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In recent years, we have witnessed rising trade protectionism with broad ranges of tariffs imposed on
intermediate products. In this article, we develop an accounting framework to evaluate the sectoral impacts
of the current U.S.-China trade war. We find that U.S. final demand and intermediate demand for goods
produced by China decline significantly, with the largest losses occurring in the Electronic and ICT (infor-
mation and communications technology) industry and the Electrical industry. We obtain sizable deadweight
losses for the United States, particularly in the Electronic and ICT; Electrical; and Furniture industries. We
also find that, with a leakage rate of 20 percent, total losses to U.S. consumers and importers are $3.3 billion,
about 0.05 percent of gross U.S. output, whereas the full leakage losses are $10.7 billion, or 0.16 percent of
gross U.S. output, which is twice as much as the annual welfare gains from the North America Free Trade
Agreement. (JEL D20, F10, O50)
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1 INTRODUCTION

Not long after the worldwide Great Recession, protectionism began to rise, from the battled
renegotiations of the North America Free Trade Agreement (NAFTA), to the recently escalated
U.S.-China trade war, to the ongoing Japan-Korea trade war. Rising protectionism concerns some
economists, particularly those who view free trade as beneficial to both developed countries (here-
after, the North) and developing countries (hereafter, the South), by advancing world productivity
and enhancing global consumer welfare. A particular concern is that recent trade protectionism
has included broad ranges of tariffs imposed on intermediate products (for example, in the United
States, nearly 90 percent of intermediate imports from China faced increased tariffs in 2018, as
computed by Bown, 2019). Such tariffs violate the so-called Diamond and Mirrlees (1971) princi-
ple of optimal taxation: Taxing intermediate goods creates much larger economic distortions and
is more harmful to economic development.
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In this article, we provide an overview of various key findings in the literature on gains from
trade and review the literature on trade wars. We then develop an accounting framework to evaluate
the sectoral impacts of the current U.S.-China trade war. Using the international input-output link-
age between the two countries and isoelastic demands, we compute how much each U.S. sector’s
demand for goods produced in China declines when the United States raises its import tariffs as it
has under the ongoing trade war. The resulting sectoral deadweight losses and full leakage losses
are also computed, where the latter considers an extreme case with no tariff revenues redistributed
back to consumers or importers. We find that in response to the trade war, U.S. final demand for
Chinese goods drops by $39 billion and intermediate demand by $13 billion. Among others, the
Electronic and Information and Communications Technology (ICT) industry and the Electrical
industry suffer the largest losses, with their demands lowered by $23 billion and $9.5 billion,
respectively. U.S. aggregate deadweight losses are about $1.5 billion, with the Electronic and ICT;
Electrical; Metal Products; and Furniture industries suffering the greatest total losses. With a leakage
rate of 20 percent, total losses to U.S. consumers and importers are $3.3 billion, about 0.05 percent
of gross output and two-thirds as much as the annual welfare gains from NAFTA. The full leakage
losses are $10.7 billion, or 0.16 percent of gross U.S. output, which is twice as much as the annual
welfare gains from NAFTA.

2 BACKGROUND AND LITERATURE REVIEW

As argued by Kindleberger (1989), the Smoot-Hawley Tariff Act of 1930 passed by the U.S.
Congress led to tariff wars and defensive trade blocs, with a peak sector-weighted average tariff of
24.4 percent for the United States, 29.4 percent for France, and 47.7 percent for the United Kingdom.
Germany, Italy, Japan, and the Soviet Union had explicit autarkic aims and militaristic motivations
behind their defensive trade blocs, and historians have argued that tariff wars might have subse-
quently triggered WWII. Thus, when the world returned to peace, many major industrialized coun-
tries worked hard on international cooperation. As a result, the General Agreement on Tariffs
and Trade (GATT) was signed by 23 nations in Geneva on October 30, 1947, and took effect on
January 1, 1948.

Since then, there have been several more rounds of negotiations on international cooperation,
including the most crucial Kennedy Round (1964-67), Tokyo Round (1973-79), and Uruguay Round
(1986-94), each featuring a major tariff cut of over 30 percent. As a result, the average tarift for major
GATT participants reduced from about 22 percent in 1947 all the way down to about 5 percent in
1995. Especially, toward the end of the Uruguay Round agreements, the World Trade Organization
was signed by 123 nations in Marrakesh on April 14, 1994, and established on January 1, 1995,
replacing the previous workhorse, GATT.

By 2000, the average tariffs in North America and the European Union (EU) were 4.0 percent
and 4.2 percent, respectively, whereas in Asia the average was 9.0 percent (in China the average was
16 percent). The relatively high average tariff in Asia should not be surprising, because many econ-
omies there are less developed and several are centrally planned to lean toward protecting domestic,
less-competitive firms. The prevalence of trade protection is particularly high in the Agricultural;
Food and Beverage; and Light industries (often exceeding 20 percent, and even 40 percent in the
Agricultural industry).
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The over-half-a-century history of international cooperation is supported by a vast literature on
gains from trade. For the sake of brevity, we provide an overview of only the more recent literature
pioneered by Arkolakis, Costinot, and Rodriguez-Clare (2012, hereafter ACR). For comparison, we
only discuss articles that measure gains from trade by contrasting the welfare under current trade
costs with the welfare in an autarky world without international trade (that is, infinite trade costs).
Based on a general accounting framework consistent with many static trade models, ACR and their
followers found modest gains from trade, usually below 2 percent, compared with autarky. Such
gains from trade, however, rise significantly in dynamic frameworks, particularly when technologies
are allowed to advance over time (for example, Hsieh, Klenow, and Nath, 2019, find they could be
as high as 12.2 percent; Perla, Tonetti, and Waugh, 2021, as high as 13.3 percent; and Bloom et al.,
2013, as high as 16.3 percent). In short, in dynamic models with technological improvements, one
expects sizable gains from trade because the reduction in trade barriers can promote better tech-
nology, raise world productivity, and enhance global consumer welfare. The sizable gains from trade
justify the long-devoted effort toward international trade agreements and tariff reductions.

