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Landscape patterns of bioenergy ina changing climate:
implications for crop allocation and land-use competition
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Abstract.  Rural landscapes face changing climate, shifting development pressure, and
loss of agricultural land. Perennial bioenergy crops grown on existing agricultural land
may provide an opportunity to conserve rural landscapes while addressing increased demand
for biofuels. However, increased bioenergy production and changing land use raise concerns
for tradeoffs within the food-energy—environment trilemma. Heterogeneity of climate, soils,
and land use complicate assessment of bioenergy potential in complex landscapes, creating
challenges to evaluating future tradeoffs. The hypothesis addressed herein is that perennial
bioenergy production can provide an opportunity to avoid agricultural land conversion to
development. Using a process-based crop model, we assessed potential bioenergy crop
growth through 2100 in a southern Appalachian Mountain region and asked: (1) how
mean annual yield differed among three crops (switchgrass Panicum virgatum, giant mis-
canthus Miscanthus X giganteus, and hybrid poplar Populus X sp.) under current climate
and climate change scenarios resulting from moderate and very high greenhouse gas emis-
sions; (2) how maximum landscape yield, spatial allocation of crops, and bioenergy hotspots
(areas with highest potential yield) varied among climate scenarios; and (3) how bioenergy
hotspots overlapped with current crop production or lands with high development pressure.
Under both climate change scenarios, mean annual yield of perennial grasses decreased
(—4% to —39%), but yield of hybrid poplar increased (+8% to +20%) which suggests that
a switch to woody crops would maximize bioenergy crop production. In total, maximum
landscape yield increased by up to 90 000 Mg/yr (6%) in the 21st century due to increased
poplar production. Bioenergy hotspots (>18 Mg-ha™!-yr™!) consistently overlapped with
high suburban/exurban development likelihood and existing row crop production. If bio-
energy production is constrained to marginal (non-crop) lands, landscape yield decreased
by 27%. The removal of lands with high development probability from crop production
resulted in losses of up to 670 000 Mg/yr (40%). This study demonstrated that tradeoffs
among bioenergy production, crop production, and exurban expansion in a mountainous
changing rural landscape vary spatially with climate change over time. If markets develop,

bioenergy crops could potentially counter losses of agricultural land to development.
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INTRODUCTION

Human population growth has placed increased
demands for food, fiber, and fuel production on rural
and semirural landscapes throughout the United
States and Europe while simultaneously contributing
to the conversion of agricultural lands to exurban
development (Francis et al. 2012). The ability of rural
and semirural landscapes to provide food, fiber, and
fuel as well as conservation of natural and social herit-
age may be altered as climate warms and suburban and
exurban development expands (Theobald and Romme
2007, Brown et al. 2010, IPCC 2013, Hatfield et al.
2014). Perennial biomass crops have emerged as an
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alternative agricultural land use to meet increased
demand for non-fossil fuel-based energy (Powlson
et al. 2005, Gopalakrishnan et al. 2009, Chen et al.
2011, U.S. Department of Energy 2011). Perennial
biomass crops have received considerable support
from governments at local, state, and country levels
and are expected to play a large role in future energy
production (Dale et al. 2014). Bioenergy, in the form
of biomass crops, crop residues, and municipal wastes,
currently provides 10% of the global primary energy
supply (IEA 2014). Demand for bioenergy is expected
to increase three- to 10-fold by 2050 in order to achieve
reduced emissions goals in energy and transport sec-
tors (IEA 2011, 2012). In semirural landscapes, bioen-
ergy crop production may provide an opportunity to
maintain agricultural landscapes and social heritage;
however, it is difficult to assess this potential in
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landscapes with steep environmental gradients and
complex land-use patterns.

Most assessments of bioenergy potential have focused
on global and national scales (Cook and Beyea 2000,
Campbell et al. 2008, Nair et al. 2012, Kang et al. 2014)
or large industrial agriculture landscapes (Jain et al.
2010); few studies assess bioenergy production at a region-
ally relevant scale or consider local variation in soils,
climate, topography, and land use (Field et al. 2008, Kukk
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able to maintain their livelihood (Dale et al. 2010).
Increased bioenergy production may also increase com-
petition for land (e.g. the “food, energy, and environment
trilemma”; Tilman et al. 2009). Conflicts between food
and fuel production may be alleviated by planting bioen-
ergy crops on marginal lands, defined herein as land not
currently used for food production (Gopalakrishnan
et al. 2006, Campbell et al. 2008, Valentine et al. 2012,
Gelfand et al. 2013).

et al. 2010, U.S. Department of Energy 2011). Changing
climate conditions pose additional challenges on agricul-
tural lands because current crops may have altered pro-
ductivity in the future, and the viability of new options
(such as bioenergy crops) is uncertain. Crop production
will be affected by climate change in complex ways,
depending on how individual crops respond to changes in
atmospheric carbon dioxide concentrations, temperature,
and precipitation (Hatfield et al. 2011). Elevated carbon
dioxide concentrations contribute to increased plant
growth and water use efficiency (WUE; e.g. “carbon ferti-
lization effect”), but these gains may be offset by greater
temperature or moisture stress (Hatfield et al. 2011).
Global mean annual temperature is projected to increase
by up to 4°C by 2100 and be accompanied by increased
frequency of extreme events and greater climate variabil-
ity (IPCC 2014). Across landscapes, crop responses will
be complicated by heterogeneity in soils (e.g. increased
soil respiration or texture-specific changes in soil mois-
ture; Jasper et al. 2006, Whitby and Madritch 2013).

Crop models have been combined with climate sce-
narios to examine the vulnerability of agricultural pro-
duction to changing climate patterns (e.g., Lobell and
Field 2007, Challinor et al. 2010, Lobell and Gourdji
2012), but few studies have also considered changing
land use and land-use competition (Hoogwijk et al.
2005, Schréter et al. 2005). In North America, increased
development pressure threatens the persistence of rural
landscapes and farmers can often realize substantial eco-
nomic gains by selling their land (Olson and Lyson
1999). Removing farmland through development may
alter a region’s ability to adapt agricultural production
to climate change (Fraser et al. 2011, IPCC 2014). In
addition, exurban or urban development has wide-
ranging impacts such as decreased water quality,
increased invasive species presence, and biodiversity loss
(Gavier-Pizarro et al. 2010, Radeloff et al. 2010, Webster
et al. 2012).

