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Archetypes of
cascading climate
change impacts



• Network model synthesizing results of CASCADES project
• Integrate indirect effects, i.e. cascades of interacting systems
• Identify leverage points for policy

Leverage point = most influential nodes to trigger cascading
impacts

Aim



• Extract archetype of cascades provided from CASCADES
partners Use frequent subgraph analysis

• Analyze archetype with inverse PageRank algorithm to identify
leverage points

• Conduct PageRank on national data and identify most important
systems in countries

• Cluster regions of similar dynamics with K-Means

Approach



Archetypeextraction– Inputdiagrams
Potential impact cascades from areas
à Foreign policy, human security,& development
à International value & supply chains
à Finance
Based on:
• 4-year long stakeholder interaction
• Model results from Cascades partners
• Desk-based research

Conceptual framework ofdiagrams by Carter et al.



Archetypeextraction– Inputbyworkpackages

Central Asia Bangladesh

à Repetitive patterns
à Look for frequent subgraphs



Identification of recurring patterns in graphs or networks

è Discovery of significant patterns and relationships
è Put all cascade graphs in adjacency matrices
è Harmonize terms (focus on systems) and levels
è Isomorphic subgraph matching with support = 3

Archtetypeextraction–Frequentsubgraphanalysis



Archetypeextraction–Frequentsubgraphanalysis



Archetypeextraction–Frequentsubgraphanalysis



Use inverted version of PageRank:
Take archetype and invert edges
 find leverage points

PR (p) = 1−𝑑 1−𝑑
𝑁

+ 𝑑 ⋅∑
𝑞𝜖𝐵_𝑞

     𝑃𝑅 𝑞
𝐵𝑝

Identificationof leveragepointsbyPageRank



Why inverting the Network:
Where do my cascades come from?What are frequent triggers?

Identificationof leveragepointsbyPageRank



Identificationof leveragepointsbyPageRank



Identificationof leveragepointsbyPageRank



Run PageRank for each country
 Populate archetype with national data
 Edge assignment with INFORMRisk, ND-Gain and project results

PageRank: vector of importance for n system components
PR(ci) = (ws0i,… wsni))

Clustering via K-Means:
 Cluster regions with similar leverage points

Clustering regionsofsimilardynamics



Clustering regionsofsimilardynamics - results



• Network based on stakeholder input, model results, desk research
 bringing together a system of cascades

• Network analysis for leverage points
• Extraction of regions for similar leverage points

Future work:
• Validation
• Embrace again more complexity multiplex graphs

-> emphasize underlying capital
-> complex dynamics (migration, etc)

Summary
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