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Abstract

Conventional treatments of trade and industrial policies focus on output markets, study-
ing how policies reshape demand and productivity. I consider how output market forces
interact with input market frictions, in a setting where reallocation costs differ across
industry-occupation pairs. As in traditional models, industries face productivity exter-
nalities – a standard rationale for protection – and there are rich substitution patterns
within and across countries. Both domestic and foreign policies reshape resource al-
location and aggregate employment. The resulting productivity externalities depend
on the full reallocation pattern: which industries gain resources, which lose them, and
how large the flows are. Reallocation in turn depends on pairwise mobility frictions.
When inputs are complementary in production, output and employment responses are
determined by the slowest-moving factor. I use the calibrated model to study how US
tariffs on Chinese manufacturing affect TFP and manufacturing employment in the US,
China, and third countries.
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1 Introduction

Recent years have witnessed a resurgence of protectionist policies across major economies.
These policies, in the form of tariffs and production subsidies, are concentrated in specific
industries, such as manufacturing, semiconductors, and green energy. How do a country’s
output and total factor productivity (TFP) respond to protectionist policies, depending
on which industry these policies are targeted toward? The conventional treatment of this
question focuses on output markets – how policies reshape demand and productivity across
industries. A classic economic rationale for selective protection dates back to Graham (1923):
if some industries have higher returns to scale than others, subsidizing their expansion raises
aggregate productivity. Productivity gains, however, crucially depend on input-market char-
acteristics: how many resources reallocate toward protected sectors, and where are they
crowded out from? A growing body of evidence documents that reallocation frictions across
labor markets are large, and vary systematically with industry and occupation character-
istics (Artuç et al., 2010; Autor et al., 2014; Dix-Carneiro and Kovak, 2017; Traiberman,
2019). This paper revisits protectionist policies in an environment with realistic reallocation
frictions. I develop a theoretical framework which serves as an aggregation device, mapping
disaggregated input- and output-market characteristics – such as productivity externalities,
complementarities in consumption and production, and mobility frictions – into aggregate
output and productivity. Aggregate responses depend on three features: productivity exter-
nalities in protected industries, productivity externalities in the industries they crowd out,
and the magnitude of reallocation flows.

The model economy consists of multiple countries, industries, and production factors.
Production factors include labor occupations and non-labor assets such as land, equipment,
and structures. Workers choose their industry and occupation, and set optimal intensive-
margin labor supply conditional on their occupation. Non-labor assets are optimally allo-
cated across industries and categories, and have variable intensive-margin utilization. Labor
occupations and asset types differ in their potential to generate productivity externalities
as well as in their bilateral reallocation elasticities. This results in heterogeneous agglom-
eration and congestion forces across labor occupations and asset uses. At the same time,
industries use different combinations of production factors and intermediate inputs, with
varying degrees of complementarity between factors that are easier or harder to reallocate.1

The theoretical analysis yields two main implications. First, protectionist measures in-
crease total factor productivity (TFP) the most when they effectively channel mobile re-

1To keep the analysis tractable, I focus on a log-linear approximation and abstract from transition dy-
namics.
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sources away from low-externality uses and toward high-externality ones. Formally, a coun-
try’s TFP response equals the covariance between productivity externalities generated by
each factor and changes in factor quantities across uses. Importantly, productivity gains
depend not only on the destination industry that resources get reallocated toward, but also
on the origin uses that resources are crowded out from, and on how many resources get
reallocated.

Second, resource reallocation jointly depends on factor mobility and complementarities
in production. When production factors are complementary, the slowest-moving factor de-
termines output responses. For instance, if capital does not reallocate, protectionist policies
have no effect on employment and output. Protection simply raises the return to exist-
ing capital instead of drawing in new resources. Formally, I decompose quantity responses
into direct effects and equilibrium feedback effects within and across factor markets. The
feedback terms describe the interaction between input- and output-market forces, driven
by reallocation elasticities and complementarities across the production and trade network,
which generate spillovers between fast- and slow-moving factors.

Among other applications, these results help us evaluate the costs and benefits of employ-
ment protection. For example, suppose US policymakers protect manufacturing employment
by imposing tariffs. When is this policy effective? And would sustaining manufacturing em-
ployment come at the cost of reducing overall TFP? If manufacturing uses both labor and
capital, the effectiveness of employment protection depends on how easily capital gets real-
located and how complementary capital and labor are. The tradeoff between employment
protection and aggregate productivity depends on whether the manufacturing sector ex-
pands by attracting idle manufacturing workers and machinery, or by crowding out labor
and capital from sectors with higher productivity externalities.

If flow elasticities in and out of unemployment depend on the shares of employed and
unemployed workers, employment responses to protectionist policies are not necessarily con-
stant over time. For example, a large decline in U.S. manufacturing employment following
the China shock does not necessarily predict a comeback of manufacturing employment when
the U.S. later imposes tariffs on Chinese manufacturing goods. If, by the time tariffs are
enacted, many displaced workers have already retired or transitioned to different industries,
the pool of unemployed workers seeking manufacturing jobs is small. This decreases the flow
elasticity into manufacturing employment. Employment protection is less effective overall,
and the tradeoff against aggregate productivity is steeper.

My framework enables a cross-country general equilibrium analysis. This allows me to
consider the effects of both domestic and foreign protectionist policies on each country’s
industrial composition, and hence on its output and productivity. My theoretical analysis
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reveals that production subsidies have larger effects than trade policy, because they affect
relative prices in all countries, while trade policies only affect relative prices in the home
country. Moreover, production subsidies increase overall employment by raising real wages,
while tariffs have the opposite effect.

In the quantitative analysis, I address questions such as: what happens to U.S. em-
ployment and TFP if China subsidizes its own tradable sector? How does the industrial
composition of third countries, such as Europe or other Asian countries, respond to an
increase in U.S. tariffs on Chinese manufacturing exports?

The model calibration combines several data sources and estimation strategies, to pin
down expenditure shares, productivity externalities, and reallocation elasticities. Input-
output linkages and value added shares are constructed from OECD Inter-Country Input-
Output tables, combined with occupation-by-industry wage data. I am in the process of
estimating the remaining parameters. I estimate factor-specific external economies of scale
following the methodology of Bartelme et al. (2025). Labor reallocation elasticities are
estimated using occupation-to-occupation and industry-to-industry worker flows from CPS
data. Capital reallocation elasticities are parameterized based on industry distance in the
input-output network and capital composition overlap, and estimated using Bartik-style
government spending shocks and exposure to Chinese import competition as instruments.

1.1 Related Literature

This paper touches on several topics: external economies of scale as a rationale for protection,
reallocation frictions, capital-labor complementarity, cross-country policy spillovers, and the
incidence of trade and protectionist policies across worker groups.

The idea that external economies of scale provide a rationale for trade protection dates
back to Graham (1923), and was later formalized by Ethier (1982), Krugman (1987) and
Helpman and Krugman (1985). When countries have a mix of constant- and increasing-
returns industries, protecting the increasing-return sector can raise national welfare.2 Recent
work by Bartelme et al. (2019) estimates scale economies across manufacturing industries,
finding substantial heterogeneity. In a small open economy, they show that subsidizing
sectors with higher scale elasticities increases national welfare only modestly. I find much

2Grossman and Rossi-Hansberg (2010) show that the case for protection only applies when externalities
are national rather than international in scope. I move from the premise that external economies are domestic
in scope. Lind and Ramondo (2023) and Kucheryavyy et al. (2023) study how scale effects interact with
comparative advantage to determine trade patterns, assuming homogeneous scale elasticities across sectors.
While these papers solve for global equilibrium as a function of fundamentals, I perform local comparative
statics around an initial equilibrium – reflecting a given mix of comparative advantage and scale effects –
and study the implications of heterogeneous scale elasticities.
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larger gains in a multi-country general equilibrium setting, where domestic policies feed back
onto foreign industry composition.3

