 237 46 245 1.05 .23 .59
Aluminium & Articles thereof (76) 577  1.62  .603  1.14 569 .83 .59 7
Precious Stones, Pearls (71) 311 148 .376 .89 603  4.68 588  6.76
Rubber and Articles thereof (40) 214 143 246 1.17 237 111 264 1.15
Chemical Products, N.E.C. (38) 599 133 617 1.83 645 147 667  2.02
Paper, Paperboard (48) 601 1.29 591 1.47 589 1.17 577 1.07
Footwear (64) 272 1.07 .286 33 294 99 292 .86
Weighted Average: 0.377 0.344 0.452 0.455

Notes: Inverse demand elasticity in each HS2 sector is the average of HS4 inverse demand elasticites, weighted

by trade volumes. We assume all countries share the same demand elasticities as in the U.S.
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Table F.6: Inverse Demand Elasticities and Import/Export Shares for selected countries (cont.,
Homogeneous Elasticities)

China
Imports Exports

Product Category (HS2 level) 1/o0 Share 1/o  Share
Machinery, Mech. Appliances (84) 194 8.9 A3 17.26
Elec. Machinery/Equipment (85) 11 21.8 157  28.97
Vehicles (87) .29 455 465  2.54
Mineral Fuels/Oils, etc. (27) 64 1297 .66 91
Pharmaceutical Products (30) 616 126 .619 25
Plastics and Articles thereof (39) 336 4.14 .55 2.83
Instruments/Apparatus (90) 263 568 284 299
Organic Chemicals (29) 431 312 605 1.83
Aircraft, Spacecraft (88) 104 1.69  .082 .09
Iron and Steel (72) 545 117 473 212
Iron and Steel Articles (73) 466 .63 423 2.63
Furniture, Bedding, etc. (94) 13 2 119 3.82
Cloth. Accessories, not knitted (62)  .413 21 428 3.18
Cloth. Accessories, knitted (61) 225 13 .254 3.2
Aluminium and Articles thereof (76)  .603 43 .635 92
Precious Stones, Pearls (71) 362 624 336 1.24
Rubber and Articles thereof (40) 324 91 143 91
Chemical Products, N.E.C. (38) 601 .93 .668 .58
Paper, Paperboard (48) 632 .25 .536 75
Footwear (64) 24 .16 331 2.39
Weighted Average: 0.374 0.272

Notes: Inverse demand elasticity in each HS2 sector is the average of HS4 inverse demand elasticites, weighted

by trade volumes. We assume all countries share the same demand elasticities as in the U.S.
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Table F.7: A Global Tariff War (using CEPII Trade Elasticities): welfare changes (%) when
all countries raise all tariffs by 20 percentage points

