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A massive wave of globalization since the 1970s is coming to an end

Globalization has slowed down since 2008

I Natural supply chain disruptions (e.g. Covid).

I Geopolitical tensions and armed conflicts.

Revealing vulnerabilities from in/direct
exposures to the world

Political blocks implemented measures to

I Reduce dependence on third parties.

I Incentivize domestic production.
Figure: World trade-to-GDP (%), World Bank.



Protectionist measures have been rising since 2008

Figure: Yearly new interventions, Global Trade Alert.

USA: Investment and Jobs Act (2021), CHIPS and

Science Act (2022), Defence Production Act (2022),

In
ation Reduction Act (2022).

EU: OSA (2020), European Battery Alliance (2017),

RRF (2021), relaxation of state aid (2022),

RePowerEU (2023), EU Chips Act (2023), ECRMA

(2024).

China: Mineral Resource Law, Unreliable Entities

List, Made in China 2025.

Individual countries: Industrial Policy (France,

Germany, ...), security (Art 346 TFEU).

Sub-national regions: European Semiconductor

Regions Alliance (2023), 27 regions from 12 EU

Member States.



This paper

What is the impact of a toolbox of policies on welfare?

I Trade, industrial, and public policy.

I In the aggregate and for heterogeneous locations.

We develop a quantitative general equilibrium framework to evaluate these policies

I Locations: part of a union vs. the rest of the world.

I Production: multiple sectors & locations, input-output linkages within/across locations.

I Environment: imperfect competition, external economies of scale, love of variety.

I Planner: maximizes welfare with aversion for inequality.

I Governments: local and union who tax/subsidize to fund policies and redistribute.

We quantify the optimal policy mix and its impact on the EU and that of its regions

I 235 EU NUTS2 regions + ROW, 54 sectors and IO linkages within/across regions.



Preview of Results

Standalone policies

I Trade policy (common): free trade.no common tariff � locations.

I Industrial policy (place-based): subsidize upstream, large, & high EES, tax downstream.

I Public policy (place-based): subsidize downstream, small, & high EES, tax upstream.

Optimal policy mix

I Much larger welfare gains than the sum of standalone policies.

I Division of roles: tariffs exploit ToT, industrial corrects misallocation, public redistributes.

I Highlights the need for all policies in tandem.

Regional outcomes

I Massive variation in welfare outcomes (role of govt spending to attenuate this).

I Union optimal trade policy 6= regional optimal trade policy.

I Within countries, some regions can be top winners and others top losers.

I A region can win under one policy and lose under another.



Related literature

Global Value Chains

I O�shoring and trade in value added (Grossman & Rossi-Hansberg, 2008; Johnson & Noguera, 2012;

Koopman et al., 2014).

I Positioning and geography of supply chains (Antr�as & Chor, 2013; Antr�as & De Gortari, 2020).

I General equilibrium (Eaton & Kortum, 2002; Arkolakis et al., 2012; Caliendo & Parro, 2015; Caliendo et

al., 2018, 2019; Bernon & Magerman, 2022; Galle et al., 2023).

Production Networks

I Propagation of shocks (Acemoglu et al., 2012; Acemoglu et al., 2016; Baqaee & Farhi, 2019, 2020).

I Policy focus: industrial (Liu, 2019), labor frictions (Bernon & Magerman, 2022), monetary (Rubbo, 2023).

Policy Interventions

I Industrial policy (Lashkaripour & Lugovskyy, 2023; Bartelme et al., 2024; Juh�asz et al., 2024; Goldberg et

al., 2024).

I Environmental (Conte et al., 2022; Schmitz et al., 2024), spatial (Fajgelbaum & Gaubert, 2020).



Quantitative framework



Preferences

Households in location j have homothetic preferences and maximize
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E.g. demand for cars across countries (Fra/Ger) and brands (Peugeot/Renault/BMW/Audi).



Income

Three sources of income (fully consistent with national accounting)

I Inelastic labor Lj with wage wj (local: perfectly mobile across sectors within regions).

I Capital Kj with rental rate rj (idem: land, structures, buildings).

I Net foreign income from capital owned by HH at home.

Income in location j
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Production

Production: Firms in sector s in location i each produce a unique variety ! with CRS
technology
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External economies of scale
Sector prices for goods s from i to j
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Trade and gravity

Value of trade flows from location i to j in goods from sector s are:
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Local governments

Policies

I Trade policy: set tariffs tij and collect tariff revenues Ri =
P

j2N

P
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ji X
s
ji .

