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Source: IPCC Fourth Assessment Report (AR4) 
Working Group I Report "The Physical Science Basis“ 







Odum 1969 Science 

Man has generally been preoccupied with obtaining as much “production” from 
the landscape as possible, by developing and maintaining early successional types  
of ecosystems, usually monocultures.  But, of course, man does not live by food and  
fiber alone; he also needs a balanced CO2-O2 atmosphere, the climatic buffer 
provided by oceans and masses of vegetation, and clean (that is, unproductive)  
water for cultural and industrial uses.” 

Years 



Forest/grassland ET as a function of annual rainfall  

Source: Vertessy, Zhang and Dawes (2003) Australian Forestry  

Holmes and Sinclair (1986) 19 catchments Victoria 
Zhang et al (1999) process model output. 
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Farley et al. 2005 Global Change Biology 



“Our shared vision begins with restoration. Restoration means managing 
forest lands first and foremost to protect our water resources, while 
making our forests more resilient to climate change. Forest restoration 
led by the dedicated people at the Forest Service opens non-traditional 
markets for climate mitigation and biomass energy while appropriately 
recognizing the need for more traditional uses of  forest resources. 

"Emerging markets for carbon and sustainable bioenergy will provide 
landowners with expanded economic incentives to maintain and 
restore forests. The Forest Service must play a significant role in the 
development of  new markets and ensuring their integrity. Carbon and 
bioenergy aren't the only new opportunity for landowners. Markets for 
water can also provide landowners with incentives to restore 
watersheds and manage forests for clean and abundant water supplies.  

Agriculture Secretary Tom Vilsack, August 14th, 2009 



1) Biofuels 
2) Mitigation and radiative forcing 
3) Afforestation and other land uses 

Three Examples: 



Biofuels: Is there a Revolution Going 
On? 

What Does it Mean for Water Resources? 





Water Requirements of Growing Corn 
~4,000 gallons of water are evaporated by one acre of corn each day 

This water yields: 
150 bushels of corn on a quality acre, and  
3 gallons of ethanol for each corn bushel 
So ~500 gallons of ethanol can be “grown” on one acre 

A 100-million gallon EtOH production facility therefore needs 200,000  
acres of corn transpiring ~800 million gallons of water a day 



Water Requirements of Biofuel Processing 

Corn-grain ethanol - 4 gallons H20/gallon ethanol (Pate et al. 2007) 
Cellulosic ethanol - 9 g H20/g ethanol  
Biodiesel - 3 g H20/g ethanol  

A 100 million gallon production plant requires ~400 million gallons of water  
 or 1.1 million gallons a day.  This is about as much water as a town  
 of 5,000 people uses (NAS 2007) 





Water Quality Effects






Jackson et al. 2005 Science; 2008 Env Res Letters 

Where might biophysical factors offset C storage? 



Despite lower forest albedo, forests cool at >200 sites in 
Argentina analyzed using Landsat. At least they cool locally… 
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Climate simulations of forests converted to grassland 
  in a belt from 20 to 50 degrees latitude 
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These simulations suggest deforestation warms 
except where snow cover is prevalent (upper right in winter) 



1)  Focusing on on U.S. and South America (so far)  
2)  Basic ecosystem experiments and understanding 
3)  Early warning of  potential problems  
4)  Seeking solutions - improved management practices 

and information transfer 

Vegetation Change Studies 





Research Sites 
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Jobbagy and Jackson 2007 JGR-Biogeosciences 
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Jackson et al. 2005 Science 



Nosetto et al. 2008 Glob. Biogeo. Cycles 

Salinity tolerances from the literature 

 Observed groundwater salinity 



GM Eucalyptus in the southeastern U.S. 



1)  Climate change will affect forests and 
water resources profoundly. 

2)   In the next 10 to 20 years, climate policy 
will affect forests and water resources 
more than climate change will in most 
locations. 

3)  Our community should view our 
research not just as an end point –
valuable in its own right – but as an 
entry point into the broader community. 

Conclusions 

Keith Carter, Sky and Water, 
1996 





Opportunities for Scaling Up 
1)  Streams and catchments 
2)  Remote sensing (e.g., MODIS EVI 

 and the GRACE mission) 
3)  Regional modeling (economic,  

 RAMS, and GCMs) 
   4) Cropland water use 
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Woody Encroachment 

Afforestation 

Deforestation 


