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Intro Quantification Appendix

Motivation

® A large number of general-equilibrium quantitative models analyze the impact of trade
® What are the policy implications of these models?

¢ Challenging to characterize optimal policies within GE quantitative trade models

® Complex interdependency of demand and supply across goods and countries

® Tariff imposed in one sector affects demand and supply in all sectors and countries
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Intro Quantification Appendix

Classic Literature

1

€

® Literature of optimal tariff: T]’” ==
]

® Using simple general equilibrium or partial equilibrium to reduce to a problem of a
single-foreign-country single-good monopsonist/monopolist

® Export supply elasticity e;‘

® Get a simple formula: optimal tariff should equal the inverse of the (own-price) elasticity of
the foreign export supply curve

® Terms of trade manipulation: Bagwell and Staiger (1999), Broda, Limao, and Weinstein (2008),
and Feenstra (2015)
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Intro Quantification Appendix

Optimal Policies within Modern GE Trade Models

® GE models emphasize interdependencies = difficult to characterize optimal policies

® Most quantitative work studies alternative policies but not optimal policies, or computes
optimal policies
® Recent development

® Costinot-Donaldson-Vogel-Werning (2015): canonical Ricardian model (DFS)

® Optimal export taxes increase with comparative advantage

® Optimal import tariffs should be uniform across sectors

® Lashkaripour-Lugovskyy (2023): multi-sector Krugman with economies of scale
® Approximate optimal policies

® Wrong formulas
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Intro Quantification

Simple Intuition

Standard models assume perfectly mobile labor across sectors

DFS, multi-sector EK, multi-sector Armington
® Wages equalized across sectors in Foreign country, wy; = wy, = w;

wz/sz

® Relative import price of two foreign goods 7~ o

determined by technology ratios

¢ Home government cannot manipulate relative foreign prices using tariffs

® Optimally, zero/uniform tariffs across sectors
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Intro Quantification Appendix

Simple Intuition

Example: Multi-sector models with fixed labor in each sector (specific factor)
® A tariff on sector j decreases sector demand faced by Foreign
® Sectoral labor fixed; the sectoral wage in Foreign will decrease
® Foreign price wy;/z; decreases, improving terms of trade of Home imports good j
® We prove optimal tariffs increase with Home net import share in Foreign income

Wy / Z;
Woy / 2ok

Thus: differential tariffs if they can affect relative prices

® Wages are different across sectors (imperfectly mobile/substitutable labor)

® Endogenous technology
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Intro Quantification Appendix

This Paper

® Build a multi-country, multi-sector model with a generic supply system nesting
® Extended multi-sector Armingtion, Eaton-Kortum, Krugman
® Different economies of scale across sectors

® Labor market specifications: perfectly mobile labor, fixed labor, and imperfectly substitutable
labor across sectors as in the Ricardo-Roy model
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Intro Quantification Appendix

Proposition: Two-Country Optimal Policies under GIIA Supply System

Models with CES demand system with trade elasticities €; and our defined GIIA supply system
with supply elasticities 7;, optimal policies:

Domestic tax: 1+ r]."l =1+ ;7777]1
i —
1+ T]d 1
Export tax: 1+ = 1
/ 1+ ij 6]'7'[22,]‘

180 — (+T)Yy 1 By — (1+ )Yy
Import tariff: ij -1 = 7'}3] v i 7.,51951 (Y+ 1)Yai
;7] 2j Ui 2i
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Intro Quantification

Appendix

Proposition: Two-Country Optimal Policies under GIIA Supply System

Models with CES demand system with trade elasticities €; and our defined GIIA supply system
with supply elasticities 7;, optimal policies:

Domestic tax: 1471 = (1+7%) T
] i — 1
. 1+ T]d 1
E t tax: 1 X = 1
Hpor e i L+ €722

180 —(A+T)Yy 1By — (1+19)Yy
Import tariff: Tf”—ﬁ” =— / v J ]77./31 1 (Y- )i
77] 2j Ui 2i

® Domestic tax: Pigouvian tax to fix domestic distortions
® Sector-specific export taxes are higher (given other taxes)

* in sectors where Home is a large seller to Foreign (71 ; lower)
® if the trade elasticity ¢; is smaller
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Intro Quantification Appe!

Two-Country Optimal Tariffs under GIIA Supply System

Home’s net import in sector j

R W i Bk G Ty 1 - L+ T)Yy
Y> i Yo

i
] 1lj
supply elasticity para. foreign income in j

® Relative tariffs depend on the difference in Home’s net import share across sectors, each
scaled inversely by its supply elasticity parameter 7;
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Intro Quantification

Models Satisfying GIIA Supply System

Home’s net import in sector j

m_ 1 (ﬁ]’xl — Yl]'f pix1 — Y1i>
K

st Yo Yo

® Ricardo-Roy or multi-sector Armington model with Imperfect Substitutable Labor

® Perfectly mobile labor, ¥ — co = uniform tariffs in standard models
® Fixed labor, x =1

® Imperfectly substitute labor with CES elasticity x

® Ricardo-Roy with one factor €D G

® 5 = x > 0, labor market elasticity of substitution

Tariffs increase with Home net import share, but decrease with labor substitutable

Appendix
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Intro Quantification

Models Satisfying GIIA Supply System

Home’s net import in sector j

L) (51'3(1 *Ylf] Bix1 — Y1i>

Yo, Yy

® Production specifications:

* Endogenous technology: steady-state of Bai, Jin, and Lu (2025), { = %

® Increasing return to scale (IRS )

® Multi-sector Krugman (same ES parameter for all sectors), i = ﬁ
® = —% <0

Tariffs negatively related to Home net import share

» Krugman

Appendix
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Intro Quantification

Models Satisfying GIIA Supply System

k1 ox
N— ————
1
17]

Y>

o m <1 4K—1>ﬁ]’xl_(1+1—jd)ylj_

<1 ‘K—l) Bix1 — (1+ 7)Yy

K K Yy

® Generalized multisector Krugman, multisector Armington and Eaton-Kortum with
EES: p,,; < wyj (Ly) ¥, and imperfectly substitute labor (x)

® For example, generalized multisector Krugman:

1

1 _1_ 1 -1

1j K g—1 «
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Intro Quantification Appe!

