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Rising trade barriers/disputes

Rising industrial policy
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World goods trade as percent of world GDP
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This paper

▶ Identify how trade shocks influence
▶ On-shoring, aka ‘reshoring’, ‘localization’
▶ Industrial transformation

▶ Build, validate and deploy a new production-network
▶ Leverage novel AI/LLM tools to build a graphical dataset
▶ Recovers vertical relationships across 5, 000+ HS products
▶ Contrast to other measurement approaches e.g. SUTs/IOTs

▶ Two empirical applications:
▶ Global impact of reduced form supply-shocks
▶ Difference-in-difference study of Qatar blockade
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Measurement Challenge

▶ Want to assess how trade shocks propagate
through production networks

▶ But how to measure set of relevant upstream goods?

▶ Ideal measurement of production-linkages

▶ Based on actual production processes

▶ Not just market transactions

▶ Highly granular to compliment rich trade data
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Introducing AIPNET

▶ AI-built Production Network (AIPNET)

▶ Leverages power of AI/LLM to systematically identify network structure

▶ Trained, tuned, and validated for this purpose

▶ Capable of ‘understanding’ technical requirements of over 5, 000 Harmonized
System (HS) product groups
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Beyond ChatGPT

▶ Our LLM is trained on production process text

▶ Utilizes a refined prompting strategy for bootstrap learning

▶ Extracts structured output

▶ Iterative sampling

▶ Adversarial AI evaluations

▶ Match free-text responses to HS Code nomenclature
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AI pipeline to build AIPNET
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Example: High-fat Milk

High-fat Milk

Casein Products

Casein Products

Soups and Broths

Infant Food Packs
Ice Cream

Miscellaneous Food Prep

Bulk Cocoa Chocolate

Cocoa Food Prep

Milking Machines

Dairy Machinery

Dairy Machinery Parts

Purebred Breeding Cattle

Live Cattle
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Steel Containers

Textile Packing Bags
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Building AIPNET II: Wind-powered Generators

Machine Parts, Misc.
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Building AIPNET III: Solar Panels

High Purity Silicon
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Tantalum Products
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Capacitor Parts
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Laser Cutting Machines
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AI-built Production Network (AIPNET)

Figure 1: AI-built Production Network (AIPNET) visualization
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Network Properties of AIPNET (HS6 Level)

Property HS6 HS4

Number of Nodes 5,633 1,190
Number of Edges 980,018 48,212
Average Degree 347.96 81.03
Network Density 0.03 0.03
Global Clustering Coefficient 0.37 0.32
Assortativity 0.14 0.06
Number of Connected Components 1 1
Size of Largest Component 5,633 1,190
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Validation

▶ Compare AIPNET to Input-Output Tables (IOTs)

▶ Recast Product-level network into IOT structure

▶ Compare Input-use intensity to AIPNET product linkages

▶ Compare to product-level supply chain position measures:

▶ ‘Upstreamness’ (Fally, 2016; Antras et al. 2018)

▶ Product Complexity Index (PCI) (Hausman & Hidalgo, 2014)

▶ Conduct perturbation/placebo tests

▶ Uses Erdos-Renyi network perturbations

▶ Evaluate validation exercises of more ‘random’ networks
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AIPNET strongly correlates with Input-Output Tables
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Perturbing network attenuated validation estimates
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Final Thoughts on Measurement

▶ AIPNET is not perfect...
▶ Discrete edges, but can address econometrically

▶ Assumes globally homogeneous technical processes

▶ But it has several notable strengths:
▶ Highly granular

▶ Can be used directly with trade data

▶ Accurately recovers technical requirements

▶ Standardized nomenclature

▶ Uncensored by market configuration / vertical integration

▶ Strongly correlated with existing network representations
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Relationship Between BEC Classification and Number of Output

Uses for HS6 Goods

Output links by end-use type
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Integrating AIPNET with Topology of Global Trade Data

We develop a new measure of criticality or importance of an input that integrates
trade data with AIPNET

▶ A provides the AIPNET adjacency matrix

▶ TCi trade concentration captures hpw much of the trade in a product is
dominated by a few players or countries

▶ GTSi how much of the overall trade a product represents.
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Integrated Global Product Centrality (IGPC)

IGPC: Measures product importance in trade, extending PageRank algorithm.

