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Abstract

We study how tariffs affect industrial structure and welfare in an economy where sectors
are complements and preferences are nonhomothetic—two drivers of structural change. Import
tariffs on a sector influence sectoral composition by affecting its price relative to other sectors
and national income, as well as the sector’s net exports. We qualitatively characterize these
mechanisms and use a quantitative dynamic model to show that a counterfactual 20-percentage-
point increase in U.S. manufacturing tariffs would have raised the manufacturing value-added
share by one percentage point and increased welfare by 0.41 percent. If trading partners retaliated,

welfare would have fallen. (JEL F11, F13, 041)
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1 Introduction

There has been renewed attention paid to understanding trade policies as a means of protecting
domestic industries. A notable recent event sparking such interest occurred on February 1, 2025,
when the U.S. President signed executive orders imposing a 25-percentage-point additional tariff on
most imports from Canada and Mexico, and a 10-percentage-point additional tariff on imports from
China, followed by the proclamation of “Liberation Day” on April 2, 2025, implementing 10% baseline
additional tariffs on imports from virtually all countries.! These measures reflect the current U.S.
administration’s attempts to reshape trade relations in favor of American workers and manufacturers,
who have faced growing competition from developing countries in the global market (Goldberg and
Reed, 2023).2

However, shrinking manufacturing is not unique to the U.S.; it is ubiquitous in major developed
countries. From a long-term perspective, the average share of manufacturing in domestic value-added
(manufacturing value-added share, henceforth) among G7 nations declined from 20.1 to 14.6 percent
between 1965 and 2014, while the service value-added share increased from 59.1 to 78.2 percent over
the same period.® The shift of resources from manufacturing to services within a country occurs
even in the absence of international trade, a process known as structural change (Kuznets, 1973).

Can tariffs effectively mitigate the decline of manufacturing in a country undergoing structural
change? In addition to their conventional role in trade protection, how do tariffs interact with
key drivers of structural change such as sectoral complementarity (Ngai and Pissarides, 2007) and

nonhomothetic preferences (Kongsamut et al., 2001)?% Tariffs on manufacturing raise its relative

1See the White House statements, “Fact Sheet: President Donald J. Trump Imposes Tariffs on Imports from
Canada, Mexico, and China’™ https://www.whitehouse.gov/fact-sheets/2025/02/fact-sheet- president-donald-j-trump-
imposes-tariffs-on-imports-from-canada-mexico-and-china/ and “Fact Sheet: President Donald J. Trump Declares
National Emergency to Increase our Competitive Edge, Protect our Sovereignty, and Strengthen our National
and Economic Security”: https://www.whitehouse.gov /fact-sheets /2025 /04 /fact-sheet- president-donald- j- trump-
declares-national-emergency-to-increase-our-competitive-edge- protect-our-sovereignty-and-strengthen-our-national-and-
economic-security/ (accessed Nov 11, 2025).

2In the context of the U.S., Mexico and China played a major role. For example, Hakobyan and McLaren (2016)
find that the North American Free Trade Agreement (NAFTA) significantly reduced wage growth for blue-collar
workers in industries and regions most exposed to Mexican import competition from 1990 to 2000 (see also Choi et al.,
2024 for the negative effect of NAFTA on employment growth). Acemoglu et al. (2016) report that 2.0 to 2.4 million
U.S. manufacturing workers lost their jobs due to Chinese import competition from 1999 to 2011 (see also Pierce and
Schott, 2016).

30ver the period from 1965 to 2014, the average manufacturing value-added share among four major non-resource-
dependent emerging economies, China, India, South Korea, and Taiwan, increased from 16.3 to 24.1 percent (the
authors’ calculations using the World Input-Output Database). The sectoral value-added we refer to throughout this
paper is the sectoral nominal GDP adjusted by taxes less subsidies on products (Woltjer et al., 2021, pp.7-8).

4Ngai and Pissarides (2007) demonstrate that sectoral complementarity, combined with sector-biased productivity
growth, drives resources reallocation away from sectors with relatively higher productivity growth towards those with
lower productivity growth. In this paper, we take a stance on exogenous sectoral productivity and focus on the role of
tariffs under sectoral complementarity.


https://www.whitehouse.gov/fact-sheets/2025/02/fact-sheet-president-donald-j-trump-imposes-tariffs-on-imports-from-canada-mexico-and-china/
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price compared to agriculture and services. If sectoral goods are gross complements in consumption,
the higher relative price of manufacturing may bias expenditure toward manufacturing and shift
resources away from agriculture and services. On the other hand, tariffs generate government revenue
and may raise overall income,’ shifting demand from less income-elastic sectors, such as agriculture
and manufacturing, toward more income-elastic sectors like services. The two effects of tariffs on
manufacturing—through changes in relative prices (relative price effect) and through changes in
income (income effect)—may work in opposite directions.

Our primary goal is to qualitatively and quantitatively evaluate the relative price and income
effects of tariffs on sectoral composition. Our static model for theoretical analysis consists of two
countries and three sectors and features trade based on the Ricardian comparative advantage (Eaton
and Kortum, 2002) and the (isoelastically) nonhomothetic constant elasticity of substitution (CES)
preferences (Matsuyama, 2019; Comin et al., 2021). The nonhomothetic CES neatly delineates the
income effect from the relative price effect of tariffs.t

A key qualitative finding reveals that, in the presence of sectoral complementarity and nonho-
mothetic preferences, tariffs on a specific sector may either expand or contract its sectoral output
and consumption. This ambiguity arises from the interplay of three distinct effects. First, consider
a sector-specific tariff where only the relative price effect operates. In this case, a rise in tariffs
increases the domestic consumption expenditure share, and consequently the value-added share, of
the protected sectors. In contrast, under nonhomothetic preferences, a hypothetical uniform rise in
tariffs across all sectors, where only the income effect is at work, leads to different results. Here,
increased tariffs and tariff revenue reduce the expenditure share, and thus the value-added share, of
sectors with lower income elasticity. Moreover, the conventional protective role of tariffs, i.e., lower
imports in protected sectors improving their net exports, contributes to an increased value-added
share. When all these effects are in effect simultaneously, tariffs may ultimately either expand or
contract the protected sector.

To quantitatively evaluate which effect dominates, we extend the two-country static model to a

multi-country dynamic framework incorporating endogenous capital accumulation and input-output

SFollowing the current U.S. administration’s tariff increases on nearly all products, the nation’s gross tariff revenue
(including certain other excise tax revenue) reached 68.9 billion USD during the first five months of 2025 (Horsley,
2025). This represents a 78 percent increase from the corresponding period in 2024 and accounts for 13 percent of
corporate income tax revenue in the fiscal year 2024 (Hernandez, 2025).

As we will see, nonhomothetic CES preferences allow for sector-specific parameters (e) capturing differences in
income elasticity across sectors, while treating separately the parameter (o) that captures the (constant) elasticity of
substitution. Another advantage of nonhomothetic CES preferences is that, unlike Stone-Geary preferences, they
allow income elasticity differences across sectors to persist even among rich countries or households. This feature
helps explain empirical observations (Buera and Kaboski, 2009; Comin et al., 2021; Alder et al., 2022).



linkages. We bring the model to the data for the world economy, encompassing 24 countries over five
decades from 1965 to 2014. We calibrate the model’s fundamentals, such as sectoral productivity and
non-tariff trade barriers, which allows us to solve for the transition paths of the economy in terms of
levels, not in relative changes typically referred to as exact hat-algebra method (Dekle et al., 2008;
Caliendo and Parro, 2015; Caliendo et al., 2019). We then conduct a counterfactual experiment of
a 20-percentage-point increase in U.S. tariffs applied to manufacturing imports from all countries,
effective starting in 2001.7 We select the year 2001 because the U.S. manufacturing value-added
share experienced its largest annual decline in that year over our sampled period, dropping sharply
by over two percentage points (from 14.8 percent in 2000 to 12.4 percent in 2001).8

We find that tariffs alter sectoral composition in a manner consistent with the standard trade
protection argument and the relative price effect. Specifically, compared with the baseline equilibrium,
a 20-percentage-point increase in the U.S. manufacturing tariffs since 2001 leads to a 6.3-11.5 percent
(0.9-1.3 percentage points) increase in manufacturing value-added share in each year from 2001 to
2014, and service value-added share falls by 0.9-1.3 percent (0.8-1.1 percentage points). Although
these results might seem encouraging for trade protectionists, the U.S. welfare increases only by
0.41 percent. The U.S. welfare gains, however, come at the expense of the other countries. Canada
experiences the largest loss, with a 1.44 percent decline in welfare. Furthermore, if trading partners
retaliate with equally high tariff increases on the U.S. manufacturing exports, U.S. welfare drops by
0.14 percent.

We also find the importance of nonhomothetic preferences in evaluating the welfare impact.
When conducting the same counterfactual exercise under homothetic CES preferences, the U.S.
welfare increases by 0.47 percent, 14 percent (0.05 percentage point) higher than in the benchmark
case of nonhomothetic CES. This disparity arises because homothetic CES preferences underestimate
the negative effect of a higher aggregate price index following the tariff increase.” The quantitative
assessment based on widely used homothetic CES preferences may overestimate the gains from

unilateral tariff policy.

"This exercise of a permanent tariff increase reflects the persistence of such policies, e.g., tariffs imposed during
the first term of the Trump administration (2017-2020) remained in place throughout the Biden administration
(2021-2024) (Hu et al., 2025). A counterfactual experiment for a temporary tariff increase is presented in Supplemental
Appendix L.

8 Additionally, 2001 marked China’s accession to the World Trade Organization (WTO) and the beginning of
George W. Bush’s first term.

9The aggregate price index is defined as the aggregate expenditure E divided by the real consumption C, i.e.,
P = E/C. Under homothetic CES preferences, P turns out to be independent of C. However, under nonhomothetic
CES preferences, P may increase with C' because a greater C following a tariff hike can increase spending on more
(real) income-elastic sectors, thereby increasing the aggregate expenditure E more than proportionally.



Our paper relates to two strands of the literature. The first is a growing body of studies
on structural change and trade (Alessandria et al., 2023; Gollin and Kaboski, 2023 for recent
surveys).!? These studies offer a number of new insights such as the impact of trade on the skill
premium (Cravino and Sotelo, 2019), the deepening intermediate-input intensity as economies
develop (Sposi, 2019; Farrokhi and Pellegrina, 2023), the decomposition of different mechanisms for
declining manufacturing share (Swiecki, 2017; Smitkova, 2024), the interaction between host and
home countries of multinationals (Alviarez et al., 2022), the joint evolution of service expenditure
and trade openness (Lewis et al., 2022; Bonadio et al., 2025).

Closest to our paper are Matsuyama (2019); and Sposi et al. (2024). Matsuyama (2019)
analytically characterizes how trade cost reductions affect sectoral composition and welfare using a
two-country model of intra-industry trade. Sposi et al. (2024) develop a quantitative multi-country
model embedding capital accumulation and input-output linkages to explore the determinants of the
hump-shaped path of manufacturing share in the course of development.!! While these studies treat
tariffs as a part of trade costs, our contribution is to explicitly analyze the role of tariffs distinct
from trade costs in general. Unlike trade costs, tariffs bring about government revenue, thereby
leading to richer welfare implications. Quantitatively, we use tariff data and separately calibrate
sector-specific non-tariff trade barriers using the structural gravity.

Our paper also relates to a large literature that quantitatively evaluates trade policies, import
tariffs in particular (Ossa, 2016; Caliendo and Parro, 2022 for surveys). Many studies confirm the
possibility of welfare gains from unilaterally increasing tariffs from a low level, unless other countries
retaliate (Costinot and Rodriguez-Clare, 2014; Ossa, 2014; Balistreri et al., 2024; Ignatenko et al.,
2025).12 However, most of these studies assume homothetic preferences and/or an elasticity of
substitution across sectors being greater than one. Among others, Spearot (2016) highlights the
role of nonhomothetic preferences (specifically, quadratic preferences) in evaluating tariff policies.
Although his model does not address structural change, we share his insight that overlooking

nonhomothetic preferences can lead to different conclusions—particularly, an overestimation of

"Herrendorf et al. (2014); and Donovan and Schoellman (2023) survey the literature on structural change in the
closed-economy context. Recent studies highlight the roles of domestic transportation infrastructure (Fajgelbaum and
Redding, 2022; Cheung and Yang, 2024; Kaboski et al., 2024), population aging (Cravino et al., 2022), and schooling
(Porzio et al., 2022; Cheung, 2023).

See also Fujiwara and Matsuyama (2024) for an analytical approach to this issue.

12For example, Costinot and Rodriguez-Clare (2014) report in their Table 4.2 that U.S. welfare gains from imposing
a 40 percent tariff on all imports in 2008 would be at most 0.63 percent, which is close in magnitude to our main
result of 0.41 percent, despite differences in model setup.

3More broadly, some studies introduce nonhomothetic preferences to improve the explanatory power of the
gravity equation (Fieler, 2011; Caron et al., 2014). An alternative approach is to allow for more flexible productivity
distributions across countries (Lind and Ramondo, 2023).



welfare gains from unilateral tariffs in our case.!*

The remainder of this paper is structured as follows. Section 2 presents a two-country model of
Ricardian trade and nonhomothetic preferences. Section 3 extends it to a full-fledged quantitative
model. Section 4 explains the calibration of the model, solution algorithm, and the model fit. Section

5 presents the counterfactual results, and the final section 6 concludes.

2 Two-country Model

To highlight the role of tariffs in shaping a country’s sectoral composition, we first present a
simple trade model a la Eaton and Kortum (2002), incorporating essential features for structural
change: nonhomothetic CES preferences and a less-than-unity elasticity of substitution across sectors.
Consider a static economy with two countries, Home (H) and Foreign (F'). There are three tradable

sectors, agriculture (a), manufacturing (m), and services (s).'

Demand Side: Let C, be the aggregate consumption of country n € {H, F'} and L,, be the
mass of workers. The representative household minimizes its expenditure given a certain level of C,,

by choosing consumption for sectoral composite goods, CY for j € {a,m,s}:

I (1—0) =
. jci t. Cn) T (G%) T

where P! is the price index of the sectoral composite good in sector j in country n. The aggregate
consumption C), is implicitly defined by the equation in the second line. Two key parameters
governing structural change are ¢/ > 0, capturing the degree of nonhomotheticity, and o € (0,1)
measuring the elasticity of substitution across sectoral composite goods. We assume the parameter
ranges such that 0 < € < €™ =1 < € and o € (0,1) hold. If ¢/ = 1 for all j, the utility function is
boiled down to a standard CES aggregator of sectoral composite goods, C), = [Z ](C%)JT_I} = . If we
let o approach one under appropriate normalization, the utility function reduces to the Cobb-Douglas
one, Cy, = Hj(C’,jl)%.

Letting E, =}, P C} be the (minimized) total expenditure, the Hicksian demand function for

14Gee Bagwell and Lee (2020) for detailed analytical expositions of the effects of trade policies under CES and
quadratic preferences, and Bertoletti et al. (2018) for welfare gains from trade cost reductions in a broader class
of preferences that encompasses CES and quadratic preferences as special cases. In the context of U.S. solar panel
tariffs during 2014-2020, Gerarden et al. (2025) also caution against unilateral tariffs, highlighting their negative
environmental impacts and the resulting decline in demand for the downstream manufacturers.