GIIA Supply System

Definition (GIIA Supply System)
We define a GIIA Supply System which satisfies

dlnp; Y;n;  olnp; Yin

dlnY;Ys 1  dInYsYs1 [ 0 fors#i,j
1 fors=j,

for any sector s, i,j, where Y; is the income of a sector j, and 7; is sector specific constant
related to supply elasticity.

A sector’s partial supply elasticities with respect to
® prices in any two other sectors (scaled by the size and supply parameters) are the same

® its own price relative to the elasticity to any other sector’s price equals one.
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Intro Quantification

GIIA Supply System

® GIIA Supply System is not equivalent to constant supply elasticity

® A sector’s export supply elasticity does NOT equal to
® For example, in a CES labor supply model

olnYsYs [ —(k—1)As fors #j
olnp; ¥; | kx—(k—1)A; fors=j.

® A; share of sector j income in total income

® Self-elasticity is not a constant

® Cross-elasticity is not zero

® Different from PE setups that assume exogenous constant foreign export supply elasticity and

overlook cross-sector interdependencies

® CES supply is sufficient but not necessary for GIIA Supply System
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Intro Quantification Appendix

Multi-Country Case Differs from Two-Country Case

® Supply across country-sector: Labor may be more substitutable within domestic markets
than across countries. This asymmetry in factor mobility breaks the symmetry of
cross-elasticities across sectors and countries even under GIIA supply within a country

® Trade among foreign countries: Home government lacks instruments to directly
influence trade flows between any two foreign countries

N 1
Yo — Y BiilinXi = ﬁl,jwﬂln,jxl,
i#1 nj

E 1n,j
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Intro Quantification Appendix

Multi-Country Optimal Import Tariffs

Additional interdependencies across countries within the trade network

JdE;, o 1 O0E;3 1 JEin o 1 JOEnx 1
dnp, °Y, onp, °Y, v lnp,° Yo 1+ Bixi om0y Zk 11+ )%lnpz °y,
oE;, o 1 JE;; 1 OEiw 1 m Enx 1
dnp; Y olmp; OV v alnp; O Ya I+ | _ | BPimomzoy; Z 11+ )alnm °Y;
JE1p 1 JE13 1 JEiny 1 1+ T OE 14 1
dnpy C Y~  dlnpy C Yy v dlnpy O Yu N BixyomnNo v — Zk 1(1 + Tk)alnpN ° vy
m
Ty 1=

® Self-elasticity

® pn; L= affect nj’s supply
® Other countries adjust in response to price changes = affect 1j’s exports to Home

® Cross-elasticity

® Affect prices globally = affect global supply and demand
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Intro Quantification Appendix

Lemma (GIIA Supply System & Multiple Countries)

Home unilateral optimal tariffs satisfy

N

1 .
Z (6n + T?'ij)Yn,j == [,Blljxl — Yl,j] , foranyj
n#l

where J,, is endogenous but independent of sectors;

® Average tariff on a sector is strongly related to Home’s overall net import B jx; — Y1

® Trade network shapes country interdependencies = tariffs convergence within a sector
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Intro Quantification Appendix

Lemma (GIIA Supply System & Multiple Countries)

® When foreign countries are symmetric or when they do not trade with each other,
optimal policies only depend on bilateral trade shares:

B . 1 B, 1
1 nln,],Bl,]xl - 1+T:1(j ﬂnl,]ﬁn,]xn nln,i,Bl,ixl - Tl—jinnl,iﬁn,z’xn

T = — _
n, ni . . 4
] K Yn,] Yn,l

1 1
14t =—— (1 +———— .
nJ 1+T$]- ( 6]‘(1 — 7'[,11,]‘))
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Quantification

Effects of Interdependencies Between Foreign Countries

Country 2 has a comparative advantage in s10 relative to Home
Country 3 has a comparative advantage in s1 relative to Home

Asymmetric trade costs

Optimal tariff

1 Netimport,;
 “Tncomer,

¢ Optimal tariffs on a sector converge across countries

0.15
Country 2: 2.21
Country 3:-0.95 (@]
0.1
[®)
$10 *
' g
0.05 1 N <
e o
s8
0r V7 [
\5254
s
X \53
\52
-0.05 - \ O Country 2
s Country 2
Country 3
— — —Country 3
-0.1 L I . . |
-0.3 -0.2 -0.1 0 0.1 0.2

Appendix
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Intro Quantification

Quantitative Optimal Policies

® Select the 19 largest countries based on 2014 GDP

® Optimal policy formula: use trade shares and sectoral production data & Exact hat
method with FOCs of optimal policies and eqm conditions

® US and China’s unilateral optimal policies and implied welfare change

® Nash optimal policies and welfare change

» Hat Method » Model and Data

Appendix
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Intro Quantification Appendix

U.S. Optimal Policies: Import Tariff
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® Sectors are ordered by U.S. net imports relative to world output before policy
® On average, import tariffs increase with a sector’s net imports

® Interdependency: textiles from Russia also face higher tariffs
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Appendix

U.S. Unilateral Optimal Tariffs and Net Import Share over Foreign

Income

0.07 -

0.06 -

0.05 -

0.04 -

o

=3

)
T

Optimal tariff
o
o
N
T

0.01 -
]

o
T
\

-0.01

Vehicles -

(())omputer

S
o = = F

AQil

_ e
M’WEJNKU 5

_-
il
’d?eles
-

_-
Textitestiles

?Tmes

es™  umiture

6umilufe

<j’e><|\\es

-0.02
-0.06

0 0.02 0.04 0.06
1 Netimport,,;
® Income,;