X = (1− d)B+ dAWX

X: IGPC scores, d : damping factor, B: base importance, A: adjacency matrix
(AIPNET), W: weight matrix

Base importance:
Bi = TCα

i × GTSβ
i

Weight matrix:
Wii = GTSγ

i

where TC : Trade Concentration, GTS : Global Trade Share, and α, β, γ: weighting
parameters.
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Diverging trends in IGPC weighted imports across countries and

product centrality levels

Within country trends (raw data)
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Changes in Product Importance in Global Supply Chains

Energy Products
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Changes in Product Importance in Global Supply Chains

Emerging Products
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Import volume index for Sanctioned goods trade with
Russia, as seen through AIPNET linkages

Final use goods
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Import volume index for Climate action and arms trade, as
seen through AIPNET linkages
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Persistent Price Shocks
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Geographic distribution of price shocks

# of shocks
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Cross-Country Evidence: Global Trade Dynamics

▶ Uses exporter×importer×product trade data for 200 countries, 2010-2022

▶ Study broad trends by network centrality

▶ Econometric specification:
▶ Each observation is a triple: {upstream = i , downstream = j , destination = c}
▶ Price shock dummy variables: S = {0, 1}
▶ Network Linkages: Wij = {1, 0}
▶ Doubly robust network inference estimator
▶ Highly saturated controls

Ln(Importict) = β1(Sict×Wij)+β2(Sjct×Wij)+αijc+γjtc+ϵijt
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Direct and Indirect Supply Shocks

Dependent variable: log(Import Value)

AIPNET × Indirect upstream price shock (dummy) 1.4***
(0.0004)

AIPNET × Direct own price shock (dummy) -2.3***
(0.0046)

R2 0.952
Observations 1.73B

Notes: Dyadic regression results. Controls: country-by-dyad FE, country × HS2 × year FE. Parametric estimates with time-varying supply shock
measures. SE clustered at HS2 × HS2 dyadic level. Significance: *** p < 0.01, ** p < 0.05, * p < 0.1
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On-shoring estimate by country estimate this by country
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On-shoring estimate by country estimate this by country

120°W  60°W   0°  60°E 120°E

Indirect downstream x Price shock (dummy)
< −1.960

−1.960 to −1.245

−1.245 to −0.674

−0.674 to 0.674

0.674 to 1.282

1.282 to 1.960

> 1.960

38 / 49



Outline

Measurement

Validation

Global Patterns in Trade Data

Price Shocks and On-shoring

Onshoring Natural Experiment

39 / 49



Qatar Case Study: Blockade Impact on Trade

▶ Analysis of the 2017 Qatar diplomatic crisis and trade blockade

▶ Utilizes admin data from customs authority on monthly trade

▶ Focus on changes in import patterns and onshoring efforts

▶ Examination of direct and indirect effects on trade
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Example of Good that was localized
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Blockade Dramatically Shifted Trade Flows

Import Prices
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Examples of onshoring evidence measured through AIPNET

linkages in Qatar case
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Unpacking the Import Equation

Ln(Importit) = β1(Ei×Postt)+β2(Ej×Postt×Wij)+αij+γjt+ϵijt

▶ Ei : Exposure of product i to blockade based on pre-blockade import share

▶ Wij : Dummy for whether i is used as an input to produce j

▶ β1: Direct effect of blockade exposure

▶ β2: Indirect effect of blockage exposure
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Pooled Onshoring Regression for Qatar
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Event-study style regression with flexible timing
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Conclusion

▶ We construct and validate the AI-built Production Network (AIPNET)

▶ Allows us to study vertical substitution up the value-chain

▶ Three main results:
▶ Global trade patterns shifting towards upstream goods
▶ Structural breaks in unit-prices correlate with vertical substitution
▶ Exogenous blockade event leads to onshoring via upstream substitution

▶ Next steps:
▶ ‘Place-based AIPNET’ ie Local Production Networks
▶ Public release of AIPNET (this week!)
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