I Industrial policy: levy taxes/provide subsidies on production T i =
PS

s=1(T
s
i � S s

i ).

I Public policy: govt final goods consumption G i =
P

s Ps
i G s

i .

I Can run unbalanced budgets, with Bi > 0 a deficit.
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Union government

Policies

I Union members delegate their policies to the union government.

I Collects taxes from all regions i as GNI contributions: TU =
P

i2U �i T
U .

I Sets trade policy ts
ij and collects tariff revenues Ri .

I Taxes and redistributes money to local governments running imbalances Bi .
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Welfare e�ects of policies



Decomposing welfare effects

Welfare changes in response to policies for location j satisfy up to first order:
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Where do policies enter the model?

Policies Trade: ts
ij (in �

r
ij). Industrial: �

r
j . Public: G r

j (and in FDr
j ). Union taxes: TU .
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Up to first order, all policies go through the price channel



Input-output multipliers
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Input-output multipliers

I Cost-based Leontief ~ rs
j : downstream sectors s a�ected by upstream r price shocks.

I Ghosh inverse  rs
j : increase in downstream output k triggers r upstream output increase.

Factor pass-through

I �jL and �jK are pass-through elasticities.

I E.g., if
wj Lj

Ij
> �jL, local wage increases dominate upstream wage increases.



External economies of scale
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I If �s > 0, increase in demand triggers firm entry, lowering prices and expanding output.

I If �s = 0, there are no EES. All effects are on the firm intensive margin.



Data and model calibration



Data sources

Regional production, value added, consumption, value chains, net taxes
I MRIO data for RHOMOLO model (JRC at the European Commission).
I Regions: 235 EU regions, RoW aggregate1.
I Sectors: 54 sectors in each region.

EU transfers to NUTS2 regions
I Cohesion data on Open Data Platform of European Commission.
I Data for 2017, covers di�erent programming periods (2007-2013, 2014-2020).
I Used to calculate initial values forBi .

UNCTAD-TRAINS tari� data for 2017
I data on ad valorem tari�s for year 2017
I tari� data between UK and EU for 2021 (earliest available year)
I aggregate them using imports as weights



Model objects and data
Model Data
X s

ij Expenditure matrix (IO)
Y s

i Gross output (IO)
wi Li Value added: compensation of employees (IO)
ri Ki Value added: gross operating surplus (IO)
�T s
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PS

i Gs
i Government consumption (IO)

Bi EU transfers to regions
E 157880mlne (EU budget for 2017) -

P
i 2 EU Bi

� s
ij Expenditure shares,X s

ij =
P

i X s
ij

~� r
j Net tax wedge,

�T r
jP

i

P
s X sr

ij + wj Lj + rj K j

� r
j Intermediates cost share in production,

P
i

P
s X sr

ij =Y r
j

� sr
j Share of inputs bought fromr ,

P
i X sr

ij =
P

i

P
s X sr

ij

� s
j Budget shares,

P
i X s

ij �
P

r � r
j � sr

j Y r
j

Ij


 j Labor share in value added, wj LjP
r (1� � r

j )Y r
j

� s
j Sectors share in government consumption,Ps

j Gs
j =

P
s Ps

j Gs
j

� j Private goods share in consumption, Ii
Ii +

P
s Ps

i Gs
i

� s Elasticity of substitution across varieties (Consonni & Magerman, 2025)
� s Industry-level markup, 1=(� s � 1)
� s Elasticity of substitution across regions (uniqueness condition)



Optimal policies



Optimal policies: goal and instruments

Goal Choose policy instruments to maximize EU social welfare (in changes):

cWEU =

0

@
X

j 2 EU

� j cW 1� "

1

A

1=(1� " )

with " = 2 ( " > 0 inequality aversion).

Policy instruments
I Trade policy: common sectoral tari�st s

ij (EU-level).
I Industrial policy:net production taxes/subsidies ~� s

j (can be> 0 tax or < 0 subsidy).
I Public policy: government demandGs

j by sector and region.

Baseline equilibrium
I Laissez-faire equilibrium:t s

ij = 0 ; ~� s
j = 0, and Gs

j at status quo.



Optimization approach

Method
I Solve the model in exact hat algebra at each iteration.
I PyTorch di�erentiation (Hessian) with gradients of objective w.r.t. policy parameters.
I Update with L-BFGS (quasi-Newton method) to exploit curvature and handle

high-dimensional interactions across sectors/regions.
I Advantages: very fast compared to other methods (e.g. Adam or Knitro).