0.08

0.1

o

NLD
AUs
FRA
GBR
BRA
KOR
ROW
TUR
ESP
CHE
DEU
JPN
IND
CHN
ITA
RUS
IDN
=0il
= = Paper
Chemicals
Machinery
— —Food
— = Vehicles
Rubber
= = Mineral
— —Wood
= —Metals
= = Computer
= = Furniture
— —Textiles

) O

oo

I AAD>DED>D>ODO

20/23



Intro uantification Appendix
PE

Welfare Changes

U.S. Unilateral Policy (%) China’s Unilateral Policy (%) Nash Policy (%)
Optimal ~ Endogenous Observed Optimal ~ Endogenous Observed Optimal
Bilateral Share Bilateral Share Bilateral Share Bilateral Share
uUs. 1.307 1.286 1.052 -0.386 -0.418 -0.521 -0.888
NLD  -0.373 -0.411 -0.443 -0.724 -0.877 -1.186 -7.985
AUS -0.284 -0.321 -0.376 -1.399 -1.712 -2.089 -4.150
FRA -0.263 -0.276 -0.285 -0.331 -0.350 -0.409 -4.610
GBR -0.517 -0.536 -0.574 -0.498 -0.555 -0.704 -3.266
BRA -0.214 -0.219 -0.222 -0.196 -0.204 -0.219 -0.965
KOR -0.252 -0.262 -0.263 -0.839 -0.866 -0.924 -1.924
ROW  -0.287 -0.295 -0.305 -0.824 -0.804 -0.798 -1.483
TUR -0.164 -0.170 -0.178 0.061 0.059 0.123 -3.742
ESP -0.048 -0.050 -0.031 -0.201 -0.213 -0.249 -2.193
CHE -0.269 -0.280 -0.281 -0.139 -0.141 -0.153 -3.554
DEU -0.210 -0.211 -0.189 -0.435 -0.458 -0.530 -3.220
JPN -0.235 -0.244 -0.246 -0.672 -0.710 -0.847 -1.519
IND -0.076 -0.075 -0.073 -0.113 -0.111 -0.084 -0.686
CHN  -0.076 -0.076 -0.075 0.571 0.558 0.438 -0.297
ITA -0.125 -0.126 -0.117 -0.063 -0.042 0.008 -1.705
CAN  -4.857 -4.787 -5.262 -0.555 -0.642 -0.845 -5.563
RUS -0.014 -0.018 -0.021 -0.838 -1.190 -1.576 -2.914
IDN -0.165 -0.191 -0.221 -0.352 -0.382 -0.388 -2.352
MEX  -4.829 -4.657 -5.279 -0.145 -0.140 -0.102 -5.424

» China Unilateral Policies » Distribution » Numerical Example 21/23



Intro uantification Appendix
PE

Welfare Changes

® Under the optimal policy, Home’s welfare gains are greater than those using the
endogenous bilateral trade share (overlooking cross-elasticities)

® Welfare gains are much lower when using “observed bilateral trade share”, which shuts
down the GE effect
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Intro uantification Appendix
PE

Conclusion

® Study optimal policies in a set of GE trade models
® Optimal policies and market powers

® Explicit formula shows optimal tariffs depend on Home’s endogenous buyer power
® Interdependencies across sectors and countries affect the endogenous export supply
curves and Home’s market power, thereby influencing the interdependencies of

optimal policies

® The explicit formulas enhance theoretical clarity and streamline the computation
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Model

A multi-country multi-sector model with a generic supply system

® N countries and L, labor in country n; | sectors
® Consumer preference in each country: C, = HjGI(Cn,j)ﬁnJ‘

® All goods are tradable, subject to bilateral iceberg trade costs d,,;

® Sectoral level trade elasticity ¢;
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Generic Supply System

@ Labor market specification Q({w,, L, ;})
Example: Ricardo-Roy (imperfectly substitutable labor)

Anjg (Wny) ‘
W;;g

Wn,g[_/n,g] ’ Wn,g -

g:l s=1

1
G / x
Q = { (wn,jl Ln’j) : wn,jLn,j = Z Z Anls,g (Wn,s)K] }

Example: Perfectly mobile labor: Q = {(wy,j, L) : ¥ Lyj = Ly, wyj = wn}

® Supply-side assumption S({Pn,jr Wy j, Ln,j})

Example: generalized multi-sector Krugman model:

_ 1/(1-0;
S:{(inwn}f Lyj) : pnj = T nJLn]( U])}
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Unilateral Policies

¢ Home country (country 1) policy choices:

® country-sector-specific tariffs {T’T]
® country-sector-specific export taxes {7, .}

® sector-specific domestic taxes {T]d}

® Foreign governments are assumed to be passive
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World Market Equilibirum

Consists of {Ly;}, {Cu}, {xn}, {Pn}, {pn;j}, {wn} such that consumers maximize utility,
firms maximize profits, market clearing conditions hold, taking as given Home

’ . d
government’s policies {Tn i T T }

@ Expenditures
T" Td

X1 = ZY1]+ZZ,31]1+ xnzlszJrz,Bl]Zl_,’_ mn111x1+2/31,]1 7T11,jx1/

j=1i#1
Xy = ZY,,,]-, n#1
j=1

where Y, ; = w,, ;L,, ; is the income in sector j country n
® Consumer prices ; _hy
g
P1=H|:(P1,j(1+'l' €/+2 Pz,] 1+T )dii) :| ,
j=1 i#1
Bnj

/ Ty
H[p1,]1+r /+prm e]} , n#El

j=1 i#1
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© Trade shares satisfy, for each sector j

