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Global Context

» Climate crisis, wars, and demographic transition imply a massive uncertainty
shock.

» Structural transformation of the hydrocarbon-based economic system raises
questions around public and private investment and the role of the state.

» Growing discussion on the boundaries of the state, firms, and individual
households due to the growing role of (digital) service trade amidst a fraying
global trade order.

» Escalation induces countries to focus on economic security and de-risking.

Natural question: Does localisation work?
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Rising trade barriers/disputes
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Rising trade barriers/disputes
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This paper

» Build, validate and deploy a new production-network

» Leverage novel Al/LLM tools to build a graphical dataset
P> Recovers vertical relationships across 5,000+ HS products
» Contrast to other measurement approaches e.g. SUTs/IOTs

» Identify how trade shocks influence

» On-shoring, aka ‘reshoring’, ‘localization’
» Industrial transformation

» Two empirical applications:

P Global impact of reduced form supply-shocks
» Difference-in-difference study of Qatar blockade
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Outline

Measurement

Validation of the Production Network

Global Patterns in Trade Data

Easy and Important Extensions

Onshoring Natural Experiment

Applications of AIPNET in a Fragmenting World

A bit of speculation
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Outline

Measurement
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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

P> Based on actual production processes
> Not just market transactions

» Highly granular to compliment rich trade data
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Introducing AIPNET

» Al-built Production Network (AIPNET)
» Leverages power of Al/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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Why could Al produce a good representation of input mix?

HS 190520 Food preparations; gingerbread and the like, whether or not
containing cocoa "
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Why could Al produce a good representation of input mix?
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How is full fat milk produced?

Full-fat milk, also known as whole milk, is produced through a series of processes that maintain its
natural fat content, typically around 3.25% in most countries. Here's a breakdown of the process:
1. Milking the Cow:
+ The milk production process begins with cows being milked, either manually or using
machines. Modern dairies use automated milking machines to ensure hygiene and efficiency.
2. Filtration and Coolin:
+ After the cow is milked, the raw milk is immediately filtered to remove any impurities (such as
dirt or hair) that may have been introduced during the milking process.
« The milk is then rapidly cooled to about 4°C (39°F) to prevent bacterial growth before being
transported to a processing plant.

3. Separation:
« At the dairy plant, the raw milk undergoes a separation process where the cream is separated
from the skim milk using a centrifuge. This allows the dairy to control the fat content in the
final product.

« For full-fat or whole milk, a portion of the cream is added back to achieve the desired fat
percentage, typically around 3.256%.

4. Pasteurization:
+ Pasteurization involves heating the milk to a specific temperature (around 72°C or 161°F) for
about 15-20 seconds and then cooling it quickly. This process kills harmful bacteria while
preserving nutrients.

5. Homogenization:

+ In homogenization, the milk is forced throiigh small holes at high pressure, breaking down the
¥

fat molecules so they remain evenly disti.™.ted throughout the milk. This prevents the cream




— ChatGPT 40 - 4

0 List the capital goods | need‘ o

ChatGPT can make mistakes. Check important info.




How is full fat milk produced?

Full-fat milk, also known as whole milk, is produced through a series of processes that maintain its
natural fat content, typically around 3.25% in most countries. Here's a breakdown of the process:
1. Milking the Cow:

+ The milk production process begins with cows being milked, either manually or using
machines. Modern dairies use automated milking machines to ensure hygiene and efficiency.

2. Filtration and Cooling:
« After the cow is milked, the raw milk is immediately filtered to remove any impurities (such as
dirt or hair) that may have been introduced during the milking process.
« The milk is then rapidly cooled to about 4°C (39°F) to prevent bacterial growth before being
transported to a processing plant.

3. Separation:

« At the dairy plant, the raw milk undergoes a separation process where the cream is separated
from the skim milk using a centrifuge. This allows the dairy to control the fat content in the
final product.

« For full-fat or whole milk, a portion of the cream is added back to achieve the desired fat
percentage, typically around 3.256%.

4. Pasteurization:
+ Pasteurization involves heating the milk to a specific temperature (around 72°C or 161°F) for
about 15-20 seconds and then cooling it quickly. This process kills harmful bacteria while
preserving nutrients.

5. Homogenization:

+ In homogenization, the milk is forced throiigh small holes at high pressure, breaking down the

fat molecules so they remain evenly disti .ted throughout the milk. This prevents the cream

List the capital goods | need?

To produce full-fat milk on a dairy farm, you'll need several capital goods (long-term assets used
in the production process). Here is a list of typical capital goods necessary for dairy farming:
1. Dairy Cows:

« High-quality dairy cows (such as Holstein, Jersey) are one of the most significant investments
for milk production.

+ Milking i systems for milking cows efficiently.

« Milking Parlors: Specialized facilities designed for the milking process, including cow stalls
and milking lines.