Countries Baseline Model Perfect Competition Model

welfare wage profit tariff welfare wage tariff
Australia -0.124 -1.006 0.593 0.289 -1.374 -1.658 0.284
Austria -1.994 -1.116 -1.614 0.736 -1.209 -1.948 0.739
Bangladesh -0.162 -0.158 -0.015 0.011 -0.233 -0.244 0.011
Belgium -7.163 -1.888 -6.224 0.949 -2.132 -3.124 0.993
Brazil -0.780 -0.385  -0.248  -0.148 -0.788 -0.640  -0.148
Canada -6.863 -2.165  -5.547 0.848 -2.093 -2.979 0.887
China -0.370 -0.274  -0.246 0.150 -0.268 -0.418 0.150
Denmark -4.469 -2.204  -3.627 1.362 -2.077 -3.463 1.386
France -2.820 -1.156  -2.300 0.635 -1.146 -1.791 0.645
Germany 0.795 -0.910 1.156 0.550 -0.892 -1.434 0.542
Greece -1.072 -0.363  -0.925 0.216 -0.377 -0.594 0.217
India -0.494 -0.153  -0.332  -0.010 -0.219 -0.210  -0.009
Indonesia -0.208 -0.751 0.294 0.250 -1.006 -1.253 0.247
Italy 0.215 -0.532 0.354 0.393 -0.472 -0.863 0.391
Japan 0.748 -0.142 0.789 0.102 -0.160 -0.261 0.101
Rep. of Korea -0.324 -0.248  -0.155 0.079 -0.259 -0.338 0.079
Mexico -1.139 -1.355  -0.542 0.757 -1.238 -1.998 0.760
Netherlands -2.553 -1.203  -2.153 0.802 -1.312 -2.123 0.811
New Zealand -1.796 -0.791  -1.483 0.478 -0.634 -1.117 0.482
Norway -1.602 -1.144  -0.985 0.527 -1.359 -1.887 0.528
Peru -0.204 -0.184  -0.084 0.063 -0.210 -0.273 0.064
Romania -0.334 -0.498  -0.197 0.360 -0.450 -0.809 0.359
Russia -1.174 -0.569  -0.708 0.103 -0.814 -0.918 0.103
Vietnam -3.815 -1.291  -3.061 0.538 -1.265 -1.819 0.554
Spain -0.620 -0.388 -0.474 0.241 -0.460 -0.701 0.241
Sweden 0.141 -0.438 0.138 0.441 -0.696 -1.135 0.439
Egypt -0.226 -0.278 0.045 0.007 -0.492 -0.498 0.007
United Kingdom 1.657 -0.969 2.060 0.567 -1.243 -1.796 0.552
USA -0.833 -0.313  -0.699 0.179 -0.427 -0.607 0.180
ROW -1.364 -1.626  -0.727 0.989 -1.745 -2.711 0.967

Notes: The first four columns associate with the baseline model, and the last three columns are associated
with the perfect competition model. Columns “welfare” report the percentage change in welfare. Based on the
welfare decomposition (49), we decompose the welfare changes into the percentage change in real wages, real

profits, and real tariff revenues, reported in columns “wage”, “profit”, and “tariff”, respectively. Numbers are
rounded to the nearest thousandth.
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Table F.8: A Global Tariff War (Homogeneous Trade Elasticities): welfare changes (%) when
all countries raise all tariffs by 20 percentage points

Countries Baseline Model Perfect Competition Model

welfare wage profit tariff welfare wage tariff
Australia -0.499 -1.354  -0.730 1.585 -0.655 -2.238 1.583
Austria -0.812 -1.623 -1.318 2.130 -0.701 -2.833 2.132
Bangladesh -0.157 -0.282 -0.124 0.249 -0.184 -0.433 0.249
Belgium -3.183 -3.199  -3.763 3.779 -1.496 -5.324 3.829
Brazil -0.406 -0.667  -0.369 0.629 -0.478 -1.108 0.629
Canada -3.945 -3.191 -3.825 3.070 -1.350 -4.483 3.132
China -0.259 -0.602 -0.333 0.675 -0.241 -0.917 0.676
Denmark -2.241 -3.197  -2.676 3.632 -1.394 -5.046 3.652
France -1.430 -1.802 -1.771 2.143 -0.645 -2.804 2.158
Germany -0.151 -1.433  -0.406 1.689 -0.575 -2.258 1.683
Greece -0.599 -0.571 -0.767  0.739 -0.198 -0.940 0.742
India -0.287 -0.281 -0.270 0.263 -0.122 -0.386 0.264
Indonesia -0.095 -1.118  -0.269 1.292 -0.570 -1.859 1.288
Italy -0.002 -0.913  -0.247 1.159 -0.320 -1.477 1.157
Japan 0.244 -0.250 0.131 0.363 -0.095 -0.458 0.363
Rep. of Korea -0.287 -0.454 -0.295 0.462 -0.157 -0.619 0.463
Mexico -0.775 -1.973  -0.884 2.082 -0.822 -2.909 2.087
Netherlands -1.190 -1.827  -1.745 2.382 -0.837 -3.227 2.390
New Zealand -1.042 -1.265 -1.114 1.338 -0.445 -1.790 1.345
Norway -0.956 -1.670  -1.257 1.972 -0.793 -2.766 1.972
Peru -0.136 -0.247  -0.167 0.278 -0.088 -0.366 0.278
Romania -0.224 -0.748 -0.424 0.947 -0.268 -1.215 0.947
Russia -0.728 -0.835 -0.793 0.900 -0.447 -1.349 0.902
Vietnam -2.241 -2.091 -2.153 2.003 -0.936 -2.963 2.027
Spain -0.215 -0.596  -0.449 0.830 -0.247 -1.077 0.830
Sweden 1.380 -0.647 0.722 1.305 -0.359 -1.651 1.292
Egypt -0.022 -0.337  -0.091 0.406 -0.198 -0.603 0.405
United Kingdom 0.516 -1.424  -0.073 2.013 -0.619 -2.616 1.997
USA -0.167 -0.436  -0.401 0.670 -0.171 -0.840 0.669
ROW -0.975 -2.328  -1.550 2.904 -0.981 -3.883 2.902

