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Climate Change: An Overview of the 
Evidence and the Impacts on Insects 

and Disease
After being relatively cool throughout the past millennium, the Earth has suddenly grown warmer, and 
the rate of warming is increasing. The scientific evidence that global warming is caused by human 
production of greenhouse gases will be examined, as will alternative explanations. Current and 
future impacts of continued warming on pest problems in urban and natural forests will be explored.
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Presentation Outline: 
 
1.  Is Earth warming?  Instrumental and   
     physical evidence. 
 
2. If so, what are the causes?  Natural vs.  
    anthropogenic. 

3. Impacts of temperature and CO2 on pest 
    populations. 
 
 

Source:  National Climatic 
Data Center 

The 10 warmest years since 1850 
(15 of 16 have occurred since 2000) 
 

1.   2015 
2.   2014 
3.   2010 
4.   2005 
5.   2013 
6.   2007 
7.   2009 
8.   1998 
9.   2012 
10.  2006 
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Compare to about 9°F difference between coolest 
point of ice age and warmest inter-glacial period  

4 independent instrument records show  
Earth has warmed 1.4ºF in the last 100 years 

  

Earth is warming:  30 year trends 
 
1.   Increasing air temperature in lower atmosphere. 
2.   Increasing temperature over land. 
3.   Increasing temperature over oceans. 
4.   Increasing sea-surface temperature. 
5.   Increasing ocean heat content. 
6.   Increasing humidity. 
7.   Increasing sea level. 
8.   Decreasing glacier cover. 
9.   Decreasing sea ice cover. 
10.  Decreasing snow cover. 

 
 
 
 
 
NOAA National Climatic Data Center, 2010 

 
 

Climate Warming Inertia: 
Most excess heat (>90%) is trapped in the ocean where it will 

be released slowly 
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Glacier National Park:   
 

Number of glaciers when park established in 1910:  150 
Today:  25 

http://www.globalwarmingart.com 

Trends in average Arctic sea ice volume since 1979 

The fabled Northwest Passage opened for first time 
in 2007, and Northeast Passage opened in 2011 
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Steig et al. 2009. Warming of the Antarctic ice-sheet 
surface since 1957.  Nature 457:459-463. 

http://www.nature.com/ 

climate.nasa.gov 

Sea level rise:  20 cm last century, 6 so far this 
century (3.24 mm / yr) 

climate.nasa.gov 
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1150 Year Record of Cherry Blossom Phenology 
in Kyoto, Japan 

Miller-Rushing et al.  2012.  Front. Ecol. Environ. 10: 285–290 

http://www.citypictures.org/data/media/231/
Cherry_Blossoms_Ninnaji_Temple_Kyoto_Japan.
jpg 

http://columbusmmug.com/wp-content/uploads/
2012/07/under-the-Japanese-Cherry-B.jpg 

NOAA National Climatic Data Center 

Patterns of Regional Warming in the US 

New USDA Plant Hardiness Zone Map: 

much of Northern US updated to warmer zone 
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Five undisputed facts: 
 
1. The amount of heat trapped by CO2 increases with 

its concentration. 
 
2. Over 650,000 years, Earth’s temperature has been 

tightly linked with atmospheric CO2. 
 
3. After remaining stable for thousands of years, CO2  

has risen rapidly to record levels, and is now rising 
even faster. 

 
4. Earth is absorbing more heat than it dissipates. 
 
5. Earth has warmed sharply over the last 30 years. 
 

Earth’s energy balance:  
 
•   Solar radiation emitted by Sun 
•   Solar radiation intercepted by Earth 
•   Energy radiated back to space 
•   Energy absorbed, stored, redistributed as heat 
 

Earth’s energy balance: 

Kiehl, J. T. and Trenberth, K. E.  1997. Earth's annual global mean 
energy budget. Bull. Am. Meteorol. Assoc. 78: 197-208.   
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Earth’s Energy Imbalance 

Earth is absorbing 0.85 W / m2 more 
than it is dissipating 

Hansen et al. 2005. Science 308:1431-1435  

…increasing atmospheric CO2 from  
280 ppm in 1800 to 400 ppm today 

http://www.bom.gov.au/info/climate/change/gallery/images/25.jpg 

Greenhouse effect keep Earth’s average temperature 
(59°F) much warmer than the moon’s (-1°F), and dampen 
day-night temperature fluctuations. 
 

•  Water vapor: 50% of greenhouse effect 
•  Clouds:  25%  
•  CO2: 19%  

•  Other (methane, NOx): 7% 

Schmidt et al. 2010. The attribution of the present-day total 
greenhouse effect.  J. Geophys. Res.  115: D20106. 
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http://www.emporia.edu/earthsci/student/tinsley1/drilling.jpg  

Nature (2004) 429:623-628  

CO2 is at highest level in 650,000 years and rising 

www.climate.nasa.gov 

Why do ice ages occur every 100,000 years? 

http://members.aol.com/scipioiv/globice.jpg 
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Obliquity:  41K years 
 

Precession:  20K years 

Eccentricity:  100K yrs 

Predictable variation in Earth’s orbit, wobble, and tilt 
(Milankovic Cycles) change the amount of solar 
radiation intercepted by Earth (solar forcing). 