3. Cooling and Storage Equipment:

+ Bulk Cooling Tanks: Large stainless steel tanks that cool and store raw milk before it's
transported to processing facilities.

« Milk Silos: Large storage tanks for bulk milk before transportation or processing.

4. Processing Equipment:
« Pasteurizers: Equipment used to heat milk to a specific temperature to kill bacteria.
« Homogenizers: Equipment that breaks down fat molecules to ensure even distribution in milk.

+ Cream Separators: Machines that separate the cream from the milk, useful for standardizing
fat content.

5. Feed Production and Storage:
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From Wikipedia, the free encyclopedia ﬁ

This article is about the fluid pi by the ry glands of
Plant milk. For other uses of the word, see Milk (disambiguation).

For the milk-like beverages derived from plants, see

Milk is a white liquid food produced by the mammary glands of mammals. It is the primary source
of nutrition for young mammals (including breastfed human infants) before they are able to digest
solid food.!"! Milk contains many nutrients, including calcium and protein, as well as lactose and
saturated fat.”l Immune factors and immune-modulating components in milk contribute to milk
immunity. Early-lactation milk, which is called colostrum, contains antibodies and immune-
modulating components that strengthen the immune system against many diseases. The US CDC
agency recommends that children over the age of 12 months should have two servings of dairy
milk products a day,®! and more than six billion people worldwide consume milk and milk
products.4!

Aglass of cow milk &l
As an agricultural product, dairy milk is collected from farm animals, mostly cattle. In 2011, dairy

farms produced around 730 million tonnes (800 million short tons) of milk/®! from 260 million dairy
cows.¥! India is the world's largest producer of milk and the leading exporter of skimmed milk
powder.m[a] New Zealand, Germany, and the Netherlands are the largest exporters of milk
products]g] Between 750 and 900 million people live in dairy-farming households.*]

Etymology and terminology

The term milk comes from "Old English meoluc (West Saxon), milc (Anglian), from Proto-
Germanic *meluks "milk" (source also of Old Norse mjolk, Old Frisian melok, Old Saxon miluk,
Dutch melk, Old High German miluh, German Milch, Gothic miluks)".!%)

&

Cows in a rotary milking parlor

Since 1961, the term milk has been defined under Codex Alimentarius standards as "the normal mammary secretion of milking
animals obtained from one or more milkings without either addition to it or extraction from it, intended for consumption as liquid milk or
for further processing."'"! The term dairv refers to animal milk and animal milk production.




Al pipeline to build AIPNET
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Let me walk you through the approach step by step
1. Forward prompt

2. Backward prompt

3. Dyadic plausibility false-positive filter prompt
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Forward Prompt: Retrieving Inputs for a given Output

Prompt Strategy: Forward

To produce output j*, what
inputs i are needed?

Approach: a

» Start from a known output / \
J 7
» Retrieve likely inputs i a 6\

» Result: Broad set of 0 e e
candidate input links

13/86



Backward Prompt: Inferring Outputs from a give Input

Prompt Strategy: Backward

Ja Given input i*, what outputs j
. . [ could it help produce?

J1 J2 Js )’

Approach:

R » Begin with input i*

>
Sl S
3

’ » Infer all possible outputs

» Result: Another candidate
set of links

O
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Example Prompts and Output

Prompt examples

Section

System
Guidance

Examples
Drawn from
HS Product
Codes

Structuring
Output

Prompt A: Measuring Outputs

You are an assistant with expertise in
supply chains and production processes.
When given a product description, iden-
tify all products (narrowly defined phys
ical products) which this [focal product
is used to produce i.e. list output goods
for which this focal product is the input]
Prioritize outputs for which the focal in-

ut good is an essential input. Consider
both [‘capital’, ‘intermediary’, and “final”
outputs]. When responding, you will fol-
low the JSON schema provided in the re-
sponse format. For the subfield ‘prod-
uct description’, you should use similar
language to the detailed Harmonized Sys-
tem (HS) of traded goods products. Some
examples of these product descriptions in-
clude:

* Portland cement, aluminous cement (ci-
ment fondu), slag cement, supersulphate
cement and similar hydraulic cements,
whether or not coloured or in the form of
clinkers » Fruit, edible; apples, fresh * En-
gines; pneumatic power engines and mo-
tors, other than linear acting (cylinders) *
Milking machines and dairy machinery ..

