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Global change . . . the times they are a changin’ 

Challenges 

Opportunities 

Solutions 

Change is inevitable 



Climate change 
  • Warming increases 
  • Precipitation changes 
  • Extreme weather events 

Atmospheric composition change 
  • Increasing carbon dioxide 
  • Increasing methane 
  • Decreasing ozone 

Agriculture expansion 

Biological invasions 

What kinds of global changes are we seeing today? 
Many drivers and responses – one planet, each is connected 

Altered nitrogen cycle 

Population growth 

Species extinctions 

Rainforest deforestation 

Altered water cycle 





Carbon dioxide emissions will clearly be influenced by the 
energy requirements to satisfy a growing global population. 

As the world’s population increases, almost all of this growth will be in urban locations. 

The trajectory of the Anthropocene: The Great Acceleration   
Will Steffen, Wendy Broadgate, Lisa Deutsch ,Owen Gaffney and Cornelia Ludwig 
2015 Anthropocene Review, Based on Steffen et al. (2004) Global Change and the Earth System 



Biome-scale changes are underway to accommodate population growth 

The trajectory of the Anthropocene: The Great Acceleration   
Will Steffen, Wendy Broadgate, Lisa Deutsch ,Owen Gaffney and Cornelia Ludwig 
2015 Anthropocene Review, Based on Steffen et al. (2004) Global Change and the Earth System 





Deforestation of the tropics 



El Niño events accelerate the conversion of rainforest to agricultural lands 

http://sustainablesmartbusiness.com/2015/09/political-posturing-while-asian-forests-keep-burning/ 

October 2015 

September 2015 

http://www.voanews.com/content/reu-indonesia-starts-legal-action-against-companies-linked-to-se-asia-haze/2973583.html 

http://www.todayonline.com/sites/default/files/styles/photo_gallery_image_lightbox/public/
2015-10-05T101253Z_1_LYNXNPEB940F5_RTROPTP_3_INDONESIA-HAZE.JPG?itok=FuAFoGFT 







Anthropogenic nitrogen fixation 
greatly exceeds biological processes 
 
 
Excess use of N is driven by marginal  
increases in both yield and profit 



Invasive species are in the news each day 
cheatgrass 

Russian olive tamarisk 

foxtail 

myrtle 
spurge 

www.invasive.org 



biodiversity 
loss 



Total Global Emissions 

Total global emissions: 10.5 ± 0.7 GtC in 2012, 43% over 1990 
Percentage land-use change: 38% in 1960, 17% in 1990, 8% in 2012 

Land use emissions in 2011 and 2012 are extrapolated estimates 
Source: Le Quéré et al 2013; CDIAC Data; Houghton & Hackler (in review); Global Carbon Project 2013 



Land-use change was the dominant source of annual emissions until around 1950. 
Coal consumption continues to grow strongly.  

Others: Emissions from cement production and gas flaring.  
Source: CDIAC Data; Houghton & Hackler (in review); Global Carbon Project 2013 



C. David Keeling (SIO, La Jolla) 
has provided us with the longest 
continuous record of atmospheric 
[CO2] increase 

In recognition of this work, Keeling was awarded the Medal of Science, the highest honor this nation awards to a scientist. 

C. David Keeling, 1928-2005  

A set of observations made on a Hawaiian mountain top far from industrial influences 



How much can our atmosphere change in just one generation? 



Reducing CO2 emissions is possible. We can bend the curve. 
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Reducing CO2 
emissions is possible. 

Josh’s parents 
are married, 323 

Josh is born, 341 

Josh graduates 
from high school, 369 

Josh graduates 
from college, 378 

Josh and Stacey 
are married, 388 

Brixen, their son, 
is born, 399 

Josh’s parents 
are born, 315 

Josh’s parents 
graduate from 

high school, 320 

What will [CO2] in 17 years  
when Brixen graduates  
from high school?, 450 ? 

58 ppm CO2 in 
a single generation. 



Our world is changing; 
learn to cope 



What are the projected changes in the global carbon cycle? 
There is limited certainty in the future emissions trajectories. 

Projection 
Emissions are on track for 3.2–5.4ºC “likely” increase in temperature above pre-industrial; 
Large and sustained mitigation is required now to keep below 2ºC 



Greenhouse effect 

historic 
Earth 

CO2 

CO2 

CH4 
CO2 

CH4 

incoming CO2 

CH4 

CO2 

CO2 CO2 

heat trapping 



Greenhouse effect 

current 
Earth 

incoming CH4 

CO2 

CO2 

CH4 
CO2 

CH4 

CH4 

CO2 

CO2 

CH4 

CO2 

CH4 

CO2 CO2 

CO2 

CO2 

CO2 

CO2 

Nights are getting warmer 

heat trapping 



Contained in ice is the record of Earth’s recent history 

The Vostok ice core record 
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Reconstruction of changes in the average global 
temperature using ice core isotopes confirms a 
link between CO2 and temperature. 

Source: Falkowski et al. (2000), Science 290:291 
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Are there biological effects of increasing atmospheric CO2? 

Yes - direct effects. 
 
   positive effects on photosynthesis rates globally 
 
   changes in food quality 
 
Yes - indirect effects. 
 
   changes in plant distribution affecting animal distributions 
 
   changes in insect maturation rates 



FACE experiments have been conducted in different ecosystems. 
 

FACE = Free Air CO2 Enrichment 



FACE Sites- Crops in Arizona 



How will the quality of food available to you and to herbivores  
change with elevated atmospheric CO2? 

•  protein content  
•  starch content 
•  fiber content 
•  secondary compounds 



2015 



http://www.climatecentral.org/news/the-heat-is-on 