Milankovic Cycles generate ice ages every 100,000 
years that last 80,000 years   

http://m
ath.ucr.edu/hom

e/baez/M
ilankovitch_Variations.png 

Bintanja and van de Wal. 2008. North American ice-sheet dynamics 
and the onset of 100,000-year glacial cycles.  Nature 454:869-872 

http://im
ages.allposters.com

/im
ages/102/039_ice_age_2sided.jpg 

Earth should now be cooling gradually… 
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…and it was for more than 5000 years… until 
very recently. 

http://www.emporia.edu/earthsci/student/tinsley1/drilling.jpg  

Nature (2004) 429:623-628  

Temperature and CO2 have been tightly linked 
across eight ice ages 

http://p6.hostingprod.com/@treks.org/arctic_800px-co2-temperature-plot.gif 
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7% of overall glacial-interglacial warming occurred 
before the CO2 increase; 93% of global warming 
followed the CO2 increase 

Initial lag followed by long lead is consistent with 
CO2 as a feedback that amplifies solar forcing and 
global warming. 
 
 

http://sitemaker.umich.edu/section2_group1/files/secondfeedback.jpg 

Feedbacks as solar forcing warms Earth: 
 
Humidity increases:  water vapor is the most powerful 
greenhouse gas. 
 
Decomposition releases greenhouse gasses:  melting 
permafrost releases huge amounts of CO2 and methane. 
 
Oceans absorb less CO2:  oceans saturate and more 
CO2 remains in the atmosphere. 
 
Ice melts and white becomes dark:  radiation that was 
reflected to space is now absorbed as heat. 
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Is there a “tipping point” beyond which 
feedbacks generate unstoppable warming 

even if CO2 emissions stabilize?  
 

www.motherjones.com/ 

Is the sun is responsible for recent warming? 

There is no relationship between solar 
activity and recent warming. 
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“Variations measured from satellites since 1978 are too 
small to have contributed appreciably to accelerated 
warming over the past 30 years.” 

Foukal et al. 2006.  Variations in solar luminosity and 
their effect on the Earth’s climate.  Nature 443:161-166 

http://data.giss.nasa.gov/ 

Since satellite measurements began, no relationship 
between solar irradiance and warming 

http://www.realclimate.org/images//T_vs_solar.png 

Alternative hypotheses rejected by NAS:    
 
•   Earth’s orbit / rotation: slight cooling effect. 
 

•   Solar activity:  atmosphere is warming from bottom 
   up, not top down.    
 

•   Ocean vents:  ocean is warming from surface down, 
   not bottom up. 
 

•   Volcanic activity:  Pinatubo eruption had short-term 
   cooling effect. 
 

•   Air pollution: global dimming caused by sulfate 
   aerosols has cooling effect (but is relaxing); however 
   black soot is having significant warming effect. 
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Models accurately reflect increases in 
temperature and sea level  

Temperature 
observed vs predicted 

Sea Level 
observed vs predicted 

Climate sensitivity: amount of warming expected 
with doubling of atmospheric CO2:   
 
3°C with likely range of 2.0 – 4.5 °C  (3.6 – 8.1 °F) 
 
Knutti, R. & G.C. Hegerl. 2008. The equilibrium sensitivity of the Earth’s 
temperature to radiation changes.  Nature Geoscience 1:735-743. 
 
 
 
 

Projected Impacts of Climate Change 

Knuttie & Hegerl (2008) Nature Geoscience 1:735-743 
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Muilenburg and Herms (2013) 

Responses of insect pests to climate change 

Effects of Global Warming on Insects 

 
•  Changes in insect life cycles: physiological and 

evolutionary. 
•  Phenological asynchrony and decoupling of species 

interactions. 
•  Global warming and the distribution of species:  

asynchronous migrations and novel interactions. 
•  Atmospheric CO2, plant quality, and insects.   

Developmental times (days) for 
Tetranychus utricae – two-spotted 

spider mite 
 
Developmental stage**  
Temp. C  Egg  Larva  PN  DN  PQ  Total    
15   14.3  6.7  5.3  6.6  3.5  36.3  
20   6.7  2.8  2.3  3.1  1.7  16.6  
30   2.8  1.3  1.2  1.4  0.6  7.3    

Source: http://mrec.ifas.ufl.edu/lso/spmite/b853a3.htm#Table1 
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Black vine weevil now emerging 2-3 weeks earlier 
than in 1970 

D.G. Nielsen, Ohio State University 
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Gina Penny 

Multiflora rose, Rosa multiflora 

Ecological Effects of Temperature:  Population Dynamics 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
 

 

Ambient 

+ 2.8 °C 

Strathdee et al. 1993. Oecologia 96:457-465 

Urban Heat Islands and Pests 

•  Cities can be 10º warmer than surrounding natural 
areas. 

