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The Carbon Conundrum 

The Carbon Economy and Sustainability 



DISCUSS: 

Sustainable development 
requires that we  

move away from a  
carbon‐energy economy 

immediately. 



Questions 

•  What are atmospheric greenhouse 
gases? 

•  Why are they changing and how do we 
know they are? 

•  How do ecosystems react to changing 
atmospheric composition? 

•  Why does that matter for climate policy 
and sustainable development? 
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Living in a Greenhouse 

•  Trenberth et al., 2009 



Climate 101 
•  Earth’s climate is regulated by: 

–  Solar “shortwave” input 
•  Sun bathes earth primarily with visible light, which varies 

very little year to year on short timescales 

–  Surface energy budget 
•  Solar energy is reflected or converted into other forms of 

energy (photosynthate, longwave IR, heat, evaporation) 

–  Atmospheric absorption and emission of surface 
and solar energy 

•  Atmosphere is mostly transparent to solar energy but 
opaque to infrared and longer waves 

–  Fluids that move energy around 
•  Weather and ocean currents 
•  Mainly affects spatio-temporal distribution 
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Living in a Greenhouse 



The Long View 

•  CO2 and climate are closely linked  
•  Siegenthaler et al., 2005; Petit et al., 1999 



It’s Not Just CO2 

•  IPCC, 4th AR, 2007 
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Greenhouse Gas Observation 

•  Established in Mauna Loa 1958 



Measuring Greenhouse Gases 



Greenhouse Gas Observation 

•  Global average 



Gradients 



The Long View 

•  Recall: 



Our Carbon Economy 
Global Energy Production 1850 to 1994
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Fossil Fuel Emissions 

•  Courtesy K. Gurney, Purdue U. 



Variability 



Where Is The Carbon Going? 

•  Houghton et al., 2007 



Carbon Sinks Matter 

•  Houghton et al., 2007 



Carbon Cycle 

•  Houghton et al., 2007 



Land Sink is Highly Variable 
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Ecosystem Ecology 101 

•  Land and ocean ecosystems have 
biophysical and biogeochemical 
dependence on the atmosphere 
– Biophysical – Feedbacks in moisture, heat, 

radiation 
– Biogeochemical – Cycling of nutrients, 

especially carbon and nitrogen 
•  Both of these are changing! 



CO2 H2O 
Heat VOCs 

Temperature Precipitation Atm. Chem, O3 

GHGs Aerosols 

Ecosystems 

NOx 



Land Use Change Feedbacks 

•  Foley et al., 2004 



Temperatures Will Likely Rise 



They Already Have 

•  Kucharik and Serbin (2009) 



Ecosystems Will Respond 



But How They Will Is Quite Uncertain 

•  Friedlingstein et al., 2006 
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Is This Sustainable? 
•  Since 1990: 

–  World Population increased 22% to 6.7 billion 
•  U.S. Population grew 18% to 305 million 

–  GWP grew 40% 
•  U.S. GDP grew 30% 

–  Global oil consumption grew 25% to 85,000,000 barrels per day 
•  U.S. Oil consumption grew 20% to 21,000,000 bpd 

–  Global CO2 emissions grew 25% to 27,000,000,000 tons of CO2 
per year 

•  U.S. CO2 emissions grew 20% to 6,000,000,000 tons/yr 
–  CO2 in the air grew 10% to 385 parts per million 
–  Earth has warmed 0.3 C (0.5 F) to the warmest in 100,000 years 
–  Threatened species have increased by 40% 

•  Doubling Times have increased 
–  1850-1930, 80 years, 1-2 billion 
–  1930-1975, 45 years, 2-4 billion 
–  1975-2015, 40 years, 4-8 billion 



•  Source: Nature Publishing Group 



Options 
•  Adaptation 

–  Economic/political (relocation, tech transfer, 
payments for damages, reduce poverty, educate)  

–  Technological (resilient tech, seawalls, genetic 
hybrids, cure malaria, colonize new planet) 

•  Mitigation 
–  Economic (taxes, cap and trade, R&D) 
–  Political (treaties, bans, compacts, fuel/energy 

standards, public transit, voluntary agreements) 
–  Societal (sustainable development) 
–  Technological (CO2 capture, geoengineering, 

green tech, alternative energy, energy efficiency) 



Multi-Faceted Problem 



It’s Not Impossible 

•  Pacala and Socolow, 2004 



Does a Richer World Pollute Less? 

•  Source: Nature 



Since 1990 

•  La Quere et al., 2009 



Will The Carbon Economy Meet Its 
Own Demise? 
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Expectations 

•  La Quere et al., 2009 



•  Solomon et al., 2009 
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development must 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minimize climate damage. 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‐  Paradoxes and ques?ons:  
‐  Every sector of the economy depends on a fossil fuel economy, where do we 

start? 
‐  Significant uncertainty in climate impacts requires us a adopt a probabilis?c 

risk‐based approach, but what is the right model? 
‐  Local, small changes don’t make a big difference; global ac?on is mired in 

poli?cs and bureaucracy 
‐  It’s hard to measure change. What if nothing happens? 

‐  Greenhouse gas mi?ga?on and adapta?on is likely to hamper the right of all 
people to liM the burden of poverty by economic development. Others argue 
that richer people are more likely to improve the environment. What to do? 