Only include products that are physical in
nature and traded internationally between
countries. List up to 20 output prod-
ucts, focusing on the goods which [require
the direct contribution of the focal input
product]. You will list your 20 responses
in a JSON format provided in the response
format. This format includes a descrip-
tion of the [output product], an impor-
tance score (between 1 and 10), and a clas
slfcaton, of the Syt prochict o eties
“intermediary’ or ‘caj

Focal Product

[PRODUCT DESCRIPTIONS]

Prompt B: Measuring Inputs

You are an assistant with expertise in
supply chains and production processes.
When given a product description, iden-
tify all products (narrowly defined physi-
cal products) which this [focal product re-
quires as an input i.e. list input goods
which are used to produce this focal
product]. Prioritize inputs which are es-
sential to producing the focal good. Con-
sider both [‘raw materials’, ‘intermedi-
ary’, and ‘capital’ inputs]. When respond-
ing, you will follow the JSON schema pro-
vided in the response format. For the
subfield ‘product description’, you should
use similar language to the detailed Har-
monized System (HS) of traded goods
products. Some examples of these prod-
uct descriptions include:

« Portland cement, aluminous cement (ci-
ment fondu), slag cement, supersulphate
cement and similar hydraulic cements,
whether o not coloured or in the form of
clinkers » Fruit, edible; apples, fresh * En-
gines; pneumatic power engines and mo-
tors, other than linear acting (cylinders) »
Milking machines and dairy machinery .

Only include products that are physical in
nature and traded internationally between
countries. List up to 20 input products, fo-
cusing on the goods which are [directly
required to produce the focal pmdud]
You will list your 20 responses in a SO
format provided in the response iormat
This format includes a description of the
linput product], an importance score (be-
tween 1 and 10), and a classification of the
input product as either ‘raw material’, ‘in-
termediary’, o ‘capital’,

[PRODUCT DESCRIPTIONS]

Focal finished good: Footwear, With
Oter Soles Of Rubber,...

plates, sheets or strip"

hair on, tamned or cnist,
parchent-dressad Tenthe

(including artificial resins)

“Rubber; synthetic, in primary forms or in
“internediary

“Leather; of bovine or equine animals,
further prepared after tanning or crusting, including

“intermediary"

for the outer sol

“intermediary"

“Plastic; in prinary forms
“internediary

“Thread; of cotton, not put up for
“internediar

“Adhesives; based on rubber or plastics
“internediary"

“Machines; for making or repairing footwe

“capital®

"Insoles; removable, of any material®,

internediar

Textile fab coated with gun or anylaceous
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Use Embeddings to Map In Nomenclatures

Attach any nomenclature version to the description of the products using
embeddings. An embedding is a mapping:

f: X —RY

where X" is a set of objects (e.g., documents or words). For example with
mxbai-embed-large, |d| = 1024. Let nps indicate the dimensionality of the
nomenclature.
We calculate

» We embed the target nomenclature, e.g. at HS6 level f(x) = R"s*d

» We embed the document that we want to map to a nomenclautre f(y) = R'*?
Compute pairwise dissimilarity

f(x)-fly)

M) = Treomeo €
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Side step: Use Embeddings to Map In Nomenclatures

2D PCA of Embedding Space: Query, Closest Matches, and All HS6 Codes

All HS6 codes
04 @ Closest Matches

Y Query

0.3

0.2

-0.4 -0.2 0.0 0.2 04

— illustration of 1024 dimensional embedding vector space mapped into 2

dimensional vector space
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False Positive Pruning Al Match Validation of Confirmed Links

Intersection + Validation
Is this detected link plausible?

Approach:

» Compare forward and
backward sets

» Keep only overlaps

» Result: 1 confirmed link
shown

1 overlapping link
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Example output: High-fat Milk
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Example output: Wind-powered Generators
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Example output: Solar Panels

Non-mefa) Halides

i ili Electrical Measurement Instruments
High Pl@ Silicon Memory Chips Capa Eans
Argdn)Gas Ele rgy Resisfop Parts

0 Parts Electrical Gampholders

Chaptt @
Ceramidlnsulators
Tantalurfi Products Electrica | Arsenic Non-metal
Phosphorus \Silver Cémpounds ‘ ) ‘
Optical Fibers & Cables Primar@icones Sifjc@Alloy Semiconductor Mary aCthllQng qu%\memt |
High Vo Cables_ Insulated @ ric Cables | / Analytic are-eafth metals
InsufatedElefjc Conductors _ \ /

¢ N \ |/ )/ opper Foil, Backe
_ ' Aluminum Ele’ytm%tors / Polarizg)Sheots Cadmium Scrap
Adjustabl@@apacitors  _———— Boron Oxides & Acids
__—Semi or Parts
—— emicondfictpr Devices
Copper{Blioy Foil
C

d @@Pacitors Doped Elec Materials

SilvefNitrate

ctric Cables Boron &Tellurium
ass Ifisulators
Semiconductor Man@fact

Selénium
Metals afid Powders

Silicon Carbides //Ampliﬁe@CifCUits//

S Stati
Tantalur Produets—

Specialty Métal Articles
ColloidabMetals

Parts
uctorManefacturing Equipment

Thin Cépper Foil

uits

) [
Fixe 'Pap i low Vo Relays

Semiconductor Electfical Meas!
Tantalun‘apacitors
Integrated Circuits

Pril

ic Cables
Non-definéd Carbides

21/86



Example output: Tanks
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Al-built Production Network (AIPNET)

