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Climate Change and Bark Beetles in Oregon:  
What Might the Future Bring?
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Forest dieoffs
1) widespread recently; 2) associated with heat, drought

Working Group 2, IPCC AR5; Allen et al., 2015



Insect and disease outbreaks are 
major forest disturbances in North America

affected area reported by aerial surveys, 1997-2010

Hicke et al., Global Change Biology, 2012



Bark beetle outbreaks 
are widespread and 
extensive in western 

North America

Meddens et al., 2012; Hicke et al., 2016
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Mortality area from bark beetle outbreaks 
in the western US

Meddens, Hicke, and Ferguson, Eco. Apps., 2012; Hicke et al., For. Sci., 2016

• beetles: 7% of forests
• more than wildfires
• about ½ of harvest

= best beetle estimate



Bark beetle-caused tree mortality area

Meddens et al., Ecological Applications, 2012

Cumulative mortality area, 1997-2010



Multiple forest types affected

Meddens, Hicke, and Ferguson, Eco. Apps., 2012



Bark beetle-caused tree mortality area

Williams and Birdsey, USFS GTR, 2003; Creeden et al., FEM, 2014

Years of outbreaks of mountain pine beetle, 1980-1995



Hicke et al., For. Sci., 2016

Mortality area from outbreaks and fire by state, 1997-2012

2.5 
million 
acres



Outline

Photos by J. Hicke

• extent of bark beetle outbreaks

• role of climate
• ecology
• case studies of historical climate
• future projections

• impacts of beetle-killed trees



Factors related to beetles:  
• beetle populations last year
• temperature effects on

• winter beetle mortality
• population synchronization/ 

one-year life cycles 
(“adaptive seasonality”)

Factors related to trees:
• presence of host tree 

species
• tree size/age
• stem density
• drought stress on trees

Factors influencing mountain pine beetle epidemics

Photo courtesy USDA Forest Service, www.forestryimages.org 

Safranyik et al. 1975; Shore and Safranyik 1992; Carroll et al. 2004; Logan and Powell 2001 



mountain pine beetle 
in lodgepole pine

piñon pine and piñon ips

sudden aspen decline

Photos:  J. A. Hicke; W. R. L. Anderegg; C. D. Allen  
Background image:  Landsat, Google Earth

Douglas-fir beetle

For some forest dieoff types, drought more important

Type 1:  
drought, no 

biotic agents

Type 4: 
outbreaks 
caused by 

multiple factors

Type 3: drought 
triggers outbreaks

Type 2: drought, 
with beetles 
present
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Craig Allen

Pinyon ips, drought, and 
pinyon pine dieoff in 2000s

Meddens, Hicke, et al., New Phyt., 2015



1950s:  cool 
and dry

2000s:  hot 
and dry

Hotter drought:  Pinyon pine mortality in 
Southwestern US



cfs.nrcan.gc.ca/pages/49

Warming:  northward range expansion 
of mountain pine beetle



© Jane Pargiter, EcoFlight 2006

Warming:  upward expansion 
of mountain pine beetle

Weed, Ayres, and Hicke, Ecol. Mono., 2013

J. Hicke
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fir engraver

mountain pine beetle western pine beetle

spruce beetle

USDA Forest Service, 2012

Many forests are currently susceptible to 
outbreaks based on stand structure 



• favorability for beetles

• increased host stress

Continued warming and climate change

Fourth National Climate Assessment, 2017



warming 

greater water deficit 

greater host stress

Climate Change in the Northwest, Dalton et al., 2013

historical 
(1916-2006)

change 
(2040s)

Continued warming and 
climate change



Warming:  more favorable in some situations
spruce beetle development rate

1961-
1990

2071-
2100

mountain pine beetle winter survival

Bentz et al., 
BioScience, 2010



1961-
1990

2071-
2100

mountain pine beetle development rate

Warming:  more favorable in some situations

Bentz et al., 
BioScience, 2010



Littell et al., Climatic Change, 2010

Historical 

2080s: 
less 

warming

2080s: 
more 

warming

suitable 

unsuitable 

Warming:  more favorable in some situations
Distribution by elevation



Eruptions of other native bark beetle species 

Two to watch, because

• widespread host tree species
• influence of climate, but not much is known

itp.lucidcentral.orgUSDA Forest Service FIDL 5

Douglas-fir beetle western balsam bark beetle

see talk by Michelle Agne this afternoon!



Surprises:  Invasions, emergence

Moser et al., Entomological News, 2005

First record of Mexican pine beetle 
(Dendroctonus mexicanus) in US

Salinas-Moreno et al., J. Biogeog., 2004

Mexican bark beetle species 

California drought, 2015

Photo:  J. Hicke
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Photo by Matt Stensland

www.steamboatpilot.com/news/2008/aug/17/dying_fore
sts_increase_wildfire_danger_across_west

Do beetle-killed trees affect forest fires?

Photo by J. Hicke



depends on 
• time since outbreak

Hicke et al., FEM, 2012; Photos:  J. Hicke

Do beetle-killed trees affect forest fires?



depends on 
• time since outbreak
• type of fire

Do beetle-killed trees affect forest fires?

www.dailycamera.com/ci_21025344/cu-
researchers-pine-beetles-not-always-tied-increased

www.sierraforestlegacy.org/FC_FireForestEcology/FFE_FireScience.php

J. Hicke

Hicke et al., FEM, 2012



Timber

cascadiascorecard.typepad.com/blog/2004/
08/introducing_den.html

J. HickeJ. Hicke

J. Hicke



Infrastructure and recreation

www.realvail.com
trib.com

“Every day across the West, an estimated 100,000 lodgepole 
pines fall in the forest…”  USFS

J. Hicke J. Hicke



Water quantity and quality

• no change in water quantity

• decrease in water quality

J. Hicke



Carbon sequestration (or not)

Sink of C from atmosphere 

Source of C to atmosphere 

Kurz et al., Nature, 2008

Oregon legislation:  
promote C sequestration



• beetle outbreaks kill lots of trees in western 
North America, including in Oregon

• clear examples exist of how historical climate 
has aided some outbreaks

• future outbreaks may be equally severe

• impacts to ecosystem services are significant

Summary

J. Hicke