The effort toward trade liberalization has unfortunately reversed lately. We have seen Brexit, the
battled renegotiations of NAFTA, the recently escalated U.S.-China trade war, the ongoing Japan-
Korea trade war, and the possible U.S.-EU trade war—each started by an advanced high-income
country. More than three decades ago, Kennan and Riezman (1988) showed that when two coun-
tries are engaged in a trade war, the more-advanced larger economy can more easily manipulate
international prices and “win” over the less-developed smaller economy. If both countries are of
comparable size and at similar development stages, both countries lose. The authors illustrate the
battle by using an Edgeworth box, where the cigar-shaped area in the middle represents the set of
relative country sizes in which both countries lose a trade war. In this pivotal article, trade protec-
tion is imposed strictly on final goods. In practice, this is not the case. In view of the current U.S.-
China trade war, would it still be true that the United States would win, whereas China would lose?

We begin by illustrating the trade war between two economies that are comparable in size.
Consider a hypothetical trade war between the United States and the EU, a case where the relative
country sizes lie in the cigar-shaped area. Ossa (2014) found that a large increase in tariffts—of over
50 percent—would only result in a 2 percent welfare loss in the United States and a 2.6 percent loss
in the EU.

Next, we turn to the relatively thin literature that focuses on the U.S.-China trade war. This
ongoing trade war consists of a series of announcements between the two governments over three
years, starting from the Trump administration’s memorandum on March 22, 2018, that spelled
out the intention to impose a 25 percent tariff on over $50 billion of imports from China. Bown
(2019) provides a comprehensive review of the detailed content of this trade war. Focusing on the
major waves of the trade war in 2018, Amiti, Redding, and Weinstein (2019) find almost complete
tariff pass-through that raised consumer prices of importables almost one-for-one (see a graphical
illustration in their Figure 4). They find that rising consumer prices lowered consumer welfare,
which they estimate as having deadweight losses of $8.2 billion (in 2018 prices). This welfare loss is
comparable to the welfare gains of NAFTA estimated by Caliendo and Parro (2015). Yet, Amiti,
Redding, and Weinstein (2019) also estimate an additional cost of $14 billion to U.S. importers
and consumers as a result of tariff revenues transferred to the government. Moreover, they find
that exporters also suffered due to retaliatory tarifts by China, with lost exports estimated at about
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$28 billion. Summing both imports and exports together, Amiti, Redding, and Weinstein (2019)
estimate that about $183 billion of trade was redirected. Notably, such reshuftling may induce severe
increases in business costs and resource misallocation that have not been counted in the deadweight
loss measures mentioned.

Using a general equilibrium model, Fajgelbaum et al. (2020) compute U.S. losses as a result of
rising consumer prices as $51 billion for importers and consumers and $7.2 billion in aggregate
real income by the end of 2018 (based on an aggregate equivalent variation measure frequently used
by trade theorists). They further identify that the industrial regions of the Midwest and Northeast
suffered less (more domestic protection with less retaliation), whereas the rural regions of the
Midwest and Mountain West suffered more.

Turning the focus to firms, Amiti, Kong, and Weinstein (2020) conduct an event-study analysis
and find the various waves of the U.S.-China trade war over 2018-19 caused the stock prices of U.S.
firms that trade with China to drop by 2.6 percentage points and those of other U.S. firms to drop
by 3.4 percentage points, a total drop of 6.0 percentage points. Lower returns to U.S. publicly listed
firms thus induced a 1.9-percentage-point reduction in those firms’ business investments, which
hurts future productivity. In an independent work in this Review, Santacreu and Peake (2020) esti-
mate responses across states and find that those states more exposed to trade experienced lower
increases or even decreases in output growth and employment growth between 2018 and 2019.

Finally, one may wonder what happened to the retaliating party—China. While there are few
systematic studies, we may learn from a more general framework of the North (which includes
the United States) and the South (which includes China), developed by Chen et al. (2020). They
consider a global supply chain along which the North produces intermediate goods with more
advanced technologies and the South with inferior technologies. Thus, trade in intermediate goods
that embody different technologies may act as a mechanism to transfer technology from the North
to the South. They find that when the South uses higher-end intermediate goods more intensively
along the supply chain in response to a tariff war, its loss may be mitigated by rising average
productivity.

3 AN ACCOUNTING FRAMEWORK

We now establish an accounting framework to assess sectoral impacts of the trade war. Similar
to the argument made by ACR, the advantage of adopting an accounting framework is that the
results are less sensitive to model specifics. That is, the framework is consistent with a larger set of
models. We base our analysis on three fundamental structures:

(i) There is an international input-output linkage between the source country, the destination
country, and the rest of the world (ROW), constituting the global value chain.

(ii) Sectoral demands are isoelastic, where both the demand shifters and the price elasticities
are sector specific.

(iii) The increase in import tariffs in the United States during the trade war is completely
passed through to U.S. domestic prices.

While the first two are standard assumptions in the trade literature, the third is rooted in the
empirical findings of Amiti, Redding, and Weinstein (2019) elaborated on below.
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Consider a Leontief framework that features a global (domestic and international) input-output
matrix. Denoting X as gross output, Z as intermediate demand, F as total final demand, and A = [aij]
as the input technology matrix, according to the Leontief framework we have

(1) X=Zi+F=AX +F.

Under this Leontief framework, production of one unit of the jth good uses a;; units of the ith good
as inputs. The Leontief input-output framework is based on a Leontief fixed-proportion technol-
ogy. The input coefficients are allowed to vary over time, but how such coefficients evolve dynami-
cally is not modeled explicitly.

Denote I as the identity matrix and let

Q=(1-4)",
and by rearranging (1) we know that final demand F and global supply X satisty the following
relationship:
X=Q-F.
Q is the Leontief inverse matrix:
Q=@ )

where wy; captures the backward linkage effect of a change in the final demand for goods in sector
jsourced from country s on the change in the output of sector i in country k.