Increased demand for bioenergy can provide an addi-
tional commodity for farmers and thereby may aid in
farmland protection (Campbell et al. 2008, Fargione
et al. 2009). Moreover, bioenergy crops provide addi-
tional benefits, including climate change mitigation and
habitat for wildlife, and offer alternatives to row-crop
agriculture (Dale et al. 2011a, Robertson et al. 2011, U.S.
Department of Energy 2011, Blank et al. 2014).
Bioenergy crop production that sustains rural landscapes
may confer environmental benefits but is most likely to
be successful if producers can harvest at levels that are

The semirural landscapes of the southern Appalachian
Mountains are identified as suitable for cultivating peren-
nial bioenergy crops (Dale et al. 20114,b, Nair et al. 2012,
Behrman et al. 2013) and, typical of semirural land-
scapes in the eastern United States, have a long history
of agriculture and timber harvest beginning in the late
1700s (Gragson and Bolstad 2006). Widespread agricul-
tural abandonment began in the mid-1900s (Ramankutty
and Foley 1999, Gragson and Bolstad 2006) and was fol-
lowed by an increase in forest cover and expansion of
exurban and suburban housing development (Wear and
Bolstad 1998). Continued urbanization is expected to
lead to declines in crop, pasture, and forested land within
the region throughout the 21st century (Wear 2011).
In contrast to the large industrial agricultural landscapes
of the Midwest, biophysical complexity leads to steep
gradients in soil and climate conditions, creating sub-
stantial environmental heterogeneity (e.g., Whittaker
1956, Turner et al. 2003) that influences land-use patterns
and agricultural productivity. The extent to which peren-
nial bioenergy crops may be agriculturally feasible across
these complex and changing landscapes is unknown.
Regional crop models that incorporate both climate
scenarios and potential land-use competition provide a
means for exploring potential bioenergy supply given
alternate futures in biophysically complex regions with
diverse land use patterns and drivers of environmental
change.

Here, we assess potential bioenergy crop yield of
switchgrass (Panicum virginatum), giant miscanthus
(Miscanthus % giganteus), and hybrid poplar (Populus X sp.)
in western North Carolina, USA under current climate
and future climate scenarios resulting from medium to
high emissions (e.g., IPCC representative concentration
pathway [RCP] 4.5 and RCP 8.5). The three crops are
suitable for biomass energy under current technologies,
and are under research and development as biofuel energy
sources. Under projected market expansion, the three
crops are likely candidates for biomass production in the
southern Appalachian Mountains and globally (Walsh
et al. 2003, McLaughlin and Kszos 2005, Heaton et al.
2008). Other sources of biomass energy such as residues
from annual crops and urban waste as well as forest bio-
mass are possible in this region (U.S. Department of
Energy 2011). We focus on the effects of biophysical com-
plexity and climate change on perennial bioenergy crops
to explore whether these crops have potential to augment
the current crop portfolio in a diverse agricultural land-
scape. We used a process-based crop model and asked:



https://www.researchgate.net/publication/228615596_Land_Use_Legacies_and_the_Future_of_Southern_Appalachia?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/280645609_Forecasts_of_county-level_land_uses_under_three_future_scenarios_a_technical_document_supporting_the_Forest_Service_2010_RPA_Assessment?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227703882_Perennial_feedstocks_enhance_avian_diversity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/216811652_Meeting_US_biofuel_goals_with_less_land?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/216811652_Meeting_US_biofuel_goals_with_less_land?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/231034585_Global_scale_climate-crop_yield_relationships_and_the_impacts_of_recent_warming?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/231034585_Global_scale_climate-crop_yield_relationships_and_the_impacts_of_recent_warming?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/265485931_Biofuels_Implications_for_Land_Use_and_Biodiversity_Biofuels_Implications_for_Land_Use_and_Biodiversity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/236050048_Spatial_forecasting_of_switchgrass_yield_under_current_and_future_climate_change_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/236050048_Spatial_forecasting_of_switchgrass_yield_under_current_and_future_climate_change_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/255811871_Bioenergy_crop_models_Descriptions_data_requirements_and_future_challenges?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227126288_Effects_of_land-cover_change_on_spatial_pattern_of_forest_communities_in_the_Southern_Appalachian_Mountains_USA?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223611785_Changes_in_Summertime_Soil_Water_Patterns_in_Complex_Terrain_Due_to_Climatic_Change?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/237128189_Vegetation_of_the_Great_Smoky_Mountains?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/237128189_Vegetation_of_the_Great_Smoky_Mountains?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/230537753_Food_vs_fuel_The_use_of_land_for_lignocellulosic_'next_generation'_energy_crops_that_minimize_competition_with_primary_food_production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/234137924_Sustainable_bioenergy_production_from_marginal_lands_in_the_US_Midwest?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/234137924_Sustainable_bioenergy_production_from_marginal_lands_in_the_US_Midwest?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/233248824_Assessment_of_abandoned_agricultural_land_resource_for_bio-energy_production_in_Estonia?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/233248824_Assessment_of_abandoned_agricultural_land_resource_for_bio-energy_production_in_Estonia?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/47677525_Housing_is_positively_associated_with_invasive_exotic_plant_species_richness_in_New_England_USA?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/266682619_Bird_Communities_and_Biomass_Yields_in_Potential_Bioenergy_Grasslands?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/23220927_The_Global_Potential_of_Bioenergy_on_Abandoned_Agriculture_Lands?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5637177_Biomass_Energy_The_Scale_of_the_Potential_Resource?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222403270_Potential_of_biomass_energy_out_to_2100_for_four_IPCC_SRES_land-use_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222403270_Potential_of_biomass_energy_out_to_2100_for_four_IPCC_SRES_land-use_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/51597722_A_Novel_Framework_to_Classify_Marginal_Land_for_Sustainable_Biomass_Feedstock_Production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/51597722_A_Novel_Framework_to_Classify_Marginal_Land_for_Sustainable_Biomass_Feedstock_Production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/232231203_The_Influence_of_Climate_Change_on_Global_Crop_Productivity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/232231203_The_Influence_of_Climate_Change_on_Global_Crop_Productivity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/236345406_Vulnerability_to_Climate_Change_in_Dry-Land_Livelihood_Systems_-_Conceptual_Challenges_Interdisciplinary_Solutions?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/216812890_Development_of_switchgrass_Panicum_virgatum_as_a_bioenergy_feedstock_in_the_United_States?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/224147080_Climate_Impacts_on_Agriculture_Implications_for_Crop_Production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/224147080_Climate_Impacts_on_Agriculture_Implications_for_Crop_Production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/255813114_Global_Simulation_of_Bioenergy_Crop_Productivity_Analytical_Framework_and_Case_Study_for_Switchgrass?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227910500_An_integrated_biogeochemical_and_economic_analysis_of_bioenergy_crops_in_the_Midwestern_United_States?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227910500_An_integrated_biogeochemical_and_economic_analysis_of_bioenergy_crops_in_the_Midwestern_United_States?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/226896269_The_land_use-climate_change-energy_nexus?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/226896269_The_land_use-climate_change-energy_nexus?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5146588_Bioenergy_Crop_Production_in_the_United_States_Potential_Quantities_Land_Use_Changes_and_Economic_Impacts_on_the_Agricultural_Sector?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5146588_Bioenergy_Crop_Production_in_the_United_States_Potential_Quantities_Land_Use_Changes_and_Economic_Impacts_on_the_Agricultural_Sector?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==

March 2016

(1) How does potential mean annual yield differ among
three perennial bioenergy crops under current and pro-
jected future climate in a complex, heterogeneous land-
scape? (2) How do maximum landscape yield, crop
allocation, and the extent of bioenergy hotspots (areas
with highest potential yields) vary among climate scenar-
i0s? (3) To what extent do bioenergy hotspots overlap
with agricultural land at high risk of conversion to
development?