Notes: The first four columns associate with the baseline model, and the last three columns are associated
with the perfect competition model. Columns “welfare” report the percentage change in welfare. Based on the
welfare decomposition (49), we decompose the welfare changes into the percentage change in real wages, real
profits, and real tariff revenues, reported in columns “wage”, “profit”, and “tariff”, respectively. We assume
trade elasticity in all sectors is 2.13, which is the median trade elasticities that we estimated in Section 5.
Numbers are rounded to the nearest thousandth.
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Table F.9: A Global Tariff War (Homogeneous Substitution Elasticities and § = o —1): welfare
changes (%) when all countries raise all tariffs by 20 percentage points

Countries Baseline Model Perfect Competition Model

welfare wage profit tariff welfare wage tariff
Australia -2.641 -0.406  -3.701 1.466 0.782 -0.707 1.489
Austria -1.989 -1.145  -2.396 1.552 -0.820 -2.388 1.568
Bangladesh -0.105 -0.262 -0.105 0.262 -0.387 -0.648 0.261
Belgium -3.558 -2.681 -4.169 3.292 -2.050 -5.371 3.321
Brazil -1.857 -0.260  -2.061 0.464 -0.013 -0.492 0.479
Canada -3.660 -1.824  -4.218 2.382 -0.667 -3.103 2.437
China -0.837 -0.334  -0.900 0.397 -0.323 -0.728 0.405
Denmark -3.705 -2.414  -3.987  2.696 -1.354 -4.107 2.753
France -2.099 -1.462  -2.249 1.612 -0.970 -2.598 1.628
Germany -1.849 -0.800 -2.198 1.148 -0.547 -1.732 1.185
Greece -0.205 -0.732  -0.303 0.830 -0.593 -1.419 0.826
India -0.037 -0.237  -0.061 0.260 -0.310 -0.570 0.260
Indonesia -2.014 -0.596  -2.519 1.101 -0.178 -1.307 1.128
Italy -0.901 -0.679  -1.115 0.892 -0.526 -1.429 0.903
Japan -0.240 -0.246  -0.257  0.263 -0.240 -0.504 0.263
Rep. of Korea -0.342 -0.245  -0.416 0.319 -0.243 -0.565 0.322
Mexico -2.160 -1.381 -2.161 1.382 -1.069 -2.469 1.400
Netherlands -2.452 -1.235  -3.125 1.907 -0.586 -2.541 1.955
New Zealand -1.430 -0.843 -1.606 1.020 -0.249 -1.280 1.032
Norway -2.443 -0.626  -4.075 2.258 1.239 -1.083 2.322
Peru -0.397 -0.150  -0.499 0.252 0.041 -0.212 0.253
Romania -0.894 -0.649  -0.964  0.719 -0.530 -1.252 0.722
Russia -2.064 -0.202  -3.002 1.140 0.851 -0.332 1.183
Vietnam -2.150 -1.344  -2.036 1.230 -1.284 -2.532 1.248
Spain -0.423 -0.520  -0.575 0.672 -0.557 -1.228 0.671
Sweden -1.393 -0.605  -1.776 0.988 -0.362 -1.366 1.004
Egypt -0.203 -0.653  -0.008 0.457 -0.695 -1.149 0.454
United Kingdom -1.860 -1.779 -1.508 1.426 -1.422 -2.850 1.428
USA -0.579 -0.483  -0.579 0.483 -0.440 -0.922 0.482
ROW -2.987 -1.696  -3.473 2.181 -0.564 -2.889 2.326

