Land-use Change and Landscape Dynamics
Principles:
· Perennial crops have environmental advantages.
· There are limits to biofuels production and trade-offs within acceptable levels of environmental                                                                                                  change.

· Biofuels are only part of the overall energy solution:

· Diverse energy sources are needed in addition to biofuels

· Supply & demand  must be balanced (e.g. through markets and mandates)
· Limiting demand through societal choices on conservation and energy efficiency.

· A landscape design for biofuels should include:

· No net increase in working lands.

- Intensify biofuel crop production in highly productive areas


- Create buffers to protect ecosystem services

- Biorefineries should close to feedstocks

- Biodiversity should be promoted at regional landscape scales (e.g., buffers, corridors and targeted conservation approaches)

· Encourage technologies that can use multiple feedstocks

· Consideration of other demands on the land (food, recreation, wildlife)

Concepts:
· The land base providing resources is fixed – including estuaries and algae 
· Productivity varies across time and space; more complex than simple 1:1 ratio acre to acre

· Use decisions are usually local, individual

· Land value is determined by physical and scale factors
· Social impact must be considered in biofuels production

· Demands on land will increase as population and affluence increase

· Definition of Biofuel: Fuel derived only from current life forms (including waste). Includes solid and liquid fuel, derived and direct. By this definition, biofuels can potentially be exploitative, which should be avoided.
Knowns and Unknowns:
· Production Complexity:
· Biofuels production is a complex system, and the land use decisions stemming from it are also complex
· Global demand and macro economy trends are driving land use decisions
· Policy can affect land use in ways that increase or decrease carbon
· Future stability, price of energy, and effects are unknown
What is the influence of biofuels production on finite fossil fuels (petroleum)?

How will the environmental characteristics of other land use changes (emerging ecosystems such as urban systems) interact with land use changes from biofuels production?
How will the complexity of biofuels production, affect human activities (fuel consumption, policy, unrelated activities) and ecology?
· Price Scenarios:
· As biofuel prices rise, it is expected that there will be more conversion of land to growing feedstocks and higher quality land will be shifted over to biofuels; lower quality lands will shift at lower prices.
· This will lead to biofuels being grown on lands of different quality in varying price scenarios
Will agricultural demand from industrialized nations be met by deforestation in the tropics? 
· Direct and Indirect Effects:
· When forest is changed to cropland, biomass, carbon, and ecosystem services are lost
· Land use effects vary between crop types, management systems, and location
· Conventional practices with annual crops seem to have the worst environmental impacts relative to alternative practices
What is the value of ecosystem services lost in these scenarios?
· Best Practices:
· More is known about best practices for shorter-lived crops
· We have a better sense of what should be done in order for an annual crop to be sustainable over the long term
· Crops that require less chemical input should be used and agricultural land, not forests, should be replaced with biofuel production
· On conventionally tilled cropland, perennial grasses tend to add carbon to the soil (compared to annual crops).
· Organic and no-till practices also increase carbon in the soil

· Spatial juxtaposition of feedstocks, refinery, and end users are crucial to economic and environmental sustainability
What are the best practices for longer-lived crops?

How much residue can be sustainably removed from croplands?
What are the landscape effects and uncertainties beyond local scales? (e.g., how much carbon is fixed by US rangelands?)

· Carbon Emissions:

· Direct accounting for the carbon implications of shifting land use to biofuels is fairly well known
· Need to have stakeholders clearly state risks of environmental effects at certain thresholds for policymakers
· As we change/disturb ecosystems from their natural condition there are certain effects on erosion, sediment, water quality – more intense disturbance produce more effects
What is the indirect accounting for the carbon implications of shifting land use to biofuels?
How extensively will lands be affected by biofuel production?
What will happen at specific thresholds for environmental degradation?
How much NPP we can squeeze from ecosystems?
What are the metrics, sensitivity measures to determine carbon emissions? 
What are the potential impacts of climate change on land use and social land use decisions? (e.g., will the corn belt move to Canada?)
· Effects on Land Use:

· Land ownership type (individuals, timber investment management organizations, corporations) affects land use because of different investment return timetables and this has implications for market and capital
· Because land is no longer a long-held resource it is more difficult to predict its value
· In the US, parcelization  increases uncertainty and transaction costs as well as complicates management at larger scales
In light of parcelization, how much land use change will actually occur? 

What are the production effects of parcelization and the implications on working landscapes?
How do changing contexts encourage more or less parcelization, as desired?

Research Areas:
· Global Scale: 
· Models that include numerous factors (analyze scenarios) at global scale real-time over time
· Need accompanying socioeconomic and physical data (soils, water, land cover, land use) at combination of scales

· Need better understanding of how land use changes occur, now and in the past

· Ecosystem Parameters:

· Urban sprawl and exurban innervation of habitats

· Environmental attributes of these systems
· Implications of LU change for emerging ecosystems (parcelization)
· Metrics: 
· Cost, carbon, BTU (per mile driven, per land area used, etc)

· Soil quality

· Water quality

· Biodiversity

· Models:

· How will climate change affect land use potential? (validation of models)
· What is the carbon flux and accounting relative to land use change?

· What are the most productive lands to extract the most feedstocks and which land is suitable for which crops?
** The group decided that they would be willing to work with other groups to produce a paper.