STUDY AREA DESCRIPTION

We used a 10-county area in western North Carolina
(WNC), comprising 11440 km? and including parts of
the southern Blue Ridge and Great Smoky Mountains
(Fig. 1) to explore patterns of potential bioenergy crop
productivity in a diverse landscape. Elevation ranges
from 300 to 2040 m with steep topographic gradients
leading to considerable variation in soil and climate con-
ditions over short distances (Bolstad et al. 1998). Climate
varies seasonally with warm, humid summers and cool
winters. Annual mean precipitation is 1397 mm and
occurs year round. Mean daily temperatures are 3.1°C,

BIOENERGY CROP YIELD IN CHANGING CLIMATE 517

11.7°C, 21.1°C, and 12.7°C for winter, spring, summer,
and fall respectively. Soils are broadly classified as
Ultisols or Inceptisols. At finer classification, over 1000
soil types, designated as map units by the USDA Soil
Survey, are represented on current agricultural land in
WNC (Soil Survey Staff 2013).

Land cover is dominated by forest (81%); agricultural
lands make up ~10% of the land base and are typically
located at low to mid-elevations (USDA CDL 2012).
The remaining 9% of land cover is classified as devel-
oped, water, or barren. Agriculture, while occupying a
smaller portion of the land base, generated nine times
the 2011 annual cash receipts than all forest-based prod-
ucts combined in the WNC region (NCDAS 2013).
Approximately 20% of the agricultural land in WNC is
harvested cropland; the remaining agricultural land is
primarily pasture or small woodlots (NCDAS 2013).
Crop production represented 70% of farm cash receipts
in the region in 2011; 40% of those receipts were gener-
ated from the sale of vegetables, fruits, nuts, and berries
(NCDAS 2013).

Because of its scenic beauty, the region is popular
for tourism and retirement living, with populations

S

100 Kilometers
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Fic. 1.
indicate current or fallow agricultural land.

Map of the 10-county region in western North Carolina, USA considered for bioenergy production. Shaded areas
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increasing by 48% between 1976 and 2006 (Vogler et al.
2010). If current land conversion trends continue, projec-
tions suggest that an additional 5% of the land not cur-
rently protected will be converted to development by
2030 and human populations will increase by an addi-
tional 40% by 2050 (Vogler et al. 2010, GroWNC 2013).
Stakeholders in the southern Appalachians are inter-
ested in identifying alternatives to exurban development
that maintain the ecological and aesthetic character of
these landscapes and sustain multiple ecosystem services
(GroWNC 2013) and visitors to WNC express strong
preferences for the scenic quality of farmland (Kask
et al. 2002). In recent years, multiple farmland
conservation initiatives have established in the region
(Gragson et al. 2008).

MATERIALS AND METHODS

Bioenergy crop yield in current and projected
Sfuture climate

We simulated annual yield of three bioenergy crops
using a process-based crop growth model, ALMANAC
(Kiniry et al. 1992). ALMANAC has been parameter-
ized for over 120 crops and used widely across multiple
regions (Kiniry et al. 2005, see Kiniry et al. [1992], for
full explanation of model inputs). We calibrated
ALMANAC using mean biomass yields for switchgrass
(a native warm-season grass), giant miscanthus (a non-
native warm-season grass), and hybrid poplar (a hybrid-
ized fast-growing native tree) grown in Fletcher, North
Carolina during 2008-2012 (Palmer et al. 2014, Stout
et al. 2014). The default parameters for switchgrass
“Southern lowland ecotype,” giant miscanthus, and
hybrid poplar were used, with a few modifications based
on literature, expert knowledge, and calibration to
observed data (J. Kiniry, personal communication; see
Appendix S1: section S1). For all scenarios, management
parameters assumed a planting date of 10 April during
the first year of simulation and no irrigation. Fertilizer
was applied as necessary to eliminate nitrogen limitation
during model runs. For the two perennial grasses, simu-
lations ran for 10 yr with annual harvest on 15 October.
For poplar, simulations followed a 12-yr, short-rotation
coppice cycle with harvesting occurring on 15 October in
years 4, 8, and 12. Variation in local management will
affect potential bioenergy crop productivity (McLaughlin
and Adams Kszos 2005, Djomo et al. 2015), but we chose
to hold management constant to isolate effects of climate
change and environmental heterogeneity on bioenergy
crop production. Sensitivity of ALMANAC to changes
in climate, soil, and management parameters is well
understood (Xie et al. 2003), but we performed a sensi-
tivity analysis to understand its behavior in our land-
scape. Results of the sensitivity analysis revealed
differences in crop growth responses between the grasses
and hybrid poplar to changes in precipitation and soil
texture and demonstrated that grass yields were more
sensitive to changes in precipitation on finer-textured
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soils while hybrid poplar yields tended to increase with
increasing precipitation, across all soil types (Appendix S1:
section S2).

ALMANAC simulates field-scale crop production.
We used existing gridded climate and soil data sets to
delineate unique soil-climate combinations representing
all possible field conditions across agricultural land in
the study area. Daily surface weather and climatological
summary (DayMet) data (1 km? grid cells) were overlaid
with Soil Survey Geographic (SSURGO) data (map
scale 1:20000) to generate a soil-climate layer, resulting
in 69645 unique soil-climate combinations. We simu-
lated bioenergy crop growth by running ALMANAC
under current and future climate conditions for each of
the three crops for each soil-climate combination. Soil
parameters for all scenarios were assembled from the
USGS SSURGO data set (Soil Survey Staff 2013).

Current climate scenario

Input parameters for the current climate scenario were
obtained from existing data sources. ALMANAC con-
tains a weather generator subroutine, which generates
daily weather based on climate drivers (Kiniry et al.
1996). Daily climate drivers included monthly minimum
and maximum temperature, mean monthly precipitation
and the standard deviation of precipitation within each
month, mean solar radiation, wind speed, and relative
humidity were assembled from a 30-yr (1981-2001)
DayMet data set (Thornton et al. 2012). The Daymet
database is available at daily time steps at a 1-km resolu-
tion and was developed from data measured at a large
number of weather stations. The monthly climate varia-
bles were mapped at a 1-km resolution to create a base-
line climate surface and were used as input into the
ALMANAC model to simulate bioenergy yields under
current conditions.

Future climate scenarios

Future climate scenarios used downscaled daily climate
drivers and carbon dioxide concentrations assembled
from global circulation model (GCM) model-averaged
climate projections from the CMIP-5 multi-model
ensemble (Appendix S1: section S2) for the mid-century
(2040-2050) and late century (2090-2100) under
medium- and high-emissions scenarios: representative
concentration pathway (RCP) 4.5 and RCP 8.5 (Maurer
et al. 2007, Brekke et al. 2013). We created “future cli-
mate” scenarios by combining model-averaged global
circulation model (GCM) climate predictions with the
finer scale baseline climate data using the “delta method”
(Hamlet et al. 2010). This approach is limited in that it
assumes that relationships between variables in the base-
line climate at high resolution are likely to be maintained
under future conditions.

