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Mandate

• The "G7 Transport Academy" to answer two pivotal research questions:
1."Are the current decision-making approaches adequate to deal with uncertainty

about the future? »
2."Are the transportation infrastructure and services prepared to respond to any

kind of shocks?"
• The focus would be to:

• critically examine the adequacy of current decision-making approaches in 
planning and designing transport infrastructure, and handling uncertainties
(such as climate extreme conditions, war, pandemics, and other international 
crises) on the one hand, and on expected technological disruptions such as 
Artificial Intelligence, big data, digitalization, and others.

• consider interdisciplinary approaches that integrate insights from fields such
as data science, risk management, and scenario planning, ensuring a more 
resilient response to uncertainties.
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• AI in Practice:
• Digital Twin of a region

representing economic flows 
and multimodal 
transportation

• AI in Theory:
• AI-Based Framework for Trade 

and Transportation

è R&D Lab at CIRANO (Canada) for 
Transport Canada

"I am not representing the views or policies of any
affiliated institution or entity. Only I am responsible for 
the content and accuracy of this presentation."

Contributions of this presentation



Agenda
• 1. Research Context
• 2. Theoretical Approach: Our AI-Based Framework for Trade and 

Transportation
• 3. Empowering Transport Solutions through AI and Data Science
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1. Introduction
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Supply Chain Uncertainty

• Geopolitical Risks

• Continuity of Operations

• National Security
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Disruption Management

• Strategic Planning

• Scenario Planning

8



Risk versus Uncertainty

• Risk	refers	to	situations	where	the	probabilities	of	various	outcomes	are	known,	allowing	individuals	or	
organizations	to	calculate	and	manage	potential	losses.

• Uncertainty,	as	defined	by	Frank	Knight	in	1921,	occurs	when	these	probabilities	are	unknown,	making	
it	impossible	to	calculate	risks	in	a	mathematical	sense.

• Knight’s	distinction	highlights	the	difference	between	calculable	challenges,	which	can	be	insured	
against	or	hedged,	and	those	that	are	incalculable,	requiring	a	different	strategic	approach	due	to	their	
unpredictability.
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Risk versus Uncertainty

• In	mathematical	terms:
• Risk:	where	outcomes	have	known	probabilities,	mathematically	represented	as

𝐸 𝑋 = ∑𝑝!𝑥! (1)

• where	𝐸 𝑋 is	the	expected	value	of	outcome	𝑋,	𝑝! is	the	probability	of	each	outcome,	and	𝑥! is	the	value	of	each	
outcome.

• Specific,	systemic and	systematic risks (Prasch,	2016).

• Uncertainty:	Situations	where	the	probabilities	(𝑝!)	of	outcomes	are	not	known,	making	it	
impossible	to	calculate	an	expected	value	in	the	traditional	sense.
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Decision-Making under Uncertainty

• Probabilities are inestimable
• Traditional Decision-Making Approaches are less

useful
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Public Policies

• Heavy Subsidies to Reduce Information Asymmetries
• System Optimization with Better Information
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New Data Era

• New technological tools 
to monitor trade disruptions 

• Data driven analysis and measures
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2. Theoretical 
Approach:
Our AI-Based 
Framework for Trade 
and Transportation
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A Tale of Two Disciplines

2.1 International Economics

2.2 Logistics / Transportation
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2.1 International Economics

• Newton’s Universal Law of Gravitation: relationship between masses 
and distance
• Newton’s	Law	of	Gravitation	mathematically	expresses	the	force	of	attraction	between	two	masses	
as

𝐹 = 𝐺 '!'"
("

(2)

• where	𝐹 is	the	gravitational	force,	𝐺 is	the	gravitational	constant,	𝑚) and	𝑚* are	
the	masses,	and	𝑟 is	the	distance	between	their	centers.	
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2.1 International Economics

• Over	fifty	years	ago,	Jan	Tinbergen	(1962)	drew	a	parallel	to	Newton’s	universal	law	
of	gravitation	to	explain	bilateral	aggregate	trade	flows	between	two	countries,	A	
and	B.	He	suggested	these	flows	are	“directly	proportional	to	their	gross	national	
products	and	inversely	proportional	to	the	distance between	them,”	represented	as:

𝑇+,- ∝ 𝐺𝐷𝑃+ . 𝐺𝐷𝑃- / ÷ 𝐷𝑖𝑠𝑡+- 0 (3)

• where	𝛼,	𝛽,	and	𝜁 are	all	approximately	equal	to	1.	This	“gravity	equation”	in	international	trade	
has	remained	remarkably	consistent	over	time,	showcasing	its	stability	and	robustness	as	one	of	
the	empirical	regularities	in	economics.
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2.1 International Economics

• Gravity Equation in Economics:

• Typically used to predict trade flows between countries based on their
economic mass (GDP) and distance, 

• this equation can be adapted to understand the flow of goods and 
passengers in multimodal transportation networks, considering
'economic mass' and 'distance' as critical variables.
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2.1 International Economics

𝑇+,- ∝ 𝐺𝐷𝑃+ . 𝐺𝐷𝑃- / ÷ 𝐷𝑖𝑠𝑡+- 0
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2.2 Logistics / Transportation

• Search Keywords: Supply Chain Resilience
• International Journal of Production Economics
• 314 articles
• From 2015 to 2023
• The focus areas include:

• the impact of digitalization
• the role of government
• organizational strategies
• technology's influence on supply chain resilience,
Øhighlighting a robust interdisciplinary approach to addressing supply chain

challenges in the current dynamic global environment.
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2.2 Logistics / Transportation

Authors Year Title Category Main Contribution
Zhao, Hong, Lau 2023 Impact of supply chain 

digitalization on supply chain 
resilience and performance

Digitalization Explored the mediating role of 
digitalization in enhancing 
supply chain resilience and 
performance

