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љStudy the past if you would define the futureњШ
Confucius 
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1925 Tri-State Tornado Aftermath



Need and Relevance
ÅUsing the past to anticipate the future permits industry to:

Inform catastrophe risk profile
Validate and improve simulations that underpin assessments " 
Understand climate-driven changes in storm behavior and 
outbreak potential
ÄƨċŰƣŔŉǃШƣőĲШŊƖŸƽŔŰŊШŔŰƣĲƖƚĲĦƣŔŸŰШŸŉШƓĲƖŔũƚШċŰĬШĲǂƓŸƚƨƖĲШвШ
explain to constituents/customers what is driving change

The Problem
Writing severe storm policies is one of the 

most complex underwriting challenges insurers face



Project Vision
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PGW = Observed + ҟ 

Represent observed SCS events in a convection-
permitting regional ensemble
Validate against obs and capture future potentiality 
Use pseudo-global warming (PGW) approach to 
assess changes to events through time
V  early industrial period ӛШnow ӛШfuture climate/society 

pathways

Novel data, techniques, and workflow to advance 
understanding of risk, variability and change, and 
ŔůƓċĦƣƚШвШƣŸШƣċĦťũĲШƓƖĲƚƚŔŰŊШŰĲĲĬƚШċŰĬШĦőċũũĲŰŊĲƚШŔŰШ
the SCS space

 
òĲċƖШΝШƓƖŸŢĲĦƣШƓċƣőƽċǃƚШв
1. Catalog of historical events for past, present, and future
      or
2. Deploy workflow in rapid -attribution framework to assess 

how a recent event would unfold in the past and future



Why?
SCS losses are spatiotemporally clustered in high-
ůċŊŰŔƣƨĬĲШĲƻĲŰƣƚШӛШљŸƨƣĤƖĲċťƚњ
Must understand historical context and peril footprints to 
accurately project future

High-res PGW modeling permits novel attribution research 
Å Disaster constituents can be controlled т experimental framework
Å Change dials on risk and exposure to quantify what ifs ?

Å Assess event significance
Å ÂƖŸŢĲĦƣШŸŰƣŸШƣŸĬċǃќƚШĲǂƓŸƚƨƖĲоĤŸŸť
Å Future scenarios

Å Potentialities? Most likely? Worst case?

Å Tailored/scalable to IAB needs
Å Any SCS event and epoch selection
Å Customized output and products
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/ƻƳǇǳǘŜ /ƭǳǎǘŜǊ άaŜǘƛǎέ



WRF 4.5.1

 CONUS, 2-km grid spacing, 64 levels w/ 15 min output
WRF output + AFWA diagnostics (Z, UVV, Tor, Hail, Wind)

30 sims for each epoch

Approach
љìőċƣЮĲǂċĦƣũǃЮċƖĲЮǃŸƨЮĬŸŔŰŊлѠ

Å Novel method
Å PGW
Å Ensemble " illustrate potential; measure uncertainty
Å Can be verified w/ obs (implicit or explicit variables)
Å Case-specific (tornado outbreak, hail outbreak, derecho, null event)

Å ìŸƖťŉũŸƽШĲƚƣċĤũŔƚőĲĬШвШĤƨƣЯШċƚШċũƽċǃƚЯШƽŸƖťШƣŸШĬŸ
Å Continue testing and tune for efficiency
Å Request additional Derecho core hours
Å Design and generate products that distill take-homes

Historical Ensemble PGW̍ƚ Explicit PGW Ensemble

Compute Sandbox
NIU METIS, TRITON, and CIRRUS clusters

 É[Ю 9 ÅѢƚЮ?ĲƖĲĦőŸЮcÂ9
WRF ensemble member = ~7k core hr

Case: 30 historical + 30 present + 30 future sims 
@ 42 sim hr each = ~630k core hr 

Data Sandbox
90-sims = ~2.25 TB of output

20CRv3 or ERA5
Compare variables (e.g., Z, UH, proxies) to obs

Community Earth System Model 2 
from CMIP6 provides PGW deltas

Epochs: 
Early-industrial (1910-1939)

Present-day (1985-2014)
Future (any 30-yr period & pathway)



VData and product generation
Á Assess potential losses from past ĲƻĲŰƣƚШвШШШ

for today вШċŰĬШtomorrow

Footprint of 1974 Super Outbreak?
How has event risk changed in 50 years? 
Event risk under future pathways?
cŸƽШĬŸĲƚШŔƣШƓƖŸŢĲĦƣШŸŰƣŸШƣŸĬċǃќƚШĲǂƓŸƚƨƖĲе

How do cumulative tornado footprints from the 
1925 tri-state tornado outbreak change 
across the past, present, and future?

Image courtesy of S. Strader
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