Notes: The first four columns associate with the baseline model, and the last three columns are associated
with the perfect competition model. Columns “welfare” report the percentage change in welfare. Based on the
welfare decomposition (49), we decompose the welfare changes into the percentage change in real wages, real
profits, and real tariff revenues, reported in columns “wage”, “profit”, and “tariff’, respectively. We assume
that all countries share the same elasticities of substitution as in the U.S., and that trade elasticities 6 are equal
to 0 — 1. Numbers are rounded to the nearest thousandth.
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Table F.10: Welfare changes (%) when the U.S. unilaterally raises all tariffs by 20 percentage
points

Countries Baseline Model Perfect Competition Model

welfare wage profit tariff welfare wage tariff
Australia -0.112 -0.071  -0.044 0.003 -0.115 -0.118 0.003
Austria -0.037 -0.040 0.005 -0.002 -0.071 -0.069  -0.002
Bangladesh -0.022 -0.010  -0.009  -0.003 -0.018 -0.015  -0.003
Belgium -0.347 -0.134 -0.202 -0.011 -0.238 -0.227 -0.011
Brazil -0.141 -0.059  -0.066  -0.017 -0.115 -0.098  -0.017
Canada -2.457 -1.165  -1.262  -0.030 -1.664 -1.636  -0.028
China -0.025 -0.046 0.028 -0.007 -0.076 -0.069  -0.007
Denmark -0.145 -0.078  -0.062  -0.005 -0.129 -0.124  -0.005
France -0.100 -0.076  -0.020  -0.005 -0.122 -0.117  -0.005
Germany -0.042 -0.062 0.023 -0.004 -0.101 -0.097  -0.004
Greece -0.011 -0.008  -0.002  -0.000 -0.014 -0.014  -0.000
India -0.026 -0.015  -0.008  -0.004 -0.024 -0.020  -0.004
Indonesia -0.032 -0.043 0.018 -0.007 -0.079 -0.072  -0.007
Italy -0.013 -0.028 0.016 -0.002 -0.046 -0.045  -0.002
Japan 0.003 -0.019 0.025 -0.002 -0.038 -0.035  -0.002
Rep. of Korea -0.032 -0.029  -0.001  -0.003 -0.042 -0.040  -0.003
Mexico -0.985 -0.709  -0.275  -0.000 -1.047 -1.047  -0.000
Netherlands -0.121 -0.062  -0.054  -0.005 -0.116 -0.111 -0.005
New Zealand -0.174 -0.089  -0.079  -0.005 -0.132 -0.127  -0.005
Norway -0.107 -0.051  -0.055  -0.001 -0.087 -0.086  -0.001
Peru -0.039 -0.027  -0.011  -0.001 -0.042 -0.041 -0.001
Romania -0.001 -0.005 0.004 -0.000 -0.008 -0.008  -0.000
Russia -0.066 -0.027  -0.034  -0.005 -0.050 -0.045  -0.005
Vietnam -0.112 -0.104  -0.002  -0.007 -0.151 -0.145  -0.007
Spain -0.031 -0.014  -0.015  -0.001 -0.027 -0.027  -0.001
Sweden -0.006 -0.014 0.009 -0.001 -0.037 -0.035  -0.001
Egypt -0.024 -0.011  -0.011  -0.003 -0.022 -0.020  -0.003
United Kingdom -0.038 -0.080 0.047 -0.005 -0.151 -0.146  -0.006
USA 0.406 -0.231  -0.150 0.787 0.339 -0.447 0.786
ROW -0.256 -0.149  -0.097  -0.009 -0.260 -0.250  -0.010