We downloaded data from a subset of the available
CMIP-5 GCMs (see Appendix S1: Table S4 for complete
list) corresponding to three time series: historical
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observed (1980-2000), mid-21st century (2040-2050),
and late-21st century (2090-2100), at daily time steps,
for three variables (minimum and maximum tempera-
ture, and precipitation) for RCPs 4.5 and 8.5. For each
time period and each of GCM, we calculated the same
nine monthly statistics as calculated for the baseline cli-
mate inputs (Appendix S1: Table S3). We averaged the
monthly statistics across the GCMs to create a multi-
model ensemble data set describing the mean monthly
climate conditions for each time period. We calculated
the anomaly (or delta) with respect to the mean observed
climate (1980-2000) for each the variables and months.
Anomaly values were used to create raster climate
change surfaces for each of the nine variables at 1/8°
latitude—longitude (~12 km) resolution. Finally, future
climate surfaces were created by “adding” the anomalies
to baseline climate surface for each variable and each
month. For temperature, anomalies were added to
observational baselines. Rainfall anomalies were added
as absolute changes relative to the baselines (Ramirez-
Villegas and Jarvis 2010). The resulting future climate
surfaces (1-km resolution) were used as input into the
ALMANAC model to simulate bioenergy yields under
moderate (RCP 4.5) and extreme (RCP 8.5) climate
change during to future time periods (2040-2050 and
2090-2100).

The magnitude of climate change depends on the
emissions scenario with RCP 4.5 resulting in likely
increases in global surface temperature of 1.1-2.6°C and
RCP 8.5 leading to likely increases of 2.6-4.8°C by the
end of the 21st century (IPCC 2014). Precipitation
changes are not expected to be uniform, but precipita-
tion is expected to increase under both RCP 4.5 and RCP
8.5. The southeastern United States is located in a transi-
tion zone between projected wetter and projected drier
conditions, therefore future precipitation projections for
the region are uncertain (Carter et al. 2014). Our model-
average climate scenarios resulted in spatially varied pre-
cipitation, with some locations experience increases in
precipitation and others experiencing decreases.
ALMANAC uses the mean monthly precipitation,
standard deviation of precipitation, as well as the prob-
ability and number of wet days per month to generate
daily rainfall values allowing us to account for both spa-
tial and temporal variation in projected precipitation
(Kiniry et al. 1996).

Crop yield

We calculated mean annual yield (Mg-ha™l-yr~1) of
each crop for each soil-climate combination. For statis-
tical analysis, we randomly sampled 6000 soil-climate
combinations (~10% of the entire data set) to reduce the
likelihood of spurious results due to the high sample size
of our simulated data (White et al. 2014). Differences
among bioenergy crops under current climate were ana-
lyzed using repeated measures ANOVA with crop type
as the main effect. Change in mean annual yield (relative
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to yield under current climate) under climate change sce-
narios was analyzed separately by crop type for the mid
and late 21st century. Change in mean annual yield was
analyzed using repeated measures ANOVA with climate
scenario (RCP pathway) as the main effect.

Maximum landscape yield, crop allocation, and
bioenergy hotspots

For each climate scenario, mean annual yield (Mg/yr)
from bioenergy crop simulations was mapped back to
the landscape using 1-ha grid cells. If a grid cell included
more than one soil-climate combination, the mean of all
the combinations was used. All scenarios were conducted
on land currently in agricultural land use (defined as row
crop, pasture, or fallow) or recently abandoned (USDA
CDL 2012); the remainder of the landscape was consid-
ered unavailable for bioenergy crop production.

Maximum landscape yield and crop allocation.—To
determine the maximum landscape yield, we assigned
each cell to the bioenergy crop with the highest yield for
each scenario. The proportion of the agricultural
landscape assigned to each crop type to maximize
landscape yield under each climate scenario was recorded.
Maximum landscape yield (Mg/yr) for the resulting
mixed-crop landscape was calculated by summing across
grid cells. Individual crop yield (Mg/yr) for the resulting
mixed-crop landscape is reported for each scenario.
Differences in proportional crop allocation among
current climate and future climate scenarios were assessed
using chi-square test for significance.

Bioenergy hotspots.—Lands capable of producing high
yields (>10 Mg-ha™!-yr™1, considered an economically
viable level of production) and very high yields (>18
Mg-ha=lyr!, which represented the top 20% of the
baseline yield distribution and we considered bioenergy
hotspots), were identified for each climate scenario, and
their total area (ha) and total yield (Mg/yr) were
calculated by summing across these map cells.

Bioenergy hotspots and land-use competition

Food vs. fuel—Potential conflict between food produc-
tion (defined here as row crop or fruit tree production)
and bioenergy production was determined by calculating
the percent overlap of bioenergy hotspots with the
distribution of current food crops. We then created a
marginal-land-only scenario by removing land used for
current food crop production from potential bioenergy
production. Maximum landscape yield (Mg/yr),
bioenergy hotspot area (ha) and total hotspot yield (Mg/
yr) were calculated for the marginal-land-only scenario
under each climate condition, and changes in these
response variables were calculated to represent the
potential bioenergy production “lost” to competition
with food production in each climate scenario. We did
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not account for potential changes in the distribution of
food production with climate change, assuming that the
areas currently under cultivation represent the highest
value agricultural land within the region.

Development vs. fuel—Potential conflict between sub-
urban/exurban development and bioenergy production
was determined by calculating the percent overlap of
bioenergy hotspots with areas having a high probability
(>80%) of land use conversion to non-agricultural uses
such as residential housing (Vogler et al. 2010). We
removed these high-risk lands from potential bioenergy
production, retaining all other agricultural lands.
Maximum landscape yield (Mg/yr), bioenergy hotspot
area (ha), and total hotspot yield (Mg/yr) were calcu-
lated for high-development scenarios under each climate
condition. Percentage of change in maximum landscape
yield, bioenergy hotspot area, and total bioenergy
hotspot yield represent the bioenergy production “lost”
to competition with development.

RESuULTS

ALMANAC estimated biomass productivity well for
switchgrass, giant miscanthus, and hybrid poplar in the
southern Appalachian Mountains (Table 1). The simu-
lated 3-yr mean (2009-2012) was within 3% of harvest
data for switchgrass and 2% for miscanthus. Harvest data
were only available for 2 yr (2009 and 2012) for hybrid
poplar; the difference between simulated and observed
yields for those years was within 10%. These results sug-
gest that ALMANAC is a satisfactory model for project-
ing biomass productivity potential in western North
Carolina.

Bioenergy crop yield under current and future climate

Under current climate, mean annual yield of miscanthus,
switchgrass, and hybrid poplar on agricultural land
was high and varied among crops (F, so9g = 481.72,
P<0.0001), with simulated harvests of 15.8, 15.6,and 14.1
Mg-ha~l-yr~!, respectively (Table 2). Mean annual yield

TasLe 1. Simulated and observed yields (Mg-ha!l-yr~!) for
2009-2012 in Fletcher, North Carolina, USA.