15Sectors and industries are synonymous in this paper. Although we state Propositions in the case of three sectors,
the analytical results of this section hold in the case of general J sectors (see the Online Appendices A to C).



the sectoral composite good is obtained as

' quL e C ed(1—0)+o
J — -n
¢i = L. (En/0n> (&) 0

Substituting this into the budget constraint, we solve for the expenditure function:

j=a,m,s

Letting P, = E,/C,, be an aggregate price index, we have'¢
) 1
i — 1—0o
C el —1 ) g
Po=| Y. {(L”> P’ : (3)
j=a,m,s n

Using the relation C,,/L,, = (E,/Ly,)/P,, we interpret C,,/L,, as the real per capita consumption,
which in equilibrium corresponds to real per capita income. This measure is distinct from the
nominal aggregate expenditure FE,,.
From these results, we can see the income (expenditure) and the relative price effects. The
income effect is seen from the non-constant income (expenditure) elasticity of sectoral demand:!”
Oln C’% B el

ot (1—0)" >0
omE, —Ctd-o->0

where €, is country n’s average degree of nonhomotheticity, /s, weighted by the sectoral expenditure

shares, wys:

pPhCh phyl-o /L, el (1—o0)
€ = Z wﬁeh, wh nCn o ( n) (C / ) (5)

m T S PECE T S (PE)(C /L) (-0

h=a,m,s

In the case of CES preferences with ¢/ = 1 for all j, the sectoral demand elasticity is o across all
sectors and €, reduces to one. As we assume 0 < € < €™ = 1 < €°, agriculture has the lowest

elasticity, and services have the highest one. Therefore, ¢/ can be interpreted as the degree of income

16Unlike the CES case, the price index cannot be separated from the aggregate consumption C,,.
1"We rearrange (1) and take its log to obtain

InC, =(1-0)1-€)nL, —ocmPl +onE,+ (1 —0)e InC,. (4)

To obtain the income elasticity of sectoral demand, we take the derivative of this with respect to E,, considering its
effect on the real consumption (i.e., utility) by noting dIn C,, /01In E;,, = 1/€, from (2).



elasticity of demand for sector j.

The relative price effect results from the sectoral demands that are gross complements:!®

81110% wﬁej
Ol Ph —(1=0) €n

<0, Jj#h

It also reflects the less-than-unity elasticity of substitution across sectors in the absence of the income
effect:

J h .
_OMCh/Ch) _ 01y i e =1 forall j.
dln(P)/Ph)

Supply Side: The production side follows Eaton and Kortum (2002). Producers of sectoral
composite goods in sector j in country n are perfectly competitive and bundle input varieties z € [0, 1]
using a CES technology, with > 0 being the elasticity of substitution. While the sectoral composite
goods are not tradable, the producers source tradable input varieties from the lowest-cost country.

The variety producers are also perfectly competitive and produce yﬂl(z) using a linear technology
such that y?(z) = al,(2)l(z), where al,(z) and #,(z) are respectively the labor productivity and the
labor input in sector j in country n for producing variety z. The labor productivity follows the Frechét
distribution with the cumulative distribution function (CDF): Pr[al, < a] = exp[—(a/(74%))7].
Here, the shape parameter of 8 > 1 governs the dispersion of productivity shocks, and the location
parameter A, governs the average productivity. 5 = [[((0+1—1n)/ 0)]7ﬁ is a normalizing constant,
where I'(-) is the Gamma function. We assume 6 +1 — 7 > 0 to ensure that the expectation of
prices is finite. In this section, we assume that the average productivity is the same across sectors,

Al = A, for all 4, to highlight the role of sector-specific tariffs.

International Trade: Trade in varieties are subject to tariffs, Tgi >0forn#ie{H,F} and
Tﬂ;n = 1, and non-tariff trade barriers, d,,; > 1 for n # ¢ € {H, F'} and d,,,, = 1. Thus, the total
bilateral trade costs per shipment of a variety in sector j from country ¢ to n are biz» = dn; (1 + Tfu)
Thus, letting w, be the wage in country n, the unit cost of variety z produced in country n and
shipped to i is wnbfn- /an(2). As aresult of the cost-minimization of sectoral composite good producers,

the price of the variety available in country n becomes pl,(z) = mini{wibzw Jai(z)}. With these

8Using C,, = E,/P,, we have
InC) =(1-0)1—€é)mL,—oclnPl+[oc+(1—-0)]InE, —(1—-0)InP,.

Differentiating this with respect to P while keeping E,, fixed (i.e., CY here being a Marshallian demand) yields the
expression in the text. In doing so, we use d1n P, /d1In P! = w /&, from (3).



results and the Frechét-distributed productivity shocks, the price of the sectoral composite good is

obtained by

D=

Pl= | Y (wbhya) | (6)

i=H,F

Let X be country n’s expenditure on sector j varieties from 4. The share of country ’s varieties

in country n’s sectoral expenditure becomes

X (ths4)

J ] ni .
PnCn Zi’:H,F <’u)i/b‘77u,, /Al/)

-0’

which we call the trade share of country ¢ in the market of country n.

Market Clearing: As labor is the only factor of production, the sectoral value added is the
sectoral labor income, which comes from the sales from the domestic and the foreign markets:
Xh, v P Cl

VA== Y e :
immr Lt T iZge 1T

)

where L, is sector j employment in country n, and the export sales are divided by gross tariff rates,
1+ Tfn This is because the price index is tariff inclusive (c.i.f.), while sales for producers are based
on the tariff-exclusive (f.o.b.) price. Summing this condition over sectors gives the labor market

clearing condition:

wlo= 3y TP (7)

j=a,m,s i=H,F 1+T

One can check that this is equivalent to the trade balance condition.!” The aggregate expenditure

must be equal to the aggregate income consisting of labor income and tariff revenues, T},:
E, =wy,Ly + Tna (8>

where T, = 3, T3 = Y2, 70 IM3, IMY, = X1, /(1 + 7)) = w) . PAC% /(1 + 7)) for i # n, and T} is

jTL’L

country n’s tariff revenues in sector j and [ M} is country n’s imports in sector j. This completes the

9The trade balance condition is > 7 pPLCL (147 ) = > 7y PLCL /(1 + Thy).



model. With a choice of numéraire such that wr = 1, the equilibrium wage wy and the aggregate

consumption {C;}i—p, r satisfy equilibrium conditions (1), (2), (6), (7), and (8).

2.1 Tariffs and Real Per Capita Consumption

Before examining the tariff impact on sectoral composition, let us first see how tariffs affect real
per capita consumption C,/L,.?° In the following subsections, we assume that existing tariffs
applied by Home to Foreign exports are uniform across sectors (including services, hypothetically),
T};[F = 1tgr > 0 for all j € {a,m, s}, and Foreign does not set tariffs, T%H = 0 for all j. We
then consider a unilateral increase in Home’s tariffs. For analytical convenience, in the case of
nonhomothetic CES (0 < €* < €™ =1 < €°), the tariff increase is assumed to be uniform across
sectors, dTéF = drgr > 0 for all j. In the case of homothetic CES including Cobb-Douglas as a
special case (e/ = 1 for all j), however, the tariff increase can vary across sectors, dT}{ p=drgr >0
for some j and dT}}F = 0 for h # j. As will be seen clearly in the next subsection, the former
highlights the income effect and the latter the relative price effect.

In both cases of nonhomothetic CES and homothetic CES, the real per capita consumption in

Home is expressed as Cy /Ly = (1 + pp)wp /Py, and its logarithmic change is

1
dIn (CH) — dinwy 4+ P gy py 9)
Ly —— 1—|—MH ——
>0 —_——— 20

20

where py denotes the ratio of tariff revenue to labor income and is given by py = Ty [(wyLy).?!
An increase in tariffs in Home reduces import demand there and raises Home’s export price relative
to its import price to maintain balanced trade. This leads to a higher relative wage in Home,
which Matsuyama (2019) refers to as the terms-of-trade effect in terms of production factors. This
mechanism ensures that the first term in (9) is positive, dlnwgy > 0.

In addition, if the tariff rises from a sufficiently low level, it increases the ratio of tariff revenue
to labor income and makes the second term in (9) positive, pgdIn g /(1 + pg) > 0. A further tariff
increase, however, reduces Home’s imports significantly, so that the second term turns from positive
to negative at some point, pgdInpg/(1+ pg) < 0.

In the case of homothetic CES, the aggregate price index always increases with tariffs and thus

20As tariffs do not affect population L., the following discussion holds both in terms of aggregate and per capita
consumption.

21 Strictly speaking, the second term in (9), dIn pg = dup/pm, is not defined at zero tariff (zero revenue). However,
the discussion in the text also goes through in this case.

10



the third term in (9) is always negative: —dIn Py < 0, for the obvious reason that tariffs make
the imported varieties more expensive and thus raise the sectoral price indices constituting the
aggregate price index. In the case of nonhomothetic CES, however, the aggregate price index may
fall with tariffs and the third term in (9) can be positive: —dIn Py > 0, if the income elasticity of
manufacturing demand is sufficiently high such that €™ =1 > €f.%?

As in the tariff-revenue-to-income ratio pp, we can show that rising tariffs first increase and
then decrease the real per capita consumption C'r /Ly, whether preferences are nonhomothetic CES
or homothetic CES including Cobb-Douglas as a special case.?? However, an important difference
between the two types of preferences lies in the magnitude of the effects of tariffs. Tariffs influence
real per capita consumption through the channels we discussed. And this real per capita consumption
in turn affects into the aggregate price index. Under nonhomothetic CES preferences, if the income
elasticity of manufacturing demand is sufficiently low (¢ =1 < €p), the rise in consumption driven
by tariffs disproportionately expands the high-income-elastic service demand. This pushes up the
aggregate expenditure and thus the aggregate price index (i.e., the minimum expenditure per unit of
real per capita consumption Py = Er/(Cr/Li); see footnote 22). The higher aggregate price index
lowers welfare gains from tariffs. Therefore, if €™ = 1 < €j, the magnitude of the effect of tariffs on
real per capita consumption is smaller under nonhomothetic CES than under homothetic CES.?*

The discussion is summarized in the following proposition. The proofs of this and the subsequent
propositions, along with other results, are provided in Supplemental Appendices A to C. In particular,
we can also show that Foreign is always worse off, and this negative welfare impact is more pronounced

under nonhomothetic CES than under homothetic CES if € =1 <€p =}, € wfp.

Proposition 1. Tariffs and Real Per Capita Consumption

We consider the effect of an increase in Home’s tariffs in a model with two asymmetric countries

22The change in the aggregate price index in Home is given by

din Py = dInEg —dIn (Cu/Lu) =Y whdin P} + (eu — 1)dIn(Cr/Lu),
J

where ez = ) y w]}'Iej is the expenditure-weighted average of nonhomotheticity parameters. In the case of homothetic
CES with €/ =1 for all j, the second term vanishes. If €4 < 1 = €™ holds, a rise in real per capita consumption due
to tariffs (dIn(Cu/Lu) > 0) may decrease the aggregate price index (d1n Py < 0).

23This implies the optimal level of tariff that maximizes welfare. We can analytically derive the optimal uniform
tariffs across sectors and show that they are identical regardless of preferences. See Supplemental Appendix A for
details.

241f the opposite €™ = 1 > €x holds, in response to the rise in consumption due to tariffs, the low-income-elastic
agricultural demand increases disproportionately, pushing down the aggregate expenditure and thus the aggregate
price index. Therefore, the magnitude of the effect of tariffs is larger under nonhomothetic CES than under homothetic
CES.
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and three symmetric sectors. If preferences are nonhomothetic CES, the tariff increase is assumed to
be uniform across all sectors; while if preferences are either homothetic CES or Cobb-Douglas, the

tariff increase can be sector specific. Then the following holds:

(i) Regardless of the types of preferences, the real per capita consumption in Home first rises and

then falls; there exists a tariff level Ty below which d(Cy/Ly)/dtrr > 0, and above which
d(CH/LH)/dTHF < 0.

(i) If the income elasticity of manufacturing demand is sufficiently low (€™ = 1 < €p), the
magnitude of the effect of increasing tariffs across all sectors, as described in (i), is smaller
under nonhomothetic CES preferences than under homothetic CES or Cobb-Douglas preferences.
The opposite holds if €™ =1 > €.

2.2 Tariffs and Expenditure Shares

Let us turn to the impact of tariffs on the sectoral expenditure share given in (5). The logarithmic
change in Home’s expenditure share of sector j € {a, m, s} is decomposed as
Jo_ J h h i_ = Ch
dinw}, = (1—0)(dn Py — Y whdinPh)+(1-0)( e —eg|dln ) (10)

h=a,m,s H

Income effect
Relative price effect

where we recall that ey = >, wheh.

The first set of terms in (10) is the relative price effect through changes in the relative price of
the sector j composite good. To highlight this, we assume homothetic CES preferences by setting
e/ =1 for all j, and consider an increase in the sector j tariff only, dTﬂ p = drgr > 0. The tariff
increase in a sector raises its price index relative to those in the other sectors by making the imported
intermediate varieties more expensive to produce the sectoral composite good. With a less-than-unity
elasticity of substitution across sectors, o € (0, 1), the higher relative price of the sector’s composite
good leads to a higher expenditure share in that sector and lowers shares in the other sectors.

The second set of terms in (10) is the income effect through changes in the real per capita
consumption. The income effect is absent in the case of homothetic CES with ¢/ = 1 for all j.
To see this, we assume nonhomothetic CES preferences with ¢ < €™ = 1 < € and consider a
uniform increase in tariffs across all sectors j, dT)Z p = drgp > 0. This raises the price indices of all

sectors proportionally, shutting down the relative price effect. The tariff increase, starting from a
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sufficiently low level, raises the real per capita consumption in Home (Proposition 1). Home then
shifts expenditure away from the sectors with a lower income elasticity (smaller ¢/) toward the
sectors with a higher income elasticity (greater €/). In our model of three sectors, we can show that
the income effect is negative in agriculture, positive in services, and it can be negative or positive
in manufacturing, depending on the value of €” relative to €. Letting o = 1, preferences reduce
to Cobb-Douglas, and the sectoral expenditures are fixed. Therefore, tariffs have no effect on the
sectoral expenditure shares; (10) is always zero.

Focusing on the case where tariffs increase real per capita consumption (rgr € [0, 7f) from

Proposition 1), we formally state the following proposition.

Proposition 2. Tariffs and Expenditure Shares

We consider the effect of an increase in Home’s tariffs in a model with two asymmetric countries

and three symmetric sectors.

(i) Assume preferences are nonhomothetic CES and the tariffs uniformly increase from tgp €
[0, 7}, 2) in all sectors. Then the agricultural expenditure share in Home falls (dw$;/drppr < 0);
the service expenditure share rises (dwy;/drgr > 0); the manufacturing expenditure share falls
if the income elasticity of manufacturing demand is sufficiently low (i.e., dwy}/dragr < 0 if

€" =1 <€), while it rises otherwise (i.e., dwf}/drgp >0 if €™ =1 > €y ).

(1t) Assume preferences are homothetic CES and the tariffs uniformly increases from T € [0, T} )
in some sectors. Then the sectoral expenditure share in Home rises in the sectors where tariffs
increase (d‘*’%{/dT}sz > 0 for some j with dTiIF > 0), while it falls in the sectors where tariffs

remain unchanged (dw?{/dT{{F <0 for h # j with drh, =0).

(iii) Assume preferences are Cobb-Douglas. Changes in tariffs have no effect on the sectoral

expenditure shares.

From Proposition 2, we can infer (not formally prove) how the manufacturing tariff affects the
manufacturing expenditure shares in the presence of both nonhomothetic CES preferences and
sector-specific tariffs. Suppose Home increases the manufacturing tariff from a sufficiently low

level and that €™ = 1 < €g holds, which is true for developed countries such as the U.S.?> As the

Z5The average U.S. tariff on manufacturing products ranged from three to five percent between 1990 and 2014 (see
“inward” tariffs in Figure A2 in Supplemental Appendix J for the U.S. and other developed countries). Given our
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relative price of manufacturing rises, Home shifts expenditure from agriculture and services toward
manufacturing. However, the tariff is also likely to increase Home’s real per capita consumption,
shifting expenditure from agriculture and manufacturing toward services.

In summary, the manufacturing expenditure share is positively affected by the manufacturing
tariff through the relative price effect, but negatively affected through the income effect. The

dominance of either effect is left to the full quantitative analysis in the later sections.

