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Coupled Systems

(Moritz et al. 2014)



Punchline

• Problem: The general perception of “the wildfire 
problem” is too simplistic.

• Solutions: We won’t find them, until we have a 
better understanding of what to fix.



(Moritz et al. 2012)

Increasing Fire Activity

Model Agreement: 2070-2099



More Severe Forest Fires

(Wikimedia Commons)



More Homes Lost

(USFS Lake Tahoe Basin 
Management Unit)



More Disasters

(USFS Lake Tahoe Basin 
Management Unit)

(AP Photo/
Marcio Jose Sanchez)



Is this really a 
causal chain of 

events and 
impacts?



What is common here, despite vast 
differences?



Is this really a 
causal chain of 

events and 
impacts?

No: Most homes 
burn due to embers

No: Most home losses 
are not in forests



Which Problem?

• Forest losses, in the face of more extreme 
droughts, pest outbreaks, and fires, is one set of 
problems.

• Home losses are not a “forest fire” problem, but 
one of where and how we build our communities.



Coupled Systems

(Moritz et al. 2014)



Why are questions related to 
climate change so challenging?



Fire Probabilities & 
Environmental Gradients
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Species Distribution Modeling!



Fire Regime Controls

• Fuel amount: environmental constraints on 
biomass productivity (i.e., resources to burn).

• Fire season: environmental conditions promoting 
flammability.

• Ignitions: spatial/temporal patterns.



(Moritz et al. 2012)



Resources
to Burn

Long-Term Productivity (NPP)
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Sensitivities: changes in 
ignitions, fire-conducive 
atmospheric conditions (e.g., 
droughts, hot & dry winds)

Sensitivities: changes in 
environment that support 
biomass growth (e.g., 
precipitation pulses)

(Moritz et al. 2012)



Controls?

(Moritz et al. 2012)



(Moritz et al. 2012)

Global Ensemble Model Projections



Finer Scale: Humans?



Including Human Dimensions

(Mann et al. 2016)



Including Human Dimensions

(Mann et al. 2016)



Human Influences are Key
at Finer Scales! 

(Mann et al. 2016)



Humans Drive Exposure 
AND Hazard

(Mann et al. 2016)



Role of 
Planning Decisions

(Duerksen et al. 2011)

Won’t better building 
codes solve the home 

loss problem?



Density Matters!

(Syphard et al. 2019)



Role of 
Planning Decisions

(Duerksen et al. 2011)

Won’t better building 
codes solve the home 

loss problem?

?



What else is Missing in 
Urban Planning?

(Moritz & Butsic, in review)

Design Element Action Scale Goal

Landscape context of 
wildfire hazard

Engage in strategic planning 
much earlier Community & subdivision

Include risk reduction measures 
before other considerations 
finalized

Use hazard maps Community location Concentrate in least hazardous 
areas

Use major landscape features Community location Buffer against oncoming 
wildfires

Separation from wildfire 
source

Use nonflammable amenities 
in design Subdivision layout Maximize defensible space

Employ safe setbacks on 
slopes Subdivision layout Maximize defensible space

Concentrate along inner side 
of roadway Subdivision layout Maximize defensible space

Density management Cluster with other homes Subdivision layout Reduce collective exposure
Infrastructure
concerns

Harden public facilities & 
refuges Subdivision layout Safeguard vulnerable populations; 

fallback for worst-case conditions

Augment water requirements Subdivision layout Ensure redundant supplies; 
employ exterior sprinklers

Locate power lines
underground Subdivision layout Reduce ignition potential

Earlier integration
Siting and layout

Critical redundancies
Mitigation of extremes



Siting: New Communities

(Siting requirements in Land Use Development Standards for 
Gaviota Coast Plan, Santa Barbara County California, 2016)

Risk Reduction Measure:  
Avoid locating subdivisions in 
the highest hazard portions 
of the landscape, thereby 
concentrating development 
in less dangerous areas.



Siting: New Communities

Risk Reduction Measure:  
Avoid locating subdivisions in 
the highest hazard portions 
of the landscape, thereby 
concentrating development 
in less dangerous areas.

?



Design: New Communities

Risk Reduction Measure:  
Concentrate building of homes 
on inner side of perimeter roads 
to maximize defensible space.



What about existing communities?

Need: Regional Wildfire 
Mitigation Programs





Who Is Using? Mitigation: CAL FIRE





FHSZ Maps

How building codes 
are applied…



Scales of Planning 
Decisions

Future 
neighborhood 
siting/design…

Safety Element, 
General Plan

Local Fire 
Marshal/Planner 

Input



What guidance exists?



Australian Lessons & 
Context
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