Crop Observed Simulated Difference
Switchgrass (Panicum virgatum)
3-yr mean 19.03 19.63 +3%
(2009-2012)
Miscanthus (Miscanthus X giganteus)
3-yr mean 18.3 17.97 =2%
(2009-2012)
Poplar (Populus X sp.)
2009 harvest 9.4 8.5 —10%
2012 harvest 14.7 154 +5%

Note: Observed yields reported by Palmer et al. (2014) and
Stout et al. (2014).
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TaBLE 2. Mean (CV) simulated yield of three bioenergy crops
on agricultural land in western North Carolina under current
and future climate scenarios resulting from medium repre-
sentative concentration pathway (RCP; RCP4.5) and very-
high (RCP8.5) emissions.

Crop yield (Mg-ha=!-yr~1)

Climate Miscanthus Switchgrass Poplar
Mean current

climate

(1981-2011) 15.82(0.24) 15.56 (0.21) 14.12(0.18)
2040-2050

RCP 4.5 16.11 (0.24) 15.99 (0.24) 14.66 (0.22)

RCP 8.5 15.2(0.26) 15.47 (0.28) 13.96 (0.34)
2090-2100

RCP 4.5 15.15(0.27) 15.59 (0.28) 15.22(0.25)

RCP 8.5 9.65 (0.40) 13.32(0.38) 17.12(0.24)

Note: Mean and CV are the spatial mean and variation

within the study area. Simulations were run on unique soil—cli-
mate combinations representing all possible field conditions.

varied across soil-climate combinations (range: 0-28
Mg-ha~l-yr~!). Mean annual yield of all three crops
increased for the period of 2040-2050 under the medium
emissions scenario (RCP 4.5) but decreased under the
very-high emissions scenario (RCP 8.5; Table 2). Mean
annual yields for the period 2090-2100 varied among
crops. Under the RCP 4.5 scenario, mean annual yield
predicted for switchgrass changed little relative to current
conditions (<0.5%), but mean annual yield of miscanthus
decreased (—4%), and hybrid poplar yield increased (+ 8%;
Table 2). The RCP 8.5 scenario led to further decreases in
the mean annual yield of miscanthus (—39%) and switch-
grass (—14%) and substantial increases in hybrid poplar
mean annual yield (+21%).

Maximum landscape yield, crop allocation, and bioenergy
hotspots

Maximum landscape yield and crop allocation.—Under
current climate, maximum landscape yield of bioenergy on
agricultural land in the study area was 1.5 million Mg/yr
(Table 3). Under projected future climate, maximum
landscape yield increased by 2.1% by 2050 but declined
slightly (<1%) by 2100 under the RCP 4.5 scenario.
Maximum landscape yield varied little (<1%) under RCP
8.5 by 2050. However, the RCP 8.5 scenario led to large
decreases (—14% to —39%) in yield of grasses and large
increases (20%) in poplar yield by 2100. Maximum land-
scape yield increased in the late-century by 90000 Mg/yr
(6%) under the RCP 8.5 scenario, primarily due to
increased poplar production.

The allocation of bioenergy crops required to maxi-
mize landscape yield in all future climate scenarios dif-
fered substantially from that in current climate (Fig. 2).
Under current climate conditions, maximum yield crop
required most of the agricultural landscape allocated to
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TaBLE 3. Maximum landscape yield of bioenergy crops on ag-
ricultural land in western North Carolina under current and
future climate scenarios resulting from medium (RCP4.5)
and very high (RCP8.5) emissions.

Maximum Individual crop yield (Mg/yr)
landscape
Climate yield (Mg/yr) Miscanthus Switchgrass Poplar
Current 1552 519 1089 115 261 599 201 806
climate
2040-2050
RCP4.5 1585169 588 442 599 557 364 519
RCP8.5 1563495 339 361 544 972 668 285
2090-2100
RCP 4.5 1549 758 375830 564 616 612073
RCP 8.5 1642 808 5631 93269 1453 618
Note: Individual yield of each crop is reported for each
scenario.

miscanthus (70%), followed by switchgrass (17%) and
hybrid poplar (13%). Maximizing bioenergy production
under both climate scenarios required allocating more
land to switchgrass and poplar and less land to mis-
canthus by 2050. Land area allocated to miscanthus con-
tinued to decrease, reaching nearly zero under the RCP
8.5 scenarios, while the allocation of land to poplar
increased to over 90% by 2100 (Fig. 2).

Bioenergy hotspots.—Under current climate, over 97% of
the study area was predicted to have high annual yields
(>10 Mg-ha~l-yr~!) of at least one bioenergy crop, and
bioenergy hotspots (>18 Mg-ha™!-yr™!) occupied 22% of
the study area (Fig. 3). Climate change scenarios led to
increases in bioenergy hotspot area. By 2100, bioenergy
hotspots occupied 29% and 61% of the study area under
RCP 4.5 and RCP 8.5 scenarios, respectively (Fig. 4).
Bioenergy hotspot yield increased in all climate change
scenarios (Table 4). Under the RCP 4.5 scenarios,
bioenergy hotspot yield was predicted to be highest in the
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mid-century (580 000 Mg/yr), while under the RCP 8.5
scenario the highest bioenergy hotspot yield
(1 100 000 Mg/yr) was predicted at the end of the 21st
century.

Bioenergy hotspots and land use competition

Food vs. fuel —Across all climate scenarios, 28-30% of
bioenergy hotspots were co-located with current row
crop or fruit production. The area of overlap was largest
in the late-century under RCP 8.5, due to large increases
in bioenergy hotspot area (Table 4). Marginal-land-only
scenarios led to 27% reductions of maximum landscape
yield in all climate conditions. Bioenergy hotspot area
(ha) and total bioenergy hotspot yield (Mg/yr) were
reduced by 28-30% in each climate scenario, suggesting
that the proportion of bioenergy production “lost” to
competition with food production remains constant
across all climate scenarios.

Development vs. fuel—Overall 60% of the agricultural
land in the study area, or 570 km?2, was at high risk of
development (>80% probability of conversion). In all
scenarios, bioenergy hotspots overlapped 46-53% with
high development probability (Fig. 4). High development
scenarios led to consistent declines of 37-39% in
maximum landscape yield across all climate scenarios as
compared to baseline development and current climate
scenario (Table 4). In high-development scenarios,
bioenergy hotspot yield (Mg/yr) declined by 32-38%
under RCP 4.5 scenarios but increased under RCP 8.5
scenarios due to large increases in hybrid poplar
productivity expanding the area of bioenergy hotspots
by late 21st century (Table 4).

DISCUSSION AND CONCLUSIONS

Our study identified spatial allocations of bioenergy
crop types that could maximize bioenergy production in
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FiG. 2. Percentage of the agricultural landscape in western North Carolina potentially allocated to each bioenergy crop, based
on simulated maximum yields under current climate (baseline) and future climate scenarios. Crops are switchgrass (Panicum
virgatum), giant miscanthus (Miscanthus X giganteus), and hybrid poplar (Populus X sp.).
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TABLE 4. Bioenergy hotspot (>18 Mg-ha~!-yr~! production) area and yield under multiple scenarios of climate and land-use

competition on agricultural land in western North Carolina.