A central element of my framework is the interaction between external economies of scale,
imperfect factor mobility, and complementarities in production. Protectionist policies effec-
tively reap the benefits of scale economies only if sufficient resources are able to reallocate to-
ward increasing-return industries. Reallocation frictions are amply documented in empirical
studies (Artuç et al., 2010) as well as in classic work on specific factors and slow reallocation
(Mussa, 1978; Matsuyama, 1991; Krugman, 1991; Kaneda, 2003), and in the China shock
literature (Autor et al., 2013; Dix-Carneiro, 2014; Caliendo et al., 2019)4 To capture this I
allow for both labor and capital mobility frictions. I also introduce heterogeneous extensive
margin elasticities across factor-industry pairs. If different labor occupations and/or labor
and capital are complementary, as documented by Griliches (1969), Krusell et al. (2000), and
Oberfield and Raval (2014), employment and wage responses to protectionist policies are de-
termined by the slowest moving factor. Kleinman et al. (2023) make a similar argument. In
a dynamic spatial model where capital and labor adjust at different speeds, they show that
capital mobility amplifies short-run labor market responses to trade shocks. In related work,
Caliendo et al. (2021) study migration following EU enlargement. They emphasize that
endogenous capital accumulation equalizes the welfare consequences of trade and migration
in the long run.5 While abstracting from new investment, my framework features similar
complementarities between capital and labor reallocation. I allow the degree of capital-labor
complementarity to vary across industries and labor occupations, with the implication that
protecting industries with that jointly generate larger production externalities and toward
which factors reallocate more easily is most effective at increasing aggregate output and
productivity.

To provide a more accurate quantitative picture, I introduce idle capital and labor.6 I
argue that restoring idle production factors can be a valid rationale for protection, and it

3In related work, Fajgelbaum and Gaubert (2020) characterize optimal spatial transfers when agglom-
eration externalities differ across space. In my setting, agglomeration externalities differ across industries
rather than across space. Accordingly, I consider trade and industrial policies rather than spatial transfers.
Optimal location choices do not imply welfare equalization, therefore I study redistributive effects on top of
aggregate output and productivity.

4See also Traiberman (2019) on trade shocks and occupational choices with human capital accumulation,
Galle et al. (2023) on distributional effects of the China shock with worker heterogeneity, Dix-Carneiro and
Kovak (2017) on regional dynamics following trade liberalization, and Brussevich (2018) on sectoral mobility
costs.

5Baqaee and Malmberg (2025) take a complementary approach, showing that tariffs have a large welfare
cost because they reduce overall capital accumulation, since investment goods rely heavily on imported
intermediate inputs.

6Rodríguez-Clare et al. (2020) also allow workers to exit the labor force in response to policy changes.
Relatedly, Bilal (2023) studies optimal policy with labor market frictions and adjustment dynamics.
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does not come at the cost of crowding out resources from other sectors. I provide novel
estimates of labor and capital reallocation elasticities.

My global general equilibrium setting allows me to revisit cross-country policy spillovers
from a different angle. Following Johnson (1953), a large literature studies how trade policies
in one country affect welfare abroad (Ossa, 2014; Caliendo and Parro, 2015). I add a new
channel: foreign industrial policy reshapes domestic industry composition, with implications
for domestic productivity and labor income inequality.

My theoretical framework offers a natural way to account for the incidence of tariffs
and industrial policies across worker groups, via labor demand, asset income, and consump-
tion prices. Borusyak and Jaravel (2021) connect the incidence of tariffs with consumption
patterns across the income distribution, showing that tariffs are regressive because poor
households spend a larger share of their income on tradable goods.7 Adao et al. (2023a)
develop sufficient statistics for the effects of trade shocks on labor demand in economies with
input-output linkages. Adao et al. (2023b) instead show that the degree of trade protec-
tion varies much more across industries than across regions, consistent with my modeling
assumptions.8 My framework enriches earlier approaches by introducing reallocation fric-
tions and endogenous productivity changes determined by heterogeneous scale elasticities.
The incidence of protectionist policies on different workers therefore not only depends on
their origin industry, but also on how much labor and capital get reallocated toward their
destination industry.

Finally, a complementary literature studies tariffs in environments with sticky prices and
trade imbalances (Costinot and Werning, 2025; Auclert et al., 2025; Kalemli-Özcan et al.,
2025). While these papers focus on short-run macroeconomic dynamics, I focus on resource
reallocation across industries with flexible prices.

2 Environment

This section describes the model environment. I consider a multi-country setting, where
each country features multiple industries and primary factors. Primary factors consist in
differentiated labor occupations and non-labor assets (such as land, equipment, structures).
Factors are imperfectly substitutable, and each unit can choose its type subject to mov-
ing frictions. That is, workers can move across occupations and non-labor factors can be
repurposed subject to frictions. A higher headcount of a given factor generates positive pro-

7In related work, Fajgelbaum et al. (2020) document that the 2018 US tariffs raised consumption prices
relatively more in Republican-voting counties, despite targeting industries concentrated there.

8In related work, Ignatenko et al. (2025) quantify the welfare effects of trade policy across countries
through their effect on trade imbalances and tariff rebates.
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ductivity externalities on that factor itself and other factors, with different degrees across
labor occupations and non-labor factors. In the theory, moving costs and external economies
may indifferently apply between factor pairs or between factor-industry pairs. In the quan-
titative analysis I estimate non-zero moving costs across industries, as well as across labor
occupations or non-labor factors. Therefore I identify factors with occupation-industry pairs
and asset-industry pairs.

2.1 Production

There is a set N of good-producing industries, indexed by i, j. All firms in industry i have
the same constant returns to scale production function:

Yi = AiGi

(
{Lif}f∈F , {Xij}j∈N

)
where Lif is the quantity of primary factor f hired by the industry, Xij is the quantity
of intermediate input j, and Ai is exogenous productivity. The production functions allow
each industry to use multiple intermediate inputs and primary factors, providing flexibility
to match real-world value added shares.

All producers minimize costs given input prices. With constant returns to scale, firms
within industry i use inputs in the same proportions and have equal marginal costs:

MCi = min
{Xij},{Lif}

∑
f∈F

WfLif +
∑
j∈N

PjXij s.t. Gi

(
{Lif}f∈F , {Xij}j∈N

)
= 1 (1)

I do not take a stance on the market structure, but impose the following assumption.9

Assumption 2.1. Producers price at marginal cost.

External Economies of Scale. A key feature of the model is factor-specific external
economies of scale. The effective supply Lif of factor f depends on intensive-margin hours
worked in industry i (Hif ), extensive margin headcount in industry i (Nif ), and endogenous
factor productivity determined by external economies of scale:

Lif = Nif ·Hif ·
∏
f ′∈F

N
νff ′

f ′ (2)

9Assumption 2.1 is satisfied, for example, under perfect competition or under monopolistic competition
with appropriate cost subsidies to offset markups.

6



where νff ′ ∈ (0, 1) captures the productivity spillover on factor f from increasing the head-
count of factor f ′. This formulation allows for both own external economies – meaning that
having more workers in occupation f raises productivity in that occupation (νff > 0) –
and cross external economies capturing spillovers across factor-industry pairs (νff ′ ̸= 0 for
f ̸= f ′). External economies can be asymmetric, in that different factor-industry pairs may
have different ν parameters.

2.2 Primary Factors and Final Users

The economy has a set F = L ∪ K of primary factors, consisting of differentiated labor
occupations l ∈ L and non-labor factors k ∈ K (such as land, equipment, structures).
Factors can reallocate across types, subject to moving frictions. Each factor is associated
with a final user z ∈ Z. Labor occupations l are associated with a household that chooses an
occupation, supplies labor and consumes; non-labor factors k are associated with a utilization
producer that can choose to repurpose the asset and determines intensive margin supply.

I use f as a generic index for factors in F . Likewise I denote efficiency units of both factors
by Lf , factor prices per efficiency-augmented hour by Wf , and consumption/utilization by
Cf , for f ∈ L ∪ K. I use the terms hours and headcount in reference to intensive and
extensive margin supply of both labor and non-labor assets.