(pr,j(1+1) 7

Plj T )¢ +Zz;£1(pl]( +T ) 1) °
(Pn](l + 1 )dln) G
nln,j — N 7& 1,
pl] 1+T )) ]+Zz#1(pz]( ,]')dli) /

(p1,j(1+ 75 )dm )~
nfll,j = € —e;’ n 7& 1/
(pl](1+T Ddn1)” ]+Ez;£1(pz] dpi)

(pm,jdnm)iej
(P11 + T3 i) ™+ Ty (pi i)~

, n#l

Tlim,j =
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® Goods market clearing conditions, for each j

N
1
Yl . ,B . T X = ,Bl . 1% ('Yl )
i = LB iLjti i 4’1 o
b R B 1+7

Ey1

N
1
Yn,j - Z ﬁi,jmn,jxi = 'Bl’jil T TC1n,jX1, (fyn,j)
i#1 n,j

Eln,j

© Supply-side assumptions S({p;, j, Wy, L, }) hold

0 Labor market specifications Q({w, j, L, j}) hold
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Home Government Problem

Home government’s problem: choose country-sector-specific trade policies {T;f’j, T;”]} and

sector-specific domestic policies {T]f’l}, for Vj,n # 1, to maximize domestic consumers’
consumption

maxx1 /Py

subject to the world market equilibrium conditions.

5/48



Two-Country Case: Home Government Optimal Policies

Lemma (Optimal Policies and Multipliers)
Irrespective of labor market specifications, optimal policies in sector j take the form of

d
1+t = -y, 1+1"=-7 1+T-x:1 i 1+ !
J / J g ] : €702 j

® 7, the Lagrange multipliers on the goods market clearing constraint for Home

® 7,;: Foreign
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Imperfectly Substitutable Labor across Sector

® [,: total number of workers in country n

® A worker in country n draws an efficiency unit z; in sector j from a Fréchet distribution
Fy j with shape parameter x and scale parameter A, ;

® A worker with z = (21, Z2,. .., z]) chooses the sector that gives the highest income based
on her productivity and wage in that sector

® 5, ;: set of workers choosing sector j, &, ; = {z: wy,jzj > w, xz for all k}
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Imperfectly Substitutable Labor Across Sectors

® Share of workers that apply to sector j in country n

Ay j(wn)*
Z£:1 Apgs (wn,s ) K

nj —

® The sum of efficiency units supplied to sector j in country n:

_ J I3 % _
Lyj =Ly fEn,j zidFy(z) = MAML”, where { =T (1 —1/x)

wn,]'

® Labor market clearing conditions:

Apj(wn)*
Q = {(wnrj’ Ln/j) : wnernlj = %Wnan Wn -

s=1

ZAns wns) ‘|K}

The supply of sector j depends on the degree of labor substitutablility across sectors
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Imperfectly Substitutable Labor across Sectors

Partial-supply-elasticity matrix A, = gﬁ:;z; %
K—(K=DA1 . —(k=DAy; . —(k=1)Ay
An=| —(c=DAys oo k= (k=D o —(x— DAy
(= DAt e K= DAy K= (= 1Ay

® Optimal tariff depends on Home’s endogenous buyer power:

m_om_ L ([31,]'961 — Vi Privi— Yl,i)
K

Yo Yo,

7 1
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Generalized Multi-sector Krugman

* With perfectly mobile labor, the labor market specification is w,,; = wn and }; L, ; = Ly,

® The supply-side assumption is
R
2

7

Pnj = Tn

where ¢; = 1/(0j — 1) is the scale elasticity

® This model is isomorphic to

® Multi-sector Eaton-Kortum and Armington models with Marshallian economies of scale

® Endogenous technology: steady-state of Bai, Jin, and Lu (2025)
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Generalized Multi-sector Krugman
The scaled partial supply elasticity matrix A, of country n

1yy . 1
—la- () Yo ) 1 )Y (g Y
(5} v 1¢1< Y1yl 1¢5Yns [ v 14,Yns
A, = ;(”"fl )Yun 7i( B (1+¢]_m,,) 1 (1+¢])Yn]
¥j Z] =1 Ps Yns i Zi:l %Yn,s l[J] Zs 19s Yns
1 (1+¢1 )Y 1 (1+lpij)yn:]' —i(l B (1+¢L])Yn,])
VI Ty g Yas VI Ty Yas ¥y YLy Yus
Optimal policies
d
1+ T] _ 1+ Py o — —lp‘ﬁl'jxl — Yl,j +lp'ﬁ1,ixl — Yl,i
1+7  1+¢° e T Y LYy

where == =1
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Differential Scale Elasticities and Imperfectly Mobile Labor
¢ With imperfectly mobile labor, the labor market specification is

1
Apji(wyj)* I .
0= {(wn,ern,j) Wil = n,]w:,] WilLn, Wy = ZAH,S (Wn,s)"
n s=1

® The supply-side assumption is Oni
— MY
Pnj = T ‘Ln,j]’

n;j

where y; is the scale elasticity
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Differential Scale Elasticities and Imperfectly Mobile Labor

The scaled partial supply elasticity matrix A, of country n

x _ K X _ K
x (1 + (1*W)Y11,l ) K (1 1—¢j(K—1) )Y”r/ x (1 1,1&](,(,1) )Yn,]
Ty (k1) v, Ty Yos = (k=1) o Ty Yos =i (k=T) ¢ Ty Yos
An = P = e A gy ST PR
n = — . — = — <
1 IIJ](K 1) Z£:1 WYH,S 1 w/(x 1) Ei:l Wym 1 IIJ](K 1) Z£:1 Wyn,s
S - . B}
P i A « Ui Yni c (= )Y
l_lp/(K_l) ):ézl 17‘!’5’2!(—1) Yus 1=y (e=1) Y T—¢s(x—1) Yius 1_%(’(_1) 21:1 1*W51EK*1) Vs
Optimal policies
d
T 14y om_am _ 1 Prixi = Y1 1 Brix — Y,
- 7 P Y4 = - 7
1+18 1+ R Y ni Y

1 _ 1 k=1
where kil Ve
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Endogenous Technology

® Technology: T, ; LZ{;’

® v; governs the strength of economies of scale.