Bioenergy High-development Marginal-land
hotspot percentage  Bioenergy hotspot scenario: bioenergy scenario: bioenergy
of landscape yield (Mg/yr) hotspot yield (Mg/yr)  hotspot yield (Mg/yr)

Current climate (1981-2011) 22.1% 409 095
2040-2050

RCP 4.5 31.5% 589 735 279 342 414 572

RCP 8.5 26.8% 490913 253335 349 767
2090-2100

RCP 4.5 28.8% 527552 267 393 376 026

RCP 8.5 61.0% 1095182 590 112 787 056

the landscape as well as locations that are likely to be
hotspots of bioenergy production under current and pro-
jected climate change. Using a mechanistic plant growth
model to simulate bioenergy crop yield, we showed that
giant miscanthus, switchgrass, and hybrid poplar have
substantial yield potential in the complex landscapes of
the southern Appalachians. Under climate change, maxi-
mum landscape yield of bioenergy increased by up to
90 000 Mg/yr in the 21st century. However, the type and
extent of crops that maximize bioenergy yield will shift
from grasses to woody species as climate warms during
the 21st century, and tradeoffs among competing
demands for multiple land uses (food, housing, and fuel)
are likely. While the potential tradeoffs between bioen-
ergy production, food production, and exurban expan-
sion are not surprising, our study shows that the
geographic locations of these tradeoffs vary substantially
under changing climate. Further, there were striking
differences in potential tradeoffs in the short- vs. long-
term. Additionally, our study highlights the potential for
bioenergy crops to mediate tradeoffs between develop-
ment and the cultural heritage and landscape aesthetics
that comprise the character of this region.

Bioenergy production has been suggested as a means
for improving rural land tenure and mediating increased
urbanization, particularly in conjunction with rural
development programs (Dale et al. 2011qa,b,). In our
study, areas of high bioenergy production potential con-
sistently overlapped with areas at high risk of conversion
to development under both current and future climate
scenarios. Thus, bioenergy crop production, in conjunc-
tion with active farmland protection programs and
incentives, could provide a mechanism to maintain farm-
land in heterogeneous landscapes.

Projected climate change led to increases in estimated
landscape-level yields due to increased growth of hybrid
poplar. These results are consistent with studies showing
increases in productivity of poplar and other Cj species
under CO, fertilization but limited increases or declines
in productivity of C, plants (Liberloo et al. 2006). Our
study evaluated changes in potential bioenergy crop
productivity across steep biophysical gradients and
in response to changed CO, levels, temperature and

precipitation predicted under RCP 4.5 and RCP 8.5 sce-
narios. Long-term climate change may result in increased
winter storms, flooding events, or drought in this region
(Walsh et al. 2014) and further studies should address the
vulnerability of crop productivity to these disturbance
events. It is possible that new hybrids, developed to grow
under changed climate conditions, could alter short- and
long-term biomass production potential and provide
options for farmers to adapt to weather-related distur-
bances (Ghimire and Craven 2011, Saibi et al. 2013).

Tradeoffs between provisioning services, such as the
production of bioenergy, and regulating, cultural and
supporting services, such as water quality, aesthetic
views, and biodiversity, are common in the ecosystem
services literature (Raudsepp-Hearne et al. 2010, Qiu
and Turner 2013). A shift from grasses to woody crops
to maximize bioenergy production would increase affor-
estation, leading to potential tradeoffs with other eco-
system services such as water availability (Perry et al.
2001), aesthetics, and species diversity (Li et al. 2014).
Afforestation reduces overall streamflow and low flows
in a watershed suggesting future tradeoffs between bio-
energy production and water provisioning; however,
afforestation can also lead to gains in water quality by
reducing pollutant loads (van Dijk and Keenan 2007).
Conversion of grassland or cropland to forest-based
biomass can also lead to decreases in greenhouse gas
emissions (Daystar et al. 2014). Afforestation would
reduce grassland habitat in this forest-dominated land-
scape (Drummond and Loveland 2010), leading to pos-
sible declines in grassland nesting birds and other
species reliant on open habitats (Brennan and Kuvlesky
2005). However, in landscapes such as the study area
where natural land cover is forest, afforestation could
more closely resemble prior conditions (Navarro and
Pereira 2012) and bioenergy tree plantings could pro-
vide a low-contrast matrix and increase forest connec-
tivity (Brockerhoft et al. 2008). Afforestation due to
production of hybrid poplar would also lead to
decreased landscape heterogeneity and change the aes-
thetics of the region, which has potential to affect stake-
holders’ perceptions of the landscape (Lindborg et al.
2009, Ruskule et al. 2013).
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Bioenergy productivity hotspots were often co-located
with areas currently in food production or at high risk
of conversion to development, suggesting that competi-
tion with food production or exurban development
may impact the future capacity to produce bioenergy
in this landscape. Increasing development (e.g. high-
development scenario) led to greater declines in bioen-
ergy hotspot compared to eliminating competition with
current food production (e.g. marginal land only). Across
all climate scenarios, high bioenergy yields were possible
on nearly half the agricultural land predicted to have
high development pressure (>80% probability of conver-
sion). Loss of agricultural land to development could
greatly decrease the region’s ability to produce bioenergy,
suggesting that there are unrealized opportunity costs
associated with landowners’ decisions that should be
incorporated into regional energy and agricultural plan-
ning, particularly with regard to human adaptation to
climate change.

Our study suggests that high-yielding bioenergy crops
offer farmers an additional commodity and an opportu-
nity to offset agricultural land conservation costs.
However, a number of environmental, economic, and
sociopolitical constraints currently limit bioenergy crop
production by farmers (Atwell et al. 2010, Skevas et al.
2014). The current lack of a strong market for perennial
bioenergy crops and the uncertainties related to small
landowners’ market access, including the ability to trans-
port crops across existing or improved infrastructure,
will affect the opportunities for bioenergy crop produc-
tion to contribute to farmland conservation in the United
States. Our study, in accordance with others, suggests
that farmers will be able to grow bioenergy crops on agri-
cultural land not suitable for high-value food crops
(Valentine et al. 2012, Werling et al. 2014). This addi-
tional income could tip the balance of economic forces in
favor of keeping a farm in business and prevent conver-
sion of farmland to more economically attractive land
uses, like development (Dale et al. 20115). Agricultural
policies such as the availability of subsidies and incen-
tives for growing bioenergy crops or setting aside land in
return for compensation will influence the real potential
for bioenergy production to supplant development in
rural areas (Lovett et al. 2009, Barney and DiTomaso
2010, Bryngelsson and Lindgren 2013, Myhre and
Barford 2013). Our results suggest that the bioenergy
potential of marginal lands should not be ignored and
bioenergy provides an additional alternative for farmers
planning in the uncertainty of a changing climate (Dale
et al. 2010).

Rural landscapes produce multiple goods and ecosys-
tem services; this study highlighted potential tradeoffs
among bioenergy production, crop production, and
exurban expansion given projected climate change.
Impacts of increased bioenergy production have been
explored as part of “food, energy, environment trilemma”
(Tilman et al. 2009). In rural landscapes at risk of exur-
ban expansion, we suggest that bioenergy production
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may result in a win-win solution in the “trilemma” by
avoiding potential environmental impacts of exurban
development. Where bioenergy hotspots overlap with
high risk of exurban development, bioenergy crop
production may lead to benefits by increasing energy
production while also conferring environmental benefits
through land conservation. When compared to exurban
encroachment on agricultural land, perennial bioenergy
crops (e.g. warm-season grasses or fast-growing trees)
enhance climate regulation, nutrient, and water cycling
(Dale et al. 2014) and have either positive or neutral
effects on biodiversity conservation (Immerzeel et al.
2014, Werling et al. 2014).