Household preferences. Each household is born endowed with nested-logit preference
shocks over labor occupations l ∈ L. Conditional on choosing occupation l, households
have l-specific consumption preferences and own l-specific shares in industries and non-labor
factors. Heterogeneous consumption and ownership shares capture local trade costs and
ownership of local land in a tractable way.

Welfare is therefore occupation-specific, given by

Vl = max
Cl,Hl

Cl −
H1+φl

l

1 + φl

(3)

s.t. PC
l Cl ≤

∑
f∈F

Ξ̂lfWfLf +
∑
i∈N

Ξ̂liΠi + Tl (4)

The parameters φl are inverse Frisch elasticities determining labor supply slopes for each
occupation. The consumption aggregator Cl ≡ Cl(cl1, ..., clN) is homothetic over the set
of goods produced by the economy. PC

l is the occupation-specific price index, and Ξ̂li are
ownership shares in factors and industries. Πi are industry profits, and Tl is net transfers.
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Factor supply. Factor supply has both an intensive margin (hours or utilization) and an
extensive margin (headcount). Conditional on participating in occupation f , households
choose hours (the intensive margin) to equate the marginal disutility of labor to real wages:

H
φf

f =
Wf ·

∏
f ′∈F N

νff ′

f ′

PC
f

. (5)

Given optimal consumption and hours choices, households choose an occupation l to
maximize utility subject to an idiosyncratic taste shock:

l∗ = argmax
l∈L

{log Vl + εl}.

The set of labor occupations includes unemployment u ∈ L. Unemployed workers are con-
strained to supply zero hours (Hu ≡ 0), and they receive an unemployment benefit Tu

financed through taxes on employed workers, such that
∑

l∈L\u Tl = −Tu.
The taste shocks {εl} follow a Cross-Nested Logit (CNL) distribution, which captures

that some occupations are closer substitutes than others. Occupations are grouped into
overlapping nests m ∈ M based on similarity (e.g., by industry or skill type). The CNL
structure implies that the share of workers choosing occupation l is

P (l) =
∑
m∈M

P (m) · P (l|m), (6)

where the probability of choosing nest m and the probability of choosing l conditional on
nest m are given by

P (l|m) =
α
1/µm

lm V µm

l∑
l′ α

1/µm

l′m V µm

l′

, P (m) =
W

1/µm
m∑

m′ W
1/µm′
m′

. (7)

The parameter αlm ∈ [0, 1] captures membership of occupation l in nest m (with
∑

m αlm =

1), while µm ∈ (0, 1] governs within-nest correlation of taste shocks. Lower values of µm

imply stronger substitutability among occupations sharing nest m. We denoted the average
value of nest m by Wm ≡

∑
l α

1/µm

lm V µm

l .

Non-labor factors. Non-labor factors (land, equipment, structures) are subject to anal-
ogous intensive and extensive margin supply choices. To simplify the analysis I abstract
from investment and factor accumulation, and only allow for optimal utilization choices.
Appendix ?? describes the modeling of non-labor factors in detail.
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2.3 Policy and Equilibrium Definition.

I analyze two instruments: industrial policies and trade policies. Industrial policies take
the form of proportional cost subsidies {−τ indi }i∈N to domestic industries, fully financed by
lump-sum taxes proportional to ownership shares. Trade policies consist in taxes {τ tari } on
domestic importers of foreign goods, entirely rebated to domestic households proportional
to their initial income shares.

The general equilibrium is defined below.

Definition 2.1. Given policies ({τ indi }, {τ tari }), an equilibrium consists of prices {Wf}, {Pi}
and quantities {Lif}, {Nf}, {Yi}, {Xij}, {Cih} such that: (i) households choose occupations
and maximize utility subject to budget constraints; (ii) repurposing and utilization of non-
labor assets maximize returns; (iii) firms minimize costs and price at marginal cost; (iv) all
markets clear.

2.4 Log-Linearized Equilibrium Conditions.

For analytical tractability, I log-linearize the model around an initial equilibrium. I first
introduce notation, then derive log-linearized equilibrium conditions.

Notation. For notational convenience, I extend the set of producers N to include good-
producing industries, factor marketplaces (which produce factor services), and final users
(who produce consumption and utilization). With some abuse of notation I redefine N =

N ∪ Z ∪ F .

Ω, Ωij =
P ∗
j X

∗
ij

P ∗
i Y

∗
i

, i, j ∈ N Direct expenditure shares

Ψ, Ψ = (I − Ω)−1 Total expenditure shares

s, sz =
PC∗
z C∗

z∑
z′ P

C∗
z′ C∗

z′
z ∈ Z Income shares of final users

Ψ̄, Ψ̄i =
P ∗
i Y

∗
i∑

f ′ P
∗
j Y

∗
j

i ∈ N Factor income shares and industry sales shares

Ξ, Ξzi ≡
(
Ξzi +

T ∗
z

GDP ∗

)
Ψ̄i

sz
z ∈ Z i ∈ N Ownership share of z in i

N∗, N∗
f = f headcount∑

f ′ f
′ headcount f ∈ F Headcount shares in the initial equilibrium

Table 1: Notation for expenditure and income shares.

The log-linearized model depends on ownership and expenditure shares in the initial
equilibrium (denoted with starred variables). Table 1 introduces notation for expenditure
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and income shares. Appendix ?? reports accounting relations connecting income shares of
primary factors (the components of Ψ̄ corresponding to F) with income shares of final users
(s).

Factor supply and final consumption. Intensive margin factor supply is governed by
optimal consumption-leisure tradeoffs for labor occupations, and optimal utilization of non-
labor assets. For each factor f ∈ L ∪ K, intensive margin supply can be log-linearized
as

φfhf = wf +
∑
f ′

νff ′nf ′ − pCf . (8)

I indifferently denote consumption of households and utilization of non-labor assets by cf ,
f ∈ F . Both are subject to the same budget constraint

cf =
∑
f ′∈F

Ξff ′ℓf ′ +
∑
i∈N

Ξfi

(
pi −

∑
j∈N

Ωijpj

)
− pCf +

dTf/GDP ∗

s∗f
. (9)

Log-linearized changes in the value of each labor occupation and non-labor factor are
given by

vf = WCfcf −WHfhf , (10)

where WCf ≡ Cf/Vf is the welfare weight on consumption and WHf ≡ H
1+φf

f /Vf is the
welfare weight on hours.

Log-linearizing optimal extensive margin supply choices for labor and non-labor assets
yields relations between headcount changes and value differentials across factor types. De-
noting the log-headcount change of factor f by nf , and the log-value change as vf , we can
write these relations as:

nf =
∑
f ′∈F

θff ′ vf ′ (11)

where θff ′ governs the extensive-margin flow elasticity from factor f to factor f ′. The CNL
structure implies that for f ̸= f ′:

θff ′ = P (f ′) +
∑
m

P (m|f)(1− µm)P (f ′|m) (12)

with diagonal elements θff = −
∑

f ′ ̸=f θff ′ . This structure ensures that θ satisfies two zero-
sum properties. First,

∑
f ′ θff ′ = 0 for all f , capturing that only relative values matter.

Second,
∑

f ′ N∗
f ′θf ′f = 0 for all f , capturing that total headcount and total asset stock are

fixed.
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Pricing. Assumption 2.1 implies that prices equal marginal costs. Log-linearizing equation
(1) allows us to relate marginal costs with factor and input prices. For each industry i ∈ N
we have

pi = mci =
∑
f∈F

Ψifwf +
∑

j∈N\F

Ψijpj. (13)

Expenditure switching and market clearing. The relative demand for goods and fac-
tors responds to relative prices, as governed by CES aggregators in production and consump-
tion. Total quantity produced must satisfy market clearing. Given purchaser i’s substitution
elasticities σi

jk between inputs j and k ∈ N , and denoting by xij the log changes in input
quantities purchased by i ∈ N from j ∈ N , expenditure switching and market clearing
conditions yield the demand system

xij − xik = −σi
jk (pj − pk) ∀i, j, k ∈ N expenditure switching

yi =
∑
j∈N

xij ∀i ∈ N market clearing. (14)

3 An Illustrative Example

Before presenting general analytical results, I illustrate the main economic mechanisms using
a simplified economy with two countries, two industries, and two factors in each industry.
This proof of concept demonstrates how external economies of scale, capital mobility, and
protectionist policies interact to determine aggregate output, aggregate productivity, and
labor income in each country.