23 /86



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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Outline

Validation of the Production Network
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Validation
» Compare AIPNET to Human Labelling

P> Explore quality of links versus human labels
» Alternative Al models for binary labelling

» Explore other Al models for quality
» Compare AIPNET to Input-Output Tables (10Ts)

» Recast Product-level network into 10T 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 (PCl) (Hausman & Hidalgo, 2014)
» Conduct perturbation/placebo tests

P Uses Erdos-Renyi network perturbations

» Evaluate validation exercises of more ‘random’ networks 286



LLM-Architecture Predicts Human Labels Well

» 3 PhD students evaluated 3,000 (random) edges (50% true edges)
» The students reported difficulty in performing the task

» Auditor labels represent a general validation rather than definitive ground truth.

Confusion Matrix

AIPNET
Auditor True False

True 44 .8 5.3
False 1.0 48.8

TP

Note: Precision = : Recall =

TP+FP TP+FN
__ TP+TN. _ FP+FN.
Accuracy = S . Error Rate = = F1
Score = 2 - Precision- Recall

Precision+Recall

Performance Metrics

Metric Value
Precision 0.98
Recall 0.89

Accuracy 0.94
Error Rate  0.06
F1 Score 0.93
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Validation Across Different LLMs
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— use quantized local LLMs which are inferior to large scale unquantized LLMs 28/86



AIPNET strongly correlates with Input-Output Tables

us Mexico
e . o .
= ¢ 2 6e-041
E : E
8_ 3e-04 1 ° 8_ °
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% e ® () °
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Perturbing network attenuated validation estimates

R2 Difference
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Final Thoughts on Measurement

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

P> 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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Outline

Global Patterns in Trade Data
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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

» T C; trade concentration captures how much of the trade in a product is

dominated by a few players or countries

» GTS; 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:
B;=TC*x GTS’

Weight matrix:
W;; = GTS]

where T C: Trade Concentration, GTS: Global Trade Share, and «, 3, v: weighting
parameters.
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Integrated Global Product Centrality (IGPC)

IGPC update equation for a single product i can be expressed as:
(t)
W, X;

where N,,:(i) is the set of products using i as an input, N;,(j) is the set of products
used as inputs for j. B; is the base importance of product i:

5 _ TG—min(TC) \* (_ GTS —min(GTS) 7 @
" \max(TC) —min(TC) max(GTS) —min(GTS)

where T C; is the Trade Concentration and GTS; is the Global Trade Share of

product /. The diagonal element W;; in W corresponding to product i/ is given by

GTS; —min(GTS 7

W, — mm(‘ ) (3)
max(GTS) —min(GTS)

showing how the IGPC score of a product depends on its position in the AIPNET

structure, specifically its relationship to downstream products. 36/86
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Diverging trends in IGPC weighted imports across countries and
product centrality levels

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

Easy and Important Extensions
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Looking for support to extend this work

We are interested in extending this work in three particular dimensions:

» Incorporate elasticities of substitution between different inputs
think: establish which inputs could be substituted

» Capture topological sorting of a value chain around a product
think: endogeneity of industrial organisation and specialisation to topology of
production process

» Introduce local varieties of the production network that incorporates context

think: what local environmental factors may affect the production process.

» Incorporate a labor market module to capture potential K, L substitution

think: description of production process can be mapped to tasks which can be
mapped to occupations
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Learning product or input substitutability

Prompting Intuition

Given a confirmed link i* — j*, we ask:
Q Q Q Q Q Q “Can other nearby inputs iy also be used

to produce j* 7"

Steps:

Q @,’I, \“\® Q Q » Define a local substitution zone

Q @' ‘@ pt:j* valia? (3%x3 around i*)

» Prompt the model for each i;: “Is

O @ e = J* valid?”

Q Q Q » Evaluate substitutability (e.g.
function, classification, taxonomic
similarity)

Constraints like substitutability within same HS4 category or physical incompatibility

to block substitutions.
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Topological sorting to understand process

Gathering fibres and cotton

550311 550320 520411

Spinning and twisting yarn
Tanning and preparing Compounding rubber and
d thread 540600 550810
e ot leather 410711 410799 plasticisers 400510 381220

I l l

Weaving or knitting fabrics
520821 540761

410711 411510 sheets 400811

‘ Finishing leather for use ‘ I Forming rubber or plastic ‘

Molding soles and heels
640620

Cutting and shaping uppers
640610

Preparing other shoe parts
640419 640420

Inserting fasteners 731700

Packagin
Applying adhesives 350691 GatE0e1520;
Assembling and finishing
final footwear 640391

— this bundles products into close substitutes for long lists of varieties of inputs
(e.g. various yarns)
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In this part study global spillovers