While bioenergy crop yields are projected to be high
enough to provide opportunities to sustain rural farm-
lands facing competing demands on the land base, actual
landscape change may take multiple pathways depend-
ing on individual farmers’ land-use decisions. Individual
decision making is complex and influenced by multiple
factors such as personality, cultural context, and life
events as well as perceived land suitability for a particu-
lar crop at the farm and regional scale (Atwell et al. 2010,
Cope et al. 2011). Private land owner decisions and their
future behaviors are key uncertainties in assessing future
land use patterns and competition. Future research
would benefit from considering heterogeneous behavior
of decision makers (Pattanayak et al. 2004) and account-
ing for the fact that yield optimization is only one of
many landowner goals (Sengupta et al. 2005, Greiner
et al. 2009).

Our study estimates bioenergy crop generation poten-
tial and uses bioenergy crop yield to evaluate potential
tradeoffs between bioenergy production, food produc-
tion, and development. We evaluate tradeoffs with food
production by analyzing the co-location of high bioen-
ergy potential with current crop production. Considering
that food crop yields will also be impacted by climate
change (Challinor et al. 2009), future research should
include projected yield and spatial variation of possible
food crops under climate scenarios (Lehmann et al.
2013). In diverse agricultural landscapes with relatively
small farms, farmers’ crop choices are likely to be flexible
and may be particularly adaptable to climate change
(Howden et al. 2007, Veteto 2008, Crane et al. 2011).
More research is needed to identify whether shifts in food
crop production leads to greater or lesser tradeoffs with
bioenergy crop production in heterogeneous landscapes.

Results from our study indicate that there is high
potential for heterogeneous landscapes to produce
bioenergy both currently and in changing climates, but
spatial and temporal variation in potential yield will
result in multiple, shifting landscape-level tradeoffs. Our
findings illustrate the importance of incorporating real-
istic yield estimates, environmental heterogeneity, and
socioeconomic forces in studies aimed at understanding
the role of new crop production in future landscapes.
Our study highlights regional and temporal contrasts in
spatial patterns of bioenergy production and identifies
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important opportunities for bioenergy crop production
to offset land conversion to development.

ACKNOWLEDGMENTS

This research was supported by funding from the Biofuels
Center of North Carolina, North Carolina Department of
Agriculture, and the Long-Term Ecological Research Program
of the National Science Foundation (DEB-0823293 Coweeta
LTER). J. Kiniry, C. Kucharik, K. Behrman, R. Gehl, and
A. Williams provided useful advice during the development of
this paper. We thank J. Qiu, C. Ziter, and B. Zuckerberg for
helpful comments on the manuscript. Assistance in the data
compilation was provided by C. Dalamangas. We acknowl-
edge the World Climate Research Programme’s Working
Group on Coupled Modelling, which is responsible for CMIP,
and we thank the climate modeling groups (listed in the
Appendix S1: Table S3 of this study) for producing and mak-
ing available their model output.

LITERATURE CITED

Atwell, R. C., L. A. Schulte, and L. M. Westphal. 2010. How to
build multifunctional agricultural landscapes in the

Ecological Applications
Vol. 26, No. 2

and the Caribbean. Pages 396417 in J. M. Melillo,
T. C. Richmond, and G. W. Yohe, editors. Climate change
impacts in the United States: the third national climate assess-
ment. U.S. Global Change Research Program, Washington,
District of Columbia, USA.

Challinor, A. J., F. Ewert, S. Arnold, E. Simelton, and E. Fraser.
2009. Crops and climate change: progress, trends, and chal-
lenges in simulating impacts and informing adaptation.
Journal of Experimental Botany 60:2775-2789.

Challinor, A. J., E. S. Simelton, E. D. G. Fraser, D. Hemming,
and M. Collins. 2010. Increased crop failure due to climate
change: assessing adaptation options using models and socio-
economic data for wheat in China. Environmental Research
Letters 5:034012.

Chen, X., H. Huang, M. Khanna, and H. Onal. 2011. Meeting
the mandate for biofuels: implications for land use, food,
and fuel prices. Pages 223-267 in J. S. Graff Zivin, and
J. M. Perloff, editors. The intended and unintended effects
of US agricultural and biotechnology policies. University
of Chicago Press, Chicago, Illinois, USA.

Cook, J., and J. Beyea. 2000. Bioenergy in the United States:
progress and possibilities. Biomass and Bioenergy
18:441-455.

Cope, M. A., S. McLafferty, and B. L. Rhoads. 2011. Farmer

U.S. Corn Belt: add perennials and partnerships. Land Use

attitudes toward production of perennial energy grasses

Policy 27:1082-1090.
Barney, J. N., and J. M. DiTomaso. 2010. Bioclimatic predic-

in east central Illinois: implications for community-based
decision making. Annals of the Association of American

tions of habitat suitability for the biofuel switchgrass in

Geographers 101:852-862.

North America under current and future climate scenarios.

Crane, T. A., C. Roncoli, and G. Hoogenboom. 2011.

Biomass and Bioenergy 34:124-133.
Behrman, K. D., J. R. Kiniry, M. Winchell, T. E. Juenger, and

Adaptation to climate change and climate variability: the
importance of understanding agriculture as performance.

T. H. Keitt. 2013. Spatial forecasting of switchgrass produc-

NJAS—Wageningen Journal of. Life Sciences 57:

tivity under current and future climate change scenarios.

179-185.

Ecological Applications 23:73-85.
Blank, P. J., D. W. Sample, C. L. Williams, and M. G. Turner.

Dale, V. H., K. L. Kline, J. Wiens, and J. Fargione. 2010.
Biofuels: implications for land use and biodiversity. Ecologi-

2014. Bird communities and biomass yields in potential bio-

cal Society of America, Washington, District of Columbia,

energy grasslands. PLoS One 9:¢109989.
Bolstad, P. V., L. Swift, F. Collins, and J. Regniere. 1998.

USA.
Dale, V. H., R. A. Efroymson, and K. L. Kline. 2011a. The

Measured and predicted air temperatures at basin to regional

land use—climate change—energy nexus. Landscape Ecology

scales in the southern Appalachian Mountains. Agricultural

26:755-773.

and Forest Meteorology 91:161-176.

Brekke, L. D., B. L. Thrasher, E. P. Maurer, and T. Pruitt. 2013.
Downscaled CMIP3 and CMIPS climate and hydrology pro-
jections: release of downscaled CMIPS5 climate projections,
comparison with preceding information, and summary of
user needs. U.S. Department of the Interior, Bureau of
Reclamation, Technical Services Center, Denver, Colorado,
USA.

Brennan, L., and W. Kuvlesky. 2005. North American grass-
land birds: an unfolding conservation crisis? Journal of
Wildlife Management 69:1-13.