I consider an economy with two equal-sized countries, United States (US) and China
(CHN). Each country has two industries, Semiconductors (S, with high external economies)
and Manufacturing (M, with low external economies). Industries produce using local Labor
and Capital. I assume externalities only happen across factors located in the same country.

I study two policy interventions: Chinese industrial policy, consisting in subsidies to
Chinese producers, and US trade policy, consisting in tariffs on imported Chinese goods.
Both policies are aimed at sustaining protected producers in the respective country. As we
will see, the two policies achieve a similar objective but with different incidences on the
domestic and foreign economy. I consider how each performs, depending on the strength
of external economies in semiconductors and manufacturing, extensive margin factor supply
responses, and capital-labor complementarity.

This section relies on model simulations. Section 4 provides formal analytical results.
Table 2 reports parameter values for the simplified model.
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Parameter Description Value

βH Home bias in consumption 0.7
γ Wealth effect in labor supply 1
φL Inverse Frisch elasticity (labor) 2
φK Utilization elasticity (capital) 2
θEE Extensive margin E-to-E flow elasticity 0.9
θEU Extensive margin E-to-U flow elasticity 0.01
θK Extensive margin capital reallocation elasticity θEU

ν̄ Average external economy 0.2
νR External economy in S relative to M (νSS − νMM ) 0.2
νX Cross-external economies (νSM , νMS) 0.2
σKL Capital-labor substitution

Table 2: Baseline parameter values for the two-country economy.

3.1 Comparative Statics

I present two different scenarios, corresponding to two distinct rationales for protection.
First, I consider protection of the semiconductor industry. By assumption this industry
has higher external economies of scale, therefore both countries can increase local factor
productivity by shifting resources toward this industry. I study how the effectiveness of
protectionist policies depends on labor and capital mobility frictions.

Second, I consider protection of the manufacturing industry. While this industry gen-
erates lower productivity externalities, there might still be a rationale for protection, to
the extent that increasing domestic competitiveness draws unemployed workers back into
the labor force. If worker flows mostly happen along the unemployment margin, rather
than crowding out resources from the semiconductor industry, protecting the manufacturing
industry boosts domestic employment without compromising productivity externalities.

Exploiting externalities. A large literature, started by Graham (1923) and Ethier (1982),
makes the case for protecting industries with higher returns to scale. I highlight that the
outcome of protectionist policies depends on factor mobility as well as relative economies of
scale across industries.

I start by considering the effect of protecting the semiconductor industry on total factor
productivity (TFP) in the US and China. As indicated in table 2, manufacturing has weaker
external economies than semiconductors. When a country protects its own semiconductor
industry, domestic labor and capital reallocate toward this industry. This raises domestic
TFP, because resources are attracted into the industry with higher scale economies. Foreign
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TFP experiences the opposite effect, as resources move away from the high-return industry
due to increased competition.

Section 4 will formalize this intuition, showing that each country’s TFP depends on the
covariance between productivity externalities and factor reallocation. Reallocating resources
toward the semiconductor industry yields a positive covariance, increasing TFP. The effect
is larger when externalities in the two industries are more heterogeneous.

Figure 1 provides an illustration. The left panel shows responses in the US economy, while
the right panel shows responses in the Chinese economy. The vertical axis reports changes in
TFP, while the horizontal axis reports relative external economies in manufacturing versus
semiconductors. Solid lines represent Chinese industrial policy, while dashed lines represent
US trade policy. The blue, red, and yellow lines correspond to increasing capital mobility.
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Figure 1: Response of TFP, for varying rel external economy of prot industry

All productivity effects are increasing in the differential externality between manufactur-
ing and semiconductors. Responses to trade and industrial policies have the same sign, but
different magnitude. Industrial policy has a larger incidence on the domestic country, while
trade policy has a larger incidence on the foreign country. Industrial policies have larger
effects overall, because they affect relative prices in all countries, while trade policies only
affect relative prices in the domestic country. Factor mobility amplifies productivity changes,
by speeding up resource reallocation.

Figure 2 instead shows TFP changes for different values of capital-labor substitutability
(increasing from blue to red to yellow line). As expected, for given capital mobility, aggregate
productivity responds by more when capital and labor are more substitutable. This happens
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because higher substitutability allows the protected industry to expand production by hiring
a larger quantity of mobile factors.
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Figure 2: Response of Local TFP, for varying capital mobility

I next turn to studying the response of GDP. Unlike TFP, GDP depends not only on
productivity but also on intensive margin factor supply. By subsidizing costs, industrial poli-
cies reduce consumption prices relative to wages. This boosts labor supply in all countries.
In our example the intensive margin response is strong enough to counteract TFP changes,
if externalities are not too different across industries. Vice versa, trade policies increase
consumption prices and therefore reduce intensive margin supply in both countries.

Figure 3 illustrates these effects. The left panel shows US outcomes, while the right panel
shows Chinese outcomes. Solid lines show the effect of Chinese subsidies to the semiconductor
industry, while dashed lines show the effect of US tariffs. The blue, red, and yellow lines
consider scenarios with low, medium, and high capital mobility. Like for TFP, the effect of
protectionist policies on domestic and foreign GDP is larger when capital is more mobile,
because more resources are crowded into the domestic semiconductor industry and out of
the foreign one.
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Figure 3: Response of GDP, for varying rel external economy of prot industry

Sustaining domestic manufacturing employment. Figure 1 illustrates how protect-
ing industries that generate larger externalities boosts domestic productivity, and vice versa.
The argument relies on the assumption that protecting one industry crowds out labor and
capital from other industries. This argument however ignores the fact that protection not
only crowds out resources from other industries, but it also crowds in resources from unem-
ployment.

Figure 4 considers the effect of protecting the manufacturing industry on TFP (on the
vertical axis). The horizontal axis represents capital mobility, while the blue, red, and yel-
low lines correspond to different labor reallocation elasticities. In the blue line, workers
are mostly crowded in from unemployment. In the yellow line, workers are mostly crowded
out from the semiconductor industry. As expected, the cost of protecting domestic man-
ufacturing employment is higher when labor and capital are mostly crowded out from the
semiconductor industry. When workers are mostly crowded in from unemployment, pro-
tecting the manufacturing industry might raise domestic TFP even though this industry
generates weaker productivity externalities.
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Extensive margin elasticities θff ′ vary over time, because they depend on the share N∗ of
workers in each occupation and on the share of unemployed workers. Figure 5 considers the
response of US manufacturing employment under two different scenarios. I refer to the first
scenario (red lines) as the China shock. China starts subsidizing its own manufacturing sec-
tor, and US manufacturing workers flow into unemployment with a high elasticity θEU . The
dashed line represents worker outflows toward the semiconductor industry, while the dotted
line represents outflows into unemployment. The solid line represents the total outflow.

In the second scenario (blue lines) the US offers delayed tariff protection to the manufac-
turing industry. This takes place at a time when unemployed workers have retired, moved,
or become detached from the labor market. In this scenario the pre-intervention share of
unemployed manufacturing workers is low, so that the inflow elasticity from unemployment
θEU is also low. Correspondingly, the worker inflow into manufacturing in response to trade
protection is much smaller than the outflow in response to the China shock.

16



0.4 0.6 0.8 1 1.2 1.4 1.6

−0.4

−0.2

0

0.2

capital mobility

US Employment Flows

CHN Ind, EE Flow
CHN Ind, UE Flow
CHN Ind, Tot Flow
US Tar, EE Flow
US Tar, UE Flow
US Tar, Tot Flow

Figure 5: US Employment Flows

The economic mechanisms highlighted in these model simulations generalize to a richer
environment with many industries, factors, and regions. The next section derives their
analytical counterpart in a general setting.