Proceed with providing a collage of evidence on role of supply shocks.
» Characterize supply shocks revealed by global trade data
» Explore trends in global trade

» Present a cross-country exercise linking downstream price shocks and onshoring

» Discuss a natural experiment of a country subject to an economic blockade
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Data

» Harmonised System (HS) Codes

P> 5,648 product codes from 2012 edition

» Six-digit numerical codes, hierarchical structure
» International Trade Flows

» BACI International Trade Database

» 200 countries, 5,000 products at 6-digit HS level
» Qatar Customs Data

» Monthly imports/exports (Jan 2012 - Jun 2023)
» 8-digit HS categories
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Persistent Price Shocks
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Geographic distribution of price shocks

# of shocks

<
<N<
1500 < N < 1875
N > 2500
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Characterisation of the Supply Shock
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|deal trade data to study onshoring

Ideal trade dataset would have us observe purpose or activity specific
import data — that is for every good i we observe imports that are linked
to the production of that good j from country c in year t.

input j used as input in production of good i
Yi jct
finished good i source country ¢

— implies supply chain transparency
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Actual data typically available

Rather than knowing the specific use of an import as part of a value chain
Yijct

Yet, we only observe total imports not linked to it’s specific or intended use.
That is we observe:

Yict y ject

where good i and good j may or may not be linked in an input/output
relationship.

Nevertheless, we have strong reasons to believe that some imports of good j
may occur as part of an input in the production of good i.
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Actual data typically available

Estimate a fully dyadic specification

2022

log(Import, . ,) = Z Br x Lt =7T) X Wygd + Qude + Nupogocrt + € (4)
7=2012

Import of a 4-digit upstream goods u, into country c in year t The w, 4 is our binary
linkage indicator that captures whether a specific upstream good u serves as an
input to downstream good d:

{1 if input v is a an AIPNET input used to produce d
Wy,d =

0 otherwise
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Global trend towards increasing imports of goods with many
AIPNET downstream linkages since 2016
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Cross-Country Evidence: Global Trade Dynamics

» Uses exporter ximporter x product trade data for 120 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: Wj; = {1,0}
Doubly robust network inference estimator
Highly saturated controls

VVyYVYYy

log(Import,, . ;) =&c.g X Shocky ¢ ¢
T Ne,u X ShOde,c,t T Qud,c T Nupgg,e,t T € o
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Table 3: Impact of persistent supply shocks affecting downstream goods prices on
imports of upstream goods

M @ (€] @
Dependent variable log(import) Import > 0
Post 2016 x AIPNET linkage 0.0092*** 0.0013***
(0.0027) (0.0003)
AIPNET linkage x Indirect upstream price shock (dummy) 0.0014"* 0.0003***
(0.0007) (632 x 1075)
AIPNET linkage x Direct own price shock (dummy) -0.0348***
(0.0081)
R? 0.94329 0.94421 0.74324 0.74622
No. of dyad FE 171,179,618 167,866,385 174,364,440 171,163,960
No. of time FE 121,433 121,433 121,440 121,440
Observations 1,818,906,530 1,727,632,808 1,916,673,000 1,818,407,660
Regression specification:
Country x Dyad X X X X
Country x HS2 x Time X X X X

Notes: Table presents regression results documenting the impact of persistent price shocks on downstream goods on upstream imports. Standard
etrors provided in parentheses are clustered at the HS2 by HS2 pair level with stars indicating ** p <0.01, ** p <0.05, and * p <0.1.



Countries exhibiting post 2016 differential increase in goods with many AIPNET
linkages also exhibit notable onshoring response following downstream supply shocks

Onshoring following persistent price shock

-0.025 0.000 0.025 0.050
Post 2016 import differential of AIPNET linked goods

Statistical significance  20% - 10% - 5% - 1%
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Estimated supply-shock induced onshoring response across countries

120°W 60°W 0° 60°E 120°E

[ <2900 [] 1245100674 [ 067410 1.282 [ >1.960
[] -1960t0-1245 [ ] -0674100674 [ 128210 1.960

Indirect downstream x Price shock (dummy)
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Evolution of coefficient length as function of perturbation

Main AIPNET

Onshoring following persistent price shock

-0.025 0.000
Post 2016 import differential of AIPNET linked goods

Statistical significance

0.025

20% -

10%

0.050

. 5% -

1%

Perturbation 50%

Onshoring following persistent price shock

-0.025 0.000 0.025 0.050
Post 2016 import differential of AIPNET linked goods

Statistical significance ~ 20% - 10% - 5%
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Evolution of coefficient length as function of perturbation
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Outline

Onshoring Natural Experiment
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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

Capital equipment
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Blockade Dramatically Shifted Trade Flows

Import Prices Import Volume
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Examples of onshoring evidence of onshoring measured through

AIPNET linkages in Qatar case
Dairy Poultry

* Poultry

* Dairy
* Upstream of Poultry

® Upstream of Dairy :

Q
3

a

Import Value Index

Import Value Index

.