Notes: The first four columns associate with the baseline model, and the last three columns are associated
with the perfect competition model. Columns “welfare” report the percentage change in welfare. Based on the
welfare decomposition (49), we decompose the welfare changes into the percentage change in real wages, real

profits, and real tariff revenues, reported in columns “wage”, “profit”, and “tariff”, respectively. Numbers are
rounded to the nearest thousandth.
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Table F.11: A Global Tariff War (using the HS2 model): welfare changes (%) when all countries
raise all tariffs by 20 percentage points

Countries Baseline Model Perfect Competition Model

welfare wage profit tariff welfare wage tariff
Australia 0.052 -1.332 -0.117 1.502 -0.630 -2.125 1.495
Austria -1.196 -1.324 -1.781 1.909 -0.888 -2.802 1.914
Bangladesh -0.307 -0.268  -0.244  0.206 -0.143 -0.350 0.207
Belgium -3.976 -3.674  -3.760  3.458 -1.677 -5.205 3.528
Brazil -0.116 -0.606  -0.062  0.552 -0.494 -1.045 0.551
Canada -4.455 -3.397  -3.928  2.869 -1.629 -4.565 2.935
China -0.081 -0.603  -0.052  0.573 -0.264 -0.837 0.573
Denmark -1.504 -3.214 -1.711 3.421 -1.425 -4.853 3.428
France -1.244 -1.889  -1.350 1.996 -0.758 -2.766 2.007
Germany -0.227 -1.479 -0.320 1.572 -0.547 -2.116 1.569
Greece 0.075 -0.574  -0.049  0.699 -0.328 -1.025 0.697
India -0.198 -0.297 -0.113 0.212 -0.162 -0.375 0.213
Indonesia 0.052 -1.064  -0.062 1.178 -0.509 -1.685 1.175
Italy 0.809 -0.797 0.537 1.069 -0.322 -1.385 1.063
Japan 0.276 -0.282 0.227 0.332 -0.111 -0.442 0.331
Rep. of Korea -0.431 -0.431  -0.401 0.401 -0.200 -0.602 0.402
Mexico -0.816 -1.970  -0.745 1.899 -0.756 -2.661 1.904
Netherlands -1.731 -2.179  -1.751 2.199 -0.892 -3.108 2.216
New Zealand -1.332 -1.476 -1.081 1.226 -0.803 -2.035 1.232
Norway -0.660 -1.848  -0.670 1.858 -0.772 -2.631 1.859
Peru -0.048 -0.241  -0.066  0.259 -0.085 -0.344 0.259
Romania -0.434 -0.757  -0.529  0.852 -0.328 -1.182 0.854
Russia 0.457 -0.717 0.341 0.832 -0.448 -1.277 0.829
Vietnam -2.591 -1.968 -2.317 1.694 -1.040 -2.761 1.721
Spain -0.301 -0.634  -0.449  0.782 -0.281 -1.063 0.783
Sweden -1.175 -1.482 -0.878 1.185 -0.509 -1.701 1.192
Egypt -0.266 -0.406  -0.229  0.369 -0.319 -0.687 0.369
United Kingdom -0.035 -1.547  -0.347  1.860 -0.819 -2.668 1.850
USA -0.264 -0.493  -0.386  0.615 -0.250 -0.865 0.616
ROW -1.861 -2.517 -1.912 2.567 -1.060 -3.684 2.625

Notes: The first four columns associate with the baseline model, and the last three columns are associated
with the perfect competition model. Columns “welfare” report the percentage change in welfare. Based on the
welfare decomposition (49), we decompose the welfare changes into the percentage change in real wages, real

4

profits, and real tariff revenues, reported in columns “wage”, “profit”, and “tariff”’, respectively. The results

are based on the HS2 model developed in Appendix D. Numbers are rounded to the nearest thousandth.
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Table F.12: Tariffs, Inverse Elasticities and Import/Export Shares for the U.S.-China Trade
War