•  Decreased cooling from evapo-transpiration. 
•  Increased radiant heat. 
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Urban Warming and Gloomy 
Scale Population Dynamics 

Adam Dale, NCSU 

James Solomon 

Oak lecanium 13X more abundant 
on willow oaks in hot vs cooler 
urban areas 

PNAS (2008) 105:6668-6672 
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Asymmetrical	  survival	  of	  hemlock	  and	  hemlock	  woolly	  adelgid	  	  
In	  response	  to	  high	  temperature	  

Healthy	  stands,	  
Low	  al<tudes	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Severe	  decline,	  
High	  al<tude	  

Angela	  Mech	  and	  Dr.	  Kamal	  
Gandhi,	  Univ.	  of	  Georgia	  

Hypothesis:	  High	  temperatures	  nega<vely	  influence	  aes<va<ng	  
HWA	  sistens;	  high	  al<tude	  provides	  thermal	  refuge	  

Expected	  densi<es	  of	  HWA	  	  HWA	  densi<es	  found	  at	  healthier	  
hemlock	  sites	  

VS.	  

Healthy	  hemlock	  stands:	  	  	  
•  Lower	  elevaGon	  (~450m	  vs.	  1000m),	  warmer	  temperature	  
•  Majority	  of	  aesGvaGng	  adelgids	  dead	  	  
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Observed	  in	  field	  vs	  predicted	  by	  lab	  study:	  
As	  exposure	  above	  30°C	  in	  the	  field	  increases	  so	  does	  HWA	  mortality	  	  

Healthy	  stands	  even	  
though	  infested	  longer	  
than	  other	  sites.	  

Conclusions	  

•  Increasing	  temperatures	  &	  lengths	  of	  
heat	  waves	  decrease	  HWA	  
populaGons.	  

•  Higher	  temperatures	  predicted	  by	  
climate	  change	  models	  will	  potenGally	  
increase	  HWA	  mortality	  in	  the	  
Southeast.	  

Mech	  and	  Gandhi,	  Univ	  of	  GA	  

Host Quality and Insect Population Dynamics: 
 
Complex interactions between pests and natural 
enemies 
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Ecological Effects of Temperature:  Predator / Parasite 
Interactions 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
 

 

Encarsia 

Whitefly 

Burnet (1949) Ecology 30:133-134 

Temperature and the distribution of species 

Nature (1999) 399:579-583 

Science (2011) 1024-1026 

The largest recorded bark beetle outbreak in human history in 
northern British Columbia where winters used to be too cold for 

the beetles to survive. 

Dezene Huber, UNBC 

Kurz et al. 2008.  Mountain pine beetle and carbon feedback to 
climate change.  Nature 452:987-990.  

http://www.garna.org/ 

http://www.for.gov.bc.ca/hfp 
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Logan and Powell (2001) Amer 
Entomol. 47:160-173 

Science (2015) 349:177-180  



22 

Phenological asynchrony  

Insect phenology manipulated relative to 
natural host phenology 

Delayed 
bioassays 

Advanced 
bioassays 

Control bioassay: 
Natural 
hatch 
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Conservation Biology (1999) 13:700-712 

Increased CO2: 
•  Decreased plant protein 
•  Increased chemical defenses 
 

Resulting in: 
•  Reduced growth and /or 
•  Increased compensatory feeding 

Herms et al. 1995 

PNAS (2008) 105:1781-1782 

Soybean FACE Site, Univ Illinois 
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Elevated CO2, drought, 
bronze birch borer, and the 
distribution of paper birch 

Vanessa Muilenburg 

% of Trees Colonized by Bronze Birch Borer 
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Drought stress effects on paper birch resistance 
to bronze birch borer 

Experimental approach:  manipulate water 
availability, create simulated outbreak. 
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Wound-induced periderm (callus) tissue 
as a mechanism of borer resistance. 
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Non stressed 

Stressed 

Elevated CO2, drought, 
bronze birch borer, and the 
distribution of paper birch 

•  Specific effects are difficult to predict. 

•  Temperature, CO2, drought, and other factors 
interact in complex ways to affect pests and their 
natural enemies. 

•  Pest responses will need to be researched on a 
case-by-case basis.  

Climate change and pest dynamics :  
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Climate change and pest dynamics :  
 
Global warming is already having pervasive effects  
on population dynamics, ecological interactions,  
community composition, and evolutionary trajectories. 
 

Peer Review: 
Dr. Michael Mann, Penn State University 

Dr. Lonnie Thompson, Byrd Polar Research Center, 
The Ohio State University 

Dr. Matt Ayres,  Dartmouth College 

Dr. Lyn Loveless, College of Wooster 