2015 2016 2017 2018 2019 2020 2015 2016 2017 2018 2019 2020
Date Date
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Unpacking the Import Equation

Ln(lmportjt) = P1(EixPost;)+ Lo Ejx Posty x Wij)4aji+yjt+e€ije

» F;: Exposure of product i to blockade based on pre-blockade import share
» Wi;;: Dummy for whether i is used as an input to produce j
» (31: Direct effect of blockade exposure

» [5: Indirect effect of blockage exposure
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Pooled Onshoring Regression for Qatar

(€ () (©) @) ®) (6)
Dependent variable upstream good import > 0 log(upstream good import)
Panel A: HS4 x quarterly panel
Blockade x Direct Exposure -0.0685*** -0.0755***  -0.5595*** -0.5809***
(0.0120) (0.0142)  (0.0718) (0.0718)
Blockade x Downstream Exposure 0.0267***  0.0286"** 0.0881**  0.1616***
(0.0084)  (0.0075) (0.0409)  (0.0430)
R? 0.66689 0.66701 0.66743 0.86734 0.86695 0.86815
Observations 991,150 976,650 976,650 787,950 776,058 776,058
Panel B: HS6 x quarterly panel
Blockade x Direct Exposure -0.0297** -0.0379***  -0.4081*** -0.4154***
(0.0120) (0.0126)  (0.0521) (0.0531)
Blockade x Downstream Exposure 0.0138* 0.0082 0.0204 0.0605
(0.0073)  (0.0106) (0.0370)  (0.0380)
R? 0.56880 0.56778 0.55651 0.78021 0.77878 0.77958
Observations 9,640,300 9,405,825 9,405,825 5,833222 5,699916 5,699,916
Dyad FE X X X X X X
Time FE X X X X X X
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Event-study style regression with flexible timing

Coefficient estimate
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Outline

Applications of AIPNET in a Fragmenting World
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Briefly sketch out five other applications of AIPNET

Broad range of applications for Treasury adjacent

» Tariff schedules along value chains
Designing retaliation along value chains

Sanctions and trade in capabilities

>

| 4

» Local variety version of AIPNET

» Hypothetical AIPNET in new energy paradigm
>

Rethinking procurement processes

— AIPNET is useful to understand what is going on around the world and why, in
particular in a geoeconomic context.
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Industrial policy along value chains
Chinese post WTO tariffs: export taxes on raw materials created localisation of

value chains specifically for rare earths
Continuity

Dairy

oy
St ™ -
Contents ists avaiablo at 5 ' -
S
Journal of International Economics = ,
£8 /
Journal homepage: www.elsevier.com/locate/jie % S
og | 4
° Ye
" mE - " \ L e
The persistence of trade policy in China after WTO accession )] e N =
= s |
Jason Garred % N .
200 KNGS Cona
s <]
ARTICLE INFO ABSTRACT
o4
the distribu- 1997 2000 2003 2006 2009 2012
schedule Year
Pre-WIO trade polcy
©2018 Elsevier B, All ights reserved. Applied import tariffs =~ ———-—- Export taxes

--------- Bound import tariffs

Fig. 1. Standard deviation of China's applied and bound import tariffs and export tax
equivalents of export VAT rebate policies and export duties across nonagricultural
products, 1997 to 2012.

— study China’s tariff and tax positions along known value chains
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Forensic trade monitoring through AIPNET linkages

Final use goods AIPNET linked inputs
) Arms &) Arms
S —— Green transition 5' —— Green transition
0 hy
6001
S 8 140
— -
2 =
x x
(3] (3]
e} =]
£ 4004 =
] (]
£ £ 1201
= =
o o
2 200 z
2 -
o o
£ £
= = 1004
2011 2013 2015 2017 2019 2021 2011 2013 2015 2017 2019 2021

69 /86



Designing tariff retaliation along value chains

EU Regulation 654:

“Commercial policy measures [...] shall be determined on the basis of the following
criteria, in light of available information and of the Union's general interest:

(a) effectiveness of the measures in inducing compliance of third countries with
international trade rules;

(b) potential of the measures to provide relief to economic operators within the
Union affected by third country measures;

(c) availability of alternative sources of supply for the goods or services concerned,
in order to avoid or minimise any negative impact on downstream industries, contracting
authorities or entities, or final consumers within the Union;”

— AIPNET allows us to think about retaliation design incorporating value chains

70/86



Designing tariff retaliation along value chains

The EU tried to minimise the harm of its tariffs on
its own ec ies. Chinash d no such concern