We first provide a simplified example for illustration and then construct the general framework.
Suppose there are three countries, the United States, China, and ROW, denoted as {U,C, R}, and two
sectors, denoted as {1,2}. To describe the international flow of goods, we denote the source country
as country s and the destination country as country d. Let X;; denote the gross output of sector j in
country k and F; country d’s final demand for sector-j goods sourced from country s. The Leontief
framework thus implies that

"x, 1 | PO+ ESHRS
Xus By + Fyy + B
@) Xe |_g. Fo +FS+F
Xy FL+FS+FR
X Fo+FS+Fy
X2 | _FRUz"'chz"‘szz_

where, for example, FCU1 and FCU2 are final U.S. demand for China’s goods in sectors 1 and 2, respec-
tively. Moreover, we have
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"AX,, ] AFY, + AFS + AFR ]
AX, AFJ, + AR, + AR,
) MXer|_ . AF() +AFg + AFS .
AX ¢, AF, + AFS, + AFS,
AX gy AF{ +AFS + AF
A ] | AFY +AFS, + AR |

Note that Q = [a)k(.) (/’)] captures the effect of the international input-output linkage. For example,

Wy c(j captures the effect of a change in the final demand for Chinese goods of sector j (from
AFCL]]., AF&, AFCRJ.) on the change in the output of U.S. sector i (AX,).

We further suppose that the rise in the import tariff on Chinese goods imposed by the United
States only affects FCLJJ . That is, U.S. final demand (including final consumption and investment)
for domestic goods and imports from ROW are not affected, and China’s and ROW’s final demands
for goods from any country are not affected. The latter assumption is natural given that we focus
on the tarift increases imposed by the United States and do not consider retaliatory tariffs by China.
The former assumption restricts the United States from substituting between Chinese goods and
other goods.! Given these assumptions, (3) becomes

AXy, ] 0]

AXy, 0
(4) Aer =[a)k(A)(. } AT .

AXc, ) AFZ,

AXp 0

| AX, | | 0 ]

To estimate AFCL; we need to specify the sectoral demand structure for imports, and we adopt the
isoelastic demand assumption that is commonly used in the trade literature. Let qs‘j denote the
quantity of sector-j goods imported from country s to country d. By properly choosing the base
year, let the price p; be normalized by p; =1+ T;, where T; is country d’s tariff rate imposed on
imports in sector j from source country s. Given isoelastic demand, U.S. demand for sector-j goods
from China in logs before the trade war is given by

lnqsdj =InD, +O'de -ln(1+z';),

where 0; < 0 is the import demand elasticity, which is estimated by subtracting the fixed effects for
the destination country from the fixed effects for the source country. The demand scaling parameter
D; is thus by definition specified as D, = qs‘]i./ (1I+ T;)Uj’.

In the World Input-Output Database (WIOD), FS‘; is expressed in terms of value. Thus, writing

the demand relationship in terms of values, we have

(5) lnF;. =lnp, +lnq§. =lnp,+InD; +0'de -1n(1+rf].)=anj +as‘j. -1n(1+rs‘j.),
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where V; = p,D.. Let the prime symbol (") indicate the quantity or price after the trade war.
Analogously, the value of demand after the trade war is

©6) mF =Inp, +g% =V, + 0! -1n(1+f;j.’),
where
1 d ' d '
f N P4y D F,  p;
) VispDy=s—— F=—"————7=—"—V

(1+20)7 P (1e2)" P

where the last equality is calculated by applying (5). Empirical evidence in Amiti, Redding, and
Weinstein (2019), based on monthly data from January 2017 to December 2018, suggests that “the
Trump administration’s tariff changes have been almost entirely passed through into domestic
prices” (p. 197). Their findings are consistent with more recent studies by Fajgelbaum et al. (2020)
and Cavallo et al. (2021). Thus, based on all of these findings, we assume complete pass-through of
tariffs in our analysis.2 That is, we have

pj' 1+ Tsdj'

(8) =

R
D; 1+Tsj

Taking the difference between (5) and (6) and applying (7) and (8), we obtain

dr d’
: 1+7
S _ d sj
In a —(1+asj)-ln o
5j 5
or, equivalently,
AF? Azt )T
9) I+—=| 1+ —= )
F; l+7;

Accordingly, the impact of the trade war on country d’s final demand for country s’s goods in sector j
in response to country d’s tariff hike is measured by

1+ 75

A d I+oy;
(10) AF) = [1+ TS;J ~1|-Fy.
5

Let 7 denote the average tariff in destination country d, and consider a trade war that causes
the average tariff to increase by A7. The different tariff rates in different sectors are reflected by
country d’s tariff coverage rate imposed on imports in sector j from source country s, which is
denoted by TCR; and can be computed from the data.? The sector-specific tariff increase is thus
measured by AT; /(1 + T;) = (TCR; - A1)/(1 + 7). The import demand elasticity 0; can be measured
by the trade elasticity, which captures the impact of trade costs such as tariffs on the quantity of
country d’s demand for sector-j goods. From (4), the impact on sectoral output can be computed as
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2 2@y A
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AX;; derived by (11) measures how much the output of sector j in country k would be affected
through the international input-output linkage when the United States raises its import tariff on
Chinese goods by A7 on average.

Some comments are in order. As mentioned above, this impact measure is based on a general
accounting framework that is consistent with a wide class of models. Because trade elasticities could
be measured in the short or the long run, the potential dynamic effects could be partially accounted
for. The only limitation is that in (3), we assumed that, in response to the trade war, (i) U.S. final
demand for its own and ROW’s goods in any sector (AF[L,/J. and AFI%) remain unchanged and (ii)
China’s and ROW’s final demands for any country’s goods in any sector remain unchanged. While
the latter is not our concern, because we are not characterizing U.S. exporter responses, the former
prohibits us from estimating redirection of U.S. demand to other sources. Think of this scenario as
being under the framework of Alvarez and Lucas (2007), with buyers searching globally for the
cheapest goods of similar quality. Imports from China are associated with a vector of observed
minimum prices, but what would the next-highest augmented trade price be? We cannot know
unless we have empirically observed what happens after the trade war when redirection starts. The
reshuffling of the global value chain requires deep structures of international demand and pricing
strategies, which is beyond the scope of this article.

Now we are ready to extend to the general framework. Suppose there are K countries and J
sectors. The U.S. tariff increase imposed on Chinese imports by A7 on average would impact the
output in country k’s sector i through the international input-output linkage as follows:

A l+o
(12) [AXi ]k ier =| ZFa@iei || 17— ~1|-Fg

1+7;

keK,ieJ

Note that this impact measure is the general form of (11).