U.S. China

Product Category (HS2 level)  Share 1/or, 1/og,  Tariff Share 1/op, 1/og, Tarift

Elec. Machinery/Equipment (85) 27.31  .162 37 13.5119 13.14 37 162 9.22
Machinery, Mech. Appliances (84) 21.49 126 365 13.83844 10.69  .365 126 11.84

Furniture, Bedding, etc. (94) 6.19 115 467 - 20.15539 .26 467 A15 0 17.65
Toys, Games, etc. (95) 5.17 .014 743 2901873 1 743 014  14.01
Footwear (64) 3.61 .309 .H88  8.462082 .06 .H88 309 19.52
Cloth. Accessories, knitted (61) 3.4 279 S11 0 13.28404 .01 311 279 2517
Plastics and Articles thereof (39) 3.1 092 275 15.16546 4.24 275 092 13.08
Cloth. Accessories, not knitted (62)  3.08 448 25 14.37621 .01 .25 A48 24.67
Vehicles (87) 2.79 593 169 23.72763 8.88 169 593 31.86
Instruments/Apparatus (90) 2.29 278 A7 16.50305 7.61 AT 278 11.58
Iron and Steel Articles (73) 2.28 441 347 20.12378 .8 347 441 19.84
Articles of Leather (42) 1.84 .076 336 24.99968 .01 336 076 26.21
Textiles, made up articles, rags (63) 1.64 .526 431 10.12286 .02 431 .26 23.43
Organic Chemicals (29) 1.39 618 292 10.53818 2.13 292 618  15.75
Metal, miscellaneous products (83) 1.02 594 362 19.13247 A1 362 Hb94  19.54
Rubber and Articles thereof (40) .95 146 265 24.2285 77 265 146 13.37
Wood and Articles of Wood (44) .88 337 378 21.37629 1.49 378 337 21.28
Tools, Cutlery, etc. (82) 7 279 323 20.65189 19 323 279 20.65
Precious Stones, Pearls (71) .67 .24 .664  10.01166 4.05 .664 240 20.15
Paper, Paperboard (48) .66 481 402 24.17612 .61 402 481 14.11

Notes: Inverse demand elasticity in each HS2 sector is the average of HS6 inverse demand elasticites, weighted

by trade volumes.
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Table F.13: U.S.-China Counterfactual Tariff War: welfare changes (%) when U.S. and China
raise all tariffs against each other by 20 percentage points

Countries Baseline Model Perfect Competition Model

welfare wage profit tariff welfare wage tariff
Australia -0.000 -0.002 0.002 0.000 -0.004 -0.004 0.000
Austria -0.000 0.002 -0.003 0.000 0.004 0.004 0.000
Bangladesh 0.002 0.001 0.000 0.001 0.002 0.001 0.001
Belgium 0.003 0.000 0.002 0.000 0.001 0.001 0.000
Brazil 0.003 0.000 0.002 0.001 0.001 0.001 0.001
Canada 0.009 0.012 -0.004 0.001 0.018 0.017 0.001
China 0.024 -0.084 0.050 0.058 -0.068 -0.127 0.058
Denmark 0.007 0.004 0.002 0.001 0.007 0.006 0.001
France 0.007 0.004 0.002 0.001 0.007 0.007 0.001
Germany 0.004 0.003 0.000 0.000 0.005 0.005 0.000
Greece 0.001 0.001 0.000 0.000 0.001 0.001 0.000
India 0.001 0.001 0.001 0.000 0.001 0.001 0.000
Indonesia 0.001 0.003 -0.001  -0.000 0.004 0.004 -0.000
Italy 0.001 0.001 -0.001 0.000 0.002 0.002 0.000
Japan -0.001 0.001 -0.002 0.000 0.002 0.002 0.000
Rep. of Korea 0.002 0.002 -0.000 0.000 0.002 0.002 0.000
Mexico 0.016 0.020 -0.006 0.001 0.031 0.030 0.001
Netherlands 0.005 0.002 0.003 0.000 0.003 0.003 0.000
New Zealand -0.001 -0.002 0.001 -0.000 -0.003 -0.002  -0.000
Norway 0.002 0.002 0.000 0.000 0.003 0.003 0.000
Peru 0.001 -0.000 0.001 0.000 -0.000 -0.000 0.000
Romania 0.000 0.000 -0.000 0.000 0.001 0.001 0.000
Russia 0.004 0.000 0.004 -0.000 0.000 0.001 -0.000
Vietnam 0.013 0.010 0.002 0.001 0.014 0.014 0.001
Spain 0.002 0.001 0.001 0.000 0.001 0.001 0.000
Sweden 0.000 0.001 -0.001 0.000 0.002 0.002 0.000
Egypt 0.000 0.000 0.000 0.000 0.001 0.000 0.000
United Kingdom 0.003 0.003 -0.000 0.000 0.005 0.005 0.000
USA -0.092 -0.081  -0.121 0.110 -0.047 -0.157 0.109
ROW 0.011 0.007 0.003 0.001 0.012 0.011 0.001