® When v = 1, it returns to steady-state of Bai, Jin, and Lu (2025), who extend Eaton and
Kortum (2001) endogenous technology to a multi-sector setting.

® Perfectly mobile labor

® Optimal tariffs

m_oom_ Y (51,]'951 — Vi By — Y1,i>

e G Yo, Yo,
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Ricardo-Roy Models with Multi-factors

Galle, Rodriguez-Clare, and Yi (2023), which combines multi-sector EK and Roy model
* G types of workers in each country, L,

® A worker in type-g of country n draws an efficiency unit z; in sector j from a Fréchet
distribution F,, ; , with a shape parameter x and a scale parameter A,

o A worker with z = (zl, 20,00, z]) chooses the sector that maximizes her income based
on her productivity and wage in that sector

® &, set of workers choosing sector j, &, ; = {z: w; jz; > w,,xz for all k}
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Ricardo-Roy Models with Multi-factors

® Share of workers in type-g that enter sector j in country »

Anjg (wn,j)K
Zgzl An,s,g (wn,s ) K

)‘n,j,g =

® The sum of efficiency units supplied to sector j in country n by group g:

] Angs n,s x % 7
Lnjg = Lug Jz, 2idFug(z) = B tues@lIiy LT where ¢ =T (1-1/x)

wn,j

® Lyj=Yg¢Lu,jg total efficiency labor worked in sector j

Labor market clearing conditions are

0= LYol = 30 | s
= (wn,j, n,j) P Whjlnj = Z:l Wifzg ngltng|, Wng =
g: 7

1
Ji X
E An,s,g(wn,S)K]
s=1
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Ricardo-Roy Models with Multi-factors

Matrix of partial supply elasticity of Foreign country:

):q )\2,1,q)\2,1,q W2,g£2,g Eq AZ,l,Q)\Z,],qWZ,gEZ,q
Lo r2jgr216Waglag g Aoy sWoglog
Aot oAn1 o Wa oL g oeAa g Wa oL
—(xk—1) Yelajg 218 Waghag 1) Yo Ao jgh2eWaglag

K —(x—

Yo Yo

® Ajg = Y2;¢/ Yo, share of type-g workers that enter sector j

® This does not satisfy the condition of the GIIA Restriction in Supply Space. Specifically,
taking the difference between row i and j of A; results in a vector d/A; ; such that
AN # 0
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Ricardo-Roy Models with Multi-factors

® Sector i’s w;L; is influenced by the wage in sector j as follows:

Yo A2jgh2igWoglog AjeYoe
—(k—1) 3 oy = —(K—l);ijygzj Adig

2/2 2?

® Depends on the covariance between what type of workers in sector j, and how likely

they enter sector i, A
® The covariance indicates how likely workers in type g within sector j apply to sector

® A higher covariance leads to higher elasticity and a greater impact of sector j’s wage on sector
i's income
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Proposition: Multi-Country Optimal Unilateral Policies

Irrespective of labor market and supply-side specifications, Home optimal policies satisfy
Domestic tax:

1+ T]-d = -7
71,/ multiplier on goods market clearing condition of Home, sector j
Import tariff:

L4105 = —Tnjs
7Yn,j: multiplier on the goods market clearing condition of country 1, sector j,
Export tax:

b= (1 ) 1+€i(1—7mu,)

T N m )
Zi#l(l + Ti,j)ejnni,j
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Diagonal Blocks of LHS

OEiy 9wy Yo1 o 0
9F1, dlnw, | dlnw, |
dlnw, 3, o, : :
n, nJ
Blnlw,,lJ “ 3lnwy 0 Yy
K— (K - 1)/\;1,1 +0 ZhN7£1 (1 — Thin1 )Shn,l - ﬁn,l TTand e _(K - 1)/\n,] - ﬁn,}ﬂnn,[
_(K - 1)/\71,1 - ﬁn,l Tlin,1 K— (K - 1)An,] +0 ZhN7£1 (1 - nhil,])shn,[ - ,Bn,lnnn,]

. T i iX g . .
where we define sy, ; = M as the share of the exporter 11j’s income from an importer h.
; Y
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Off-Diagonal Blocks of LHS

9E1ig oEi)
aEli dln Wn,1 o dln Wn,1
a ln wn aEli,l BEUJ
dlnw,; °  dlnw,;
N
Yn,l 0 —0 Zh;é] Thi1Shn,1 — ,Bn,l 7T _,Bn,]nm',]
0 Y —Bu1 i —OY N T 150 — B i
n,J 1,17Cni,1 h#1 7thiJohn,] n,J’tni,]
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Parameters

6 =4,x=11,L, =1,Yn. T; = [50,..,1], T = [1,...,50], T3 = Ty o r, where r represents
values ranging from 2 to 0.5, consisting of 10 elements. A, ; = 1,Vn,j.

