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Planetary Boundaries  

Source: Rockström, J. et al. 2009 

Presenter
Presentation Notes
Recently, the scientific community proposed a framework for approaching global sustainability through nine interdependent planetary boundaries – within which it expects that humanity can function safely.  Two of these are not yet quantifiable – chemical pollution and atmospheric aerosol loading. For at least one of these – chemical pollution – GEF partners and STAP are contributing to improving our understanding of this issue.For three boundaries – climate change, the nitrogen cycle, and biodiversity loss – humanity is operating beyond reasonable planetary boundaries.When the GEF celebrates its 40th anniversary – population is projected to be about 8.5 million. Between now and then,  becoming more active stewards of the environment, could help us contribute to the resiliency of the Earth System and enable a world where human development is not necessarily compromised. As the authors of “planetary boundaries” point out – “…the complexities of interconnected slow and fast processes and feedbacks in the Earth System provide humanity with a challenging paradox. On the one hand, these dynamics underpin the resilience that enables the Earth to stay within a state conducive to human development. On the other hand, they lull us into a false sense of security because incremental change can lead to the unexpected crossing of thresholds that drive the Earth System, abruptly into states deleterious, or catastrophic to human well-being.” 



          Dr. Svante August Arrhenius 
                          1859-1927 



Source: Wallace Broecker 

Analysis of a Greenland 
ice core oxygen isotope proxy  



Source: Camille Parmesan 

Spring comes about 2 weeks earlier 

• Across the USA, tree 
swallows are nesting 
9 days earlier than 
40 years ago 

 
• Laying date is highly 

correlated with May 
temperature 



Edith’s Checkerspot 

• Range shift northward and 
upward during the 20th century 

• Most extinctions in south and 
low elevations 



            American pika (Ochotona princeps) 

photo: J. MacKENZIE / www.pikaworks.com 



                           Key Deer 

 

Population Low:   

        27 in 1957 

Population today:  

        Between 700 and 800 
 

Photo courtesy of National Key Deer Refuge 

National Key Deer Refuge 
Big Pine Key, Florida 

•84,000 acres, Established 1957 



Elevated night time temperatures 
magnify bark beetle impact 

Source: D. Struck 3/1/2006, Washington Post, pA1 

‘Rapid Warming’ Spreads 
Havoc in Canada’s Forests Wednesday, March 1, 2006 

QUESNEL, B.C. -- 
Millions of acres of 
Canada's lush green 
forests are turning 
red in spasms of 
death. A voracious 
beetle, whose 
population has 
exploded with the 
warming climate, is 
killing more trees 
than wildfires or 
logging.  
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•At today’s level of 387ppm CO2, reefs are 
seriously declining and time-lagged effects will 
result in their continued demise with parallel 
impacts on other marine and coastal 
ecosystems. 
 

•Proposals to limit CO2 levels to 450ppm will 
not prevent the catastrophic loss of coral reefs 
from the combined effects of climate change 
and ocean acidification. 
 

•To ensure the long-term viability of coral reefs 
atmospheric carbon dioxide level must be 
reduced significantly below 350ppm.  

Royal Society Meeting,  
July 6th 2009 



eet collapse and sea-level rise 

Last time Earth was 2oC warmer, sea-level was 4-6m higher 

Data: Rohling et al. (2008) Nature Geoscience, 1, 38-42. 



Projected temperature rise  
for A1B & A1F1 scenarios (Hadley, 2009) 



What can 
be done 

Adaptation 

    -Revise Conservation Strategies 

Limit Greenhouse Gas Concentrations 

   -Reduce and eliminate emissions 

        --revise energy base for society 

        --reduce/eliminate deforestation 



         Over the past three centuries, ecosystems have lost 
200-250 billion tons of carbon 



What can 
be done 

 

Lower Atmospheric CO2 

     - Restore ecosystems 

      (biodiversity and carbon) 

     - Non-biological CO2 removal 

 
 



     The Role of Forests   



Photo courtesy USDA NRCS   

 Restoring Grazing Land 



1 ha has ~150 t 
Carbon  

1 ha can sequester 7.5 
t Carbon per year for 
20 years +  

Globally 7 million km2 cleared 
2 million km2 for crops, 5 million km2 

for cattle pasture. 
 
Globally, restoring cattle pastures 
would sequester  
5 x 106 x 102 x 7.5  =  
3.75 Gigatons C per year for 20 years 
+  



Photos: United States Department of Agriculture—Natural Resources Conservation Service.  

     Modify Agriculture to Build up Soil Carbon  



Re-Greening the Emerald Planet 
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