Role of Global Changes 
Principles:
· Large-scale biofuels production will be affected by and affect components of global change including:

· Atmospheric CO2 and O3 concentration

· Climate

· Precipitation chemistry

· Land-share competition

· Water-share competition
· The nature and magnitude of these reciprocal effects per unit area are related in part to the details of the biofuels’ systems – land preparation, production, use
· Land-share and water-share questions (e.g. changes in precip. timing and distribution, competition for use) contain the greatest uncertainties with respect to Global Change impacts on biofuel production
· Follow best practices: deep-rooted crops; increase N-use efficiency; minimize disturbance to soil; high C-N ratio amendments; optimize fertilizer additions; minimize CO2 emissions related to conversions
Concepts: 
· Large scale biofuels production will be affected by and affect components of global change including:
· atmospheric CO2 and 03 concentration

· climate

· precipitation chemistry

· land share competition (food-cultural-aesthetic), 

· water-share competition

The nature and magnitude of these reciprocal effects per unit area are related in part to the details of the biofuels systems – land preparation, production, use. Land-share and water-share questions (e.g. changes in precipitation timing and distribution, competition for use) contain the greatest uncertainties with respect to Global change impacts on biofuels production

· Carbon Cycle Issues: (net effects at local, regional and global scales)
· Biofuels mitigating effects of fossil fuels

· Unanticipated carbon emissions and carbon fixation

· Native prairies take care of carbon sequestration 

· Globalization

· Consider two soil carbon pools: labile and recalcitrant 
· Breakdown of microaggregates and release of carbon

· Organic soil emissions
· Inorganic soils emissions
· Net carbon balance in the face of land use change: soil response and vegetation response

· Indirect effects of land use change (using cropland for fuel causes deforestation, etc)

· Nitrogen Cycle Issues (net effects at local, regional and global scales):
· Forest clearing reduces dramatically N2O emissions 

· Land use change effect different than fertilizer use changes

· Water Issues (net effects at local, regional and global scales):
· Biorefinery sites
· Methane (net effects at local, regional and global scales):
· Tropical forest emissions

Knowns and Unknowns:

· Global Change -- Figure One 
1) Feedbacks to Climate Systems
I. CO2 – C emissions

A. sources


1. land preparation for biofuels



a. soil carbon



b. NPP


2. production of biofuels



a. carbon cost (fertilizer, use of fuel, organic amendments)



b. clipping

c. carbonates (liming)  


3. use of biofuels 

a. bioenergy

b. liquid fuel 



B. sinks – carbon Sequestration CO2-C; above and belowground (mineral soils) 




1. land preparation 

a. conversions






1. grassland to trees (?)






2. cropland to grassland (?)






3. dryland to crop system and management regime 





b. soil depth (?) 




2. production





a. fertilizer





b. clipping





c. char (?) 





d. water management (irrigation and drainage)





e. tillage 





f. fuel crop type (feedstock system) 

II. N2O emissions

A. sources



1. land preparation




a. breaking out new land (conversions) 



2. production




a. tillage regime




b. fertilizer regime (nutrient management)





1. secondary recycling N2O




c. water management (irrigation and drainage)




d. fuel crop type (feedstock system)



3. use 




a. waste? (DDGS: distillers, dry grains, and solids)

III. Methane oxidation

A. sources


1. manure


B. sinks

1. land preparation



a. conversions




1. forest to crop systems


2. production 



a. tillage? 



b. fertilizer? 


3. use 



a. waste (DDGS* and manure)

IV. Albedo
2) Water
I. Water quantity


A. conversion



1. evapotranspiration



2. grain vs. trees 


B. production* (deep groundwater vs. surface water; also acts as feedback to climate systems)



1. irrigation and drainage

C. use   


1. process (local) 


2. waste

II. Water quality



A. production




1. nitrogen retention




2. phosphorus through surface transport




3. clipping through nutrient removal 

3) Global Influences on Biofuel Production
 
I. Climate change and plant production -- a changing climate envelope will have impacts on:



A. CO2




1. effects on C3 vs. C4



B. PPT regime (extreme events) 



C. change in T: growing season length



D. seasonality



E. respiration



F. increase weedy growth
G. impacts on species choices

H. impacts on disturbance regimes

II. Pollution



A. ozone



B. deposition 


III. Alternative Land Use (Trade-offs)  



A. Biofuels vs:
1. food

2. conservation

3. biodiversity

4. other ecosystem services



B. Linkage with socioeconomic considerations 

4) Biodiversity
l. Resistance

ll. Resilience 

lll. Invasives

lV. Dynamics of pest and disease

5) Socioeconomic Dimensions
l. Standard of living

ll. Livelihood systems
lll. Sustainability

lV. Geopolitics

V. Changes in land value (cost of rent) 
· Global Change -- Figure Two:


1) Greenhouse Gas (GHG) Emissions (net greenhouse costs/benefits):
I. Land preparation
· aboveground: when we know what lands are going to be converted and what they’re going to be converted to, we can make fairly certain predictions about what will happen.
What lands will be converted? 
What will happen belowground, particularly below 0-15 cm?
II. Feedstock production

· production fertilizers/ fossil fuel emissions (U.S. systems – not including machinery, etc.) 
· surface soil management (tillage, residue management, liming, timing, harvest rate) 
· existing energy crop systems     
How to manage belowground soil (i.e. 20 cm)?
What are the GHG emissions from feedstock systems depending on crop type: includes short rotation, thinning, multiple crop systems, new energy crops?
What is the fate of primary and secondary applied nutrients?
How should water be managed (drainage, irrigation) ?
 III. Use (field to fuel lifecycle)

· The current carbon lifecycle for current technologies and new technologies is fairly well known including: harvest, handling, storage, transport to biorefinery, biorefinery, fuel transport and actual use

What are the actual carbon emissions of these factors? 
2) Albedo – same as GHG Emissions
3) Change in CO2 and effects on plant growth rate is understood at some level.
What are the multiple factor effects?
What are the effects of new feedstock systems?
What are effects on weeds and invasives?
4) Climate change effects on precipitation and temperature are known to some degree.

What are climate change’s effects in drastic events?
Is biofuel production occurring faster than climate change?
5) The change in ozone from current systems is known to some degree.

What levels of nitrogen affect ozone in current and new systems? 

6) Nitrogen deposition and its effects on plants are known to some degree.
What is its importance on natural prairie systems ?
What is its importance on less managed systems?
7) Land-share competition involves motives for converting or not converting.
What is the food and feed demand vs. biofuel demand?
How to value ecosystem services vs. biofuel production?
How should we account for land use change?
8) Water-share competition is a big issue.

Where is the competition?

When does it occur?

To what degree is there competition for water?

9) Biofuels production is rapidly increasing.
Is biofuel production happening faster than climate change effects are occurring?
Research Areas:

· Thresholds: 
· The qualitative and quantitative functions of the system (e.g. Albedo threshold)

· Nitrogen saturation hypothesis 
· C-N ratio – leaky system

** The group did not specifically decide to write their own paper, and no one person was decided on to take the lead.[image: image1.png]






























6) ∆ N Deposition








7) Land-share


Competition