To compute welfare losses, we extend the framework in Amiti, Redding, and Weinstein (2019).
They note that almost complete pass-through of tarifts means that the source country’s supply of
exports is close to perfectly elastic, which is illustrated in Figure 2 in their article. Following their
analysis, we compute the sector-specific deadweight losses in destination country d under a trade
war it initiates toward source country s as follows:

b

d 1 d d
(13) DWLy ==y -|Agg
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where qs‘; is the quantity of sector-j goods imported from country s to country d, and the unobserv-

able quantity changes Aqs will be estimated. Recall that from isoelastic demand,

q?j :Dj '(p;)agj >
1

qsi Ty .
—— | , and hence in value terms,

. d

we have inverse demand pj; =
J

1 1

_ I+—
d_ d d _ 7 (. 7]
Vg =Psdy = (Dj) Oy (Qy) % .

d
oy
After the trade war, we have q;j' =D ; ( pg') " Thus,

1 1+ 1 d’ 0';-
dr 7 dr\ ot _ . d qu
Vsj _(DJ) O},-(qu) ! 5i d ’
qu
and
1+L
(14) AvE =ve —vE =ve 1+qu" "
Vg =Vg TV T Vy a
qu

Therefore, from (14) and with the price prior to the trade war normalized by ps‘j =1+ Tg, we can

rewrite the quantity changes as follows:

ot d

d d d

A 11 2 |7 T P e
i e I g;=—{ | BT
Vi Vi Ty

where v;. is the value of sector-j goods imported from country s to country d. Denote Zs’j as country
d’s intermediate demand for sector-j goods from country s. The total value of sector-j goods
imported from country s to country d is the sum of intermediate and final demand, whereby AZS‘;
can be computed by

Az’d 1+crfj
15 AZS =] 1+ —2 ~1{-z¢.
(15) v 1+ T‘Ydj Y
Thus, the deadweight losses defined in (13) become
ol
AVe W ve
(16) DWijzl-Ar;.- 1-|1+—2 —L
2 Vi 1+ T
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with v; = FS‘; + Z; and Avg = AFS‘j + AZ;. Note that the implicit assumptions in Amiti, Redding, and
Weinstein (2019) include a partial equilibrium, perfect competition, U.S. tariff increases treated as
an exogenous shock, and no retaliation by China. The increase in tariff revenue due to the trade war
is computed as

d 5
s/

: Aqs
TRev§ = At -qy = Aty -[1+ qs’}-cﬂ

(17) ol
AVe Yoy e
= . —9 Y
= ATSJ. 1+ i -
Ve 1+

where the last equality is calculated by applying (14) and ps‘; =1+ Ts‘j..

As mentioned by Amiti, Redding, and Weinstein (2019), the cost of the U.S. tariff increase is
twofold. First, the higher prices caused by the trade war lead to distortion of domestic consumption
and production decisions, constituting the deadweight losses captured by (13). The increase in

U

tariffs widens the wedge between the prices charged by foreign producers and the prices paid by
domestic consumers and producers and leads to further distortion of final demand and intermediate
demand. Second, complete tariff pass-through suggests that higher prices resulting from increased
tariffs were almost entirely borne by U.S. consumers and importers. Incremental tariff revenue is
thus a transfer from domestic consumers to the government. If the government does not use the
tariff revenue to generate social welfare, then the welfare loss from the tariff war to the economy
equals the sum of deadweight losses (13) and the incremental tariff payments (17).

Formally, we define a leakage rate A as the fraction of tariff revenues not redistributed back to con-
sumers or importers but used for other purposes that do not benefit consumers or importers. In our
quantitative analysis below, we will link 1 - A with the fiscal multiplier. Total losses are thus given by

TLoss{, = DWL], + A-TRev{,.

Thus, deadweight losses, DWL, are a special case with A = 0 and full leakage losses, FLoss, are a
special case with A = 1. Total losses, TLoss, are in between the lower-bound measure of DWL and
the upper-bound measure of FLoss.

4 QUANTITATIVE ANALYSIS

We are now prepared to compute the impact measures for the ongoing U.S.-China trade war,
where the destination country d is the United States and the source country s is China.

The primary data source is the World Input-Output Tables (WIOT) from the 2016 release of
the WIOD (see the discussion in Timmer et al., 2015, concerning the 2013 release). We then adopt
the trade elasticities from Caliendo and Parro (2015), using the estimates with 1 percent trimming,
and obtain the U.S. tariff coverage rates by sector and the average tariff increase of A7= 9.3 percent
from Bown (2019).2 Because sectoral classifications in these three sources are based on different
systems, we make additional adjustments. The final list of sectors (industries) is provided in Table 1,
and the sectoral trade elasticities and tariff coverage rates are provided in Table 2.
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Sectors WIOD sectors  Caliendo-Parro (2015) sectors Bown-Crowley (2016) sectors

Primary A01-03 Agriculture Hides a\r;:gil;;n;{eA;:cr:jﬂcF;;oducts;

Food and Tobacco C10-12 Food Prepared Food

Textile C13-15 Textile Textiles and Clothing; Footwear

Wood ci6 Wood Wood

Paper c17 Paper Wood

Printing and Media Cc18 Paper Wood

Petroleum c19 Petroleum Fuel

Chemicals C20 Chemicals Chemicals

Pharmaceutical C21 Chemicals Chemicals

Plastic and Rubber C22 Plastic Plastics and Rubber

Non-metallic Mineral C23 Minerals Mineral Products; Stone and Glass

Basic Metals 24 Basic Metals Metals

Metal Products C25 Metal Products Metals

Electronic and ICT C26 Communication; Office; Medical EIeEcIterci:gl)rl:/ilzsda\?nchy

Electrical EQuipment c27 Electrical Elegtronics apd
Electrical Machinery

Machinery c28 Machinery Machinery

Motor Vehicles 29 Auto (Motor Vehicles) Transportation Equipment

Other Transport C30 Other Transport Transportation EqQuipment

Furniture C31-32 Other Miscellaneous

Repair and Installation 33 Machinery Machinery

NOTE: For details, refer to Table A1 in Caliendo and Parro (2015) and Table Appendix B in Bown and Crowley (2016). Caliendo-
Parro (2015) sectors are based on International Standard Industrial Classification Revision 3; Bown-Crowley (2016) sectors are
based on Harmonized System sections. The Miscellaneous sector in Bown (2019) contains Optical, Precision, and Medical
Products industry, while the Other Manufacturing industry includes furniture. Since the share of the former is expected to be
small, we assign it to map with WIOD sectors C31-32 (Manufacture of Furniture; Other Manufacturing).

