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Section 10-11:  Tools for assessing future impacts 

Learning outcomes 
 

  understand and provide examples of 
  laboratory experiments 
  field experiments 
  modeling (various types) 

 

Reading:  Ch 10-11 

Climate Change Ecology Prof. J. Hicke 2 

Hannah, 2011 

Laboratory experiments of ↑CO2 
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Hannah, 2011 

Effect of ↑CO2 for plants with different 
photosynthetic pathways 

Biomass 
enhancement 
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Hannah, 2011 

Effect of ↑CO2 diminishes when other 
factors (here, competition) are present  

When plants have high relative growth rate (RGR), effects 
of competition limit effects of CO2 fertilization 
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Hannah, 2011 

Different field experimental methods 
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Hannah, 2011 

Different field experimental methods 
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http://sciencespace-wang.blogspot.com/2011_06_01_archive.html 

open-top chamber 
cover to increase 
nighttime infrared 

radiation 

Different field experimental methods 
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Hannah, 2011 

Free air CO2 enrichment (FACE) experiments 

Different field experimental methods 
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Responses of ecosystem structure and 
function to ↑CO2 among locations 
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Hannah, 2011 

Over time, the growth enhancement of 
↑CO2 diminishes 
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“Whitebark pine (Pinus 
albicaulis) assisted 
migration potential: 

testing establishment 
north of the species 

range” 

McLane and Aiken, 
Ecol. Appl., 2012 

Field experiments:  tree seedling viability 
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Trial locations (black 
dots) 

 
Seed sources (white 

squares) 

McLane and Aiken, 
Ecol. Appl., 2012 

Field experiments:  tree seedling viability 
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Results of trials 

McLane and Aiken, 
Ecol. Appl., 2012 

coldest sites 

Field experiments:  tree seedling viability 
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http://earthobservatory.nasa.gov/Features/
AmazonDrought/stealing_rain3.php, photos 

by D. Nepstad 

Amazon drought 
experiment 

Different field experimental methods 
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http://earthobservatory.nasa.gov/Features/
AmazonDrought/stealing_rain3.php, photos 

by D. Nepstad; Nepstad et al., Ecology, 
2007 

Experiment effectively 
reduced rainfall 

Different field experimental methods 
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Nepstad et al., Ecology, 2007 

Reduced rainfall led 
to decreased soil 

moisture 
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Nepstad et al., Ecology, 2007 

Reduced soil moisture 
led to plant mortality 
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Figure courtesy N. McDowell, LANL 

 
www.youtube.com/
watch?
feature=player_em
bedded&v=6-
eyL1AlMoM  

SUMO:  Survival Mortality experiment in New Mexico 
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Dangers of misinterpreting experiments 

Possible explanations 
 

  experiments focused on T, not 
on correlated factors that may 
drive changes in observed 
phenology (sunshine, 
snowpack/snowmelt, soil 
moisture) 

  issues with meta-analyses 
(devil is in the details) 

  use of mean annual 
temperature 
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Hannah, 2011 

How to develop a species distribution model 
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Hannah, 2011 

Example application of species distribution model 
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Hannah, 2011 

Evaluating species distribution models 
with historical observations 
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Hannah, 2011 

Example application of gap model 
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Smith et al., Global 
Ecology & 

Biogeography, 2001 

Flow diagram of 
process-based 

ecosystem 
model  
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Hannah, 2011 

Example application of dynamic global 
vegetation model 
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Example of an Earth system model 

https://www2.ucar.edu/news/understanding-climate-change-
multimedia-gallery 
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Example of an Earth system model 
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Example application of an Earth system model:   
climate change impacts on fish catch 

Woodworth-Jefcoats 
et al., Global Change 
Biology, 2012 

change in sea 
surface 
temperatures 

%change in sea 
small 
phytoplankton 
density 

%change in sea 
large 
phytoplankton 
density 

%change in 
primary 
production 
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Woodworth-Jefcoats 
et al., Global Change 
Biology, 2012 

Trends in large 
phytoplankton 

density by region 

SST, circulation 

Example application of an Earth system model:   
climate change impacts on fish catch 
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Woodworth-Jefcoats 
et al., Global Change 
Biology, 2012 

Trends in fish 
catch by region 

phytoplankton 

Example application of an Earth system model:   
climate change impacts on fish catch 
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How	
  can	
  modeling	
  support	
  assessments	
  of	
  
	
  impacts	
  of	
  climate	
  change?	
  

fire suppression 

Example:	
  	
  How	
  has/will	
  climate	
  change	
  influence(d)	
  wildfire	
  in	
  the	
  West?	
  

Littell et al., EA, 2009 

Climate Change Ecology Prof. J. Hicke 32 

Wildfire:	
  	
  Recent	
  
observa�ons	
  

earlier	
  snowmelt	
  =>	
  	
  
	
  

more	
  moisture	
  stress	
  
on	
  plants	
  =>	
  	
  

	
  
longer	
  fire	
  season	
  =>	
  	
  

	
  
more	
  fires	
  

Westerling	
  et	
  al.,	
  Science,	
  2006	
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Littell et al., EA, 2009 

  statistical analysis 
assessing which 
climate factors 
influence burned 
area in the last 
several decades 

  different 
assessments for 
different 
ecoprovinces 
(vegetation types) 
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Important	
  climate	
  variables:	
  	
  PPT,	
  T	
  (depending	
  on	
  ecoprovince)	
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mountains:  burned area 
negatively correlated with 
year-of-fire precip, positively 
correlated with year-of-fire T 

  drying of existing fuels 

grass/shrub:  burned area 
positively correlated with 
antecedent precip  

  also fuels production 

Littell et al., EA, 2009 

Climate drivers of historical burned area 
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Wildfire:  
Projections based on 

future climate 
change 

Li�ell	
  et	
  al.,	
  Ecological	
  Applica�ons,	
  2009;	
  Na�onal	
  Academies,	
  Climate	
  Stabiliza�on	
  Targets,	
  2010	
  

increase	
  in	
  burned	
  
area	
  for	
  1º	
  C	
  
increase	
  in	
  

temperature	
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Littell et al., Climatic Change, 2010 

Burned area in Pacific Northwest 
increases substantially in future 
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  mul�ple	
  factors	
  influenced	
  the	
  
observed	
  increase	
  in	
  burned	
  area	
  
  a�ribu�on:	
  	
  difficult	
  

  mul�ple	
  types	
  of	
  studies	
  guide	
  our	
  
understanding	
  of	
  climate	
  influences	
  
on	
  wildfire	
  

  although	
  recent	
  climate	
  change	
  has	
  
likely	
  (but	
  not	
  defini�vely)	
  caused	
  
increased	
  wildfire	
  in	
  the	
  past,	
  we	
  are	
  
more	
  certain	
  that	
  con�nued	
  climate	
  
change	
  will	
  increase	
  wildfire	
  in	
  the	
  
future	
  

Summary of using modeling to study 
climate change and wildfire 


