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Wildfires lead to cascading hazards

Climate change has added another dimension 
to these complex responses

Scientists and engineers are developing novel 
understandings in hazard and risk analysis 
that inform emergency planning and mitigation.
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Wildfire Cascading Hazards

Climate 
Change

1. United Nations Environment Programme, Spreading like Wildfire – The Rising Threat of Extraordinary Landscape Fires, (2022) 
2. D. Touma, S. Stevenson, D. L. Swain, D. Singh, D. A. Kalashnikov, X. Huang, Sci. Adv., 8, p.eabm0320 (2022)

Introduction



Here, we are presenting several innovative modeling 
and monitoring tools that:
• Near-real time monitoring to show when these 

events have the potential to occur (will adapt to 
climate change over time).

• Model long-term changes associated with climate 
change.

Four products we are using to advance our 
understanding of climate change and the impacts to 
extreme cascading geohazards:
• Slope and Storm Manager
• DebrisFlow Predictor
• Flood Predictor
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Slope Manager
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Storm Manager
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DebrisFlow Predictor
§ Agent-based model

§ Model debris flows from initiation to 
deposition

§ 5 m DEM, agent interacts with slope & 
each other, choose paths, scour, deposit 
until their sediment balance is zero

§ Model output = runout, inundation,  deposit 
depth, volumes, avulsions, alluvial fan 
development

§ Probabilistic output

§ Developed over 15 peer-reviewed articles 
using DFP results in past 2 years.
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DebrisFlow Predictor
1. Debris Flow 

Susceptible 
Terrain

2. Debris Flow 
Initiation

3. Debris Flow 
Modeling

4. Debris Flow 
Risk

5. DF Risk in 
Climate 
Change

1 + 2 4 + 5

3
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Flood Predictor Potential Applications

Applications

Unmapped 
or Invalid 

Study Areas

Limited 
Data

Limited 
Budget

Limited 
Schedule

Most Beneficial When

Pluvial and 
Fluvial Flood 

Extents

Real-time Storm 
Predictions

Mitigation and 
Resilience 
Planning

Climate Change 
Forecasting

Emergency 
Management/

Disaster 
Response
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Flood Predictor – Prediction

Dimensionless Engineering Features 
(Prediction Site)

Flood 
Predictor 
Engine Flood Probability

Flood Prediction

User Defined
Hydrologic 
Condition 
(e.g. 10%, 1%, 0.2%, 
Climate Change)

~10 Minutes 2-5 Minutes

Hydrology Index

Hydraulics Index 1

Hydraulics Index 2

Hydraulics Index 3
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Conclusions
Virtually monitor remote sites

Model to provide rapid, definitive results 
in rural/remote areas

Proactively assess cascading hazards 
in the context of climate change

Integrate the scientific and modeled 
results to provide evidence-based 
decisions for communities and along 
linear infrastructure.

These decisions should in turn lead to 
mitigation efforts that produce resilient 
communities and infrastructure.