2.3 Tariffs and Value-added Shares

The value added of sector j € {a,m, s} in the tariff-imposing Home is the labor income in that

sector, which is earned from sales in the domestic and foreign markets:

VA =wylLjy = Y wlyP/C!
i=H,F
o S . . , . o W%FP;}C}{
_ pi J J J_ J Jo_ 0 piod
= Py Cy + NXy — Ty, NXH—EXH—IMH—WFHPFC’F—ij
1+ 714p
where NX IJLI is Home’s net exports in sector j, defined as gross exports minus gross imports. The

sectoral value added in Home increases with domestic expenditure and net exports, but decreases

with tariff revenue, since the revenue accrues from the value added generated by workers in Foreign.
The value-added share of sector j in Home is then va{q = VAgr{ J(wg Lr). Its logarithmic change

is given by?°

. plce , dl NXJ NXJ T’ T’
dlnval, = —H2H <d1nw},+ o n“H) + 2 gy H o) _ZH g | —H ) (11)
J 14+ pm wg LY, wyg Ly wy LY, wy Ly

wHLH

(a) Expenditure adj. by tariff revenue (b) Net exports (c) Tariff revenue

Under autarky, the value-added shares and the expenditure shares always coincide: vag = wfq.
With international trade, however, they may differ.
The contribution of sectoral expenditure shares to value-added shares is captured by the first

term (a) in (11). This expenditure channel also includes changes in aggregate tariff revenue relative

calibrated values in Section 4 ((¢*,€™,€’) = (0.05,1,1.2) as in Comin et al., 2021), the expenditure-weighted average
of nonhomotheticity parameters in the U.S., €ygs, consistently exceeded one and increased in most years from 1965 to
2014 (from 1.06 to 1.13).

?The second term (b) is defined as

NX? NXZ EX? EX? IM? IM?
H dln H = H dln H — H_ dln H .
wp LYy wgLg wg LY, wg L wg LY, wg L
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to labor income (g = Ty /(wg Lg))—the second term within (a)—since higher revenue scales up
consumption across all sectors. How the sectoral expenditure shares respond to tariffs—the first term
within (a)—is already discussed in Proposition 2. If only the relative price effect operates in sector j

under homothetic CES preferences and sector-specific tariffs, then dln w}'{ > () holds, contributing

positively to dInwva),. In contrast, if only the income effect operates under nonhomothetic CES

preferences with uniform tariffs across sectors, then dln wi, < 0 holds for a lower-income-elastic
sector j, contributing negatively to dIn vagq.

The last term (c) in (11) is a mechanical channel from the definition of va;{. When tariffs raise
tariff revenue in a sector more than labor income, the share of contribution by Home’s workers in
that sector falls.

The second term (b) in (11) captures the standard protective role of tariffs. As Home increases
tariffs on a sector, imports in that sector decline and net exports improve, thereby expanding its
value-added share. This net export channel (b) operates under Cobb-Douglas preferences, where
neither the relative price effect nor the income effect is present.

To determine the sign of (11), we highlight the polar cases where either one of the income effect
via nonhomothetic preferences or the relative price effect via sector-specific tariffs operates, as in
Proposition 2. Under slightly more restrictive conditions (an increase in tariffs from zero), we can

formally show the following proposition.
Proposition 3. Tariffs and Value-added Shares

We consider the effect of an increase in Home’s tariffs in a model with two countries and three

symmetric sectors.

(i) Assume preferences are nonhomothetic CES; the two countries are symmetric; the income
elasticity of manufacturing demand is low enough; and the tariff uniformly increases from
zero in all sectors. Then the sectoral value-added share in agriculture and manufacturing falls
(dva{q/dTHp < 0 for j € {a,m}), while it rises in services (dvay;/dryr > 0), and the sectoral

expenditure shares exhibit the same pattern.

(i) Assume preferences are homothetic CES; the two countries are asymmetric; and the tariff
uniformly increases from zero in some sectors. Then the sectoral value-added share in Home
rises in the sectors where tariffs increase (dvaﬁ/dT};F > 0 for some j with dT}{F > 0), while it
falls in the sectors where tariffs remain unchanged (dva}}{/dTé,F <0 for h# j with drly . = 0),

and the sectoral expenditure shares exhibit the same pattern.
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(iii) Assume preferences are Cobb-Douglas and the two countries are asymmetric. The sectoral value-
added shares exhibit the same pattern as under homothetic CES, while the sectoral expenditure

shares remain unchanged.

From Proposition 3, we can infer (not formally prove) the effect of tariffs on sectoral value-added
shares in the presence of both nonhomothetic CES preferences and sector-specific tariffs. Suppose
Home increases tariffs from a sufficiently low level only in manufacturing sector with a lower income
elasticity, € = 1 < €g, which seems plausible in developed countries today (see footnote 25). Then
the effects of the manufacturing tariff on its value-added share mirror those on the manufacturing
expenditure share, captured by the expenditure channel (a) in (11): the relative price effect is likely
to contribute positively to the manufacturing value-added share, while the income effect is likely to
contribute negatively. In addition, more expensive foreign manufacturing varieties will be replaced
with domestic varieties, leading to a higher manufacturing value-added share, which is captured by
the net export channel in (11). We will quantify the magnitudes of those three channels in later

sections.

2.4 Toward a Full Dynamic Model

To bridge to a fully quantitative dynamic model, we introduce capital into the two-country model
and extend it to two periods. Using this extended model, we examine how tariff shocks affect
the household’s consumption-saving decision. Letting K, ; and I, ; denote the capital stock and
investment, respectively, in country n € {H, F'} and period t € {1,2}, the law of motion of the
capital stock is Ky, ;+1 = I+, where capital in the last period fully depreciates. Capital is owned
by the household and rented to domestic variety producers at the rate r,;. Varieties are produced
according to a Cobb-Douglas production technology using capital and labor. The investment good
is produced using the sectoral composite goods ¢ la CES technology with the elasticity parameter
o € (0,1) and is domestically sold at price Pft. The consumption-saving decision maximizes the
discounted sum of utility derived from the aggregate consumption good: u(Cp 1) + fu(Chp 2).
Saving Decisions and a Tariff Shock: In each period t € {1,2}, a representative household

in country H earns labor and capital income, wy Ly + ruKny, as well as tariff revenue, T4,
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and spends on consumption, Fp ¢, and investment, Pff In

K ~
Eui+ Pyloy =wuilpy +ra K+ Ty

=1+ pue)(waeLay + raKme),

where s = Th+/(wht Lt +raKmy) is the ratio of tariff revenue to factor income. We rearrange

the intertemporal budget constraint in Home in period 1 to obtain

Pri [(14 ppa)(waaLag +ra1 K1)
Pf{l P 1

Igy = —Cha| - (12)
Investment occurs (/g1 > 0) when part of aggregate real income is saved. This helps us understand
how tariffs affect the consumption-saving decision.

Let us consider an increase in the manufacturing tariff that takes effect in both periods 1 and 2.
The tariff increase in period 1 is a surprise shock, and a household anticipates that it will remain
effective in period 2. In response to the tariff increase from a sufficiently low level, the aggregate
real income rises in both periods, which results in higher real consumption (Cp ). As implied by
(12), investment in period 1 is determined by the relative changes in income and consumption. The
household anticipating a higher income in the future has a weaker incentive to save for intertemporal
consumption smoothing. Therefore, the aggregate real consumption may increase more than the
aggregate real income, leading to a decline in investment in period 1 following the tariff shock,
dlp1 < 0. We will examine whether this intuition holds in the counterfactual exercise using the full

dynamic quantitative model developed below.

3 Quantitative Model

We extend the two-country model to a dynamic multi-country model with capital accumulation and
sectoral input-output linkages. Time is discrete: ¢ = 0,1,---. The set of countries is {1,--- , N},
with the number of countries being N. Countries are generically indexed by ¢ or n. We maintain
three sectors as in the previous model: agriculture, manufacturing, and services.

The representative household in country n as of period 0 maximizes the lifetime utility function:

%0 3
Z/BtQuth,tMa (13)
=0 1-9
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where 5 € (0,1) is the discount factor, 1» > 1 is the inverse of the intertemporal elasticity of
substitution, ¢, is the demand shifter in country n and period ¢, and L, ; is the population of

country n in period ¢. The aggregate consumption in country n and period ¢, C, 4, is implicitly

defined by
sj(l—a) ; o—1
Ch.t 7 01]1 AT
) P bl g 1 ].4
( Ln,t ) (Ln,t ’ ( )

where, for j € {a,m, s}, Cf;i is the composite good of sector j which the representative household in

DL

]:a7m7s

country n and period t consumes, Qi,t is the demand shifter for sector j in country n and period t.%7
Solving the intratemporal expenditure minimization problem given C), ;, the expenditure of

country n in period t is

c & l1—0o i
Ene="Log | >, O, { ( L”’Z) Pi,t} : (15)
n

j:a7m78 ’

where ngt is the price of the composite good of sector j in country n and period t. Define P, ; by

P,+ = E;,+/Chy. Then we have

C €j—1 l-0] 1=¢
Phy = Z quz,t { <Lnjz> qu,t} :
n7

]:a7m7s

The consumption of the composite good of sector j is

) ) Pj -7 C ef(1—0)+o
Cﬂl,t = Ln,tQ{l,t (Pni) <Ln7z) . (]‘6)
n, n

)

Let wfm = Pith;gs /En+ be country n’s consumption expenditure share on sector j in period t. Then

j -0
. e’ .
J Cnyt J
Qn7t { (Ln,t ) Pn7t }
r o o’ p l1—0o
Zj/:a,m,s Qn,t (Ln,t ) Pn,t

Jj o
j=a,m,s wn,t =1L

we have

Jo_
n,t —

w

(17)

By definition, we have >

The representative household in country n is the sole owner of labor and capital there. The

2"Besides this nonhomothetic CES period utility function, we consider a homothetic CES function (letting ¢/ = 1

for any j) and a Cobb-Douglas function Hj:a,m,s(Ci,t/le,t)Xz"t with 37, ¢ XZM =1
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budget constraint of country n in period ¢ is
En,t + rrftln,t < (1 - ¢n,t) (wn,th,t + rn,tKn,t + Tn,t) + Ln,tT;tPa (18)

where P,ft is the capital good price index which will be defined later, and I,, ; is the quantity of
investment. The right-hand side represents the national income, taking into account aggregate trade
imbalances. There is a global portfolio that collects an exogenous ¢, ; share of total value added,
Wy tLnt + TntKn i, plus tariff revenue, Tvmt, and redistributes a per capita transfer, TtP, to each
country to balance the global portfolio’s budget. In this way, we model trade imbalances as transfers,
abstracting from cross-border borrowing and lending (Sposi et al., 2024).

Let K, be the quantity of capital in country n and period ¢. Then capital dynamics are
K1 = (1= 0nt) Kt + Iy (000K i)', (19)

where §,,; is the capital depreciation rate in country n and period ¢t and A € [0,1] is a parameter
governing capital adjustment costs. Solving this for I, ; and viewing it as a function of K, ;, Ky, 141,
and 6y, we have

1-1 K,
It = (I)(Kn,t+1a Kn,t; 5n,t) = 5n’tAKn,t as

)

— (1 —0pne)

n,t

The dynamic optimization problem of the representative household in country n and period 0 is

to maximize (13) subject to (15), (18), and (19). Solving this problem, we obtain the Euler equation:

1 _

<Cn,t+1/Ln,t+1>w Enii€nir1 3 ittt Lngpr (1= Onast) et — Prtpp1 @2 (Knego, Ko t41; 0n,41)

Cnt/Lnt B, t€n Cnjt Ly nytq)l(Kn,tJrl, Ky t;0n.t) ’
0@ i)

(20)

where ®; is the derivative of I, ; = ®(Kp ¢41, Ky t; 0nt) with respect to its [-th argument,?® and

Fnp = > whe (21)

j=a,m,s
Z8Gpecifically,
1
0P (Kpyt+1, Knyt) 1 -1 [Knutr T
By (i1, K y) = Tt fimt) g3 | Bt (g g, :
1(Kn 41 ) K1t N\ Ont Ko ( )
8¢(Kn,t+l7Kn,t)

K,
Oo(Kp,ir1, Knit) = =01 (Knt41, Knyt) - [(A - 1)% A1 =6n0)] .

n,t

OKn ¢
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The associated transversality condition is also obtained. Both FEj ;11/E,; and &, ;4+1/€, are

% Since 1 > 1, the left-hand side is just an increasing function of the ratio

increasing in
in per capita consumption between periods ¢t + 1 and ¢. Equation (20) tells that this per capita
consumption ratio depends on the discount factor g, (i) the ratio in the intertemporal demand
shifters, (ii) the ratio in populations, and (iii) the real return to capital.

We move on to producers’ behavior. As in Section 2, the sectoral composite good producers

bundle input varieties z € [0, 1] using a CES aggregator with elasticity n > 0. The production

function of variety z of sector j in country n and period ¢ is

j 'ijl,to‘i,t j ’yi,t(]‘ia]’r.l,t) j 1*'Yfm
i () [Ké,t@)] [L;,t<z> )] [Mz,t<z>] e

J J J J
Wn,tan,t Vn,t(l - an,t 1- r)/n,t

Here yflt(z) is the quantity of output, az,”t(z) is the productivity which will be expressed as a
realization of a random variable, Kfl’t(z) is the capital, Liyt(z) is the labor, ’Yi,t € (0,1) is the cost
share of value added (contribution by primary production factors) in total output, afht € (0,1) is
the share of capital within value added, Mét(z) is the CES aggregate of sectoral intermediate inputs

used for production of variety z, that is,

. s 1 ..y crj—_l
M) = | Y (wh) (M7 (2) :

j'=a,m,s

j’]; is the shifter for sector j’s demand for sector j' composite good, MfL{ (z) is the input

where k"

of sector j composite good for production of variety z of sector j and is produced using the
sectoral composite goods, and ¢/ is the elasticity of substitution across sectoral composite goods
for production of sector j varieties. In sector j, the cost share of inputs from sector j’ within
intermediate-input costs is
Ny g
P’Ig/,tM"rjb,% ’@%,Jt (Pr]L,t)l 7

gj,j’ _ _

nt — 17 s T =1 =17 .

’ J )‘ 13»7 5] J 1—0J
Zj”:a,m,s Pn,t n,t Zj”:a,m,s 'k':n,t (Pn,t)

The productivity of variety z of sector j in country n and period ¢, aﬁl’t(z), follows the Frechét

distribution whose CDF is given by F£7t(a) = Pr[af;ht <al = exp[—(a/ﬁjAgt))_ej]. Unlike the
. . . . 1

two-country model, 67 varies across sectors, consequently so does 7/ = [['((¢? + 1 —n)/67)] T-n.

Productivity of varieties are independent within and across sectors, countries, and periods.
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Cost minimization problem for the production function (22) yields the cost of input bundle:

&, = (rpg) 0t (wp ) et 10 (6 )1, (23)

where 5%,1& is the price index for the composite intermediate input for production of sector j varieties:

1 T
1—0J

, o
iL,t: Z K’iL?t(PiL,t) 7

j'=a,m,s
The price index of the composite good of sector j in country n and period t is

o —1/09
P, = bt ne, , (24)
; J
i=1 Ay
where bzwt is the total trade costs including tariffs and non-tariff trade barriers for sector j from
country % to n. bzm- , is expressed as
=&

b, m‘,t(l + T’r]zi,t)’

ni,t
where d’, is the iceberg trade cost for sector j varieties from country ¢ to n in period ¢ including
. . i , . . _ .. .
non-tariff barriers, and ;. , is country n’s tariff rate on sector j varieties from country 4 in period ¢.
s = = _ J
For later use, define gross tariffs 7, , by 7, , = 1+ 75, .

The production function of capital (investment) goods in country n and period ¢ is

Kjy = K,j EailsS |
Ing = Z (Kn,;t ) (Mn,£ ) ¥ )

Jj=a,m,s
where Mf gj is the sector j composite goods used for production of capital goods, and ¥ is the

elasticity of substitution across sectoral composite intermediates for production of capital goods.