1 101 2
d= 2 1 101
1.01 101 1
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Home Treats Each Foreign Country Independently
Country 2 has a comparative advantage in s10 relative to Home
Country 3 has a comparative advantage in s1 relative to Home

Asymmetric trade costs

021

Country 2: 1.00
Country 3: 1.00
0 ©
0.15 7oy
&
o
0.1 Ic)
T 005F
=
0 o2
s4
s5
6! O County 2
s C ountry
r L 10
0.05 575 Country 2
9 8 Country 3
O — — = Country 3
01 . . . .
-0.1 -0.05 0 0.1 0.15

)
0.2

® Endogenous Bilateral Share: Home

imposes policies

w1 Net import, ;

™k Income,

1 1
1478 =— (14—
) 1 +T;Tj ( Gj(l — nnl,j))

¢ Within a country 7, the slope of tariff

1 Netimport, ;

1 nj ;
over x ]_ncomen,j across sectors is 1
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Effects of Interdependencies Between Foreign Countries

® Trade networks
® generates larger self-elasticity
® negative cross elasticities, resulting in smaller differential tariffs

® these supply elasticities and imports are endogenous, response to Home’s policies

® Welfare
Parameters Optimal Endogenous bilateral =~ Pre-tax bilateral
trade share trade share
1) &) ®)
1 101 2
N=3,]=10,d=| 2 1 1.01 3.31 2.51 (76%) —5.09
(1.01 1.01 1 )
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Role of Heterogeneity and Interdependency

Table 1: Welfare Implications: Optimal versus Alternative Policies

Parameters Optimal  Endogenous Pre-tax
bilateral share bilateral share
@ @ (©)
1 1.2>
Casel N=2,]=2d= 4.85 4.85 0.52
12 1
( 1 1.2)
Casela N=2,]=10,d = 2.89 2.89 1.54
12 1
1 12 12
Case2 N=3,]=10,d=|12 1 12 2.67 2.61 0.96
12 12 1
1 12 12
Case3 N=3,J=10d=|12 1 10 4.84 4.84 —1.61
12 10 1
1 101 2
Case4 N=3,]=10,d=| 2 1 1.01 3.31 2.51 —5.09
101 1.01 1
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Quantitative Optimal Policies

® Data (year 2014)

® Domestic and international production and expenditure from the WIOD

® Aggregate the 56 WIOD sectors = | = 13 manufacturing sectors

® Top 19 countries by GDP in 2014, based on rankings from the World Bank’s WDI
® Parameters

® 0 = 4, from Simonovska and Waugh (2014)

® Imperfectly substitutable labor with § = k¥ = 1.5, from Galle, Rodriguez-Clare, and Yi (2023)
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U.S. Unilateral Optimal Tariffs and Net Import Share over Foreign
Income
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U.S. Unilateral Optimal Tariffs and Net Import Share over Foreign

Income

Optimal tariff
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Export Tax

U.S. Optimal Policies
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® Export taxes are higher in its exporting sectors
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Table 3: U.S. Policies: Optimal versus Using Endogenous Bilateral Share versus Nash

Optimal Endogenous Bilateral Share Nash

Tariff (%) | Export tax(%) | Tariff (%) | Exporttax(%) | Tariff (%) | Export tax(%)
Sectors Mean Std | Mean Std | Mean Std | Mean Std | Mean Std | Mean  Std

o @] 6 4) G © | O ®) © @ ay 12
Oil 0.03 1.67 2605 277 | -0.86 204 2724 337 | 007 149 2592 273
Paper 051 1.14 2511 227 | -041 152 2633 274 043 130 2505 243
Chemicals 0.68 115 2561 228 | -052 148 2717 286 | 042 115 2571 225
Machinery 172 359 2571 3.68 0.08 228 2705 331 1.64 450 2613 4.58
Food 075 042 2446 098 | -0.14 056 2559 1.14 059 053 2453 083
Vehicles 154 201 2479 196 | 021 311 2651 346 | 114 164 2477 211
Rubber 135 149 2425 126 028 1.80 2558 171 0.88 1.27 2451 149
Mineral 128 057 2375 055 | 028 1.00 25.02 114 | 088 054 2405 0.68
Wood 122 115 2382 113 | 027 191 2510 181 | 098 146 2385 192
Metals 150 0.85 2383 074 | 060 136 2494 095 | 1.16 103 2385 1.10
Computer 277 282 2323 138 | 096 379 2524 272 | 201 252 2378 112
Furniture 249 154 2271 092 116 285 2453 3.00 1.89 150 23.03 1.74
Textiles 417 258 20.62 1.00 247 327 2243 316 313 193 2119 173
Avg. 154 161 2415 161 | 034 207 2560 241 | 117 160 2434 1.90

Note: This table summarizes the U.S. policies (mean and standard deviation) for 13 sectors under three

scenarios: unilateral optimal policies, unilateral policies considering endogenous bilateral trade share, and

Nash optimal policies. The sectors are ranked in ascending order based on the U.S. sectoral net imports

relative to world sectoral income before the policy. The last row represents the average of the entire column.
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Table 4: U.S. Policies: Optimal versus Using Endogenous Bilateral Share versus Nash

Optimal Endogenous Bilateral Share Nash
Tariff (%) Extax(%) Tariff (%) Extax(%) Tariff (%) Extax(%)

Cty  Mean Std Slope | Mean Std | Mean Std Slope | Mean Std | Mean Std Slope | Mean Std