Notes: The first four columns associate with the baseline model, and the last three columns are associated
with the perfect competition model. Columns “welfare” report the percentage change in welfare. Based on the
welfare decomposition (49), we decompose the welfare changes into the percentage change in real wages, real

profits, and real tariff revenues, reported in columns “wage”, “profit”, and “tariff”, respectively. Numbers are
rounded to the nearest thousandth.
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Table F.14: The Factual U.S.-China Tariff War (Homogeneous Elasticities): welfare changes
(%) given the observed U.S.-China tariff war

Countries Baseline Model Perfect Competition Model

welfare wage profit tariff welfare wage tariff
Australia -0.007 -0.001 -0.006 0.000 -0.003 -0.003 0.000
Austria -0.002 0.001 -0.003 0.000 0.002 0.002 0.000
Bangladesh 0.002 0.000 0.001 0.000 0.001 0.001 0.000
Belgium 0.003 0.000 0.003 0.000 0.001 0.001 0.000
Brazil 0.002 0.001 0.000 0.001 0.002 0.001 0.001
Canada 0.007 0.008 -0.001 0.001 0.015 0.014 0.001
China 0.060 -0.045 0.065 0.040 -0.057 -0.098 0.041
Denmark 0.002 0.002 -0.000 0.000 0.004 0.003 0.000
France 0.005 0.001 0.003 0.000 0.002 0.002 0.000
Germany 0.001 0.001 -0.000 0.000 0.002 0.002 0.000
Greece 0.001 0.000 0.001 0.000 0.001 0.001 0.000
India 0.001 0.000 0.001 0.000 0.001 0.001 0.000
Indonesia 0.000 0.001 -0.001 -0.000 0.003 0.003 -0.000
Italy 0.002 0.000 0.001 0.000 0.001 0.001 0.000
Japan 0.001 0.001 -0.000 0.000 0.002 0.001 0.000
Rep. of Korea -0.001 0.001 -0.002 0.000 0.003 0.002 0.000
Mexico 0.002 0.011 -0.011 0.001 0.022 0.021 0.001
Netherlands 0.003 0.001 0.003 0.000 0.001 0.001 0.000
New Zealand -0.001 -0.000  -0.000  -0.000 -0.001 -0.001 -0.000
Norway 0.001 0.000 0.000 0.000 0.001 0.001 0.000
Peru -0.001 0.000 -0.001 0.000 0.000 0.000 0.000
Romania 0.001 0.000 0.001 0.000 0.001 0.001 0.000
Russia 0.001 0.001 0.001 -0.000 0.001 0.001 -0.000
Vietnam 0.006 0.006 -0.000 0.000 0.011 0.010 0.000
Spain 0.001 0.000 0.001 0.000 0.001 0.001 0.000
Sweden -0.000 0.000 -0.001 0.000 0.001 0.001 0.000
Egypt -0.000 0.000 -0.001 0.000 0.000 0.000 0.000
United Kingdom 0.006 0.002 0.004 0.000 0.003 0.003 0.000
USA -0.105 -0.068  -0.129 0.082 -0.032 -0.113 0.081
ROW 0.003 0.006 -0.003 0.000 0.009 0.009 0.001

