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Global Change Biology 

• Objectives 
– Introduce some of the more important issues in 

global change biology 
• Predominate role of humans 
• Importance for management of natural resources 
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Global Change Biology 

• Humans dominate the Earth 
– This has led to substantial changes in the 

structure and function of terrestrial, marine, and 
freshwater ecosystems 

– The “Anthropocene” Epoch 
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Global Change Biology 

• The “Anthropocene” Era 

Vitousek et al. 1997 
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Global Change Biology 

• Human Population Growth 

http://upload.wikimedia.org/wikipedia/commons/b/b7/Population_curve.svg
http://upload.wikimedia.org/wikipedia/commons/1/11/World_population_history.svg
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Global Change Biology 

• Direct and indirect 
influence of 
humans on the 
Earth system 

Vitousek et al. 1997 
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Global Change Biology 

• Land transformations (39-50% of Earth’s surface) 
– Row crop agriculture and urbanization (10-15%) 

1984 

2009 

Kansas, USA 

Thailand 

Bolivia 

Germany 
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Global Change Biology 

• Land transformations (39-50% of Earth’s surface) 
– Urbanization 

• Suburbs of Dallas, TX 

1990 2010 
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Global Change Biology 

• Land transformations (39-50% of Earth’s surface) 
– Mining 

• Boone County, WV 

1984 1996 2010 



9 

Global Change Biology 

• Land transformations (39-50% of Earth’s surface) 
– Conversion to pastureland (6-8%) 
– Grazing by domestic animals (???%) 
– Extraction of wood (???%) 
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Global Change Biology 

• Alteration of marine ecosystems 

Vitousek et al. 1997 
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Global Change Biology 

• Alteration of biogeochemical cycles - Carbon 
– Increased atmospheric CO2 concentrations by 

~45% since the industrial revolution 
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Global Change Biology 

• Alteration of biogeochemical cycles - Carbon 
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Global Change Biology 
• Terrestrial C metabolism: The “breathing” of Earth 
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Global Change Biology 

• World-wide CO2 emissions 
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Global Change Biology 

• World-wide CO2 emissions 

http://www.google.com/url?sa=i&rct=j&q=co2+emissions+per+capita&source=images&cd=&cad=rja&docid=1CXvYkfG4lyf3M&tbnid=ysfR1UQbkebP7M:&ved=0CAUQjRw&url=http://forum.eastwestcenter.org/alumni/2008/05/07/per-capita-carbon-emissions/&ei=3OpuUfeaEOOGjAL0rYGAAQ&bvm=bv.45368065,d.cGE&psig=AFQjCNH6m8B7Ke-8InH1TEqI3zUSMinedw&ust=1366309953691473
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Global Change Biology 

• Human CO2 “footprint” in the U.S. 

The Vulcan Project 
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Global Change Biology 

• Effect of land use change on ecosystem C stock 

Ordóñez et al. 2008 
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N Deposition 

Global Change Biology 
• Alteration of biogeochemical cycles - Nitrogen 
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Global Change Biology 
• Alteration of biogeochemical cycles - Nitrogen 

N fixation N deposition 

←       Natural        → 
 
 

vs. 
 
 

←  Anthropogenic  → 
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• Alteration of biogeochemical cycles - Nitrogen 

Global Change Biology 

Bobbink et al. (2010) 
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• Alteration of biogeochemical cycles - Water 

Global Change Biology 
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• Alteration of biogeochemical cycles - Water 

Global Change Biology 

World Watch (April 2008) 
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• Alteration of biodiversity - Extinctions 

Global Change Biology 
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• Alteration of biodiversity – Additions (invasions) 

Global Change Biology 

Psidium cattleianum Pennisetum setaceum Puccinia rust  

Hawaii 
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• A human dominated planet (Vitousek et al. 1997) 
– “The global consequences of human activity are not 

something to face in the future…they are with us now.” 

 

– “The rates, scales, kinds, and combinations of changes 
occurring now are fundamentally different from those at 
any other time in history…” 

 

– “In a very real sense, the world is in our hands – and 
how we handle it will determine its composition and 
dynamics, and our fate.” 

