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CA drought 2012-2016
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Non-linear response to climate. 
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Insect mortality and phenology model (IMAP)
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Simulates measured ectothermic 

response in insect growth.

Calculates mortality of insects from 

cold temperatures, competition.

Simulates generations of beetles, 

growth, flight, and fecundity

In Sierra Nevada, correctly captures 

flight timing and generation rate. 



Tree defense and insect attack model (TDIA) 
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• Calculates the probability of mortality 

based on:

– Insect population currently in flight (when 

beetles attack).

– Insect flight behavior 

– The defense capability of the tree

• Here modeled as 4-year SPI. 
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Study one: Effects of 20th century warming 
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• Using IMAP-TDIA model 

understand the role warming 

temperatures play in ponderosa 

pine mortality.

• Re-run 2012-2016 drought with 

pre-industrial temperatures to 

understand the difference in 

mortality. 
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Mechanisms driving increased mortality



Take aways
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• Warmer contemporary temperatures increased 2012-2016 mortality 

by 30 %

• This is primarily due to increased voltinism in western pine beetle, and 

to a lesser degree lower mortality. 

• Warmer temperatures primarily result in more mortality under periods 

of drought stress. 



Study 2: WPB outbreak under climate change 

scenarios
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• Simulating recovery and future 

outbreak for 22 sites in the Sierra 

Nevada. 

• Regeneration and growth 

determined by empirical 

equations based on density, tree 

size and species. 

• Used 18 climate CMIP5 climate 

to determine the likelihood of 

outbreak. 



Future Climate in the Sierra Nevada
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• A compilation of all available 

CMIP-5 climate models

• RCP 4.5 shows an increase of ~ 

2.25 C by the end of the century

• RCP 8.5 shows an increase ~ 

5.5 C by the end of the century.

• Drought occurrence varies 

greatly by model.   
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• Under all scenarios, what is the 

relative contribution to 

probability of mortality. 

• Even under extreme drought, 

lower total and hos basal area 

drastically reduces likelihood of 

mortality. 

• Lower stocking density reduces 

risk of carbon loss over long 

time periods. 
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Takeaways
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• Most climate models show new equilibrium with lower density of 

ponderosa pine.

• Western pine beetle outbreaks similar to that of 2012-2016 unlikely 

until ponderosa pine stocks return (~2080). 

• Big divergence in precipitation in climate models projects varied 

trajectories for ponderosa pine. 



Future Work: 
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• Connecting IMAP-TDIA to 

measurements of hydraulic 

failure and carbon starvation. 

• Expanding modeling to 

additional species.

• Connecting insect disturbance 

and fire risk feedbacks. 



Thank you. 
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