Dubey, Bryde, Papadopoulos 2023 Dynamic digital capabilities 
and supply chain resilience: 
The role of government 
effectiveness

Government and Resilience Investigated how government 
effectiveness influences the 
relationship between digital 
capabilities and supply chain 
resilience

Parast 2022 Toward a contingency 
perspective of organizational 
and supply chain resilience

Organizational Strategy Developed a contingency 
framework to understand the 
variables influencing 
organizational and supply 
chain resilience

Ali, Arslan, Mainela 2023 Supply chain resilience to 
climate change inflicted 
extreme events in agri-food 
industry

Climate Change Adaptation Assessed the role of social 
capital and network 
complexity in fortifying agri-
food supply chains against 
climate change
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2.2 Logistics / Transportation

Authors Year Title Category Main Contribution
Ivanov 2023 Intelligent digital twin (iDT) for 

supply chain stress-testing, 
resilience, and viability

Advanced Technologies Introduced the concept of 
intelligent digital twins for 
stress-testing supply chain 
resilience

Huang, Wang, Yeung 2023 The impact of industry 4.0 on 
supply chain capability and 
supply chain resilience

Industry 4.0 Examined the influence of 
Industry 4.0 on supply chain 
capabilities and resilience 
from a dynamic resource-
based view

El Baz, Ruel, Jebli 2023 Harnessing supply chain 
resilience and social 
performance through safety 
and health practices

Health and Safety Investigated how safety and 
health practices during 
COVID-19 impact supply 
chain resilience and social 
performance

Queiroz, Wamba, Machado 2022 Supply chain resilience in the 
UK during the coronavirus 
pandemic

Pandemic Response Offered a resource 
orchestration perspective on 
supply chain resilience during 
the coronavirus pandemic

Belhadi, Kamble, Benkhati 2022 Building supply chain 
resilience and efficiency 
through additive 
manufacturing

Additive Manufacturing Provided an ambidextrous 
perspective on enhancing 
supply chain resilience and 
efficiency via additive 
manufacturing
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First lessons

• A Tale of Two Disciplines:
• International Economics: 

• Distance -> Time
• Logistics / Transportation:

• Volume -> Value

• For our AI-based framework to build our digital twin about 
trade and transportation:

• Interdisciplinary
• Data driven (real-time and geolocated)
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3. Empowering 
Transport Solutions 
through AI and Data 
Science
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Empowering Transport Solutions through AI and Data Science

• Supervised	and	self-supervised	machine	learning	techniques

• Deep	learning	involves	neural	networks,	which	are	layers	of	neurons	with	weights	and	biases.	The	
output	𝑦 from	a	neuron	is	computed	as

𝑦 = 𝑓 ∑ 𝑤# ⋅ 𝑥# + 𝑏 (5)

• where	𝑥! are	inputs,	𝑤! are	weights,	𝑏 is	the	bias,	and	𝑓 is	an	activation	function	like	ReLU or	Sigmoid.	
Deep	learning	models	learn	by	adjusting	𝑤! and	𝑏 to	minimize	the	difference	between	predicted	and	actual	
outcomes,	often	using	backpropagation	and	gradient	descent.

• Classification	and	regression	methods
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Use Case

Digital Twin of the Third Economy in the World
• St. Lawrence Great Lakes Region
• Bi-national
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Empowering Transport Solutions through AI and Data Science

• What have we learned in this research for our AI-based framework to build our digital twin about 
trade and transportation?

• Interdisciplinary

• Data driven
• real-time and geolocated
• Unique training datasets (***)

• Model-driven (***)
• Real-time

• Self-supervised models: real-time (live) feature selection

-> Accuracy for predictive modeling
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What have we learned?

Digital Twins as a 
Predictive Tool

The role of digital twins in 
simulating transport systems 
and economic flows, 
emphasizing their potential as 
a predictive and diagnostic 
tool in the face of disruptions.

Policy Implications of 
AI-Driven Transport 
Models
How AI-driven transport 
models can inform policy, 
particularly in optimizing 
infrastructure investment and 
maintenance in anticipation of 
future shocks.

Cross-Disciplinary 
Methodologies for 
Transport Analytics
Advocate for a cross-
disciplinary methodological 
approach, combining insights 
from data science, 
economics, and urban 
planning to create robust 
transport analytics.

Ethical Considerations 
in AI Deployment for 
Transportation
Address the ethical 
considerations and societal 
impacts of deploying AI in 
transportation planning, 
including issues of privacy, 
data security, and algorithmic 
bias.

Toward a Holistic 
Transport System 
Framework
Propose a holistic framework 
for transportation systems 
that integrates physical 
infrastructures with digital 
innovations, emphasizing the 
importance of sustainability 
and adaptability.
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Conclusion



Mandate

• The "G7 Transport Academy" to answer two pivotal research questions:
1."Are the current decision-making approaches adequate to deal with uncertainty

about the future? »
2."Are the transportation infrastructure and services prepared to respond to any

kind of shocks?"
• The focus would be to:

• critically examine the adequacy of current decision-making approaches in 
planning and designing transport infrastructure, and handling uncertainties
(such as climate extreme conditions, war, pandemics, and other international 
crises) on the one hand, and on expected technological disruptions such as 
Artificial Intelligence, big data, digitalization, and others.

• consider interdisciplinary approaches that integrate insights from fields such
as data science, risk management, and scenario planning, ensuring a more 
resilient response to uncertainties.
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Navigating Uncertainty: Leveraging AI for Predictive Modeling in Multimodal 
Transportation and Economic Flows
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Conclusion
• Grazie!

• www.warin.ca
• thierry.warin@hec.ca

34

http://www.warin.ca/