4 Analytical Results

This section derives analytically the economic mechanisms illustrated in the model sim-
ulations. Returning to the general framework of section 2, I describe how factor-specific
economies of scale, reallocation elasticities, and intensive-margin supply elasticities interact
to determine the responses of TFP, GDP, and relative labor income across countries and
occupations. I start by relating changes in TFP and GDP with changes in factor-level wages
and headcount. I then solve for endogenous wage and headcount responses to policies.

Notation. For notational convenience, I collect variables pertaining to different groups of
agents (primary factors, industries, final users) into vectors, where each component corre-
sponds to an individual agent within the group. As a preliminary result, proposition 4.1
translates the log-linearized equilibrium conditions from section 2 into this vector notation.
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In the vector representation prices and quantities are related via matrix elasticities, which
capture own effects and across-agent spillovers. Table 3 below defines these matrix elastici-
ties. For any matrix M, I use subscripts to denote sub-components corresponding to specific
agent groups. For example, M:F denotes the columns corresponding to primary factors, while
MZ: denotes the rows corresponding to final users.

Proposition 4.1. Log-linearized equilibrium. The log-linearized equilibrium is charac-
terized by four vector equations:

p = Ψ:F w +Ψτ pricing (15a)

ℓ = 1ℓ̄− Σp p relative demand (15b)

n = ΘnV n+Θp p extensive margin supply (15c)

h = Φ−1w + Φ−1V n− Φ−1ΩZ:p intensive margin supply (15d)

where ℓ denotes factor supply in efficiency units:

ℓ = h+ (I + V)n. (16)

Proof. The system (15) directly follows from equations (8) - (14). Appendix ?? provides full
derivations. Matrix elasticities are defined in table 3.

Intensive margin supply Φff = φf , Φff ′ = 0

Extensive margin supply (Θn)ff ′ ≡
∑

g∈F θfg
∂ log Vg

∂ logNf ′
, (Θp)fi ≡

∑
f ′∈F θff ′

∂ log Vf ′

∂ logPi

External economies Vff ′ = νff ′

Relative factor demand Σp = (Σp)fi (see appendix ??)
Leontief inverse Ψ ≡ (I − Ω)−1, Ωij ≡ PjXij

PiYi

Factor income shares Ψ̄F ≡ WfLf

GDP

Table 3: Definition of matrix elasticities.

Equation (15a) states that good prices depend on factor prices w and cost taxes/subsidies
τ , directly and through input-output linkages, as captured by the Leontief inverse Ψ. Equa-
tion (15b) instead connects the relative demand for primary factors with relative prices. The
elasticity Σp combines expenditure switching and market clearing conditions in (14) at all
tiers of the production network, aggregating them according to each tier’s expenditure and
sales shares. Equation (15c) governs extensive margin supply, and follows from combining
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extensive margin flows (11) with value changes (10). The term ΘnVn balances agglom-
eration and congestion forces. Reallocation elasticities Θ act as a congestion force, while
externalities V are an agglomeration force. As headcount increases, external economies raise
productivity, attracting more workers. The term Θpp captures how price changes affect the
relative value of different labor occupations and non-labor assets, through changes in relative
real wages and income rebates from non-labor factors. Finally, equation (15d) determines
intensive margin supply. Hours worked increase with own wages (Φ−1w) and decrease with
consumption prices (Φ−1ΩZ:p). External economies (Φ−1Vn) reduce wages per physical
hour, given the compensation w of efficiency-augmented hours.

4.1 Local and Global Aggregates

Propositions 4.2 and 4.3 below connect changes in factor prices and headcount with country-
level GDP and TFP. The responses of factor prices and headcount to policies are derived
in section 4.2 below. Prior to stating the propositions, I introduce standard definitions of
regional GDP, TFP, and income shares.

Definition 4.1. Regions. A region R is a subset of factors, R ⊆ F .

Definition 4.2. Regional GDP and income shares. Nominal GDP in region R is the
total nominal income of factors f ∈ R:

nGDPR ≡
∑
f∈R

WfLf .

The change in region R real GDP is the income-weighted change in factor-level efficiency
units:

∆ logGDPR ≡
∑
f∈R

W ∗
fL

∗
f

nGDP ∗
R
∆ logLf ,

where starred variables denote initial values.
The vector of factor income shares relative to region R nominal GDP is denoted by Ψ̄R,

such that (
Ψ̄R
)
f
≡ WfLf

nGDPR
=

Ψ̄f∑
f ′∈R Ψ̄f ′

.

Definition 4.3. Regional employment. The change in region R aggregate employment
is the income-weighted average employment change of factors f ∈ R:

d logER ≡
∑
f∈R

(
Ψ̄R
)
f
(hf + nf ) .
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Definition 4.4. Regional TFP. The change in region R’s total factor productivity (TFP)
is given by the change in regional GDP relative to regional employment:

∆ logTFPR ≡ ∆ log rGDPR −∆ logER

Lastly, I introduce notation for a covariance operator used in the derivations below.

Definition 4.5. Covariance Operator. Consider unit-sum weights w ∈ RM , w ∈ [0, 1],
and matrices X ∈ RQ×M , Y ∈ RM×P . The covariance operator Covw (X, Y ) ∈ RQ×P is
defined as

[Covw (X, Y )]ij ≡
M∑
k=1

wkXikYkj −

(
M∑
k=1

wkXik

)(
M∑
k=1

wkYkj

)
(17)

Proposition 4.2 starts by characterizing regional TFP changes. It establishes that, when
producers price at marginal cost, changes in TFP only depend on extensive margin factor
reallocation.

Proposition 4.2. Regional TFP. Consider any region R. Denote by
(
V̄R
)
f

≡∑
f ′∈R

(
Ψ̄R
)
f ′ Vf ′f/N

∗
f the average externality generated by a unit of factor f ∈ F on fac-

tors f ′ ∈ R. Under assumption 2.1, TFP in region R increases if and only if workers and
non-labor factors reallocate toward occupations which produce a larger externality on R:

d logTFPR = CovN∗
(
V̄R,n

)
. (18)

Proof. Equation (18) follows from definition 4.4, d logTFPR = Ψ̄R (ℓ− n− h), combined
with the definition of efficiency units (16). To express d logTFPR as a covariance, we used
the assumption that total headcount is constant (N ∗n = 0).

Proposition 4.2 shows that, when firms price at marginal costs, changes in regional TFP
are entirely driven by extensive margin reallocation. Intuitively, under assumption 2.1 re-
sources are allocated efficiently given factor productivity. Market prices, however, do not
account for the productivity externality that materializes when factors reallocate toward
occupations with higher external economies. Equation (18) makes this precise. TFP in-
creases when the covariance between factor-level externalities on the region of interest V̄R

and headcount changes n is positive.
As an illustration, consider the example from section 3. Semiconductors generate larger

external economies than manufacturing (νSS > νMM), and protecting the domestic semicon-
ductor industry draws labor and capital toward it (so that nS > 0 > nM). The covariance
in (18) is positive and domestic TFP rises.
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Proposition 4.3 characterizes the response of regional GDP.

Proposition 4.3. Regional GDP. Consider any region R. Assume for simplicity Ψ̄R =

N ∗
R in the initial equilibrium.10 Denote the average intensive margin elasticity in region R

by Φ̄−1 ≡
∑

f∈R
(Ψ̄R)

f

φf
. Region R’s GDP response is given by

d logGDPR =
(
1 + Φ̄−1

)
d logTFPR + CovΨ̄R

(
Φ−1, d log factor productivity

)
− Φ̄−1 · d log avg consumption tax − CovΨ̄R

(
Φ−1, d log consumption tax

)
+ Φ̄−1 · d log avg terms of trade + CovΨ̄R

(
Φ−1, d log terms of trade

)
, (19)

where

d log factor productivityf ≡ Vf :n

d log avg consumption tax ≡ Ψ̄Cτ

d log consumption taxf ≡ ΨCf ,:τ

d log avg terms of trade ≡ w̄R − Ψ̄CFw

d log terms of tradef ≡ wf −ΨCfFw.