In the analysis below, we use primarily the classification of the 2016 WIOD release, which
classifies sectors according to International Standard Industrial Classification Revision 4. Specifically,
it separates the Furniture industry from the Other Wood Products industry; the Printing industry
from the Paper industry; the Pharmaceutical industry from the Chemical industry; the Machinery
Repair and Installation industry from the Machinery industry; and the Motor Vehicles industry from
the Other Transport industry. Whenever a measure for a sub-industry industry is not available, we
apply the measure for the broader industry to all sub-industries.

Two points are noteworthy. First, in the Wood; Paper; Petroleum; and Electrical industries,
trade elasticities are high and hence U.S. demand for products from these industries is more sensitive
to a tariff war. Second, in more than half of the industries under study, tariff coverage rates exceed
50 percent. In the Food and Tobacco; Transport (Motor Vehicles and Other Transport); Metal
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Table 2

Sectoral Trade Elasticities and Tariff Coverage Rates

Sector Trade elasticity Tariff coverage rate (%)
Primary -9.11 77.99%
Food and Tobacco -2.62 94.22
Textile -8.1 9.84%
Wood -11.5 69.92
Paper -16.52 69.92
Printing and Media -16.52 69.92
Petroleum -64.85 84.63
Chemicals -3.13 55.76
Pharmaceutical -3.13 55.76
Plastic and Rubber -1.67 70.42
Non-metallic Mineral -2.41 47.65%
Basic Metals -3.28 85.56
Metal Products -6.99 85.56
Electronic and ICT -8.54" 45.11
Electrical EQuipment -12.91 45.11
Machinery -1.45 51.49
Motor Vehicles -1.84 91.86
Other Transport -0.39 91.86
Furniture -3.98 66.26
Repair and Installation -1.45 51.49

NOTE: "Average of -3.95, -12.95, and -8.71. tAverage of 100, 78.88, and 55.10. $Average of 12.66 and 7.01. SAverage of 44.11
and 51.19. See Table 1 for the corresponding sectors for the averages.

(Basic Metal and Metal Products); and Petroleum industries, tariff coverage rates are especially
high—above 80 percent each. Thus, U.S. demand for products from these industries is more likely
to be discouraged.

We use WIOT data and make the base year 2014, the last year for which data are available. We
first compute U.S. final demand for sector-j goods from China as a ratio of total U.S. final demand
in sector j, defined as

U

FY
(18) FDRY, =———.
k=11

Similarly, we also compute U.S. intermediate demand for sector-j goods from China as a ratio of
total U.S. intermediate demand in sector j, defined as

(19) IDRY, :Z—gj
Tz
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Table 3

China’s Contribution to U.S. Demand

WIOD sector FDRY; (%) IDRY; (%) DRY; (%)
A01-03: Primary 0.4 0.1 0.2
C10-12: Food and Tobacco 0.8 0.2 0.6
C13-15: Textile 29.5 4.9 25.0
C16: Wood 7.2 1.9 3.1
C17: Paper 24 1.4 1.6
C18: Printing and Media 0.9 0.4 0.8
C19: Petroleum 0.2 0.6 0.3
C20: Chemicals 1.1 38 2.6
C21: Pharmaceutical 2.1 0.8 14
C22: Plastic and Rubber 8.4 2.7 4.5
C23: Non-metallic Mineral 9.8 34 52
C24: Basic Metals 26.0 1.1 2.0
C25: Metal Products 10.9 24 4.2
C26: Electronic and ICT 26.1 13.6 224
C27: Electrical Equipment 26.0 11.7 204
C28: Machinery 6.7 7.3 6.9
C29: Motor Vehicles 0.9 3.6 1.6
C30: Other Transport 1.5 1.1 14
C31-32: Furniture 11.6 2.6 10.4
(C33: Repair and Installation 0.0 0.0 0.0
Total 7.1 2.7 5.1

Finally, we define the aggregate demand ratio of U.S. imports from China as follows:
Fo+Zg

(20) DRV =— "9 %9 __
' Zf:I(F/;] +Z/;]')

which captures overall U.S. dependence on Chinese imports. We report FDR, IDR, and DR in
Table 3.

The results suggest that in the Textile; Electronic and ICT, Electrical Equipment; Basic Metals;
Furniture; and Metal Product industries, U.S. final demand is highly China dependent, with each
industry’s demand ratio exceeding 10 percent. U.S. intermediate demand is highly China dependent
only for the Electronic and ICT industry and Electrical Equipment industry, which is not surprising,
because Chinese products for these industries are more heavily downstream in the global value
chain. By aggregation, overall U.S. dependence on Chinese imports is particularly high in the
Textile; Electronic and ICT; Electrical Equipment; and Furniture industries.

Using the formula derived in Section 3, we can compute the measures of sectoral impact on
output, {AX}, _ ¢y deadweight losses, DWLUj; and tariff revenues, TRevgj, as follows. There are
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three countries (the United States, China, and ROW) and 21 WIOD sectors (as listed in Table 1),

including a “Remainder” sector (not shown) consisting of all non-agriculture and non-manufacturing
industries. Following Bown (2019), we set 7= 3.1 percent and 7" = 12.4 percent. In the WIOT, the
data are observed as X = Zi + F, where X, Z, and F are gross output, intermediate demand, and final

demand, respectively.® Specifically, the intermediate demand matrix is expressed as

ZU(I)U(I) ZU(I)U(21) ZU(l)C(l) ZU(l)C(Zl) ZU(I)R(I) ZU(I)R(ZI)
ZU(ZI)U(I) ZU(21)U(21) ZU(Zl)C(l) ZU(21)C(21) ZU(21)R(1) ZU(ZI)R(ZI)
ZC(l)U(l) e ZC(I)U(ZI) ZC(I)C(I) e ZC(I)C(21) ZC(l)R(l) U ZC(I)R(ZI)