Political impact and domestic economic cost of tariff packages

Actual v1,000 simulated alternatives
Packages including

soyabean tariffs

The EU's tariffs China's tariffs
1
®
2 More Actual tariff 4 More
harmful package harmful
tothe EU's to China's
Hypothetical economy? economyt
tariff
packages of
similar value
Actual tariff
° package
More targeted at Trump voters* -> More targeted at Trump voters* >

bability of a county being in

jence from Trump's Trade Wars", workir

— 2018 escalation provided window into studying retaliation responses revealing

sophisticated political targeting
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Sanctions and trade in capabilities

Final use goods

+ Critical
< Military
+ Sanctioned

Pre War Import index (by value)

Pre War Import index (by value)
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Date

— AIPNET can be leveraged for forensic trade analysis in terms of trade in
capabilities as highlighted by e.g. EU sanctions on Russia
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Hypothetical Global Production Network

Full network Circuits

Links Links (@]

B Show Inputs Show Inputs
Show Outputs Show Outputs.
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— use Al reasoning to explore how global production may be reshaped in light of
renewable energy transition benefiting countries around the equator
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Hypothetical Global Production Network
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Hypothetical Global Production Network

Full network Passenger vehicles

Ll Links

‘Show Outputs ‘Show Outputs L

— reduction in international trade of crude oil mechanically implies global
rebalancing of power
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Leveraging AIPNET to reshape procurement or technology

transfer

Roun I
Example Process around Procurement S
procurement need Technology
provider
Public/Third
Sector

Information Set of AlLLM
goods or Production
services Graph
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esearch
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HMRC VAT Candidate Invited

AIPNET, 5
EIELER 4 list of firms i
reasoning suppliers suppliers

Certification Local
Professional stakeholder

bodies Supply
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survey

— can leverage public knowledge graph built on public data to streamline
procurement
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Outline

A bit of speculation
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If we get here...

» Then it has been a long journey
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Topology of Societal Organisation

Key Insight

Input-output tables may be key to understanding societal organisation 70 /86



Common Applications of LLMs in Applied Economics

vV V.V VvV YV

v

Data categorization or classification — applying of nomenclatures
Information retrieval applications — retrieving a needle from a haystack
Dimensionality reduction — summarization of large datasets

Dataset construction — leaning on embodied knowledge in LLMs

Retrieval augmented dataset construction — prompt and context into
context

Reasoning tasks — complex bipartite matching tasks with incomplete
information
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Example: Data categorization

Political Expression of Academics on Twitter

Prashant Garg' and Thiemo Fetzer**

'Department of Economics and Public Policy, Imperial College London,
London, United Kingdom
2Department of Economics, University of Warwick, Coventry, United Kingdom

3Department of Economics, University of Bonn, Bonn, Germany

Abstract
Academics play a vital role in the generation and dissemination of knowledge, ideas and
narratives. Social media provide new, more direct ways of science communication. Yet, since
notall academics engage with social media, the sample that does 5o may have an outsize
influence on shaping public perceptions of academia through the set topics they engage with

and their style and tone of communication. We describe patterns in academics’ expression

online using an y linking their Twitter
content to academic records. We document large and systematic variation in politically

it P g climate action, cultural, pts. We
show that US acad diverge from the US tlarge in topic focus

in their beliefs. Future work

and style, although acad
should examine potential impacts on public trust and the reasons why academics express

themselves politically on social media.

or classifications

Climate Techno- Behavioural
Action Optimism Adjustment
Main M* . . .
Gender Maie{ o . .
Female{ @ . .
Fields 1 manies o . .
Soc. Sciences: . .
sTEm . . .
Twitter |,z
Twltter  Low RaNotE
(Rby  Lowre .
Expertise
(E) High RNt E
High RE . . .
University e . .
Rankings
1i00] e . .
Country  yonus . . .
us{ ® . .

0080

o0

— forthcoming in Nature: Human Behavior with interactive website on

academicexpression.online.
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Example: Dataset construction

Al-Generated Production Networks:

Measurement and Applications to Global Trade Explore production-links across traded products.
Click on a product node to see its connections. Even more granular data can be downloaded here,
Thiemo Fetzer* Based on the work in Al-generated Production Networks by Fetzer, Lambert, Feld & Garg (2024).
Peter John Lambert!
Bennet Feldt Links Explore Categories
Prashant Garg$ Show Inputs S vatoiony o

Show Outputs

November 18, 2024 HS Section »
) HS2-digit Codes  »

Abstract

This paper leverages generative Al to build a network structure over 5,000 prod-
uct nodes, where directed edges represent input-output relationships in production.
We layout a two-step ‘build-prune’ approach using an ensemble of prompt-tuned
generative Al classifications. The ‘build’ step provides an initial distribution of edge-
predictions, the ‘prune’ step then re-evaluates all edges. With our Al-generated Pro-
duction Network (AIPNET) in toe, we document a host of shifts in the network posi-
tion of products and countries during the 21st century. Finally, we study production
network spillovers using the natural experiment presented by the 2017 blockade of
Qatar. We find strong evidence of such spill-overs, suggestive of on-shoring of criti-
cal production. i causal of the many
research possibilities opened up by our granular measurement of product linkages,
including studies of on-shoring, industrial policy, and other recent shifts in global
trade.