Then the cost share of sector j inputs in capital goods production is

J K,j Kjpi y1-o¥
gK j Pn,tMn,t - K‘n,t (Pn,t)
n, - j/ ij/ - K?jl j/ 1—0'K )
Zj/:a,m,s Pn,tMn,t Zj’:a,m,s Hn,t (Pn,t)
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The ideal price index of capital goods is

oK
Pft = Z "éf,ij(Pg,t)l_GK
j=s5,m,s

Let in',t be country n’s spending on sector j varieties sourced from country i in period ¢. This
includes spending on consumption, investment, and intermediate inputs. Summing Xfw.,t across 1, let
Xit be country n’s spending on sector j varieties in period ¢. Let Wﬂ;i’t = Xii,t/Xi,t be the share of
goods sourced from country ¢ within country n’s expenditure on sector j varieties in period ¢, or the

trade share of country ¢ in the market of country n. Then we have

(el bia/ A" (@ i/ AL

7.‘.] i 1, ) ) — ?, TL’i7t ) (25)
it N - > > T - Y .
T i @b A ) (Poe)™”

Let Yg’t be the value of gross production of sector j in country n and period ¢:

N 7Tj
J mn,t < j
Yn,t_ ~j Xi,t’ (26)

Country n’s spending on sector j varieties in period t consists of the final consumption, the input

for production of capital goods, and the input for production of goods and services across sectors:

. . K, . -/ 'l7 . -/
X%jL,t = WiL,tEn,t + gn,t]PrftIn,t + Z (1- /Vi,t)giL,tJYT{,t’ (27)

j'=a,m,s

: J _ pi J K.,j pK _ pJ K,j
noting wn,tETht - Pn,tcn,t and In.t Pn,tjnvt - Pn,tMn :

In country n and period t, the aggregate labor income must be equal to the aggregate labor cost:

Wyt Lnt = Z 77‘77,715(]‘ - agz,t)y'rg,t' (28)
Jj=a,m,s

Similarly, the aggregate capital income must be equal to the aggregate capital cost:

Tt Kng = Z ’Yi,taqu,tyg,t' (29)

j=a,m,s
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The trade deficit, D, 4, is the imports minus the exports:

Dui= Y zxmg 3 z

j=a,m,s i=1 mt Jj=a,m,s i=1 mt

Imports Exports

Country n’s trade deficit must be equal to its net payment to the global portfolio:
Dn,t = Ln,tTtP - d)n,t (wn,th,t + Tn,tKn,t + Tn,t) .

The budget balance of the global portfolio requires 27]:[:1 D, = 0. Solving this for the payment

from the global portfolio to each individual 77, we have

ZnNzl ¢n7t (wn,th,t + Tn,tht + Tmt)

T =

(30)

We now define the equilibrium of our dynamic model. We also define the steady state because
we compute transition paths which are equilibria converging to steady states. The definitions of

equilibria and steady states are respectively given by

Definition 1 (Equilibrium). Given the capital stocks in the initial period {K, ¢}, an equilibrium
is a tuple of {wnidnts {rnidnts {Buitntes {Ghidntgs {Plitnegs (T dniess Fasbne (Xt
{€nttnts {Wn,t}n,t,ja {Cnitnts {Knitnt, {Inttnt, {TF}: satisfying a system of equations (15),
(17), (18), (19), (20), (21), (23), (24), (25), (26), (27), (28), (29), and (30) for n,i € {1,...,N},
j € {a,m,s}, and t € {0,1,...}.

Definition 2 (Steady state). A steady state is an equilibrium in which relevant endogenous variables
are time-invariant. Specifically, a steady state is a tuple of {wy }n, {rn}n, {En}tn, {E%}mj, {Pﬂ;}n,j,
{71'3”-},171‘7]', {Y.}n, {X%}mj, {w%}mj, {Ch}n, {Ky}n satistying a system of equations, (15), (17), (23),
(24), (25), (26), (27), (28), (30),

« 1—5(1—Mop) i
nani nLn7 n:—Pn7
" —a" T B A

and

En=(1-6y) <wnLn t K, + Tn) — 6,PKK, + L,T",
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forn,i € {1,...,N} and j € {a,m, s}, where time subscripts ¢ are dropped from all the equations.

In the following quantitative analysis, as in the qualitative analysis of Section 2, we will focus on

two measures of sectoral allocation: the sectoral consumption expenditure share wj, , = P2 ,C? ,/Ey 4
b b b

in (16) and the sectoral value-added share:

J v J J
i Vn,tYn,t o wn,th’t + rn,tKn,t (31)
Yt = iy 5 i\
Zj/:a‘7m78 ryn’t n,t Zj’:a,m,s wnﬂan,t + Tthn,t

where 'YZL,t is the share of contribution by primary production factors (labor and capital) in sector

Js Yrit is the gross production of sector j (see (26)), and Lfm and Kit are respectively labor and
capital employed in sector j. Moreover, we will discuss saving decisions by looking at the saving rate

pn,t defined as the ratio of capital investment to national income:

K
Pn,tlnzt

(]— - an,t)(wn,th,t + Tn,tKn,t + Tvn,t) + Ln,tTtP .

Pnt = (32)

4 Calibration and Fit of the Model

We bring the model to the data for the global economy. We first describe our main data sources
and discuss the calibration of the model. We then present the solution algorithm for computing

transition paths. Lastly, we discuss the fit of the model.

4.1 Data

Our primary data source is the World Input-Output Database (WIOD) Release 2016 and the Long-
Run WIOD (Woltjer et al., 2021; Timmer et al., 2015), which allows us to observe the intermediate
input uses across different countries and sectors of both origins and destinations. By merging the two
datasets, we constructed a database that spans half a century, 1965-2014. Our empirical exercise
encompasses 24 countries (see Table 1) and the rest of the world (RoW). They are the listed countries
in the Long-Run WIOD, and we classify Hong Kong as part of the RoW. We aggregate the ISIC
industries into three sectors (see Table A4 in Supplemental Appendix E). We complement the WIOD
data with the Penn World Table (PWT) 10.0 (Feenstra et al., 2015) and CEPII Gravity database

(Mayer and Zignago, 2011). Bilateral tariffs on goods are sourced from the World Integrated Trade
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Solution (WITS).?

4.2 Calibration of Structural Parameters and Fundamentals

We begin with our calibration of the parameters in preferences. The discount factor 3 is set at 0.96
following the literature on macroeconomics. We set the inverse of the intertemporal elasticity of
substitution ¢ = 2 following Ravikumar et al. (2019). For parameters in the period utility, we choose
the elasticities of substitution across sectors o = 0.5, and the degree of nonhomotheticity in three
sectors is (e%, €™, €%) = (0.05,1,1.2) following Comin et al. (2021). o < 1 implies that sectoral goods
are complements, and, therefore, the relative price effect is at work. The values of {e/ }; indicate that
the income effect also operates: agriculture is a necessity, services are a luxury, and manufacturing
can be either (see (4)).

Shares of primary production factors in the total production cost 7£,t are directly observed in
the IO table. Cost shares of capital within value added O‘ZL,t are calibrated as one minus labor
shares, which are obtained from the PWT. Since the PWT does not provide the sectoral labor
share, we apply the common value across sectors for each year and country. We set the elasticity of
substitution across intermediate inputs 0/ = 0.38 for all j following Atalay (2017). For the capital
goods production, we set the elasticity of substitution o® = 0.29 following Sposi et al. (2024).
Lower-than-one elasticities of substitution indicate that the relative price effect applies to both the
production of goods and services and investment goods. Shape parameters of the Fréchet distribution
are calibrated based on the estimates of Caliendo and Parro (2015). We choose §* = 8.11 and
0™ = 4.55. For the service trade elasticity, we follow Gervais and Jensen (2019) and set 6° = 0.75-6™.
We set the adjustment cost elasticity in the low of motion for capital A = 0.75 following Eaton et al.
(2016), and the depreciation rate of capital ¢, + is obtained from the PWT.

We calibrate the sequences of iceberg trade costs {d{n,th productivity {A£7t}, and demand
shifters {gfljt/} and {gff ,@j } by exploiting the data from the WIOD and the PWT. Demand shifters
{Qﬁbt} in nonhomothetic CES preferences (14) are calibrated such that the consumption expenditure
shares implied by the model (given the sectoral price indices) {wfht} are matched with the data. See

Supplemental Appendix F for details.

29 A5 the bilateral tariffs are specified at each Harmonized System (HS) product level, we first group the HS products
to the ISIC industries using the concordance table provided by the WITS and then compute the simple average for
agriculture and manufacturing sectors.
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4.3 Solution Algorithm

We solve the equilibrium transition path backward. We first solve the model for the steady state
according to Definition 2, assuming the 2014 fundamentals (e.g., productivity, trade costs, exogenous
demand shifters, etc.) remain constant forever. We then suppose that the economy will reach the
steady state 450 years after 2014. The solution algorithm for the transition path has two loops:
the outer loop finds the sequence of investment (saving) rates, {pn+}n+ in (32), that satisfies the
dynamic optimality condition governed by the Euler equation (20) and the inner loop solves the
intratemporal equilibrium for each period (i.e., solving the sectoral prices and factor prices that
satisfy the equilibrium conditions listed in Definition 1). More specifically, for the given sequence of
{pn,t}nt and the initial period capital stock, we first solve the static equilibrium period-by-period
sequentially from 1965 to 2464. After we solve the periodic equilibria up to the year 2464, we update
pn,t backward from 2464 to 1965 according to the Euler equation. More details are in Supplemental

Appendix H (see also Ravikumar et al., 2019 for the details of the outer loop iteration).

4.4 Fit of the Baseline Model

To examine the model’s ability to match the data, Figure 1 compares the model-implied (dashed
lines) value-added shares in three sectors (black for agriculture, blue for manufacturing, and orange
for services), vaf.w in (31), with the data counterparts (solid lines) for six selected countries, Canada,
China, Germany, Japan, Mexico, and the U.S. In the six countries, the model captures the overall
trend of falling manufacturing and rising services over time. The fit of the model is particularly
better for Germany, Japan, and the U.S., while in the other three countries, the model overestimates
the service share and underestimates the agricultural share, despite the overall trend being well
captured.

Next, Figure 2 demonstrates the model fit of sectoral expenditure shares in final consumption,
wfm = Pg7tC£’t /En+. The model-implied expenditure shares are shown in dashed lines, while the
data counterparts are shown in solid lines, and the colors are the same as in Figure 1. The model
captures the shift of final expenditure from agriculture to manufacturing, and then to services
over time. In all countries, the model overpredicts the service expenditure and underestimates the
agriculture expenditure. As in the case of the value-added shares, the fit of the model is better for
advanced economies compared to emerging economies. The model fit of saving rates, p,; in (32) is

included in Supplemental Appendix K.
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Figure 1: Model fit: Sectoral value-added share

Note: Each panel shows the sectoral value-added shares in the baseline equilibrium (dashed lines) and in the data
(solid lines).

5 Counterfactuals

Now, we will use the model to examine the impacts of tariffs on the sectoral allocation of economic
activities. We first consider a permanent rise in the U.S. import tariffs on manufacturing by 20
percentage points, effective starting in 2001 (U.S. unilateral tariffs). The year 2001 is chosen given
the significant decline in the U.S. manufacturing, which has never recovered since then. We keep
all the fundamentals, such as non-tariff barriers and productivity, unchanged from the baseline to
isolate the pure effect of the tariff. We compare the results to those under different preferences.
We then consider the trade war scenario in which U.S. manufacturing exports are also subject
to a 20-percentage-point higher tariff by all other countries, effective starting in 2001 and lasting
indefinitely. In what follows, we treat the increase in tariffs as a surprise shock; everyone realizes the

tariff hike in 2001, while people have perfect foresight regarding the tariff schedule from then onward.

5.1 U.S. Unilateral Tariffs

Figure 3 summarizes the impacts of a U.S. unilateral manufacturing tariff on the four key variables

in the U.S., (A) real per capita consumption, (B) saving rate, (C) sectoral expenditure share, and
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Figure 2: Model Fit: Sectoral Consumption Expenditure Share

Note: Each panel shows the sectoral consumption expenditure shares in the baseline equilibrium (dashed lines) and in
the data (solid lines).

(D) sectoral value-added share. All results are shown relative to the baseline transition path.

Real Per Capita Consumption and Saving: Panel (A) of Figure 3 shows the percent changes
in real per capita consumption Cys/Liys: from the baseline to this counterfactual equilibrium.
U.S. real per capita consumption is 0.72 percent higher than the baseline equilibrium in 2001. In
relation to Proposition 1(i), this result confirms that the U.S. in 2001 was in the increasing part of
the tariff-consumption schedule, and a 20-percentage-point increase in the tariff is small enough
to raise the real consumption. The figure also shows that the difference between the baseline and
counterfactual is largest in the first year after the shock, and it diminishes over time. This is because
the household has an incentive to front-load the consumption.

Consistent with the intuition discussed in Section 2.4 with a two-country, two-period model,
households anticipating the permanent lump-sum transfer of tariff revenue are disincentivised to
save, leading to a lower-than-baseline saving rate in the counterfactual.>® Panel (B) shows that the

saving rate, pygy in (32), is approximately 0.3 percentage points lower than the baseline equilibrium.

30Tf an increase in tariffs is temporal (e.g., lasting four years during a U.S. presidency), the implication for savings
is the opposite. Supplemental Appendix L.1 shows that households anticipating no additional tariff revenue in the
future will save more during the high tariff period to smooth out consumption over time.
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Figure 3: Impacts of a U.S. manufacturing tariff increase

Note: Each panel shows the impacts of a counterfactual 20-percentage-point increase in the U.S. manufacturing tariff
since 2001 on the transition paths in the U.S. For real per capita consumption, the vertical axis represents the percent
change from the baseline to the counterfactual equilibrium. For the other variables, the vertical axis measures the
percentage point change from the baseline.

A lower saving rate implies a lower capital stock, resulting in lower real consumption in the long run.
While the real per capita consumption remains above the baseline level for the first 55 years after

the shock, it falls below the baseline level afterward.

Sectoral Expenditure Share: Panel (C) of Figure 3 shows the impact on sectoral consumption
expenditure shares, wj& St = Pé Sth[jJS’t /Eus.,, relative to the baseline equilibrium. As we discussed
in Section 2.2, with nonhomothetic CES preferences, there are two competing effects of tariffs. On
the one hand, a higher relative price of manufacturing shifts the expenditure share to manufacturing
due to the relative price effect (Proposition 2(ii)). On the other hand, if tariffs raise U.S. real
per capita consumption (d(Cys:/Lust) > 0) and its income elasticity of manufacturing demand
is sufficiently low (€™ =1 < eygs = Zj € wé S,t)’ the income effect will counteract the first effect

(Proposition 2(i)). In our counterfactual scenario where both d(Cys:/Lust) > 0 (panel (A)) and
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euse > 1 hold,?' the two effects indeed move in opposite directions, but the relative price effect
dominates: manufacturing expenditure share in the U.S. will rise by approximately 0.2 percentage

points compared to the baseline equilibrium.

Sectoral Value-added Share: Panel (D) of Figure 3 represents the impacts on sectoral
value-added shares, vagjsﬂf in (31). A 20-percentage-point additional tariff on U.S. manufacturing
imports will lead to approximately a one-percentage-point increase in the manufacturing value-added
share, which primarily comes at the expense of a lower share in the service sector. This is in line
with our intuition that manufacturing tariffs will have qualitatively similar effects on both sectoral
consumption expenditure shares and value-added shares (Proposition 3 and the following discussion).

In terms of magnitude, the sectoral value-added shares respond more to the tariff shock than
the sectoral expenditure shares. The manufacturing expenditure share under the counterfactual is
approximately 0.2 percentage point higher than the baseline, whereas its value-added share is 0.9-1.3
percentage points higher. This discrepancy is due to our quantitative model featuring international

trade as well as input-output linkages through intermediate inputs.3?

Welfare: We evaluate the overall welfare implications of the tariff shock measured by con-
sumption equivalent from the viewpoint as of 2001 (see the Supplemental Appendix D for the
formula). The second column of Table 1 shows that the U.S. welfare rises by 0.41 percent while
all other countries are worse off.33 The imposed tariff directly lowers U.S. imports from other
countries, thereby reducing their factor prices and welfare due to the terms-of-trade effect.?* Among
others, Canada, India, and Mexico experience the largest welfare losses (1.44, 0.75, and 0.64 percent,
respectively), largely due to the U.S. being their primary trading partner and a major importer of

their manufacturing goods.

Impacts under Different Preferences: To highlight the role of nonhomotheticity in
accounting for the impacts of tariffs on the sectoral allocation, Figure 4 compares the results for
manufacturing expenditure shares in panel (A) and value-added shares in panel (B) across three
different preferences; nonhomothetic CES, homothetic CES, and Cobb-Douglas.?>

Under homothetic CES preferences, both the expenditure share and value-added share respond

31We confirm €ys,; has always been greater than one from ¢ = 1965 onward.