7 = : .. : : : : : : : ,
ZC(21)U(1) ZC(21)U(21) ZC(Zl)C(l) ZC(21)C(21) ZC(ZI)R(I) ZC(ZI)R(ZI)
ZR(I)U(I) o ZR(I)U(ZI) ZR(])C(I) T ZR(])C(ZI) ZR(I)R(I) e ZR(])R(ZI)

_ZR(ZI)U(I) ZR(ZI)U(ZI) ZR(21)C(1) ZR(ZI)C(ZI) ZR(ZI)R(I) ZR(Z])R(ZI)_

where 2, ;, denotes the demand for country k’s sector-i goods from sector j in country s. The

Zy(Nof
Leontief input technology matrix can be thus calculated as 4 = [ak(i)s( /.)J = % ,and therefore
' ()
we know that X = AX + F = QF, where Q = [wy,(;]. Given this matrix and the tariff coverage rates,
the explicit form of the sectoral impact on output through the international input-output linkage
(12) can be expressed as

(21) AX; =330 @0 AFg forke{U,C,R},i=1...20,
where
TCRY Az )™
U _ G- U
(22) AFG =||1+ o ~1|-F5.

The explicit form of the deadweight losses (13) for the United States is thus given by
1 .
(23) pwLl, =E-TCjo -Ar-‘AqCUy‘ forj=1...20,

wherein we are particularly interested in three measures:
o Measure 1 (our benchmark, as in Amiti, Redding, and Weinstein, 2019), considers both
final demand and intermediate demand:
&,
U U 0 U U
AFC]. + AZCJ. l+og; . FCJ. + ZC].

AgY =—|1—-|1+
1 FY+Z28 l+7
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where U.S. intermediate demand for sector-j goods from China ZLC]]. is calculated as

Zg =Lz

and

1+crg
TCRY -At ) *
(24) AZ¢, = (1+1+—fr] ~1[-Z¢.

o Measure 2 considers only final demand:
AFY Yoo | FY
Agly =—|1-| 1+ — 9
G

l+7

o Measure 3 considers only private consumption demand:

U
oG

U u U
1 :
AFcons; J oG | Fconsg,

Age; =— 1—{1+ o

U
F cons

where note that in the WIOT the variables CONS_h and CONS_np denote the final consump-
tion expenditure by households and by non-profit organizations, respectively.
Accordingly, we define private final consumption as

Fconsg, = CONS _hg; + CONS _npg,

and thus

CONS _h¢; +CONS _np,

U
FCj

U _ ApU
AFconst —AFCj .

Finally, the incremental U.S. tariff revenue from the tariff increase is
oG
AFY +AZY, le&’f FJ+Zg

forj=1...20.
S +Zg /

(25) TRev(, =TCR -Az’-[1+ o
As discussed above, total losses (TLossgj) are measured by DWng +A- TRevgj, depending
crucially on the leakage rate . In the absence of a precise measure of A, we measure it as 1 minus
the fiscal multiplier. Owyang, Ramey, and Zubairy (2013) estimate that the U.S. fiscal multipliers
range from 0.7 to 0.9. We take their findings and assume 1 - A = 0.8. We then report the total losses
for each sector as the sum of our benchmark measure of deadweight losses and A times the incre-
mental tariff revenue. We summarize these results in Tables 4 to 7 (measured in US$ millions).
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Table 4

Sectoral Impacts on Chinese Output

WIOD sector AX_; (US$ millions) AF{;+ AZg; (US$ millions)
A01-03: Primary -3,216 -303
C10-12: Food and Tobacco -2,980 -599
C13-15: Textile -7,181 -3,175
C16: Wood -2,335 -774
C17: Paper -1,534 -1,385
C18: Printing and Media -348 -93
C19: Petroleum -3,084 -1,207
C20: Chemicals -5,979 -1,290
C21: Pharmaceutical -650 -243
C22: Plastic and Rubber -2,855 -278
C23: Non-metallic Mineral -2,429 -174
C24: Basic Metals -8,939 -973
C25: Metal Products -4,525 -3,892
C26: Electronic and ICT -32,849 -23,103
C27: Electrical Equipment -11,730 -9,520
C28: Machinery -2,773 -478
C29: Motor Vehicles -1,377 -688
C30: Other Transport -98 139
C31-32: Furniture -3,692 -3,504
(C33: Repair and Installation 0 0
Total -98,574 -51,540

NOTE: AXCJ, derived according to (21), measures the impacts on the sectoral output in China through the international input-
output linkage when the United States raises import tariffs against China. AFC + AZC], derived according to (22) and (24), is
the estimated change in U.S. import demand for Chinese goods due to the U.S. tariff war against China.

Two measures of the sectoral impacts on Chinese output are reported in Table 4. We classify
sectoral impacts into four groups by the magnitude of the impact. The groups for the first measure
(the changes in the sum of U.S. final demand and intermediate demand for Chinese goods) are as
follows:

(i) The high-impact group (U.S. demand lowered by more than $5 billion) includes the
Electronic and ICT industry and the Electrical industry, whose U.S. demands are lowered
by $23 and $9.5 billion, respectively.

(ii) The sizable-impact group (U.S. demand lowered by more than $1 billion but less than
$5 billion) includes the Metal Products; Furniture; Textiles; Paper; Chemicals; and
Petroleum industries, ordered by size from high to low.

(iii) The moderate-impact group (U.S. demand lowered by more than $500 million but less
than $1 billion) includes the Basic Metals; Wood; Motor Vehicles; and Food industries,
ordered by size from high to low.
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Table 5
Sectoral Impacts on U.S. Output

WIOD sector AXU]. (US$ millions) AXU]. /XU]. (%0)
A01-03: Primary -46.41 -0.095
C10-12: Food and Tobacco -22.45 -0.023
C13-15: Textile -4.89 -0.052
C16: Wood -9.44 —-0.096
C17: Paper -22.60 -0.117
C18: Printing and Media -2.70 -0.032
C19: Petroleum -37.69 -0.046
C20: Chemicals -97.24 -0.163
C21: Pharmaceutical -15.34 -0.072
C22: Plastic and Rubber -17.95 -0.078
C23: Non-metallic Mineral -7.28 -0.063
C24: Basic Metals -36.28 -0.129
C25: Metal Products -27.19 -0.072
C26: Electronic and ICT -137.27 -0.355
C27: Electrical Equipment -22.08 -0.176
C28: Machinery -31.31 -0.077
C29: Motor Vehicles -10.82 -0.018
C30: Other Transport -12.33 -0.036
C31-32: Furniture -10.61 -0.044
(C33: Repair and Installation -0.25 -0.007
Total -572.13 —-0.085

NOTE: AXU]., derived according to (21), measures the impacts on the sectoral output in the United States through the inter-
national input-output linkage when the United States raises import tariffs against China. Xy is directly obtained from WIOT
and corresponds to sectoral gross output in the base year.