Keywords: Surpry-CHAIN NETWORK ANALYS1S, LARGE LANGUAGE MODELS, ON-SHORING,
INDUSTRIAL POLICY, TRADE WARS, ECONOMETRICS-0F-LLMs
JEL Classification: F14, 23, L16, F52, 025, N74, C81

— presented to policy audiences and Ministries with interactive website on
aipnet.io.
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Example: Retrieval augmented dataset construction

Causal Claims in Economics* Data deluge
Prashant Garg Thiemo Fetzer * NBER and CEPR working papers* % of total
January 14,2025 By method
Click here for the latest version . 80
Causal empirical
Abstract

We analyze over 44,000 NBER and CEPR working papers from 1980-2023 using a custom methods*
language model to ge graphs that map d their re-
lationships. We distinguishes between general claims and those documented via causal
inference methods (e.g., DID, 1V, RDD, RCTs). We document a substantial ise in the share
of causal claims—from roughly 4% in 1990 to nearly 28% in 2020—reflecting the growing
influence of the “credibility revolution.” We find that causal narrative complexity (e.g, the
depth of causal chains) slmngly predicsboth publicaton n top-5 ,cumajs and hugher cita- Structural
it Wi o, Nl 1o o€ 555 b, ey ehe vt
in credible causal methods: introducing genuinely new causal edges or paths markedly

leading outlts and long-run citations, while
non-causal novelty exhibits weak or even negative effects. Papers engaging with central,

60

Theoretical 40

tion counts,

20
Simulations

T T T T T T T T T T

factors ;  longie propacSeally bt gog o 1980 90 2000 10 23
plored *pt pairs is rded pi i grounded in causal methods, yet such

i:::;‘:np:ng;ma mﬁ:":ﬂ“;i’:‘ﬂmm;’y' dm:’:;:’i:;‘mcmnmmn i *44,800 papers published by National Bureau of Economic
sustained impact may s Research and Centre for Economic Policy Research
established economic discourse. *Includes instrumental variables, randomised controlled trials, etc
Keywords: KNOWLEDGE GRAPH, CREDIBILITY REVOLUTION, CAUSAL INFERENCE, NAR- Source: “Causal claims in economics’,
e s by P Gag and T Ftze 2025 pr-prn)

— rethinking how we represent papers
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Example: Reasoning tasks

Has polarization accelerated or has nuance increased? *

—

Thiemo Fetzer *

May 28, 2025

Abstract

What do policy makers want to know, and when? This paper leans on 4000+ public
opinion polling databases carried out from the 1940s to 2020. It develops a pipeline that
aligns opinion polling questions along with the underlying micro data using vector embed-
dings, semantic search and reasoning models to arrive at a large sample of opinion polling

questions that have been consistently asked across different decades. Using this data, I docu-

‘ment that the relative speed of partisan polari - broad set of ti ying and
time-invariant issues ~ has drastically increased since the 2000s. Using a set of econometric
exercises, this is causally attributed to the rapid rollout of social media. Yet, exploration
within issue highlights a high degree of nuance in the extent of polarization that may be

masked in popular debate, possibly hi that this increase in polarization may be

much more driven by perceptions
Keywords: PUBLIC OPINION, POLARIZATION, SOCIAL MEDIA, ARTIFICIAL INTELLIGENCE

APPLICATIONS

Large Language Model

Question Corpus.
Dim: 330kx1

um [
mOniog Sample by strata of
identicalor not

High dimensional Build a classifier with
| ‘numerlc features off
strata sample
to decompose. .
step1 v Project into full|
issimitarity score
Augmented Neighbor distribution
Question Data | samition pairs —
predicted equivalence

Create vector
embeddings

Step2

Question data in
‘embedding space
Dim: 330k x 20

Filter

Remaining set
LLM validation

agentic Al with reasoning capabilities to align 4000+ opinion polling micro
datasets

84/86



Conclusion

» We construct and validate the Al-built Production Network (AIPNET)
» Allows us to study vertical substitution up the value-chain

» Three main results:

P Global trade patterns shifting towards upstream goods

P Structural breaks in unit-prices correlate with vertical substitution

P> Exogenous blockade event leads to onshoring via upstream substitution
> Next steps:

» ‘Place-based AIPNET"' ie Local Production Networks
» Public data available on AIPNET website

85 /386



Bibliography

86 /86



	Measurement
	Why could this work?
	An illustrative example

	Validation of the Production Network
	Global Patterns in Trade Data
	Easy and Important Extensions
	Onshoring Natural Experiment
	Applications of AIPNET in a Fragmenting World
	A bit of speculation