Global Change Biology 
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• A human dominated planet – What can we do? 
1.Reduce the rate of alterations to the Earth system 

– Slow human population growth & consumption 

– Use resources as efficiently as possible (sustainability) 

2.Gain a better understanding of the Earth system and 
how it is impacted by global change 

– Rigorous scientific study 

– Include human dimensions (social, economic and cultural) 

3.Be responsible for managing Earth now & for future 
generations 

– Active management of populations, species, and ecosystems for 
goods and services 

Global Change Biology 
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Global Climate Change 

• Is the global climate changing and, if so, is it the 
result of human activities? 
– Only need to believe 2 things 

• 1) Atmospheric constituents (i.e., greenhouse gases) trap 
outgoing longwave radiation, thereby warming the atmosphere 

• 2) Human activities are increasing the concentrations of 
greenhouse gases in the atmosphere 

– There is no argument about # 1 or 2 
– The questions we should be asking are: 

• How much will the climate change? 
• What will the impacts of that change be for the goods and 

services that ecosystems provide humankind? 
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Global Climate Change 

• Greenhouse Effect 
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Global Climate Change 

• Mauna Loa Observatory 

Keeling 2008 
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Global Climate Change 

IPCC 2007 

• Ice cores 
–Strong correlation 

between greenhouse 
gas conc. and temp. 

–Higher conc. of CO2, 
CH4, and N2O than 
anytime in the past 
650,000 years 

–Biosphere has taken 
up ~50% of CO2 
emissions 

• How do we know that climate is changing now, 
and that it is a result of human activities? 
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Global Climate Change 
• Climate has always been variable in the past, so 

why should we care if it is changing now? 
– Rate of change far exceeds anytime in the past 

• Prior to 1750, CO2 increased by 20 ppm over 8,000 years 
• Since 1750, CO2 has increased by >100 ppm 

IPCC 2007 
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Global Climate Change 
• Major greenhouse gases occur naturally, but have 

increased in past 250 yrs from human activities 
– CO2 

• fossil fuels burning (2/3); land use/land cover change (1/3) 

– CH4 
• Ruminant domestication (37%); reservoirs (>20%); landfills & 

waste treatment (20%); biomass burning (12%); ag.; fossil fuels 

– N2O 
• animal waste products (~65%); industry and fossil fuels (~20%); 

fertilizers & agriculture 

– Other greenhouse gases are entirely due to human 
activities 

• CFCs, HCFCs, etc. from industrial activities 
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• Concentration vs. 
Warming potential 

Global Climate Change 

IPCC 2007 
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Global Climate Change 

IPCC 2007 
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Global Climate 
Change 

• Projected changes in CO2, 
temperature, and sea level 
– low (B1), medium (A1B), and 

high (A2) increases in CO2 

Meehl et al. 2005 
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Global Climate Change 

IPCC 2007 
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Global Climate Change 

• Projected 
temperature change 
– Uneven distribution 

of temperature 
increase across the 
globe 
 

• What's the big deal 
about a 2-5°C 
increase? 
– Difference between 

glacial & interglacial is 
~5-8°C 

Meehl et al. 2005 
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• Projected change in precipitation (mm day-1) 

Global Climate Change 

IPCC 2007 
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• Sea ice extent and sea level rise 

Global Climate Change 

IPCC 2007 



40 

• What can be done, or are we already doomed? 
– Cut back on consumption 

• US is ~5% of world’s population and uses ~25% of resources 
• China? India? 

– Stop burning fossil fuels (CO2 & CH4) 
• Develop alternative energy sources (solar, wind, wave, bioenergy) 

– Reduce land use & land cover change (CO2 & CH4) 
• Rehabilitation of degraded lands; stop deforestation for agriculture 

– Reduce unnecessary biomass burning (CH4, NOx) 
– Reduce/eliminate fertilizer use and air pollution (N2O, NOx) 
– Reduce/eliminate use of CFCs & HCFCs 
– ***Become land stewards instead of land manipulators*** 

Global Climate Change 
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