Proof. Following definition 4.2, the GDP response in region R is equal to the weighted
average change in efficiency units: d logGDPR = Ψ̄Rℓ. Efficiency units in turn depend on
hours and headcount through (16), while hours are pinned down by optimal intensive margin
supply (15d). Combining (16) and (15d) allows us to express changes in efficiency units in
terms of headcount, factor prices, and policies:

ℓ =
[
I +

(
I + Φ−1

)
V
]
n+ Φ−1 (I −ΨZF)w + Φ−1ΨZ:τ .

Aggregating according to factor income shares Ψ̄R and using the covariance operator in
definition 4.5 yields the result.

In equation (19), aggregate GDP in region R depends on changes in productivity, sub-
sidies, and terms of trade faced by R’s factors. The GDP response is amplified when these
changes are positively correlated with intensive margin supply elasticities.

The first line in (19) tells us that GDP increases proportionally with TFP, and GDP
changes are amplified by the endogenous intensive margin supply response. As factors be-

10Without this assumption, equation (19) would have an additional term XXX.
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come more productive, they find it optimal to work more hours, as governed by the intensive
margin supply elasticity Φ̄−1. Through the second term, GDP increases by more when
elastically supplied factors become relatively more productive.

The second line says that protectionist policies τ create a wedge between factor prices and
final consumption prices. If protectionist policies reduce consumption prices for given factor
prices (Ψ̄Cτ < 0), real wages increase. Therefore workers and non-labor factors optimally
supply more hours. This raises overall employment, thereby increasing GDP. The effect is
amplified when real wages increase by more for factors with more elastic intensive margin
supply, as captured by the covariance term.

The third line captures changes in terms of trade. If factor income in region R increases
by more than consumption prices (w̄R > Ψ̄CFw), workers and non-labor factors optimally
supply more hours. The response of GDP is amplified when terms of trade improve by more
for factors with more elastic intensive margin supply, as governed by the covariance term.

Finally, proposition 4.4 characterizes relative GDP responses across countries, and rela-
tive employment responses across occupations within a country.

Proposition 4.4. Cross-sectional responses. The change in region R’s GDP relative to
global GDP is given by

GDPR − GDPworld = −Σ̄R (τ + τ tar
)︸ ︷︷ ︸

direct demand effect

−Σ̄R
:Fw︸ ︷︷ ︸

expenditure switching

, (20)

where Σ̄R ≡ Ψ̄T
RΣΨ governs changes in the demand for region-R factors relative to global

output. Within each region R, cross-sectional efficiency units follow a similar decomposition:

ℓ− 1GDPR = −ΣR (τ + τ tar
)︸ ︷︷ ︸

direct demand effect

−ΣR
Fw︸ ︷︷ ︸

expenditure switching

, (21)

where we normalized factor demand elasticities ΣR ≡ ΣΨ − 1Σ̄R relative to the region-R
average.

Proof. Both equations follow directly from (15b) and (15a).

Cross-sectional responses in equations (20) and (21) reflect direct demand effects and
expenditure switching. Through the direct effect, protectionist policies change relative good
prices for given factor prices, thereby shifting relative factor demand. Relative demand
shifts in turn lead to changes in relative factor prices, as derived in corollary 4.1 below. This
determines an expenditure switching effect, which partially counteracts the direct demand
shift.
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For example consider US tariffs on Chinese goods, as in section 3. Through the direct
demand effect in (20), tariffs raise the relative price of Chinese goods, shifting demand
toward US products. This increases US GDP relative to global GDP. However, the demand
shift raises US wages (wUS > 0), making US goods more expensive. Through expenditure
switching, this partially offsets the initial demand shift toward US producers. The same
logic applies within the US economy, as captured by (21). Suppose the US targets protection
toward manufacturing goods, so that demand increases for manufacturing workers relative
to semiconductor workers. As manufacturing wages rise relative to semiconductor wages,
expenditure switching partially counteracts the direct demand effect, dampening the increase
in manufacturing employment.

4.2 Endogenous Price and Quantity Responses

Propositions 4.2, 4.3 and 4.4 express TFP and GDP as a function of headcount n and
factor prices w. This subsection derives endogenous headcount and factor price responses
to protectionist policies. To build to this result, I condense the log-linearized equilibrium
system (15) into a set of supply and demand curves for labor occupations and non-labor
assets. Intersecting demand and supply curves then allows me to decompose equilibrium
price and quantity responses into direct policy exposures and feedback effects.

The feedback effects capture several forces, including expenditure switching across goods,
intensive margin supply responses, and the balance between agglomeration and congestion
forces determining extensive margin responses. Proposition 4.5 summarizes these forces into
a set of headcount demand and supply slopes. Headcount demand is flatter for factors that
are less substitutable or have inelastic intensive margin supply. Headcount supply is flatter
for factors that are more mobile or face larger productivity externalities. As corollary 4.1
illustrates, flatter demand curves are associated with larger quantity and price responses,
while flatter supply curves are associated with larger quantity responses and smaller price
responses.

Proposition 4.5 starts by deriving demand and supply curves for primary factors. For
convenience, I express them in terms of headcount and wages per efficiency unit. Prices,
hours worked, and efficiency units can be derived from (15) and (16).

Proposition 4.5. Demand and supply for primary factors. Headcount n and wages
per efficiency unit w are related by the following demand and supply curves:

n = −Σ:F w − Στ demand curves (22)

n = Θ:Fw +Θτ supply curves. (23)
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Assuming Ψ̄F = N ∗, we denoted11

Σ ≡
(
I +

(
I + Φ−1

)
V
)−1 [

Σp + Φ−1 (XX − ΩZ:)
]
Ψ

Θ ≡ (I −ΘnV)−1ΘpΨ.

Proof. Headcount demand curves are obtained by combining relative factor demand (15b),
intensive margin supply (15d), and pricing (15a). This implies a downward-sloping rela-
tionship between factor headcount and factor prices. Even though, strictly speaking, this
relationship depends on intensive margin supply adjustments, we refer to it as a demand
curve.

Headcount supply curves are obtained by combining optimal extensive margin supply
(15c) with pricing (15a). Appendix ?? reports full derivations.

Equation (22) shows that protectionist policies act as a factor demand shifter, by changing
good prices for given factor prices (see proposition 4.1). The demand elasticity Σ accounts
for several forces. First, the product ΣpΨ accounts for the pass-through Ψ of factor prices
and policies into good prices, and implied expenditure switching effects. Second, the term
(I + (I + Φ−1)V)−1 accounts for external economies V . External economies make demand
curves flatter, meaning that headcount demand increases by less as factor prices decline,
because external economies increase efficiency units for given headcount. Last, the terms
in Φ−1 account for optimal intensive margin adjustments. Intensive margin adjustments
make headcount demand steeper, meaning that headcount demand increases by more as
factor prices decline, because lower factor prices reduce intensive margin supply for given
headcount.

The supply slope Θ depends on reallocation elasticities θff ′ . Larger reallocation elas-
ticities mean headcount is more responsive to welfare differential, implying flatter supply
curves. The term ΘpΨ captures the response of headcount to factor prices and policies,
through changes in real wages. The real wage of a factor f is increasing in its own wage,
and decreasing in the wage of other factors. The relative real wage of a factor f is also
increasing in the incidence of production subsidies on f ’s consumption basket relative to
the consumption basket of other factors. The multiplier (I −ΘnV)−1 instead accounts for
the balance between agglomeration and congestion forces. Reallocation elasticities θff ′ act

11The general case with Ψ̄F ̸= N∗ requires

Σ ≡
(
I +

(
I +Φ−1

)
V
)−1 (

I − 1
(
Ψ̄T

F −N∗))−1 [
Σp +Φ−1 (XX − ΩZ:)

]
Ψ.
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as a congestion force, while external economies of scale Vff ′ act as an agglomeration force.
As headcount for a factor f increases, productivity gains from external economies make
reallocating toward f more attractive, thereby offsetting the wage pressure from increased
employment. This makes factor supply curves flatter for given reallocation elasticities.