32In other words, if we abstract from these two features, the sectoral expenditure shares coincide with the value-added
shares as in Comin et al. (2021).

33Real per capita consumption of the U.S. will fall below the baseline level in six decades after the shock. Yet, our
welfare measures discount the future real consumption, resulting in a positive welfare implication.

34This point is discussed using our two-country model in Section 2.1 and Supplemental Appendix A.

35The expressions are given in (14) and footnote 27.
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Table 1: Welfare impacts of the U.S. tariffs

Unilateral U.S. tariffs Retaliatory tariffs

nh CES h CES nh CES h CES

Australia -0.050 -0.054 -0.064 -0.075
Austria -0.139 -0.164 -0.098 -0.116
Belgium -0.123 -0.142 -0.090 -0.105
Brazil -0.187 -0.208 -0.138 -0.155
Canada -1.440 -1.823 -1.208 -1.544
China -0.368 -0.437 -0.226 -0.266
Germany -0.094 -0.105 -0.067 -0.076
Denmark -0.054 -0.065 -0.046 -0.055
Spain -0.106 -0.124 -0.080 -0.094
Finland -0.149 -0.179 -0.106 -0.127
France -0.078 -0.090 -0.057 -0.066
U.K. -0.071 -0.082 -0.050 -0.057
Greece -0.159 -0.184 -0.128 -0.149
India -0.748 -0.800 -0.450 -0.475
Ireland -0.076 -0.089 -0.068 -0.082
Ttaly -0.107 -0.124 -0.079 -0.091
Japan -0.071 -0.082 -0.046 -0.053
Korea -0.157 -0.184 -0.130 -0.151
Mexico -0.635 -0.706 -0.718 -0.818
Netherland -0.111 -0.129 -0.085 -0.099
Portugal -0.149 -0.174 -0.119 -0.139
Sweeden -0.114 -0.136 -0.082 -0.098
Taiwan -0.211 -0.246 -0.148 -0.172
U.S. 0.408 0.466 -0.138 -0.185
Rest of the World -0.132 -0.149 -0.081 -0.091

Notes: The table shows percent changes in welfare (consumption equivalent, see Supplemental Appendix D)
under nonhomothetic CES (nh CES) and homothetic CES preferences (h CES) in the two different
counterfactual scenarios, U.S. unilateral tariffs in Section 5.1 and trade war in Section 5.2.

more in magnitude to the tariff shock than under nonhomothetic CES preferences. This is because
homothetic CES preferences shut down the negative income effect on manufacturing shares, which
counteracts the positive relative price effect. For the manufacturing expenditure shares presented
in panel (A), the gap between the dashed and solid lines, 0.03-0.04 percentage point, implies the
mitigating impacts coming from the income effect. Under Cobb-Douglas preferences, expenditure
shares are determined by the parameters, and therefore, tariffs have no impact.

Panel (B) shows that the manufacturing value-added share is 0.05-0.08 percentage point higher
under homothetic CES than under nonhomothetic CES preferences, a magnitude similar to that
observed for expenditure shares. However, under Cobb-Douglas preferences where the expenditure-

share channel is shut off (i.e., term (a) in (11) vanishes), the model replicates the result very close to
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Figure 4: Comparison of Impacts under Different Preferences

Note: Each panel shows the impacts of a counterfactual 20-percentage-point increase in the U.S. manufacturing tariff
since 2001 on the transition paths in the U.S. under the three different preferences, nonhomothetic CES (nh CES, solid
lines), homothetic CES (h CES, dashed lines), and Cobb-Douglas (CD, dash-dotted lines). The vertical axes represent
percentage point change from the baseline.

that obtained under nonhomothetic CES preferences. This suggests that the primary driver of the
effect on value-added shares is a change in the sectoral net exports, corresponding to the term (b) in
(11).

Regarding the welfare implications, the second column of Table 1 shows that the welfare
impacts are larger in magnitude under homothetic CES preferences than under nonhomothetic
CES preferences for all countries except Australia. According to Proposition 1(ii), homothetic
CES preferences overestimate welfare impacts if the income elasticity of manufacturing demand is
sufficiently low, €™ =1 < €, ;. Consistent with this qualitative result, we confirm that the inequality

holds for all countries from 2001 onward.

5.2 Trade War

Next, we consider a trade war scenario: the U.S. imposes an additional 20-percentage-point tariff on
all the manufacturing imports, and every other country retaliates against the U.S. by imposing tariffs
on U.S. exports with the same magnitude. As before, the trade war is assumed to come as a surprise
shock. Results are displayed in Figure A8 in Supplemental Appendix L. Even with retaliatory tariffs
from around the world, U.S. real per capita consumption rises for the first 11 years relative to the
baseline, but then turns negative. The saving rate is lower than the baseline equilibrium, which

follows the same intuition as in the unilateral tariffs. Implications for sectoral expenditure shares and
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value-added shares remain the same qualitatively, but are smaller in magnitude. The manufacturing
value-added share rises by 0.7-0.9 percentage point relative to the baseline, as compared to 0.9-1.3
percentage points in the case of the unilateral tariff. As the retaliatory scenario is more plausible in
the real world, our result suggests that the sectoral implications of tariffs on manufacturing will be
more marginal in a quantitative sense.

Welfare implications of the trade war are summarized in the fourth and fifth columns of Table 1.
We confirm that under the trade war scenario, all countries are worse off compared to the baseline
equilibrium. The U.S. welfare loss is 0.14 percent, which is larger than the welfare losses of most
European countries and Japan. Canada has the largest welfare loss of 1.21 percent.

In large manufacturers such as China, Germany, and Japan, the welfare losses are larger under
U.S. unilateral tariffs than under the trade war. When the U.S. unilaterally imposes tariffs, trade
values from China, Germany, and Japan to the U.S. decline. Due to the terms-of-trade effect, factor
prices and thus welfare in these countries also fall. If they retaliate against the U.S., however, they
will receive tariff revenues, and more importantly, the lower import from the U.S. mitigates the
negative terms-of-trade effect. In contrast to those three countries, Mexico, the second-worst-off
country under the trade war, experiences welfare losses from the trade war (0.72 percent) that are
greater than those under the U.S. unilateral tariff (0.64 percent). Mexico is heavily reliant on the
U.S. economy as both the largest export destination and the primary import source; the economy is
worse off if all the other countries retaliate against the U.S. The last column of Table 1 confirms
that, as in the case of U.S. unilateral tariffs, the welfare impacts are larger in magnitude under

homothetic CES than under nonhomothetic CES preferences.?%

6 Conclusion

This paper examined the effects of tariffs on sectoral composition and welfare, in the presence
of two key economic drivers of structural change—sectors being complements and nonhomothetic
preferences—as well as the standard protective role of tariffs. We examined whether tariffs could
help manufacturing regain its share in sectoral consumption expenditure and value added.

Using a two-country model, we show qualitatively that an increase in tariffs from a low level
raises income and shifts demand from manufacturing to services through the income effect driven by

nonhomothetic preferences. However, tariffs targeting manufacturing shift demand in the opposite

36Tn the trade war scenario, we can check €n,t > 1 for all the countries n and ¢t = 2001 onward, as implied by
Proposition 1(ii).
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direction via the relative price effect, given an elasticity of substitution less than one. In addition to
these structural change-driven effects, tariffs replace foreign manufacturers with domestic producers,
thereby increasing the manufacturing value-added share.

To quantitatively assess these effects, we extend the model to a multi-country dynamic framework
with capital accumulation and input-output linkages. Using data from 24 countries spanning 1965
to 2014 and calibrating fundamentals such as sectoral productivity and non-tariff trade barriers, we
compute transition paths in terms of levels rather than relative changes.

The model is used to simulate a 20-percentage-point increase in U.S. manufacturing tariffs on all
trading partners beginning in 2001. We find that the relative price effect and the trade protection
effect dominate the income effect. Specifically, U.S. manufacturing value-added share rises by 0.9-1.3
percentage points, while the service sector declines by 0.8—1.1 percentage point between 2001 and
2014. Despite these shifts supporting protectionist objectives, the welfare impact is quantitatively
minor. The U.S. is better off only by 0.41 percent at the expense of all other countries. In particular,
Canada’s welfare falls by 1.44 percent. If the other countries retaliate with 20 percentage-point

higher tariffs, all countries are worse off, with the U.S. welfare loss being 0.14 percent.
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A Proof of Proposition 1

In the proofs of Propositions 1 to 3, we allow for an arbitrary number of sectors, j € {1,...,J}. In
the case of nonhomothetic CES, the nonhomotheticity parameters are common in the two countries
and ordered in a way that 0 < ! < --- < €/ and there exists a sector j such that ¢/ = 1. In the case
of homothetic CES including Cobb-Douglas as a special case, the nonhomotheticity parameters are

common in both countries and sectors, ¢/ = 1 for all j € {1,...,J}.

Nonhomothetic CES We assume that preferences are nonhomothetic CES and allow productivity
Ay, population Ly, non-tariff trade barriers d,;, and tariffs 7,,; to be country (pair) specific, but not
to be sector specific. We here look at the effect of tariff applied by Home to Foreign uniform across
sectors, T}'{F = 1 for all j.

We first show that there exists a unique equilibrium wage. The trade balance condition requires

S P
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noting Z]- Wl = Zj Pﬂ;Cﬁ;/En =1 and wr = 1 due to the choice of numéraire; and m,; + T, = 1.
As there are no sectoral heterogeneity except for the nonhomotheticity parameter €/, the sectoral
price indices and the trade shares are all the same across sectors, Wii = 7 and P,Z = P, for all j.
Using » ; wh = 1, we rearrange the trade balance condition to obtain
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Finally, we have

L _ (Afbrr)’ [(w/bar)’ + (1 + 1rr)A’)
Lr b0 [(1+ 7p)w? + (A/brw)?]

We can conclude that this equation has a unique solution of w by checking that (i) the right-hand
side approaches infinity as w goes to zero; (ii) it approaches zero as w goes to infinity; and (iii) it
decreases with w.

Two comments are in order. First, the trade balance condition above does not include €/ nor o,
implying that the equilibrium (relative) wage is the same in both the nonhomothetic and homothetic
CES cases. Second, the equilibrium (relative) wage in Home increases with its tariff. Taking the

derivative of the trade balance condition with respect to 7y gives

dln g + 1‘_%5}{ +dlnw— 1‘?;’; —dlnmpy + fﬁ‘zF - 161”;;11{,
where, for example, dlnw = dw/w and
dinbyp =dindyp(l+ rhp) = e by = P
14+ 7F 1+ 7rg
din P} = 7pp (dInbpy + dlnw), dln P}, = mrgpdInbyp + mgpdlnw, Vj
dlnrgr = —0 (dlanF . dlnPIQ) = —Onpy (dInbyr — dlnw), v
dinmpg = —0 (dlanH +dnw - dlnpfg) = —Orpp (dInbpy + dinw) Vj
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We set 7pg = 0 in what follows. Solving the equations for dlnw yields

dlnw

_ -1 6 0 %
o =14 0)4 [w 4 (A/brr) ] >0,

where I' > 0 is a bundle of variables.

Using (1) in the text and Ey = (1 4+ pg)wg Ly, we write the expenditure share on the sector j
composite good in Home, W}{ = PﬁCﬂ/EH, as

o-1 el (1—0) o—1 el (1—o)

- 14 C i c
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H H

Summing this over sectors yields



This equation implicitly defines the real per capita income (or utility), Cg /Ly, as a function of
index xg (see Lemma 1 in Section B of this Supplemental Appendix for details). To highlight this,
we write u(xy) = Cgy/Ly. With o € (0,1), we can see that u(xy) increases with zp. Therefore,
the optimal level of tariff that achieves the highest u(x ) maximizes xg. Taking the derivative of

x g with respect to 7y gives

dlnzy
d'THF - AH: (A2)
A= (14 6)(0w®)2(A/byr)? ( 1 . ) >0 if tgp < (Ompp)~' or THE < Thp
H = 9 9 — THF . )
F(1+THF)[(w/bHF) +A ] GWFF <0 lfTHF>(97TFF)71 or THF>7';:IF

where I" > 0 is the same bundle of variables as the one in dInw/dryy, and 7}, is the solution of
Tur = (O7pp)~!, noting that mpp is a function of 7yp. At 7p = 0, we have dInzy /drgr > 0.
Letting f(tur) = Tar — (O0mpp) ™' = 7p — 071 [(A/(waH))9 - 1], the condition 77 < (7pp) ™!
is equal to f(7gr) < 0. We can check that f(7gyr) increases with 7 r and f(0) < 0 holds, so that
f(taF) = 0 holds at some point 7y = 7j;. This implies that the condition Tpp < (Orpp)~1is
equivalent to 7y < 7j; . The index xy and thus the real per capita income u(zp) is maximized at
Tar = (Orpp) "t or TE = THp-
The optimal tariff is (implicitly) given by

R 1 <wF/AF>9 B w?

The same expression is obtained in Caliendo and Parro (2020) in a single sector model with homothetic
CES preferences. Three points are worth noting here. First, the optimal tariff increases with the
trade elasticity 6. This is because imports are less responsive to changes in tariffs when productivity
distribution is more dispersed (low 6), which allows Home to set a higher tariff. Second, the optimal
tariff decreases with the share of domestic expenditure in Foreign, mpp. If Home is very small
relative to Foreign in the world market, mpp approaches one. Smaller countries have less room for
manipulating terms-of-trade than larger countries. Third, the degree of nonhomotheticity €/ does
not affect 77, implying that the level of optimal tariff under nonhomothetic CES preferences is the
same as the one under homothetic CES preferences, which we will see shortly. The optimal tariff is

independent of €/ because we restrict changes in tariffs to be uniform across sectors.
Finally, we can verify that the revenue to labor-income ratio, pf, also has an inverted U-shaped
relationship with 7. We again take the derivative of x while expressing explicitly the derivative



of pgr, and use the result of (A2) to obtain
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where I > 0 is another bundle of parameters, and 7} is the solution of 7yr = (O7rp)~! 4+ I, noting that
mrr and IV are functions of 7 p. Letting g(7yr) = 7ar — (OnFr) L =17, the condition 7y r < (7pp) L +17
is equal to g(7gr) < 0. We can check that g(7yr) increases with 7 so that g(ryr) = 0 holds at some point
Tar = Tifp. The condition 7y < (07pp) ™t + T is equivalent to 7 r < 7j7%. The revenue to labor-income
ratio is maximized at Typ = (Onpp) ™t + 17 or Tpr = T}

Analogously, the real per capita income in Foreign is implicitly defined as
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As in Home, we see that Cr/LF positively depends on xp and thus write u(xp) = Cp/Lp. The effect of
Home tariff on Foreign real per capita consumption is

dl _
“TE (14 0) (A2/bpy) <0,
dTHF
where I" > 0 is the same bundle of variables as the one in dlnw/drgp. O
Homothetic CES We set ¢/ = 1 for all j and consider Home’s unilateral uniform tariff change in

some sectors j € J with J being the set of sectors that increase tariffs and J¢ being its complement set,
drﬁ p =drgrp > 0for j € J and dTI}_} r = 0 for h € J¢. This case includes the Cobb-Douglas preferences
as a special case at 0 = 1. We keep assuming that initial tariffs before the change are symmetric in sector,
TiI r = Tur for all j, and Foreign never sets tarifls, Tiﬂ g = 0 for all j. As in the case of nonhomothetic

CES, the change in the (relative) wage in Home is derived by differentiating the change in the trade balance

condition:
J J ‘
1 ; ; dup 1 ; ; dpg drl
E = (dlnn’ dlnw’ = E =~ [ dn=’ dlnw’ dlnw — —H2E_
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noting w = wy/wr = wy; A = Ag/Ap; and P} = P! for j # h because of no sectoral asymmetry in

parameters. We solve the trade balance condition for dInw to obtain

dlnw

= |71(JT) (1 +0)A° [’ + (A/brr)?] > 0,
dTHF
where |J| is the number of sectors that increase tariffs, dT}; p =dryr >0, and I' > 0 is the same bundle of
variables as the one in the nohomothetic CES case.