Hm @ 6@ &6 O G 9 q|a 12 d13) | (14 d5)
NLD 085 077 018 2445 156 -1.13 1.10 1 27.34 211 | 030 0.65 023 2509 147
AUS 094 085 016 2419 133|-089 139 1 2679 224| 034 066 019 2481 128
FRA 100 100 060 2412 162|-018 131 1 25.83 218 | 0.60 1.02 0.50 24.64 145
GBR 122 071 022 2411 147 | 018 0.86 1 2550 1.82| 073 051 028 2443 1.25
BRA 075 079 061 2430 126| 0.02 1.04 1 2538 1.64| 025 0.63 060 2475 1.19
KOR 094 079 042 2418 1.21| -0.60 1.09 1 2631 156 | 049 0.65 043 2468 1.18
ROW 132 109 070 2394 145| 015 145 1 2544 205| 100 0.81 0.59 2409 1.32
TUR 119 072 053 2381 114|-032 095 1 2582 150 | 1.01 059 037 2409 1.15
ESP 1.05 072 044 2376 113| 0.07 042 1 2515 0.63| 074 049 045 2413 0.87
CHE 124 086 025 2395 122|-017 141 1 2573 200 | 0.89 0.78 0.20 2442 1.15
DEU 115 079 084 23.83 118 0.09 048 1 2528 0.61| 082 0.61 065 2420 092
JPN 122 077 042 2374 111| -003 1.04 1 2543 133 | 093 058 042 2400 1.01
IND 149 072 091 2333 095| 020 065 1 2492 089 | 143 059 0.74 2336 095
CHN 174 074 069 23.05 0.85| 040 097 1 2466 1.14| 150 049 060 2325 0.72
ITA 129 079 087 2363 112| 030 073 1 2486 1.00| 099 058 0.62 2393 097
CAN 514 289 032 2592 355| 394 308 1 2616 540 | 419 194 023 2409 3.83
RUS 126 056 -0.16 2345 0.88| 0.07 061 1 2502 080| 117 0.32 0.08 2358 0.62
IDN 181 150 054 2307 158 1.16 251 1 2380 3.01| 187 151 045 2283 2.06
MEX 3,67 6.60 068 28.01 625 313 7.10 1 2693 810 | 297 7.03 065 2799 7.64
Avg. 154 125 049 2415 162 034 148 1 2560 211 | 117 1.08 044 2434 1.63

Note: This table summarizes the U.S. import tariffs (mean, standard deviation, and tariff-import slope) and

Avirnert Favac fvioanr A ctarmAdard Aarrratiam) fAar tha ~dtlhar 1O ~Aat1vtrioc 11 d ar Hhrano o morm A

e 1113l AatAaral
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U.S. Optimal Policies on Canada and Mexico

Export taxes
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Note: Sectors are ordered by U.S. net exports relative to world output before policy.
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China’s Optimal Policies: Import Tariffs
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Note: Sectors are ordered by China’s net exports relative to world output before policy.
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China’s Unilateral Optimal Tariffs and Net Import Share
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China’s Unilateral Optimal Tariffs and Net Import Share
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Export Tax

China’s Optimal Policies
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Note: Sectors are ordered by China’s net exports relative to world output before policy.
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Table 5: China’s Policies: Optimal versus Using Endogenous Bilateral Share versus Nash

Optimal Endogenous Bilateral Share Nash
Tariff (%) | Export tax(%) | Tariff (%) | Export tax(%) | Tariff (%) | Export tax(%)
Sectors Mean Std | Mean Std | Mean Std | Mean Std |Mean Std | Mean  Std
m @l @l e ® O ® 9 aa
Textiles -5.67 110 35.09 290 | -692 627 3764 1130 | -495 134 3491 3.80
Computer -279 120 3070 149 | -352 352 3242 523 | -235 136 3035 232
Furniture -1.74 074 2841 093 | -095 197 2775 274 | -122 073 2760 1.09

Rubber -140 051 2729 048 | -0.19 082 2577 111 | -1.07 0.58 26.71 0.65
Mineral -1.61 050 2748 1.00 | -047 127 2607 224 | -129 070 27.02 147
Machinery -093 0.87 2696 111 | -030 267 2647 391 | -059 1.07 2639 172
Wood -1.02 0.80 2656 092 | 0.14 188 2522 246 | -065 116 2586 1.70
Food -0.75 0.60 26.01 067 | 055 093 2442 116 | -0.62 0.85 2568 113
Paper -0.57 071 2582 075 073 121 2425 146 | -040 095 2534 129
Metals -036 096 2574 091 0.69 193 2457 225 | -023 141 2525 1.86
Oil -0.69 050 2585 047 | 036 077 2462 089 | -066 055 2570 0.57

Vehicles -0.30 055 2542 052 | 068 127 2440 1.60 | -0.17 0.73 2504 0.85

Chemicals 0.14 0.67 2499 056 | 087 112 2428 133 | -0.02 076 2494 0.84

Avg. -1.36 075 2741 098 | -0.64 197 2676 290 | -1.09 094 2698 1.48
Note: This table summarizes China’s policies (mean and standard deviation) for 13 sectors under three
scenarios: unilateral optimal policies, unilateral policies considering endogenous bilateral trade share, and

Nash optimal policies. The sectors are ranked in ascending order based on China’s sectoral net imports
relative to world sectoral income before the policy. The last row represents the average of the entire column.
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Table 6: China’s Policies: Optimal versus Using Endogenous Bilateral Share versus Nash

Optimal Endogenous Bilateral Share Nash
Tariff (%) Extax(%) Tariff (%) Extax(%) Tariff (%) Extax(%)

Cty  Mean Std Slope | Mean Std | Mean Std Slope | Mean Std | Mean Std Slope | Mean Std