Changes in factor demand and supply interact to determine equilibrium responses. Corol-
lary 4.1 decomposes headcount and factor price changes into direct policy exposures and
equilibrium adjustments.

Corollary 4.1. Factor prices and headcount. For any F × F matrix M such that
Ψ̄T

FM = 0T and M1 = 0, denote the partial inverse M̂ ≡
(
1Ψ̄T

F +M
)−1. Headcount

responses are given by

n =−
(
I + Σ:FΘ̂:F

)−1

︸ ︷︷ ︸
GE propagation

Στ︸︷︷︸
demand exposure

+
(
I +Θ:F Σ̂:F

)−1

︸ ︷︷ ︸
GE propagation

Θτ︸︷︷︸
supply exposure

. (24)

Factor price responses are w = −Σ̂:F (n− Στ ) = Θ̂:F (n−Θτ ).

Proof. The result follows directly from solving the simultaneous equations (22) and (23).

Direct exposure terms in (24) capture headcount demand and supply shifts. Through the
term Στ , protectionist policies shift relative factor demand by changing relative good prices
for given factor prices. Through the term Θτ , protectionist policies shift relative factor
supply by changing the relative real wages of different labor occupations and asset uses, at
constant factor prices.

The propagation terms capture equilibrium supply and demand adjustments. As poli-
cies shift up relative demand for some factor, its required return increases according to its
supply slope. This counteracts the initial demand change. Likewise, as policies shift up the
supply of some factor, its relative return declines according to its demand slope. Again, this
counteracts the initial supply shift. Counterbalancing equilibrium effects are stronger when
factors have steeper demand and supply curves – that is, when goods and factors are easily
substitutable (high Σ) or when extensive margin reallocation is limited (high Θ).

Spillover effects and complementarities. Expanding the equilibrium solution as a ge-
ometric sum reveals the interactions between demand and supply responses of different pro-
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duction factors. Focusing on a factor f , we have

nf =− (Στ )f︸ ︷︷ ︸
direct

+
∑
f ′∈F

(Σ:F)ff ′(Θ̂:F)f ′:Στ︸ ︷︷ ︸
first-round GE

− . . .

+ (Θτ )f︸ ︷︷ ︸
direct

−
∑
f ′∈F

(Θ:F)ff ′ (Σ:F)f :′ Θτ︸ ︷︷ ︸
first-round GE

+ . . . (25)

The direct effect reflects the policy’s immediate impact on each factor f ’s demand and
supply. In the first line, first-round equilibrium effects capture how demand shifts affect
required wages across all factors f ′, through the supply slope Θ:F . This in turn feeds back
into demand for factor f , through own and cross-effect (Σ:F)ff ′ . In the second line, first-
round equilibrium effects capture how supply shifts affect the market wages of all factors,
through the demand slope Σ̂:F . This in turn feeds back into the supply of factor f , through
own and cross-effects (Θ:F)ff ′ . Higher-order terms capture subsequent rounds of adjustment.

Example 4.1 illustrates demand and supply spillovers across factors in a simplified setting.

Example 4.1. Demand and supply spillovers. Let’s restrict attention to a single indus-
try i, using two factors: labor ℓ with expenditure share sℓ, and capital k with expenditure
share sk. Demand and supply curves for this industry and for its own labor and capital
relative to other goods and factors are determined by the following equations:

p = sℓwℓ + skwk (pricing)

nℓ = Θℓℓwℓ (labor supply)

nk = Θkkwk (capital supply)

nℓ − nk = −η(wℓ − wk) (input demand)

sℓnℓ + sknk = −τ − σp (final good demand)

Suppose the government increases protection, in the form of cost subsidies τ < 0. As a
direct effect, this increases demand for both labor and capital. Suppose that labor is fairly
mobile, while capital is not (Θℓℓ >> Θkk). For a given demand change, the return to capital
in the protected industry increases relative to the workers’ wages (wk >> wℓ). If labor and
capital are less substitutable than final products (σ > η), a higher cost of capital reduces
labor demand, partially offsetting the direct effect:

nℓ = − σ︸︷︷︸
Σℓi

τ − (sℓσ + skη)︸ ︷︷ ︸
Σℓℓ

wℓ − sk(σ − η)︸ ︷︷ ︸
Σℓk

wk.
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Figure 6 illustrates the argument. The left panel plots demand and supply for capital, while
the right panel plots demand and supply for labor. A cost subsidy shifts demand for both
capital and labor from D (pink line) to D′ (teal line). Because capital supply is inelastic,
the cost of capital increases much more than the cost of labor (∆wk >> ∆wℓ). A higher
cost of capital feeds back into labor demand, shifting it down to D′′

ℓ (purple line).

nk
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∆wk
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Figure 6: Constrained capital supply limits employment responses to protection.

Finally, corollary 4.2 characterizes how headcount responses change with underlying prim-
itives.

Corollary 4.2. Comparative statics. Denote direct demand and supply shifts by ED ≡
Στ and ES ≡ Θτ . Likewise, denote equilibrium feedback effects by XD ≡ −ΣFΘ̂F and
XS ≡ −ΘF Σ̂F . Consider any parameter ξ ∈ {σi

jk, θff ′ , νff ′ ,Ωij, φf}. The partial derivative
of headcount responses n with respect to ξ is given by

∂n =
∑

x∈{D,S}

(I −Xx)
−1 [∂Ex + CovN∗ (∂Xx,n)] (26)

Corollary 4.2 states that parameter changes lead to larger headcount responses when
either direct shifts Ex become larger, or when equilibrium feedback effects Xx become stronger
for factors with large initial responses. Example 4.2 provides an illustration.

Example 4.2. Capital mobility and labor demand. Consider an increase in the mobility
of non-labor assets, f ∈ K. We can represent this as an increase in Θff ′ for f, f ′ ∈ K,
flattening the supply curves of non-labor factors. Let’s compute how this influences the
response of labor occupations f ∈ L to policy-induced demand shifts. For simplicity, assume
that non-labor factors are not subject to external economies (VK: = O and V:K = O) and
utilization bundles have no direct or indirect labor content (ΨKL = O). Given headcount
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responses n =
(
I + ΣFΘ̂F

)−1

Στ to demand shifts at initial parameter values, let’s study
how propagation effects depend on ΘKK. Equation (26) implies

∂nL =

[(
I + ΣFΘ̂F

)−1

ΣFΘ̂F

]
LK︸ ︷︷ ︸

− spillover from K to L

· ∂ΘKK · Θ̂KK · nK︸ ︷︷ ︸
change in K response

. (27)

In equation (27), the change in employment responses is inversely proportional to the spillover
from non-labor factors onto labor occupations, as defined in equation (25). Suppose real-
location frictions decline for some non-labor factor f ′ ∈ K (∂Θf ′K · Θ̂KK · nK > 0). Labor

occupations f ∈ L that are complementary with f ′ – meaning
(
I + ΣFΘ̂F

)−1

f :
ΣFΘ̂:f ′ > 0

– initially faced a negative spillover and will now have larger responses. Conversely, labor
occupations that are substitutes with f ′ and had a positive spillover will now face smaller
responses.

5 Calibration and Quantitative Results

This section describes the data sources and calibration strategy for the full quantitative
model. I calibrate the model to the world economy, featuring 8 regions, with 18 industries
and 10 ISCO-based occupation categories per region. Following the theoretical framework, I
identify labor factors with occupation-industry pairs. Non-labor factors are industry-specific
assets, whose characteristics depend on the industry’s composition of non-labor value added
across major categories (light equipment, heavy equipment, structures, and intellectual prop-
erty).

5.1 Data Sources

The model requires data on domestic and foreign expenditure shares in production and
consumption, intensive and extensive margin supply elasticities, external economies of scale,
and demand elasticities. I illustrate each set of parameters below.

Expenditure shares in consumption and production. Household expenditure shares
are obtained from the final consumption column of the OECD ICIO tables. I assume a
common consumption basket for each country, abstracting from within-country heterogeneity
in consumption patterns.