Similarly, the revenue to wage-income ratio and the real per capita income in Home respond as

dpg | TN+ pg)(1 4+ 0w (A/byr)? 1 , >0 if rgp < (0npp) ' + T or Tpp < T
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for j € J, where the parameters such as I', IV, 7}, and 7} are the same as those in the nohomothetic

CES case. O
The effects of tariffs across different models We consider an unilateral increase in Home’s tariff applied
uniformly across all sectors, dr, = drgp > 0 for all j € {1,...,J}. As in the previous proofs, we also

assume Til = Trr for all j and no tariffs applied by Foreign. We totally differentiate (A1) with respect to



TgF to obtain

j=1
J oc—1 2=t J . oo—1 j
j=1
dInu™CES (zy) Ldlnu"hCEs(xH) B 1 (A3)
d]an AH dTHF ezjzl ejx?u(xH)eJ(l—q)v

where u""CES (1) = (Crr /Ly )""“FS is Home’s real per capita consumption (or utility) under nonhomothetic
CES preferences (nhCES), and changes in zp, dlnxy, is caused by changes in 7y, dryr, and their
relationship is given by (A2): dlnxy/drgr = Ag. This represents the semi-elasticity of the real per
capita consumption with respect to tariffs. Under homothetic CES preferences (¢/ = 1 for all j) including
Cobb-Douglas as a special case (¢ = 1), this semi-elasticity becomes 1/6. Comparing the semi-elasticities

between the two types of preferences, we see

dlnu"hCES(xH)/dlnuCES(xH) 1 /1 1

drar dTHF - gzjzlejx?lu(m{)eiu—a)

9 J . oo—1 . )
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where u“E3(zy) = (Cg/Li)“F® is Home’s real per capita consumption under homoethetic CES preferences
(CES). This is smaller than one if

J J
1=¢ < Zejm 0 u(xH)ej(lf") = Ze]w}{ = €x,
j=1 j=1
where 3 is the sector with ¢/ = 1 among j € {1,...,J} sectors and corresponds to manufacturing in the

three-sector case in the text: 3: m. We can show the analogous result for Foreign:

b

dInu™CES (1) /dln uCPS(zp)

dTHF dTHF

which is smaller than one if 1 = ¢/ < €r holds. That is, if the income elasticity of manufacturing demand
is sufficiently low, the magnitude of the effect of tariffs on real per capita consumption is smaller under
nonhomothetic CES than under homothetic CES including Cobb-Douglas. O

B Proof of Proposition 2

For later reference, we first prove the following two lemmas.
Lemma 1: Define a probability function f(j;x):{1,..,J} = [0,1] by

_ [u(@) )
S Ju(z))eh =)

;)

where u(x) > 0 is a positive-valued function of x € (0,00) and satisfies m%[u(x)]ej(l_”) =wl €(0,1) and



Z;-]:l w! = 1; {¢/}]_, are parameters such that 0 < €' < ... < €/ with a sector j such that € = 1; and
€ (0,1). Then, its distribution function, defined by F(k;xz) = Zle f(4;x), decreases with x.

Proof of Lemma 1: Differentiating F'(k; x) with respect to x yields
dinF(k;z) (1—0)é(z) |<& J ~
’ — Jd J 7 J
L) |y o (Yew | (S
dlnz YW |3 j=1 j=1

k J

where £(z) = 2u/(z)/u(z), which we saw in Section A of this Supplemental Appendix. From the first to the
second line, we use the mathematical induction. Specifically, we can check the equality holds at k& = 1; by
assuming it holds at k = k' € {2,...,J — 1}, we can prove it holds at k = k' + 1.

The function §(z) is positive because we rewrite 1 = Y7 w’/ = 3 277 [u(x)]€ 2=) given in (A1) as

" = ZJJ [u(z)]¢ 1=9) and differentiate it with respect to z to obtain
L—@ZEJI g E](17”)>0.
§(x
From this and the assumptions that 1 — ¢ > 0 and €” — ¢/ < 0 for h < j, we can conclude that the
derivative is negative: dln F'(k;x)/dlnz < 0 for k € {1,...,J}. O
Lemma 2: The function &(x) = zu'(x)/u(x) defined in Lemma 1 decreases with x.
Proof of Lemma 2: Again we differentiate 2 7° = E;] [u(x)]¢ 1~9) with respect to 2 to obtain
Ty =0) ().
J )
£(z) j=1 Dohe (x)]eh(l_a) j=1

What we need to show is that if zp < zg, {(xr) > £(zp) holds. From Lemma 1, the distribution function
F(j;z) exhibits the first-order stochastic dominance in the discrete case (Courtault et al, 2006). That is, if
xp <zy, Fk;zh) = Z?:l fUszma) < F(kyop) = 2521 f(j;zF) holds for all k € {1,2,...,J — 1}. Then,
Proposition 1 in Courtault et al. (2006) implies 1/&(xp) = 92;21 f(Gion) > 1/E(xr) = 92;21 & f(jizr),
or equivalently {(xp) > £(zp). O

Nonhomothetic CES As in Proposition 1, we assume productivity A,,, population L,,, non-tariff trade
barriers d,,;, and tariffs 7,,; are country (pair) specific, but not sector specific. We consider a uniform increase
in Home’s tariffs across all sectors, dT}{ p =dryr >0 for all j.

We derive the derivative of g given in (A1) with respect to 7 p:

i Y1) S e >rj“‘“>[ﬂ'£< ) 1} ey
— 0 X u\xr € X —_ =
= dtaF = " " B0 drg
J
. dlnzx
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<.
Il
—

where u(zpy) = Cp /Ly and {(zn) = [0, ejx? (u(xH))ej(l_")]_l. Since dlnx g /dryr # 0 in general, the



equation above implies Zj w%leff(xH) = 1/6. Substituting this back into dw}i/dTHF yields

dwy ; dinzy
= (1 — J _ =
dTHF ( U)UJ |:6 €(xH) 0:| dTHF
) dlnzgy
=(1-o0)wy [e% TH) Zw "E(vp ] p—
dlnwy, i dlnu(mH)

noting dinzy /dryr = &(xy) 'dnu(zy)/dryp from (A3) and €y = Zh wheh. The equation in the last
line was studied in Proposition 2. An equivalent condition to, for example, €/ —eg > 0, is /&(zg) — 1/60 > 0.

Suppose that 7y is in [0,7/;7) so that Home is in the increasing part of the tariff-consumption
schedule: dlnzy/dryr > 0. Given the ordering of {€/};, for the above equation to hold, we must have (i)
elé(zy)—1/0 < 0; (ii)e’&(xm) —1/6 > 0; and (iii) there exists a cutoff sector jy such that e/#¢(zy)—1/0 <0
and /7T ¢(x ) — 1/0 > 0 hold where the exact equality, if any, only holds in either e/#¢(xg) —1/60 = 0 or
e/utl¢(ry) —1/0 = 0. The index of the cutoff sector, jg, depends on 2z and thus on 7. These results
imply

dlnw;{ <0 forje{l,...,ju}
dtar | >0 forje {jy+1,...,J}

except for the rare cases in which the exact equality holds, ¢/#&(zy) —1/0 =0 or €7 T ¢(xy) —1/0 = 0.
For the sake of completeness, supposing that 7y p is in (75,5, 00) and thus dlnx gy /drgpr < 0 holds, we
have

dinw’, | >0 forje{l,....ju}
drar | <0 forje{jH—i—l,...,J}7

except for the rare cases in which the exact equality holds, €/#&(zy) —1/0 =0 or €7 ¢(xy) —1/0 = 0.
Analogously, we can derive the tariff effect on the sectoral expenditure share in the tariff-imposed Foreign.

Considering dInzp/drgr < 0 for any 7 € [0,00), we can conclude

dlnzp | >0 forje{l,...,jr}
drup | <0 forje {jp+1,....J}

dInwi,

drur {ejg(xp) - 9]
where jp is the index of the cut-off sector and satisfies €/ ¢(xp) — 1/ < 0 (or equivalently, €/F —er < 0)
and e/FT1¢(zp) —1/0 > 0 (or equivalently, e/7+1 —€r > 0) except when either of the two conditions holds
with equality. O

Using Lemma 2, we can also see how the sectoral expenditure share evolves as tariff rises. In the low
income-elastic sectors with e/¢(xy) — 1/0 < 0, an increase in 7y from zero first reduces and then raises
wfq. In the high income-elastic sectors with e/¢(xy) — 1/6 > 0, an increase in 7y from zero first raises and
then reduces w%I. In the middle income-elastic sectors, we see €/¢(xy) — 1/0 > 0 for Typr € (0,75 ] and
&(xpr) —1/0 < 0 for Tp € (7§, 00), and the tariff increase from a sufficiently low level raises w;, but the

tariff increase from a sufficiently high level reduces w};.



Homothetic CES We allow for sector-specific tariff changes, while maintaining sectoral symmetry in
all the other parameters and shutting down nonhomotheticity, ¢/ = 1 for all j. We here consider Home’s
unilateral uniform tariff increase in some sectors j € J with J being the set of sectors whose tariffs are
increased, dT;;IF =drygr >0 for j € J, and J° being the complement set, dT}-{F =drgr =0for j € J¢ As
in the previous proofs, we also assume Té, r = Tur for all j and no tariffs applied by Foreign.

Since the relative wage is determined by the trade balance condition, the change in the (relative) wage in

Home is derived by differentiating the change in the trade balance condition:

T 1 du T 1 dug dr!
. , » , .
Zj<dln7r%H+dlnw%+ ) :ZJ<dln7rqu—|—dlnw}{—|—1+ +dlnw HF),

j=1 L+ pr = HH T
where
;P P de dTHF
by, = dndyp (14 7)) = 151 = 0 '
n by p ndyr +Tyr T 1+THF> , jed
. dr?
dnt’,,, = —HF  — . ¢
"our 14+ 71yr 0 jeJ
; drl
dinbl,, = STEH :
"orn 14+ 71rg 0 Vi
i WbFH/AH -0 (A/bFH)g .
n F TpHAINW, TFH ( PF wg + (A/bFH)e TFF, J
; ; birr/Ar\ " (w/brr)® -
dlnPI]{:ﬂHFdlnbqu—&-wHHdlnw, THF = (]DH :Wzl—ﬂ'HH7 V3
Al = —0 (bl — din Pl) = 6rpy (dnby — dinw), vj
Ay = —0 (dlnw —dln PL) = ~0rprdinw, vj
dinw! = (1— o) [ dln PJ jf: i ln PP J (F)' L Y(n, 7)
nw,=(1-o0 npP; — widln , w = —" = — n,

J J
d/J,F = Zd//[/JF‘ = ZWFHWJFdeVH = 0,
Jj=1 j=1

Jai N J g d N —14.-J ; —
ZjdﬂH—ZjWHFdeTHF—ZjWHFJ dTHF lfTHF—O

o = wzngdlnug _ tarTar(1+7HF) 57 (dlnrfﬂ,

+dlnml, . +dlnw?, | ifrgr >0’
1+ TurmHH JA+1ramar)? T\ 1+ 7P HE H e

noting w = wy/wr = wy; A = Ag/Ap; and PJ = P! for j # h because of no sectoral asymmetry in

parameters. We solve the trade balance condition for dlnw and substitute this back into dlnw? to obtain

dInwl, (J =171 —=0) .
= >0, eJ
drar  JO+ 1) (barAfw) + 1] !
dInwl, |71(1 - o) .
=— <0, e J¢
drar JA+7arp) [(bnrA/w)? + 1] !
dlnw’
H(JJF _ O, v]
dTHF

noting that there are || sectors whose tariffs are increased, dT{i r = drgr > 0. Due to the relative price

10



effect, Home shifts its expenditure to the sectors with increasing tariff. Foreign does not change their
expenditure pattern simply because changes in relative wage due to tariff affect sectoral price indices in

Foreign proportionally and thus the relative price effect is not present there. O

C Proof of Proposition 3

We assume here that before tariff changes, the initial tariffs are zero, 7';; F= 7'1]; g = 0 for all j, and the
sectors are symmetric (except for {€/ }j] in the case of nonhomothetic CES) in all aspects such as productivity
AJ = A,, and non-tariff trade barriers &’ = d,,;. The value-added share of sector j in country n is given by
. VA w, LI
val, = 5 n - =7 nTn -
Zh:l VATL Zh:l wnLn
_ PiCy n NX] T _ PIiCI E, NXJ I,

Wy Lip Wy Lip Wy Lp E, wpLy WLy Wy Lip
NX} T,
wnLy  wyLy’

= W%(l + :un) +

As in the text, its marginal change is given by

, PiCi C du, NXJ NXJ 1 19
dlnval, = /2 (dnw! + —— R dl L) ——d n C1l
v = PO (g ) X (YL (mn), ©
(a) Expenditure adjusted by tariff revenue (b) Net exports

(c) Tariff revenue

noting that we write duy and d[T7 /(wy,Ly,)] in terms of changes in level since pi,, = T}, /(wy Ly) and T are
zero at the initial situation. We can tell from Propositions 1 and 2 how dIlnw}, and dpu,, adjust after tariffs
change.

In the case of Home, the change in net exports, term (b) in (C1), is further decomposed as

NX? NXJ EX? EX? IM? IM?
H 11n H ) = H_d1n LEE, - H_q1n H
wy L, wpLy wy L, wpLy wi L, wpLpy

1 EX! EX? 1 IM} IM?
= — 2 dln 2o — 2_q1n Ll
vay, waLh wy Ly val, wa Ly

1

J
VG

J J
TraYE
wl

(a7 +dlnwd, — dinw) =y pecly (dpurs + dln o + dlny - dTgF)] :

noting w = wy /wp; L = Ly /Lp; and TiIF = T}}H =0 for all j (thus pg = pr = 0). An analogous expression
holds for Foreign. Changes in tariffs by Home affect their net exports to Foreign in three channels. First,
tariffs directly make Foreign’s composite good more expensive, and hence reduce Home’s imports and raise
their net exports, which is captured by the very last term in the equation above, dTﬁ, - Second, tariffs affect
the demand for sector j composite good in both countries by changing their sectoral expenditure shares

and Home’s tariff revenue. Finally, tariffs affect the trade shares, dIn=);, by changing the relative cost of

production, i.e., the comparative advantage of the two countries.

11



Similarly, the change in tariff revenue, term (c) in (C1), is rewritten as

1 Ti 1 7 IM 1
N | H -~ J(HETH ) — - 3 drd
va’ (UJHLH> va ( wy Ly vanWHFwH THF

which is always non-positive, as long as dT;{ r = 0. Note again that the total derivative is evaluated at
Tip = ThHy = 0 for all j.

Nonhomothetic CES In addition to the symmetry in sectors except for {e’ }3-] , we also assume symmetric
countries, Ay = Ap, Ly = Lp, and dgr = dpg = d. We here consider the effect of tariff applied by Home
to Foreign uniform across sectors, dry;, = dryp > 0 for all j.