Notes: The first four columns associate with the baseline model, and the last three columns are associated
with the perfect competition model. Columns “welfare” report the percentage change in welfare. Based on the
welfare decomposition (49), we decompose the welfare changes into the percentage change in real wages, real
profits, and real tariff revenues, reported in columns “wage”, “profit”, and “tariff”, respectively. We assume
all countries share the same elasticities of substitution as in the U.S. Numbers are rounded to the nearest
thousandth.
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Table F.15: A Counterfactual U.S.-China Tariff War: welfare changes (%) when the U.S.
imposes tariffs on high-markup sectors, while China imposes factual tariffs observed in the
U.S.-China tariff war.

Countries Baseline Model Perfect Competition Model

welfare wage profit tariff welfare wage tariff
Australia 0.011 0.006 0.005 -0.000 0.011 0.011 -0.000
Austria 0.002 0.000 0.002 -0.000 0.001 0.001 -0.000
Bangladesh -0.001 -0.001 -0.000  -0.000 -0.001 -0.001 -0.000
Belgium 0.008 0.005 0.004 0.000 0.008 0.008 0.000
Brazil 0.005 0.003 0.001 0.001 0.006 0.005 0.001
Canada 0.021 0.013 0.009 -0.001 0.018 0.019 -0.001
China -0.055 -0.046  -0.054 0.044 -0.025 -0.070 0.044
Denmark -0.003 -0.000  -0.003  -0.000 -0.001 -0.000  -0.000
France 0.001 0.001 -0.000  -0.000 0.002 0.002 -0.000
Germany 0.002 0.002 0.001 -0.000 0.003 0.003 -0.000
Greece -0.001 -0.000  -0.001 -0.000 -0.001 -0.001 -0.000
India -0.001 -0.000  -0.001 0.000 -0.000 -0.000 0.000
Indonesia 0.001 0.001 -0.000 0.000 0.002 0.001 0.000
Italy 0.000 -0.000 0.001 -0.000 -0.000 -0.000  -0.000
Japan 0.002 0.001 0.001 0.000 0.002 0.001 0.000
Rep. of Korea 0.003 0.002 0.001 0.000 0.003 0.003 0.000
Mexico 0.000 -0.001 0.002 -0.001 -0.002 -0.001 -0.001
Netherlands 0.001 0.002 -0.001 -0.000 0.003 0.003 -0.000
New Zealand 0.010 0.006 0.004 0.000 0.008 0.008 0.000
Norway 0.002 0.002 -0.000  -0.000 0.003 0.003 -0.000
Peru 0.001 0.001 0.001 -0.000 0.001 0.001 -0.000
Romania -0.000 -0.000 0.000 -0.000 -0.000 -0.000  -0.000
Russia -0.002 0.001 -0.003 0.000 0.002 0.002 0.000
Vietnam 0.009 -0.002 0.011 -0.000 -0.003 -0.003  -0.000
Spain -0.000 0.000 -0.000  -0.000 0.000 0.000 -0.000
Sweden 0.002 0.000 0.002 -0.000 0.001 0.001 -0.000
Egypt 0.001 0.000 0.001 -0.000 0.000 0.000 -0.000
United Kingdom -0.001 0.001 -0.002  -0.000 0.002 0.002 -0.000
USA -0.060 -0.044  -0.048 0.032 -0.053 -0.085 0.032
ROW 0.002 0.005 -0.003  -0.000 0.009 0.008 0.000

Notes: The first four columns associate with the baseline model, and the last three columns are associated
with the perfect competition model. Columns “welfare” report the percentage change in welfare. Based on the
welfare decomposition (49), we decompose the welfare changes into the percentage change in real wages, real

profits, and real tariff revenues, reported in columns “wage”, “profit”, and “tariff”, respectively. Numbers are
rounded to the nearest thousandth.
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