
Causal Bayesian networks in assessments of wildfire 
risks: opportunities for ecological risk assessment and 

management

Mace G Barron1, Matthew A Thompson2, and John F Carriger3
1Office of Research and Development, U.S. Environmental Protection Agency, Gulf Breeze, FL USA

2Human Dimensions Program, USDA Forest Service, Fort Collins, Colorado, USA
3Office of Research and Development, US Environmental Protection Agency, Cincinnati, Ohio, USA

The views expressed in this presentation are those of the authors and do not necessarily represent the views or 
the policies of the U.S. Environmental Protection Agency or USDA Forest Service. Any mention of trade names, 
products, or services does not imply an endorsement by the U.S. Government, Forest Service or the EPA.



The need for causal networks
• Wildfire risks and losses increased last 100 years

• population expansion, land use and management practices, global climate change

• Extensive efforts modeling the probability and severity of wildfires 
• Fewer efforts examining causal linkages between wildfires and impacts 

on ecological receptors and critical habitats
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How to model causal linkages of wildfire 
frequency and severity on ecological systems?
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Bayesian networks (BN) in causal analysis

• BNs: probabilistic tools for graphing and evaluating causal knowledge and 
uncertainties in complex systems 

• graphical model: variables as nodes in a directed acyclic graph 
• predict likelihood: possible known causes that contributed to an event

• Only limited application to the quantitative assessment of ecological risks and 
impacts of wildfires 



Bayesian networks as probability calculators
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The conditional probability table (CPT) is the engine of the BN

CPT for Bulb life (from Wikipedia link)



Bayesian inference
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Example BNs in Wildfire Analyses



Bayesian networks in causal analysis

• Opportunities for using Bayesian networks for assessing wildfire 
impacts to ecological systems 

• explored through levels of causal representation and scenario 
examination



Red Cockaded Woodpecker Habitat Restoration

Artificial cavity 
establishment

Utility Decision Analysis

Risk Assessment



Spotted Owl Habitat Protection
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Utility of BNs in Wildfire Ecological 
Risk Assessment and Management

Causal diagrams provide tools for supporting assessment and decision making

Bayesian networks provide the calculus necessary for including uncertainties in 
causal relationships

Establishing a causal hierarchy for assessment and decision making models for 
environmental applications will benefit future environmental assessment and 
management endeavors



Questions?
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