The tariff effects on (a) expenditure, (b) net exports, and (c) tariff revenue are

PicY ; d =0 ifje{l,....j
(a) L f(dlnw%—i— HH >—7erdTHF+dlnw%I < ifjed je} ,
wp Ly L4 pm >0 ifje{j+1,....J}

>0 ifje{l,.... .}

NXJ NX?!
(b) H d1n< H

> = THF (dlnw% fdlnw}{>

wy LY wyLpy <0 ifje{ju+l,....J}
1 Té
(C) — —d H = —nmgrdrgr <0, V]
vaJH wyrLy

Where the symmetry of countries and sectors implies wy = wp, Ty = 2p, By = Ep, Tpp = THF = Ty =

Ty = 1/(1+0°) for all j, wl, = wh for all j, and val, = w for all n and j. We tell from Section B of

this Supplemental Appendix ((B1) in particular) that dln wfq increases with j, while d1n w{, decreases with
j. This implies dlnw}'{ <0forje{l,...,j.} and dlnw}-{ >0 forje{j.+1,...,J}, while dlnwf;7 > 0 for
je{l,...,j} and dlnwf;7 <O0forje{j.+1,...,J}, where j. = jg = jr is the cut-off sector common
between the two countries such that e/*¢(x,) —1/0 < 0 (or equivalently, e/ —€, < 0) and ¢/*+1¢(z,) —1/0 > 0
(or €/*T1 —€, > 0) hold. We can thus conclude that (b) decreases with j and turns negative to positive at
j« + 1, while (a) increases with j and turns positive to negative at j.. + 1(< j« + 1). In general, the effects on
expenditure and net exports go in the opposite way. Home’s sectoral expenditure share directly contributes
to the sector’s value-added share, but raises Home’s imports and thus reduces its net exports.
Combining the three effects, we have

j i =1 1ldlnzy | <0 ifje{l,..., 5}
dlnval, = rgpdlnwy, + tpgdlnw?, = —— [ejf(xH) - } ,
" " 1140 0] dtur | >0 ifje{j.+1,....J}
where byp = bpg =b=d > 1, > 1, and dlnzy/dryr = —dInzp/drgr > 0. The signs are the same as

those of dInwy;, meaning that changes in the sectoral value-added shares in a country are largely shaped by
those in the domestic sectoral expenditure shares.
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Analogously, the tariff effects in Foreign are

PLCY, >0 ifje{l,...,j.}

(a‘) - dln (,g)j = dln wj ,
wpL} F Y <o ifje{j.+1,....,J}
NX; NXi _ o itjeq. i

(b) ?dln E ) =npy (dlnw}{—dlnw%) if j € { J«} |
wrpLp wrpLp >0 ifje{j+1,...,J}

1 TI

7N iy ) = e {l,...,J

(C) Uai—‘ (wFLF> ) ] 6{ , , }

— 0 1ldlnzg | >0 ifje{l,.... 5.}

e%(xp)—} )
+b"[ 0] dtur | <0 ifje{j.+1,...,J}

dlnva? = WFFdlnwi«“ + 7rFHdthfﬂr =1

where dpp = 0 and d[f};/(prp)] = 0 since Foreign does not change tariffs from zero, drpg = 0. The results
are a mirror image of those in Home. Tariffs by Home change Foreign’s domestic sectoral expenditure and net
exports in reverse. The tariff effect on sectoral value-added shares is largely governed by that of the sectoral

domestic expenditure shares. The results are summarized in Table Al. O

Table A1l: The effect of a unilateral tariff increase under nonhomothetic CES preferences

Country n | Sector j drni | dlnwd | (a) Exp?, | (b) NXJ | (c) Tariff rev?, | dlnwvai: (a) + (b) + (c)
H TS + - +/- + - —
H Get 1.0} | + + + — — +
F 1) 0 n n n - n
F Gt l....01| 0 - +/— - - -

Notes: This table shows the effects of a unilateral increase in uniform tariffs across sectors by Home

(d7};» = drrr > 0 for all 5). Except for the degree of nonhomotheticity {e’ 7/ the two countries and the J sectors
are symmetric in all respects at the initial situation: technology, population, non-tariff trade barriers, and (zero)
tariffs. The cut-off sector is denoted by j., where €*&(x) — 1/ < 0 and €*T'¢(2) — 1/6 > 0 hold. Each of the three
effects, (a) expenditure adjusted by tariff revenue, (b) net exports, and (c) tariff revenue, corresponds to a distinct
term in (C1). In the three-sector model in the text, the set of sectors {1, 2,3} corresponds to {a,m, s} and the cut-off

sector is j. = 2 = m.

Homothetic CES Unlike the case of nonhomothetic CES, we allow for country asymmetry, but keep
sector symmetry and shut down nonhomotheticity by setting ¢/ = 1 for all j. We here consider the effect
of Home’s unilateral uniform tariff increase in some sectors j € J with J being the set of sectors whose
tariffs are increased and J¢ being its complement set, dTi[ r=dryr > 0for j € J, and dT};, p=drgr =0
for j € J¢. As in the previous proofs, we also assume TiI r = Tar for all j and no tariffs applied by Foreign.
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The tariff effects in Home are

o |7 o
Pl i ) 10’(1 TgrdTHr > 0 1fj€j
(a) 7HCH (dlnwfq_,_ 1dMH ) = 7] J ,
WHYH + i TUWHFdTHF>O iijJC
mar(J = |T)o(w/bur)® + (1 +6)A% o
() N gy (VXD TlCw/our) + ) =0 e
wir LY, wpLy ~mgr|T|[o(w/bar)? + (1+ Q)Aa]dmp <0 ifj e e ’
J[(w/brr)? + A?]
(C) —id Tvqu _ —mgrdrgr <0 1f]€j ’
va wy Ly 0 ifjeJe
mr (I TN O +1—0) o ie g
dInval, = J[(w/bpr)? + A?]

_mur|JA(0+1 - 0)
J(w/brr)? + A?]

drgr <0 iijJC

Although the expenditure shares in the sectors whose tariffs remain unchanged, dln w}.{ < 0 for j € J¢,
the overall tariff effect on expenditures in those sectors is positive due to an increase in tariff revenues,
dlnwy, +dpg /(1 + pg) > 0 for j € JC.

Similarly, the tariff effects in Foreign are

Pj J ) 1 fj
o) T g =0, ) - —a ) =, vj
wpLp vat, wrpLp
- - wen(J = T lo(w/bar)? + (L+6)A”) .
N Xy dln N X — dlnvd’. = Jl(w/bgp)? + A9 drup <0 ifjeJ
wpLp F TrFH‘jHU(w/bHF)e+(1+9)A0}d7_ - " .ejc’
J(w/brr)? + A] HF j

()

’LUFL%

where dup = 0 and dff; = 0 since Foreign does not change tariffs from zero, drpg = 0. The results are

summarized in Table A2.

Table A2: The effect of a unilateral tariff increase under homothetic CES preferences

Country n | Sector j | d7’, | dinw] | (a) Exp?, | (b) NXJ | (c) Tariff revl, | dlnwal: (a)+ (b) + (c)
Il jed T T T T -
H jeJge 0 — + — 0 -
F jeJ 0 0 0 — 0
F JeJe 0 0 0 T 0 T

Notes: This table shows the effects of Home’s unilateral uniform tariff increase in some sectors j € J with J being

the set of sectors that increase tariffs and J° being the complement set (drﬂ r=drgr >0 for j € J and

dT}'{ r =drar =0 for j € J°). Sectors are symmetric in all respects at the initial situation, including the degree of

nonhomotheticity, productivity, non-tariff trade barriers, and zero tariffs, while countries are asymmetric in terms of
productivity, population, and non-tariff trade barriers. Each of the three, (a) expenditure adjusted by tariff revenue,
(b) net exports, and (c) tariff revenue, corresponds to a distinct term in (C1). In the three-sector model in the text,
the sets of sectors, J and J¢, correspond to {m} and {a, s} respectively.

Cobb-Douglas For the sake of illustration, we provide the results under the Cobb-Douglas preferences.
The non/homothetic CES preferences are reduced to the Cobb-Douglas ones if ¢ is set to one. In this case,
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neither the income effect nor the relative price effect works, meaning that the sectoral expenditure share does
not respond to tariff changes at all, dInw) = 0. Except for this, the tariff effects have the same sign as the

homothetic CES case. The results are summarized in Table A3.

Table A3: The effect of a unilateral tariff increase under Cobb-Douglas preferences

Country n | Sector j | d7’, | dinw] | (a) Exp?, | (b) NXJ | (c) Tariff revl, | dlnwval: (a)+ (b) + (c)
H jed + 0 + + +
7} JeJe 0 0 T - 0 —
F jeJ 0 0 0 — 0 —
F JeJe 0 0 0 T 0 T

Notes: This table shows the effects of Home’s unilateral uniform tariff increase in some sectors j € J with J being
the set of sectors whose tariffs are increased and 7 being the complement set (dTiI r=drgr >0 for j € J and
dTi,F =drgr =0 for j € J°). Preferences are Cobb-Douglas, o = 1. Sectors are symmetric in all respects at the
initial situation, including the degree of nonhomotheticity, productivity, non-tariff trade barriers, and zero tariffs,
while countries are asymmetric in terms of productivity, population, and non-tariff trade barriers. Each of the three,
(a) expenditure adjusted by tariff revenue, (b) net exports, and (c) tariff revenue, corresponds to a distinct term in
(C1). In the three-sector model in the text, the sets of sectors, J and J°¢, correspond to {m} and {a, s} respectively.

D Welfare

To measure changes in welfare moving from the baseline to a counterfactual situation, we calculate a constant
fraction A, of per capita consumption that would be paid to the country n’s representative consumer in each
year in the baseline to achieve the same utility in the counterfactual. Letting {Cy +}+ and {C} ;}+ be the
consumption streams in country n in the baseline and in the counterfactual respectively, this fraction A, is

given by

_ 00 1=
( t/ nt (( +)\7n) Cnt/Lnt)
t ”— _ 100 , )
;ﬂCntht 1 _ ;O Cntht 1_'¢ )
0 Bt bl Co /L) | 7T
Do Bt Le(Cryt /L t) ¥

< A, =100 x {

In addition, our economy reaches the steady state at ¢ = T. Letting the variables without the time

subscript represent the steady state values, the formula can be rewritten as

1
1—!11 BT+ cr 1— ) -9
Z BCntht( mat Cn n(
An = 100 x = ) = i) -1/,

—¢ 1—¢
T Chn T+1
S0 B naLne (£2) G5l (2)

where L, ; = L,, and &, = £, are time invariant after 7" and are common in both the baseline and the

counterfactual scenarios. We also note

1—4 C* e C* 1
t “n _ QT+1 ~n T+1
> st () =5 (L) > =i (L> =

t=T+1
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E List of ISIC3 Industries Included in the Three Sectors

Table A4: Three sectors and corresponding ISIC3 codes

Sector ISIC3 Description

AtoB Agriculture, Hunting, Forestry and Fishing
Agriculture C Mining and Quarrying
D15 to 16  Food, Beverages and Tobacco

D17 to 19 Textiles, Textile, Leather and Footwear
D21 to 22 Pulp, Paper, Printing and Publishing
D23 Coke, Refined Petroleum and Nuclear Fuel
D24 Chemicals and Chemical Products
Manufacturing D25 Rubber and Plastics
D26 Other Non-Metallic Mineral
D27 to 28 Basic Metals and Fabricated Metal
D29 Machinery, Nec
D30 to 33  Electrical and Optical Equipment
D34 to 35 Transport Equipment

D n.e.c.  Manufacturing, Nec; Recycling

E Electricity, Gas and Water Supply

F Construction

G Wholesale and Retail Trade

Service H Hotels and Restaurants

160 to 63  Transport and Storage

164 Post and Telecommunications

J Financial Intermediation

K Real Estate, Renting and Business Activities
LtoQ Community Social and Personal Services

F Calibration of Fundamentals

We calibrate the iceberg trade costs (including tariffs and non-tariff barriers), bim, and average productivity,

Afl_’t, following Levchenko and Zhang (2016). Apart from Levchenko and Zhag (2016), we use information
from price indices on WIOD to make sequences of productivity Afl’t which are comparable across countries
and over time within each sector. To begin with, we express the trade share normalized by its own trade

share as follows:

P —67
AR

. i,t ni,t
L ( AT ) , o\ =07 , NCA N

ni,t > _ J J J

j - i —9i (gi,t/Ai,t> X (EZL,t/An,t) x (bni,t) .
Tnn,t Cht

An s

Taking the log of both sides yields

67 07

In <7r5”> =i (d,/Al)  +n (@ A,) — 0 (b))
s

nn,t

16



The total trade costs bgw',t can be decomposed into tariffs and non-tariff barriers:

ﬁii t . . —69 . . 07
In 37, =In (Eﬂi,t/‘Ag,t) +In (Ezl,t/A'T]L,t) - 6] In ( ni t) - 9] In ( Thi t)
Ton,t
where 7, Tm =1+ Tm - We express the log of non-tariff barriers dfmt with the set of bilateral observables

commonly used in the gravity estimation:

ni,t ni,t’

In () = dist] ., + CBJ,, + CUJ, , + RTAL, , + exl,, + v

where dlstk(m) , is the contribution to trade costs of the distance between n and 7 being in a certain intervall,

CB’ . is the indicator if the two countries n and 7 share the border, cu’

ni, , indicates if they are in a currency

'VLZ
union, RTA it indicates if they are in a regional trade agreement (WTO definition), egcjt is the exporter fixed
effects, and v/, .+ 1s the bilateral error term. Note that each component in the bilateral trade cost is indexed
by t, and we estimate them as the fixed effects interacted with years. This implies that, for instance, the
contribution of distance to trade costs can vary over time due to the technological progress of transportation.
Exporter fixed effects are included to allow asymmetry in trade costs in the spirit of Waugh (2010). We
plug this into the trade share equation (25) in the text and estimate the following using the Pseudo Poisson

Maximum Likelihood (PPML) for each sector j while pooling all sampled countries and years:

n () (@) vet) o (7))
s —_—

nn,t

exporter-year F.E. importer-year F.F.

_gi (dlbtk(m) , +CBJ., +CU/, , +RTA, m) Y

bilateral observables

Tt nnf

=i o
where In <t> In ( o ) +67 1n ( ) Estimating the gravity equation above allows us to identify the

, N
technology-cum-unit-cost term, In (Ezht / Af’t) , for each county and year as an importer-year fixed effect, rela-
. . N : . 07
tive to the reference country and year (U.S. in 1965), which we denote by S, , = (Ejm/Aﬁm) /(?US71965/A{JS71965) .
We can then tease out the term (—67 emgt) from the exporter-year fixed effects. By combining all the terms in
the bilateral trade costs, we can recover the asymmetric bilateral trade costs.
To back out productivity, we need a few preliminary steps. First, following Shikher (2012), we recover

the sectoral price indices as follows. We define the own trade share relative to that of the reference country

—g7 . -

. ~j j . 97 . 07
o (@.0/45.,) < Pi, ) . ( Pi, )

J - . . —03 J T oal J !
TUs8,US,1965 o J ) PUS,1965 Sn,t PUS,1965

(CUS’,1965/AUS,1965

and year:

We follow Eaton and Kortum (2002) and intervals are defined, in miles, [0, 350], [350, 750], [750, 1500], [1500, 3000],
3000, 6000], [6000, max]
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Hence, for given trade elasticity 67, we have?

. . J
P . ! /6
n, _ nn, J
57 = 5 St . (F1)
US,1965 TUS,US,1965

It is important to note that, for each sector and year, Sit is only identified up to normalization. This implies

that the sequence of prices given by equation (F1) is only comparable across countries but not over time.
To see this point clearly, consider a sequence of any positive scalar {a]}]. It is easy to show that the two
sequences, {S;, ;} and {alS t}, generate the same trade share {m’ }. Therefore, we need to rescaling the

sequence of S/ by identifying {a{ } to measure the productivity growth over time.

n,t

To identify the shifters {a]}, we take advantage of the gross output price index provided by the WIOD
Socio Economic Accounts. Let {P/ ¢, p.at De the gross output price index of sector j in the U.S. and year ¢.
Note that {P/;g; pas}t are comparable over time within sector j. Since the sequence {a} }; is defined for

each sector, we will use the gross price index for the three sectors in the U.S. and back out {a!} according to

,1/91'
. i
Fsu= @) (S sutif)
. . 1, _pi
< ai = (PIJ]S,t,Data) (Z Sn US,n t>

Now redefine SJ + by a; SJ +- Such redefined {Si;,t}n,t are comparable over time and across countries within
sector j.

Being armed with the sectoral price indices after rescaling the sequence of {S ‘ +}, we next back out the
exogenous demand shifters for intermediate inputs, Iin +, by solving the system of equations for each j, n, and
t:

, j,h' —oi
Zh/*ams ]L(Pn, )1 o

by restricting >, k7 t = 1 for each j, n, and t. The left-hand side of the equation, gn ¢, is the share of

in /ij’fL(Ph )1foj
gn t

expenditure spent on input from sector h in total input costs of j, which is directly observed in the 10 table.
After obtaining nn ¢, we can recover the CES price index for the composite intermediate good fth defined in
the text.

We analogously back out the exogenous demand shifter in the capital goods production function, fiff’ h by
solving the system of equations for each n and t:

KK»h(Ph )1—0K

- Kh/
Zh’—am‘; (P#/t)l ok’

K,h __
gn,t

by restricting Zh, = 1. This gives the price index of investment good Pft defined in the text.