(iv) The low-impact group (U.S. demand lowered by less than $500 million) includes all other
industries: Machinery; Primary; Plastic and Rubber; Pharmaceutical; Mineral; Printing
and Media; Other Transport; and Repair and Installation.

The groups for the second measure (the changes in sectoral output in China resulting from the
changes in U.S. demand for Chinese goods, through international input-output linkages) are as
follows:

(i) The high-impact group (Chinese sectoral output lowered by more than $5 billion) includes
the Electronic and ICT; Electrical; Basic Metals; Textiles; and Chemicals industries, whose
Chinese output is lowered by $33 billion, $12 billion, $9 billion, $7 billion, and $6 billion,
respectively.

(ii) The sizable-impact group (Chinese sectoral output lowered by more than $3 billion but
less than $5 billion) includes the Metal Products; Furniture; Primary; and Petroleum
industries, ordered by size from high to low.
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Table 6
U.S. Deadweight Losses

Measure 1 Measure 2 Measure 3
WIOD sector (US$ millions) (US$ millions) (USS millions)
A01-03: Primary 11.62 5.12 5.12
C10-12: Food and Tobacco 39.51 35.17 34.80
C13-15: Textile 16.00 1543 15.41
C16: Wood 26.02 13.08 11.05
C17: Paper 45.30 15.20 14.60
C18: Printing and Media 3.04 245 2.09
C19: Petroleum 46.12 20.62 19.81
C20: Chemicals 46.56 8.76 7.74
C21: Pharmaceutical 8.77 5.75 5.55
C22: Plastic and Rubber 21.37 12.43 12.24
C23: Non-metallic Mineral 6.26 3.23 2.97
C24: Basic Metals 52.14 23.77 19.30
C25: Metal Products 169.38 93.42 54.27
C26: Electronic and ICT 52247 428.28 92.18
C27: Electrical Equipment 206.16 159.65 73.83
C28: Machinery 35.12 24.22 2.08
C29: Motor Vehicles 60.08 23.93 11.15
C30: Other Transport 3.56 2.65 1.83
C31-32: Furniture 135.94 131.61 119.28
(C33: Repair and Installation 0.00 0.00 0.00
Total 1,455.42 1,024.77 505.29

NOTE: Measure 1 of the DWL is our benchmark, which considers both final demand and intermediate demand. Measure 2 of
the DWL considers only final demand. Measure 3 of the DWL considers only private final consumption demand.

(iii) The moderate-impact group (Chinese sectoral output lowered by more than $1 billion but
less than $3 billion) includes the Food; Plastic and Rubber; Machinery; Mineral; Wood;
Paper; and Motor Vehicles industries, ordered by size from high to low.

(iv) The low-impact group (Chinese sectoral output lowered by less than $1 billion) includes
all other industries: Pharmaceuticals; Printing and Media; Other Transport; and Repair
and Installation.

Notably, the aggregate impact on Chinese output is -$98.5 billion, while the measured changes
in U.S. demand for Chinese goods are —$39 billion for final demand and -$13 billion for interme-
diate demand. These findings suggest that, as U.S. import demand for Chinese goods is depressed
by higher tariffs, the resulting impact on Chinese output is amplified when the international
input-output linkage is considered.

Similarly, we can classify the U.S. sectoral deadweight losses, as reported in Table 6, into the
four groups by size:
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Table 7

U.S. Deadweight Losses, Tariff Revenue, and Total Losses

DWLIé. (F&2) TRevlé. TLosslé- FLosslé-
WIOD sector (USS millions) (USS millions) (US$ millions) (US$ millions)
A01-03: Primary 11.62 27.09 17.04 38.71
C10-12: Food and Tobacco 39.51 331.15 105.74 370.67
C13-15: Textile 16.00 431.60 102.32 447.60
C16: Wood 26.02 51.02 36.22 77.04
C17: Paper 4530 51.88 55.68 97.18
C18: Printing and Media 3.04 3.48 3.74 6.52
C19: Petroleum 46.12 0.79 46.28 46.91
C20: Chemicals 46.56 561.64 158.89 608.21
C21: Pharmaceutical 8.77 105.74 29.92 114.51
C22: Plastic and Rubber 21.37 394.79 100.33 416.17
C23: Non-metallic Mineral 6.26 117.05 29.67 123.30
C24: Basic Metals 52.14 378.19 127.78 430.33
C25: Metal Products 169.38 497.33 268.85 666.72
C26: Electronic and ICT 522.47 2,575.14 1,037.50 3,097.61
C27: Electrical Equipment 206.16 612.25 328.61 818.42
C28: Machinery 35.12 1,033.87 241.89 1,068.99
C29: Motor Vehicles 60.08 761.87 21245 821.94
C30: Other Transport 3.56 22538 48.64 228.94
C31-32: Furniture 135.94 1,044.79 344.90 1,180.73
C33: Repair and Installation 0.00 0.00 0.00 0.00
Total 1,455.42 9,205.06 3,296.43 10,660.48

NOTE: The deadweight losses are measured in dollar terms (numbers are reported in million US$). DWLLC]J. reports our bench-
mark measures of the deadweight loss. TRevlC]., derived from (3), estimates the incremental tariff revenue due to the U.S. import
tariff rise. Total losses TLoss[C’j are the sum of the benchmark measure of deadweight losses and A times the incremental tariff
revenue. The full leakage losses FLoss[C]j are the sum ofDWLLC]j and TRev ;.

(i) The high-impact group (sectoral deadweight losses of more than $100 million) includes
the Electronic and ICT; Electrical; Metal Products; and Furniture industries, whose
benchmark deadweight losses are $522 million, $206 million, $169 million, and $136
million, respectively.

