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McDowell et al 2011. 
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Proportion of insect-caused mortality in US from 2000-2015 based on FIA data  

Xu and Johnson et al. In Prep 
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•  Higher temperatures in the future could facilitate the development of 
insects and lead to earlier adult emergence, or multiple attacks from 
multiple life cycles. 

From: Bentz & Powell (2014). 
Mountain Pine Beetle Seasonal 
Timing and Constraints to 
Bivoltinism. American Naturalist 
184: 787-796 
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•  Higher temperatures in the future could facilitate the development of 
insects and lead to earlier adult emergence, or multiple attacks from 
multiple life cycles. 

Eastern larch beetle life cycle 

McKee, Fraser R.; Aukema, Brian H. 2016 . 
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•  Higher temperatures in the future could facilitate the development of 
insects and lead to earlier adult emergence, or multiple attacks from 
multiple life cycles. 

McKee, Fraser R.; Aukema, Brian H. 2016 . 
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•  Winter insect survival will be increased by the overall winter warming in 
the future 
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•  Heat waves and cold spells during winter and early spring that reduce 
insect cold hardening may augment mortality 

From: Régnière and Bentz 
(2007). Modeling cold tolerance 
in the mountain pine beetle, 
Dendroctonus ponderosae. 
Journal of Insect Physiology 53: 
559-572 
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Risk of heave waves 
during year 
2075-2100 compared 
to 1850-2100 
predicted by GFDL- 
ESM2G model. 

Xu et al . In Prep. 
Risk of heave waves during 2075-2100 compared to 1850-2000 
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•  Extreme events of droughts and heat waves in the future could reduce 
the plant defense and thus lead to higher risks of insect outbreaks 
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•  Extreme events of droughts and heat waves in the future could reduce 
the plant defense and thus lead to higher risks of insect outbreaks 

Xu et al. In Review McDowell et al 2013; 2016 and Xu et al 2013. 
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Framework Components/Details Predictions 
Individual-based modeling 
 
Régnière et al (2015) Individual-based 
modeling: mountain pine beetle 
seasonal biology in relation to climate. 
 
 

1.  Temperature-dependent 
phenology 

2.  Temperature-dependent 
insect mortality 

3.  Spatially implicit 
4.  Tree-level attack threshold 

Partial differential equation 
modeling 
 
Powell & Bentz (2014) Phenology and 
density-dependent dispersal predict 
patterns of mountain pine beetle 
(Dendroctonus ponderosae) impact. 
 

1.  Temperature-dependent 
phenology 

2.  Host density-dependent 
insect dispersal 

3.  Spatially explicit 
4.  Tree-level attack threshold 

Vegetation susceptibility 
modeling 
LANDIS (Sturvant et al 
2004) 

1.  No explicit insect 
population 

2.  Based on only host 
susceptibility 
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•  Lack of consistent insect outbreak data (tree infestation vs insect 

population) 

•  Lack of appropriate vegetation models (size and plant functional types) 

•  Lack of appropriate vegetation defense models 

•  Representation of stochasticity 

•  Limited data on insect physiology 

•  Lack of data on dispersal and its difficulty in implementation for ESM 
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Moorcroft et al 2001; Fisher and McDowell et al 2010. Fisher et al. 2015. 

Big leaf model 
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Convolution based analytical solution  
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Forest inventory  

Remote sensing  

Meddens and Hicke et al 2014. 

Johnson et al. In Prep. 
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Forest disturbance map from 2000-2014.  

Hansen et al 2013 ; McDowell et al 2016 
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Wang and Xu et al. In Prep. 
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Thinning of small trees for fire suppression 

http://bhfra.org/pine_beetles_images/experimental_forest_Years_1989_2013.jpg 
Harvest of big trees to avoid the mountain beetle attack 
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•  Interactions of tree physiology community and entomology 
community 

•  Coordination and compiling of insect outbreak census across 
different countries 

•  Modex (Model experimental integrations) 
•  Improved understanding and predictions of interactions among 

different disturbance agencies (fire, insect and droughts) 
•  Identify key drivers for “background” mortality in ESMs 

McDowell et al. In Prep. 
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