In order to obtam the factor prices, we construct the sequence of capital stock over time for each country.
Starting from the initial capital stock in 1965 for each country provided by the PWT, we use the gross fixed
capital formation from the WIOD and follow (19) to construct the nationwide capital stock. Since capital

stock is measured as the real variable in the model, we need to obtain the initial period capital stock in the

2Note that the price indices are recovered relative to the U.S. in 1965 for each sector, implying that the U.S. price
index is 1 for all sectors in 1965.
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current U.S. Dollars® and then divide the nominal value by the price index of the investment good obtained
in the previous step.? We then compute the real investment in each year by dividing the gross fixed capital
formation (in current U.S. Dollars) by the investment good price index and accumulate the capital stock as
implied by the model.

Using the value added from the WIOD, we apply the labor share from the PWT to obtain the wage bill
and the return to capital. The wage bill and the total number of employment give the wage, w, ¢, and the
return to capital and the capital stock give the rental price of capital, 7, +.

Together with the composite intermediate input price index, §fL7t, and factor prices, 7y, ¢, Wy ¢, We can

compute the cost of the input bundle according to (23). Finally, we can recover the productivity AZM by®

A : \1/69 &
= (S5 )M ( o )

AUS,1965 EjUS,1965

Using the sectoral price indices computed above, we calibrated the sectoral demand shifter QZM as follows.
First, we guess the vector of {€} ;}. Given the data on consumption expenditure E, ; from the WIOD,
j J

population L, ; from the PWT, sectoral prices P. > and guessed values of (;, ;, solve the consumption index

n
C’,jwf according to (16). Using the computed consumption index, we can find the unique vector of Qﬁ;,t (up to
normalization for each n and t) by applying the Perron-Frobenius theorem to (17). We then use the value of
Qflt as the new guess and repeat the steps until we find the fixed points.

The intertemporal demand shifter ¢, ¢ is backed out sequentially according to (20). Using the consumption
index C,, + obtained above, we can construct the series of ¢, ; for each country by normalizing the one in the
last sample year (;, 2014 to be unity.

We also calibrated the sectoral demand shifter Qfm and the intertemporal demand shifter ¢, ; under the
homothetic CES preference (i.e., ¢/ =1 for all j). See Appendix J for such calibrated productivity as well as
average tariff rates.

G Computation of Steady States
We compute steady states in the following way. As such, we drop the time subscript from the variables.

1. Guess wages across countries, {w, }, € R, normalized such that wys = 1.

(a) Compute 7, as follows.

i. Guess rental rates across countries, {7, }, € RY.
A. Compute P as follows.
e Guess sectoral price indices across countries, {P?}, ; € RN/,
— Compute & using (F1).
— Compute ¢/, using (F2).
— Compute PJ using (F3).
e Check if PJ obtained in the last step is close to PJ initially guessed. If it does, stop.
Otherwise, update {P7},, ; and return to the first step.

3We use the capital stock at current PPP multiplied by the price level of capital stock to obtain the initial capital
stock.

4The underlying assumption is that the capital stock in period t is priced at P,{ft.

5By construction, sectoral productivity takes 1 for the U.S. in 1965 in all sectors.

19



B. Compute PX using (F4).
C. Compute r,, using (F5).

ii. Check if r,, obtained in the last step is close to 7, initially guessed. If it does, stop. Otherwise,

update {r, }, and return to step i.
(b) Compute 7/, using (F6).
(¢) Compute K,, using (F7).
(d) Compute gi7" using (F8).
(e) Compute g using (F9).
(f) Compute X/ as follows.
o Guess sectoral spending across countries, {X7}, ; € RN/,
— Compute T}, using (M1).
— Compute T using (M2).
— Compute national income NI, using (H1).
— Compute E,, using (H2).
— Compute C,, applying the Newton method to (H3).
— Compute w, using (H4).
— Compute F} using (H5).
— Compute Y using (M3).
— Compute X7 using (H6).
e Check if XJ obtained in the last step is close to X7 initially guessed. If it does, stop.
Otherwise, update {X7},, ; and return to the first step.
(g) Compute w,, using (M4).

. Check if w,, obtained in the last step is close to w,, initially guessed. If it does, stop and normalize
wys to one. Otherwise, update {w, }, and return to step 1.
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Table A5: Equilibrium conditions at steady state
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H Computation of Transition Paths

We compute transition paths in the following way. Let T + 1 be the terminal period, N the number of
countries, and J the number of sectors.

1. Give pre-determined values (data in our case) to the initial capital stock, { K, 1}n, and arbitrary values

to the other variables at the initial period 1.

2. Give the steady-state values to variables at the terminal period T+ 1 including {K,, 741, Ky 742} ns
{Chr41}tn, {&nr41}tn, {Enr41tns {rnr+1}n, and {PfT_H}n. Note that K, ; is a pre-determined
variable at period t. Therefore, K,, 712 is determined at period 7'+ 1 given the steady-state value of
K, 741 at the same period.

3. Guess nominal investment rates across countries and time, {py }nt € RN(T+1),

4. Compute variables forward in time from ¢ = 1 including {wy, +},+ € RNTTY {1, 1, € RN+
{Kpitne € RNTH2) L2 1, € RVN(THD "and others in the sub-steps below.

(a) Compute w,, ¢ in each period ¢ as follows, noting that in period ¢ capital stock across countries,
{Kyi}n € RY are predetermined.
i. Guess wages across countries in period ¢, {wy +}n € RY, normalized such that wys, = 1.
A. Compute 7, ; using (F5).
B. Compute Pl

.t as follows.

e Guess sectoral price indices across countries in period t, {Pﬂ;vt}n,j € RN,
— Compute §fm using (F1).
— Compute Efm using (F2).
— Compute Pﬂ;’t using (F3).
e Check if Pf;)t obtained in the last step is close to PT];J initially guessed. If it does, stop.
Otherwise, update {P; ;}; and return to the first step.
Compute PF, using (F4).
Compute ﬂii,t using (F6).
Compute gj’j/ using (F7).

n,t
Compute gfff using (F8).

Q@mEUa

Compute Xf;yt as follows.
o Guess sectoral spending across countries in period ¢, {XJ ,}n; € RN/
— Compute Tn,t using (M1).
— Compute T using (M2).
— Compute national income NI, ; using (HI).
— Compute E,; using (H2).
— Compute Cy, ; applying the Newton method to (H3).
— Compute wfl’t using (H4).
— Compute Y,f,t using (M3).
— Compute X,];,t using (H5).
o Check if X%t obtained in the last step is close to Xit initially guessed. If it does,
stop. Otherwise, update {X%,t}n,j and return to the first step.
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H. Compute wy,; using (M4).

ii. Check if w, ; obtained in the last step is close to wy, ; initially guessed. If it does, stop and

normalize wygs,; to one. Otherwise, update {wy, ;}, and return to step i.
(b) Compute I, ; = Pn,tNIn,t/P§t~
(c) Compute K, 141 = (1 —6,4)Knt + Ié‘i(én,tl(mt)l_)‘.
(d) Compute &, = >, wfl’tej.
5. Update p,; backward in time from period ¢ = T as pn (1 + nZ,,) using (H6) “Euler equation

residual”Z,, ;, with a dampening parameter n and associated functions (H7) and (HS8). Note that we
restrict the updated p,; to be in (0,1).

6. Check if p,; obtained in step 5 is close to p, ; initially guessed. If it does, stop. Otherwise, update
{pn.t}nt and return to step 3.
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Table A6: Equilibrium conditions
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i+~ Roughly, (F*) is a condition for firms/production; (H*) for household;
(M*) for market clearing. An alternative expression of (H5) is
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I Applying the Newton Method

In the system of steady state and equilibrium conditions, most of economic variables are explicitly expressed.
Therefore they are directly computable given parameters and other economic variables. Only one variable
that is only implicitly expressed is aggregate consumption C,, ; (in steady state, C,). See equation (H3) in
Table A6 (in steady state, Table A5). In the following, we describe the computational method for transition
paths, but a similar argument applies for steady states). Given parameters o, €, Qfl > Ln.t, and economic
variables P] +» we need to solve this equation for C), ;. We apply the Newton-Raphson method to numerically
solve this equation.

Observe that equation
j l1—0o
E . 1—0o ) C, . € )
—= = 974 L .
<Ln,t) j:;n . mt { <Ln,t ot
is equivalent to (H3). Based on this equation, define real-valued function A by

e l-o E l1-0o
Z ; In 1 n
A(xn7t) - Q‘Z%t { (L 7i) Pg,t} - <L 7::) '

j=a,m,s

Chp,¢ is such that A(C),+) = 0. The derivative of A is

A(xny) = (1—0) Z Q ej(l_a)(P,z)l_aejxfj(l_")_l,

j=a,m,s

Using these expressions, we compute C), ; in the following iterative way.
Make an initial guess x%t > 0. The superscript of x keeps track of the number of updates in iteration.
Then compute the updated value as

If x, ; is close enough to zj ;, we got the solution. Otherwise, use x, , as a new guess, and compute z7 , and
compare these two. Repeat this process until z ; and xfﬁl for some k.

J Baseline Parameter Values

We summarize the baseline fundamentals we calibrated in Section F. Figure A1 shows the evolution of sectoral
productivity in six countries, Canada, China, Germany, Japan, Mexico, and the U.S. We normalize the
productivity in 1965 to be 1 and take the moving average over 5 years to remove the noise. In every country
other than Canada, after the 1980s, the productivity of the manufacturing sector grows more than that of
the service sector. In the U.S., the manufacturing productivity increased by a factor of 2.2 while the service
sector productivity increased by a factor of 1.5. Canada exhibits the opposite pattern, i.e., the productivity
of the service sector grows faster than that of the manufacturing sector.
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Figure Al: Productivity evolution (1965=1)
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3 J —
normalize A7, 1955 = 1.

Figure A2 shows the evolution of trade costs in the six countries. For each country and year, we compute
the simple arithmetic average of the bilateral tariff rate (inward and outward) with all its trading partners.
The source of the tariff data is the WITS, which provides the bilateral tariff after the late 1980s for the
major countries. For the period prior to the year when the tariffs are reported for its first time, we apply
the tariff rates in the first year. The figure confirms that the tarriffs are continuously falling after 1990s for
manufacturing sector in most of the countries. It is also worth noting that China’s export tariffs drop more
significantly in the late 1990s than in the 2000s when China joined the WTO.

Figure A3 exhibits the evolution of non-tariff barriers in the six countries, measuerd as the simple average
of inward and outward iceberg trade costs. First, we see the fall in non-tariff barriers is more significant
in magnitude compared to the tariff barriers. For instance, in the U.S., the non-tariff barriers in the U.S.
dropped from 400% to 300% over the five decades while the tariff barriers droppped from 5% to 3%. Second,
the non-tariff barriers for the service sector are much higher in level than the good sectors, but exhibits a
significant drop over time. While the service trade is often overlooked in the quantitative trade analysis, the
result suggests that the falling service trade cost is a crucial factor in understanding the sectoral reallocation
in the global context.
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Figure A2: Evolution of average tariff

(A) Canada (B) China

(C) Germany

(E) Mexico

0 [

o
————————————————— N
24 \
: \
\
\
2 N
B | -~ -~
g ~ ~
8 ~ ~
8 ~o S
<
0 NN
R ~
o
T T T T T T T T T T ]
g & © & & § $ 8
RO S S I S R
year
Agriculture (inward) —- Agriculture (outward) Agriculture (inward) ~ —==—- Agriculture (outward) Agriculture (inward)  —=-=- Agriculture (outward)
Manufacturing (inward) —- Manufacturing (outward) Manufacturing (inward) — ——-—- Manufacturing (outward) Manufacturing (inward) ~ ——-~- Manufacturing (outward)

(F) United States

Oim
g &8 6 & H S H & & 8 »
©° S\ 4\ Sl el o o o N N N
&g g FF S

year

Agriculture (inward) ~ ———-—- Agriculture (outward)
Manufacturing (inward) ~ ————- Manufacturing (outward)

Agriculture (inward) -
Manufacturing (inward)

—- Agriculture (outward)
—- Manufacturing (outward)

Notes: This table shows the average sectoral tariffs a country imposes on the other

those imposed on the country by the others (outward, dashed lines).
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Figure A3: Evolution of average non-tariff barrier
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K Model Fit and Baseline Results

Figure A4 compares the saving rates in the baseline equilibrium to the data. In all six countries, the model
predicts a higher saving rate than the data counterpart in earlier years. The model-implied saving rate
gradually falls and converges to levels close to the data.

Figure A5 compares the U.S. real per capita consumption in the baseline equilibrium under nonhomothetic
CES preferences (solid line) and homothetic CES preferences (dashed line). The real consumption is higher

in magnitude under homothetic preferences than under nonhomothetic preferences.
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Figure A4: Model fit: Saving rate
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Figure A5: U.S. real per capita consumption
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Notes: This figure shows U.S. real per capita consumption in the baseline equilibrium under nonhomothetic CES
preferences (solid lines) and homothetic CES preferences (dashed lines).
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L More on Counterfactual Results

L.1 Temporary Tariff Shock

In the text, we have considered the tariff, which is in effect indefinitely. To examine the static and dynamic
implications of tariff shock separately, we consider here the U.S. manufacturing tariff with the same magnitude
(20 percentage points), but lasting only four years from 2001 to 2004. We assume that every agent in the
model realizes the trade policy in 2001 by surprise, but anticipates that it will be lifted in four years. The
results are summarized in Figures A6 and A7.

The real per capita consumption is approximately 0.4 percent higher in the counterfactual than in the
baseline for the four years. Even after the high tariff period, the consumption in the counterfactual is slightly
higher than the baseline. The striking difference from the permanent tariff is the implication on savings.
Panel (B) of Figure A6 shows that, during the high tariff period, the saving rate is higher than in the baseline.
After the tariff is lifted, the saving rate becomes slightly lower than the baseline rate, and it eventually
converges to the baseline level. Since the U.S. households anticipate that the high tariffs will be lifted in four
years, they do not fully spend the increased tariff revenue. After four years, the U.S. households dissave the
piled-up temporal income.5

Panels (C) and (D) of Figure A6 report the impacts on sectoral expenditure shares and value-added shares.
As in the permanent shock, the manufacturing shares rise in response to the tariff shock. The magnitude of
the impacts is close, too. The key difference from the permanent shock is that it has no long-run implications
on sectoral allocation after the high tariff period, i.e., the expenditure and value-added shares return to the
baseline level immediately after the tariff is lifted.

The dynamic welfare implication for the U.S. is positive but smaller in magnitude compared to the
permanent shock (0.06 percent). This is simply because the time period during which the U.S. receives higher
tariff revenue is shorter in the case of the temporary tariff shock. Canada, India, and Mexico remain the
three worst-off countries, but under the temporary shock, welfare loss is largest for Mexico (0.27 percent),
followed by India (0.25 percent) and Canada (0.19 percent).

SConsumption front-load motive makes the saving rate rise during the high tariff period.
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Figure A6: Impacts of a temporary increase in U.S. manufacturing tariffs
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Notes: Each panel shows the impacts of a counterfactual 20-percentage-point increase in the U.S. manufacturing tariff
in 2001 to 2004 on the transition paths in the U.S. For real per capita consumption, the vertical axis represents the
percent change from the baseline to the counterfactual equilibrium. For the other variables, the vertical axis measures

the percentage point change from the baseline.
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Figure A7: Impacts of a temporary U.S. tariff increase across different preferences
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Notes: Each panel shows the impacts of a counterfactual 20-percentage-point increase in the U.S. manufacturing tariff
in 2001 to 2004 on the transition paths in the U.S. under the three different preferences, nonhomothetic CES (nh CES,
solid lines), homothetic CES (h CES, dashed lines), and Cobb-Douglas (CD, dash-dotted lines). The vertical axes

represent the percentage point change from the baseline.
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L.2 Trade War

Figure A8: Impacts of a trade war between the U.S. and the rest of the World
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Notes: Each panel shows the impacts of a counterfactual trade war between the U.S. and the other countries since
2001 on the transition paths in the U.S. For real per capita consumption, the vertical axis represents the percent
change from the baseline to the counterfactual equilibrium. For the other variables, the vertical axis measures the
percentage point change from the baseline.
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