H @ |l @ &6 O ¢ © @ a4 02 a3 | 14 adas
NLD -157 150 031 2774 3.09| 203 348 1 288 601 | -153 152 024 2768 326
TUR -203 126 020 2780 223|-1.31 199 1 2758 363 | 210 1.07 020 2780 211
RUS -172 210 012 2773 3.89 | -167 6.88 1 28.58 1246 | -142 206 012 2721 4.64
MEX -1.95 135 0.74 2796 240| -093 116 1 2699 240 | -1.78 1.13 0.09 2785 224
ESP  -152 138 0.64 2730 245| -098 168 1 268 293 | -134 117 059 27.08 237
IND -198 093 044 2773 151| -066 111 1 2628 195 | -209 065 043 2784 132
us. -1.62 161 048 2767 297 | -085 282 1 2690 477 | -133 137 043 2722 3.08
CAN -138 182 028 2764 340| -091 452 1 2730 734 | -086 200 024 2686 4.14
IDN -116 172 025 2733 285| -044 3.04 1 2673 482 | -1.06 156 026 2697 299
BRA -142 111 061 2710 175|-025 147 1 2574 226 | -095 088 0.60 2640 1.62
ITA -143 129 087 27.05 206 | -0.16 0.94 1 2563 159 | -1.23 1.04 070 2675 191
JPN  -129 195 041 2771 390 -062 360 1 2712 636 | -098 183 040 2715 4.30
GBR -1.30 165 048 2731 285| -057 293 1 2660 475 | -091 148 043 2677 298
FRA -1.15 142 056 27.09 265 |-042 212 1 2628 3.63 | -0.89 143 037 2681 288
ROW -0.69 1.58 0.64 2728 261 | 090 1.89 1 2510 261 | -0.56 1.23 057 2653 225
CHE -1.07 151 073 2650 210| 034 169 1 2484 233 | -059 134 047 2601 203
AUS -094 227 025 2761 462|-148 579 1 2873 974 | -027 267 028 2673 580
DEU -094 152 048 2694 268 | -0.10 269 1 2593 429 | 059 148 032 2646 291
KOR -071 162 039 2724 262|-001 28 1 2635 425 | -032 147 042 2656 287
Avg. -1.36 156 047 2741 277 |-064 277 1 2676 464 | -1.09 144 038 2698 293

Note: This table summarizes China’s tariffs (mean, standard deviation, and tariff-import slope) and export
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Quantify Trade Network Effect

Alternative Policies: Using Bilateral Trade Shares

1
1 | TniBx1 — T%ﬂnl,jﬁn,jxn To1n,iB1,i%1 —

1
T, nnl,iﬁn,ixn

m
T, —T,; = — —
K Yn,j

1 1
1 P [ [ —
+ Tn’] 1+ TZ} ( + €](1 - 7'[”1,]')>

® Endogenous bilateral shares under these policies

® Not optimal formula, but with GE effect

® Observed bilateral shares as sufficient statistics

¢ Not optimal formula, and missing GE effects

Yn,i
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Distribution of U.S. Trade and Bilateral Net Import Share

T Net Import Share
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Note: Panel (a) shows the distribution of U.S. before-tax import share for all country-sector. Panel (b) shows the
distribution of U.S before-tax net import share in foreign income, normalized by «, for all country-sector.
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Distribution of China Trade and Bilateral Net Import Share

T Net Import Share
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Note: Panel (a) shows the distribution of China’s before-tax import share for all country-sector. Panel (b) shows the
distribution of China’s before-tax net import share in foreign income, normalized by «, for all country-sector.
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Model and Data Comparison

06 08 1 model

model 0 02 04
model

Note: This figure shows the relationship between the data and the model’s income share, trade share, and the
income of a country in global income. The red dashed line represents the 45-degree line.
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Sectors

Table 2: List of manufacturing sectors in the World Input-Output Database

Sector Code Short Name

Description

Food
Textiles
Wood
Paper

Oil
Chemicals
Rubber
Mineral
Metals
Computer

O ®© N3 O Ul WN =

==
=]

Machinery
Vehicles
Furniture

_
(SN S

Food, Beverages and Tobacco

Textiles, wearing apparel and leather products

Wood and of products of wood and cork; articles of straw and plaiting materials
Paper and paper products, Printing and reproduction of recorded media
Coke and refined petroleum products

Chemicals and chemical products

Rubber and plastics

Other Non-metallic mineral

Basic metals and fabricated metal

Computer, electronic, optical products and electrical equipment
Machinery and equipment n.e.c.

Vehicles and other transport equipment

Furniture and other manufacturing
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Counterfactual Equilibrium
The labor market clearing conditions become
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Multi-Country Nash Optimal Policy Formula

Given the policies of countries n # 1, the optimal policy of country 1’s government satisfies,
for any country n # 1 and sector Vj,

1
(’)/xn - ’Yn,]') W — Yxn

Import tariff: 1+ 77, ; =

ua /Py ’
Export tax:
1 Ef;l,n(%a - ’)/i/j) ﬁ %T:Inwej TTni j + ('Yxn - ')/n,j)ej TTnn,j + Egél,n ('Yxn - ’)/xi) %-(;r;,jejnni,j — Yxn lff]gil (1 - 7Tn1,j)
T+ - %ﬁ&(ljtej(l — Tu1,4))
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Perfectly Mobile Labor across Sectors

® With mobile labor, we can sum over the labor market clearing conditions across sectors

» marketclearing

wily — ):ﬁ2]1+ = Tio1,jXp = 2,31,]1 d mx, (1)

Ep

_d I 1
woly — Y Bojmnjia = Y 51,jwﬂ12,jx1, (72)
j=1 =1 j

Epp

® Optimal policies
® Domestic taxes and tariffs are not sector-specific

d m

7T=-1=0 7 =-7=0

® Export taxes: T]-x = 6,7%22_
7 Z
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Immobile/Sector-specific Labor
® Market clearing conditions

- 1 1
wilj = Pojg e = P A (v J)
j

j
Eq)
Wy Lo — Bo,jTto %2 = 51,]1 — am2x1 (12 1)
E1pj
® Optimal policies
=0

m o om_ P —wiili; By —wiily,;
" — _ _
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1 1
1 X = 1
+ Y 1+ T]m ( + €]'7T22,]'>
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Dixit Optimal Policies

® Lagrangian:
L=wul(ch),ut(ch),...)+n- (Zei +Y W +m—g— Zc’)
i j i
~ L¢P () = 1G(m")
]

G(m') foreign offer curve

¢ Dixit Optimum tariffs

rt

(m' imports, ' prices, hence inverse of export supply elasticities. But cannot apply this
formula directly)
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