(ii) The sizable-impact group (sectoral deadweight losses of more than $40 million but less
than $100 million) includes the Motor Vehicles; Basic Metals; Chemicals; Petroleum; and
Paper industries, ordered by the size from high to low.

(iii) The moderate-impact group (sectoral deadweight losses of more than $20 million but less
than $40 million) includes the Food; Machinery; Wood; and Plastic and Rubber industries,
ordered by the size from high to low.
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(iv) The low-impact group (sectoral deadweight losses of less than $20 million) includes all
other industries: Textiles; Primary; Pharmaceutical; Mineral; Other Transport; Printing
and Media; and Repair and Installation.

It is worth noting that, as reported in Table 5, the trade war impacts the output of the U.S.
Electronic and ICT industry and Chemicals industry the most, $137 million and $97 million, respec-
tively. These industries also bear the highest measured deadweight losses (Electronic and ICT in
the high-impact group and Chemicals in the sizable-impact group). Likewise, most industries also
sort into comparable groups in the sectoral output impact measure and the deadweight losses mea-
sure. However, it is interesting to note that although the Electrical; Metal Products; and Furniture
industries only face moderate-to-low sectoral output impacts ($27 million, $22 million, and $11
million, respectively), they fall into the high-impact group for deadweight losses—because of differ-
ences in their demand responses and supply responses under heterogeneous tarifts and differences
in their positions in the global value chain upstream and downstream. The Electrical industry has
high trade elasticity (highly responsive demand), whereas the Metal Products industry faces high
tariff coverage (high TCR); both are highly China dependent, particularly for their downstream
products (high FDR). Similarly, the impact on the output of the Motor Vehicles industry is low
($11 million), but that industry encounters sizable deadweight losses. Conversely, the impact on
the output of the Primary industry is sizable ($46 million), but the industry is classified in the low-
impact group for deadweight losses.

Aggregate deadweight losses are $1.5 billion in our benchmark measure, which considers both
intermediate demand and final demand. When only considering final demand or private final
consumption demand, the aggregate deadweight losses are $1 billion and $0.5 billion, respectively.
Finally, as reported in Table 7, the measured total losses, which sum the benchmark deadweight
losses and the estimated incremental tariff revenue that is not redistributed back to consumers or
importers, are an aggregate $3.3 billion, around 0.05 percent of gross U.S. output. Our results can
also be compared with the estimates in Amiti, Redding, and Weinstein (2019), where for 2018 the
yearly cumulative deadweight losses are estimated (at 2018 prices) to be $8.2 billion and the tarift
revenue is estimated to be $15.6 billion, for total losses of $23.8 billion.

The main takeaways of the quantitative analysis are summarized as follows. First, because of
imbalanced trade, a trade war’s sectoral impacts on Chinese sectors are generally larger than those
on U.S. sectors, with Chinese output dropping by $98.5 billion and U.S. demand for Chinese goods
dropping by $39 billion for final demand and by $13 billion for intermediate demand. Second, the
Electronic and ICT industry and the Electrical industry encounter the largest drops in demand for
Chinese goods, with their total demands dropping by $23 billion and $9.5 billion, respectively. Third,
based on our benchmark measure, the aggregate U.S. deadweight losses are $1.5 billion. Among
all sectors, the Electronic and ICT; Electrical; Metal Products; and Furniture industries suffer the
greatest losses, $522 million, $206 million, $169 million, and $136 million, respectively. Fourth, with
a leakage rate of 20 percent, total losses to U.S. consumers and importers are $3.3 billion, about
0.05 percent of gross output and two-thirds as much as the annual welfare gains from NAFTA.
The full leakage losses are $10.7 billion, or 0.16 percent of gross output, which is twice as much as
the annual welfare gains from NAFTA.
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5 CONCLUSIONS

In this article, we have established an accounting framework that assesses the sectoral impacts
of the U.S.-China trade war with regards to output, demand, deadweight losses, total losses, and
full leakage losses. We have found nonnegligible detrimental effects for the United States, with total
losses and full leakage losses about two-thirds and twice as much as the annual welfare gains from
NAFTA, respectively. While the takeaway message is clear—initiating a trade war is costly to the
domestic economy—it would also be valuable to evaluate the detrimental consequences of such a
global conflict by using a broader scope. It would be particularly rewarding to build a deep structural
model to quantify how the global value chain is reshuffled during a trade war, which may shed light
on the longer-run impacts on international demands, pricing strategies, and hence welfare. m

APPENDIX

Table A1

World Input-Output Table for Two Industries and Three Countries, in Monetary Units

Country 1 Country 2 Country 3
Ind1T Ind2 Ind1 Ind2 Ind1 Ind2  FD! FD? FD?  Total

Ind 1 2 3 1 2 0 1 2 1 0 12
Country 1

Ind 2 0 1 0 1 2 0 2 0 0 6

Ind 1 1 1 2 0 1 1 0 2 0 8
Country 2

Ind 2 3 0 0 2 0 0 0 3 0 8

Ind 1 1 0 1 0 3 0 0 0 3 8
Country 3

Ind 2 0 0 0 1 1 2 0 1 1 6

VA 5 1 4 2 1

GO 12 6 8 8 8 6

NOTE: Ind, industry; FD, final demand, where FD/ denotes the final demand by country j; VA, value added; and GO, gross output.

Table A1 is a simple example of the data in the WIOT. Transforming the WIOT into the expression
of the Leontief framework, we have

X=Zi+F=AX+F,

where X is gross output, Z intermediate demand, 7 a column vector of 1, and A the input technology
matrix. The gross output matrix is
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NOTES
1 This assumption is possibly in effect with a quality ladder model, where sector-j goods produced by different countries
are of different quality, consumers and firms treat goods of different quality as different varieties, and both the prefer-
ence and investment technology are Leontief.

= |tis possible that complete pass-through may not be hold up universally in other circumstances.

2 The tariff coverage rate, taken from Bown (2019), is defined as the share of U.S. imports from China affected by U.S. special
protection.

2 Caliendo and Parro (2015) estimate trade elasticities using NAFTA data. We use their estimates for the value of a‘éj. It
should be noted that it implies the implicit assumption that o;.’ = aj; foralls=s’".

2 We provide a simple example in the appendix to illustrate the data structure of the WIOT and how to transform the data
to the Leontief framework.
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