Procedure (iterate until convergence)

1. Initialize policy vector� (0) = ( t ; ~� ; G).

2. Solve equilibrium) evaluatecWEU(� (k) ) at each iterationk.

3. Backpropagate to getr �
cWEU.

4. L-BFGS step) � (k+1) .

Robustness Multi-start strategy (origin and radius-increasing starts) to reduce risk of local
optima.



Welfare e�ects

Trade policy Industrial policy Public policy Trade + Industrial Full mix

ŴEU 0.00% 7.04% 0.24% 10.52% 12.87%
St.dev. 0.00 0.02 0.01 0.02 0.03



Trade policy (common)

Optimal policy: tari� for any sector s is: t s�
ROW ;EU = 0.

Rationale
I Small open economy: EU cannot manipulate world prices.

I ROW expenditure on EU goods< 5%.
I Large export supply elasticity) no terms-of-trade gainson average.

I Institutional constraint: Common external tari�
I Individual regions cannot set independent trade policies.
I No combination of tari�s at EU level provide welfare gains.
I Incidence of tari�s depends on demand structures, network position, and spatial

concentration of imports.
I EU distributes tax incidence across regions! may not align with regional interests.



Industrial policy (place-based)

Optimal policy:
I Subsidize upstream & distorted (too small) sectors.
I Tax downstream & (too) large sectors.
I Network position matters more than misallocation alone (as in Liu, 2019).

Rationale
I Redistribution of resources from less e�cient to more e�cient sector-regions.
I Subsidies to upstream industries propagate through production networks.
I Bene�ts �nal consumers and downstream producers who can be taxed to fund the policy.



Optimal net tax rates

Notes
I Most sectors show both positive and negative net tax rates across regions.
I Same sector can be subsidized in one region, taxed in another.



Regional welfare outcomes



Public policy (place-based)

Optimal policy
I Most taxes� 0. Some sector-regions see large increases (up to� 200%).
I Spending towards sectors with economies of scale (� s > 0).

Rationale
I Demand shock: spending propagatesupstreamvia IO linkages.
I Less e�cient to allocate to upstream sectors with� s > 0.
I Balance between correcting misallocation (high� s) and exploiting IO propagation.



Optimal government expenditures

Notes
I Large expenditures concentrated in sectors with� s > 0.



Regional welfare outcomes



Trade + industrial policy

Instruments
I Sectoral tari�s t s

ij (EU-level, external trade policy).
I Net production taxes/subsidies ~� s

j (sector{region, place-based).

Optimal policy
I Optimal tari�s range from 0% to> 100% (avg.� 40% vs. factual avg. 2:6%).
I Industrial subsidies to upstream sectors to correct misallocation.

Rationale
I Tari�s extract terms-of-trade gains where EU has market power.
I Industrial policy compensates regions that are disproportionately hurt by tari�s.
I Better either industrial, or industrial + trade, than trade alone!



Optimal tari�s (trade + industrial)

High tari�s for: low import penetration (food/beverages, minerals, furniture); low
upstreamness.



Regional welfare outcomes



Full optimal policy mix (trade + industrial + public)

Optimal mix
I Tari�s rise broadly, only sector B = 0% (upstream + high elasticity) no ToT gains).
I ~� s

j concentrates further upstream; downstream sectors taxed to �nance subsidies.

Rationale
I Thanks to public policy, optimal tari�s can rise further.
I Incidence constraint relaxed: alsoG now o�sets uneven regional impacts of tari�s.
I Division of roles:

I Tari�s ) extract terms-of-trade rents (external margin).
I Subsidies) correct misallocation via upstream subsidies (internal margin).
I Public demand) spatial redistribution.



Optimal mix

(a) Kernel density distribution of optimal change in public
expenditures.

(b) Kernel density distributions of optimal change in public expenditures, by sector.

Ĝs
j showssector-centered densities� 0 with low dispersion) used toredistribute across

regions within sectors.



Regional welfare outcomes



Conclusion

Develop a quantitative model with
I multiple sectors, regions, IO linkages, imperfect competition & economies of scale.
I large policy toolbox.
I tractable welfare results and channels.

Optimal policies
I Standalone instruments are limited.
I Full policy mix generates larger welfare gains than all three policies separately.
I Tari�s, subsidies, and public demand act ascomplementswith distinct roles.
I Tari�s: external rents, subsidies: internal misallocation, public spending: regional

rebalancing.



Appendix



EU regional heterogeneity and budget




	Introduction
	Quantitative framework
	Welfare effects and GE channels
	Quantification for EU regions
	Appendix