I compute expenditure shares on intermediate inputs and value added in production
from the OECD Inter-Country Input-Output (ICIO) tables. The ICIO covers 76 countries
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and 45 industries at the ISIC Rev. 4 classification level, providing bilateral trade flows and
intermediate input usage for each country-industry pair.

Expenditure shares on primary factors by industry i and factor type f are constructed
from multiple sources. EU KLEMS and ICIO data provide industry-level labor shares in
total value added. The Occupational Employment and Wage Statistics (OEWS) provides a
breakdown of cost shares across labor occupation by industry for the United States. I use
information for the US, combined with country-level harmonized employment counts and
wages by occupation from ILOSTAT, to impute industry-by-occupation expenditure shares
in total labor value added for non-US countries. With a raking and scaling procedure, I
rescale occupation shares uniformly across industries to match country-by-occupation income
shares from ILOSTAT, and set the relative expenditure shares of different industries on a
given occupation to reproduce the US benchmark.

Expenditure shares on non-labor assets in each industry are computed as the residual of
value added after subtracting labor compensation. Each industry employs a single composite
capital type, whose characteristics are calibrated based on the industry’s capital composi-
tion (see below). I decompose capital into four asset categories (light equipment, heavy
equipment, structures, and intellectual property) using EU KLEMS data.

Table 4 summarizes the data sources for expenditure shares in production and consump-
tion.

Table 4: Summary of Input-Output Data Sources

Object Source Coverage

Input-Output Matrix OECD ICIO 76 countries × 45 industries
Labor Compensation EU KLEMS, OECD STAN Developed economies
Occupation × Industry Wages Eurostat SES, BLS OEWS Europe, United States
Employment by Occupation ILOSTAT Global
Consumption Shares OECD ICIO (final demand) 76 countries
Bilateral Trade Flows OECD ICIO 76 countries

Reallocation Elasticities (work in progress) I estimate extensive margin flow elastic-
ities for both labor and non-labor factors.

Labor flow elasticities are estimated using matched monthly files from the Current Pop-
ulation Survey (CPS), which track individual workers’ transitions across industries and oc-
cupations in the US. For lack of better data, I apply US values to all countries. The identi-
fication strategy exploits two sources of variation.

I instrument for industry-level labor demand changes using exposure to Chinese import
competition, following Autor et al. (2013). This identifies the gradient of flow elasticities
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with respect to distance in the space of industry characteristics. Second, I combine O*NET
task content measures with changes in task content driven by routine-biased technological
change, following Autor and Dorn (2013). This identifies the gradient of flow elasticities
with respect to occupation distance.

I map estimated flow elasticities into the cross-nested logit structure as follows. Occupa-
tions are grouped into overlapping nests m ∈ M based on industry and task similarity. The
membership shares αfm are set based on industry and O*NET task content of occupation
f and nest m, normalized so that

∑
m αfm = 1. The nesting parameters µm ∈ (0, 1] govern

substitutability within each nest, with lower values indicating stronger substitutability. I
calibrate µm to match the estimated gradient of flow rates with respect to task distance: oc-
cupations that are closer in task space (and thus share more nests with higher membership
shares αfm) exhibit higher bilateral flow rates.

The model also includes non-employment as an occupation choice. I estimate flow elas-
ticities between employment and non-employment using CPS data, exploiting variation in
local labor market conditions. Specifically, I use CPS matched monthly files to measure
occupation-specific transition rates between employment and non-employment (θEU and
θUE). I instrument for local labor demand using Bartik-style shift-share instruments based
on national industry employment growth interacted with local industry composition.

Estimating reallocation elasticities for non-labor factors poses additional challenges. Time-
series measures of industry-specific returns to non-labor assets are not readily available,
therefore I approximate them using profit rates (PiYi − WiLi)/(P

KKi). This captures
industry-specific variation, with the drawback of conflating returns to capital with markups.

I parameterize flow elasticities according to a measure of industries’ distance in the input-
output network, and of overlap in their capital composition. To estimate these elasticities,
I exploit two sources of variation. First, I use Bartik-style government spending shocks,
interacting national changes in defense and non-defense procurement with industries’ histor-
ical exposure to government demand. Second, I use exposure to Chinese import competi-
tion as in Autor et al. (2013). Both instruments generate plausibly exogenous variation in
industry-specific capital returns, allowing me to estimate how capital flows respond to return
differentials. The structural form assumes ΘK

ij = f(similarityij;λ) ·µi · νj, where similarity is
measured by proximity in the input-output network and asset-type overlap. The model also
allows for idle capital as a “non-employment” state for capital. The flow elasticities into the
idle state are backed out residually from the constraint ΘK1 = 0. The steady-state share of
idle capital N∗

K,idle and the flow elasticities out of idle state and into the various industries
are backed out residually from the eigenvector condition N ∗

KΘ
K = 0, where ΘK includes

flows to and from the idle state.

30



External Economies of Scale (work in progress) My framework features factor-
augmenting productivity externalities, allowing for both own effects and spillovers across
factors. To estimate these externalities, I follow a similar method as Bartelme et al. (2025).
Bartelme et al. (2025) estimate industry-specific scale elasticities using a gravity-based identi-
fication strategy. To correct for endogeneity between productivity and scale, they instrument
for domestic industry size using foreign market access. They then infer country-by-industry
log productivity from a standard gravity equation, and regress it on instrumented log sector
size to estimate how industry-level productivity responds to changes in scale. While this
approach does not clearly distinguish between internal and external economies of scale, I
adopt it as the best approximation in the literature.

I adapt the strategy to estimate occupation-level externalities, including both own effects
and cross-occupation spillovers. I group occupations into skill categories (e.g., high-skill
cognitive vs. low-skill manual based on ISCO classification) and parameterize the externality
matrix as:

νff ′ = ν̄ + νskill · skill intensity(f) + νown · 1f=f ′ + νcross · similarity(f, f ′),

where similarity is measured by overlap in task content from O*NET. This parsimonious
specification allows me to estimate a small number of parameters (ν̄, νskill, νown, νcross)
while generating a full matrix of externalities across all 10 occupations.

For capital I calibrate external economies based on IP intensity, positing that IP-intensive
industries exhibit stronger agglomeration effects:

νK,i = ν̄K + νIP ·
(
sIPi − s̄IP

)
+ νown

K · 1f=f ′ + νcross
K · similarity(f, f ′)

where sIPi is industry i’s IP share of capital, s̄IP is the income-weighted average, and simi-
larity is measured based on the industries’ shares in various capital types.

Intensive margin factor supply. I set the inverse intensive margin labor supply elasticity
φ = 2. This is consistent with the estimates in Chetty (2012).

For capital utilization, I estimate the curvature of utilization costs φk from time series
data (work in progress). I allow φk to vary by asset type. The industry-specific φk,i is then
computed as the composition-weighted average: φk,i =

∑
k s

k
i · φk, where ski is industry i’s

cost share of asset type k.
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5.2 Quantitative Results

For illustration, I present results from a simplified three-region model (US, China, rest of
world). Production shares, intermediate linkages, and labor shares are calibrated from data
as described above. Substitution elasticities are calibrated to external estimates. Other
parameters are set to placeholder values pending completion of the estimation.

In the figures below, I consider a US trade policy consisting in 1% tariffs on Chinese
imports of manufacturing goods. I assume manufacturing has lower productivity externalities
than the rest of the economy, so that there is a tradeoff between protecting manufacturing
employment and increasing overall TFP.

The baseline panel shows outcomes with all parameters at reference values. Higher capital
mobility amplifies employment responses, more so when capital and labor are complementary.
Both capital mobility and productivity externality differentials steepen the employment-
productivity tradeoff. Larger reallocation elasticities to and from unemployment instead
make this tradeoff flatter.

The US trade policy affects both China and the rest of the world. China faces opposite
effects as the US, because its manufacturing sector contracts. In this calibration, the rest of
the word instead faces similar – although smaller – effects as the US. Even though Chinese
manufacturing products get redirected to third countries, overall Chinese competition in
manufacturing declines, because the Chinese manufacturing sector becomes smaller overall.
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