Brockerhoff, E. G., H. Jactel, J. A. Parrotta, C. P. Quine, and

Dale, V. H.,, K. L. Kline, L. L. Wright, R. D. Perlack,
M. Downing, and R. L. Graham. 2011b. Interactions among
bioenergy feedstock choices, landscape dynamics, and land
use. Ecological Applications 21:1039-1054.

Dale, B. E., et al. 2014. Take a closer look: biofuels can support
environmental, economic and social goals. Environmental
Science & Technology 48:7200-7203.

Daystar, J., R. Gonzalez, C. Reeb, R. Venditti, T. Treasure,
R. Abt, and S. Kelley. 2014. Economics, environmental
impacts, and supply chain analysis of cellulosic biomass for
biofuels in the southern US: pine, eucalyptus, unmanaged
hardwoods, forest residues, switchgrass, and sweet sorghum.

J. Sayer. 2008. Plantation forests and biodiversity: oxymoron

Bioresources 9:393-444.

or opportunity? Biodiversity and Conservation 17:925-951.

Djomo, S. N., A. Ac, T. Zenone, T. De Groote, S. Bergante,

Brown, D. G., K. M. Johnson, T. R. Loveland, and

G. Facciotto, H. Sixto, P. Ciria, J. Weger, and R. Ceulemans.

D. M. Theobald. 2010. Rural land-use trends in the contermi-

2015. Energy performances of intensive and extensive short

nous United States, 1950-2000. Ecological Applications15:1851—

rotation cropping systems for woody biomass production

1863.
Bryngelsson, D. K., and K. Lindgren. 2013. Why large-scale bio-

in the EU. Renewable and Sustainable Energy Reviews
41:845-854.

energy production on marginal land is unfeasible: a concep-

Drummond, M. A., and T. R. Loveland. 2010. Land-use pres-

tual partial equilibrium analysis. Energy Policy 55:454-466.

sure and a transition to forest-cover loss in the eastern United

Campbell, J. E., D. B. Lobell, R. C. Genova, and C. B. Field.

States. BioScience 60:286-298.

2008. The global potential of bioenergy on abandoned
agriculture lands. Environmental Science and Technology
42:5791-5794.

Carter, L. M., J. W. Jones, L. Berry, V. Burkett, J. F. Murley,
J. Obeysekera, P. J. Schramm, and D. Wear. 2014. Southeast

Fargione, J. E., T. R. Cooper, D. J. Flaspohler, J. Hill,
C. Lehman, D. Tilman, T. McCoy, S. McLeod, E. J. Nelson,
and K. S. Oberhauser. 2009. Bioenergy and wildlife: threats
and opportunities for grassland conservation. BioScience
59:767-777.


https://www.researchgate.net/publication/240402076_Bioclimatic_predictions_of_habitat_suitability_for_the_biofuel_switchgrass_in_North_America_under_current_and_future_climate_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/240402076_Bioclimatic_predictions_of_habitat_suitability_for_the_biofuel_switchgrass_in_North_America_under_current_and_future_climate_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/240402076_Bioclimatic_predictions_of_habitat_suitability_for_the_biofuel_switchgrass_in_North_America_under_current_and_future_climate_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/240402076_Bioclimatic_predictions_of_habitat_suitability_for_the_biofuel_switchgrass_in_North_America_under_current_and_future_climate_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/265967456_Energy_performances_of_intensive_and_extensive_short_rotation_cropping_systems_for_woody_biomass_production_in_the_EU?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/265967456_Energy_performances_of_intensive_and_extensive_short_rotation_cropping_systems_for_woody_biomass_production_in_the_EU?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/265967456_Energy_performances_of_intensive_and_extensive_short_rotation_cropping_systems_for_woody_biomass_production_in_the_EU?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/265967456_Energy_performances_of_intensive_and_extensive_short_rotation_cropping_systems_for_woody_biomass_production_in_the_EU?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/265967456_Energy_performances_of_intensive_and_extensive_short_rotation_cropping_systems_for_woody_biomass_production_in_the_EU?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/265967456_Energy_performances_of_intensive_and_extensive_short_rotation_cropping_systems_for_woody_biomass_production_in_the_EU?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/265485931_Biofuels_Implications_for_Land_Use_and_Biodiversity_Biofuels_Implications_for_Land_Use_and_Biodiversity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/265485931_Biofuels_Implications_for_Land_Use_and_Biodiversity_Biofuels_Implications_for_Land_Use_and_Biodiversity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/265485931_Biofuels_Implications_for_Land_Use_and_Biodiversity_Biofuels_Implications_for_Land_Use_and_Biodiversity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/265485931_Biofuels_Implications_for_Land_Use_and_Biodiversity_Biofuels_Implications_for_Land_Use_and_Biodiversity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/236050048_Spatial_forecasting_of_switchgrass_yield_under_current_and_future_climate_change_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/236050048_Spatial_forecasting_of_switchgrass_yield_under_current_and_future_climate_change_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/236050048_Spatial_forecasting_of_switchgrass_yield_under_current_and_future_climate_change_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/236050048_Spatial_forecasting_of_switchgrass_yield_under_current_and_future_climate_change_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/233322074_Farmer_Attitudes_Toward_Production_of_Perennial_Energy_Grasses_in_East_Central_Illinois_Implications_for_Community-Based_Decision_Making?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/233322074_Farmer_Attitudes_Toward_Production_of_Perennial_Energy_Grasses_in_East_Central_Illinois_Implications_for_Community-Based_Decision_Making?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/233322074_Farmer_Attitudes_Toward_Production_of_Perennial_Energy_Grasses_in_East_Central_Illinois_Implications_for_Community-Based_Decision_Making?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/233322074_Farmer_Attitudes_Toward_Production_of_Perennial_Energy_Grasses_in_East_Central_Illinois_Implications_for_Community-Based_Decision_Making?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/233322074_Farmer_Attitudes_Toward_Production_of_Perennial_Energy_Grasses_in_East_Central_Illinois_Implications_for_Community-Based_Decision_Making?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/232689887_Land-Use_Pressure_and_a_Transition_to_Forest-Cover_Loss_in_the_Eastern_United_States?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/232689887_Land-Use_Pressure_and_a_Transition_to_Forest-Cover_Loss_in_the_Eastern_United_States?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/232689887_Land-Use_Pressure_and_a_Transition_to_Forest-Cover_Loss_in_the_Eastern_United_States?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/24203966_Crops_and_climate_change_Progress_trends_and_challenges_in_simulating_impacts_and_informing_adaptation?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/24203966_Crops_and_climate_change_Progress_trends_and_challenges_in_simulating_impacts_and_informing_adaptation?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/24203966_Crops_and_climate_change_Progress_trends_and_challenges_in_simulating_impacts_and_informing_adaptation?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/24203966_Crops_and_climate_change_Progress_trends_and_challenges_in_simulating_impacts_and_informing_adaptation?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/266682619_Bird_Communities_and_Biomass_Yields_in_Potential_Bioenergy_Grasslands?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/266682619_Bird_Communities_and_Biomass_Yields_in_Potential_Bioenergy_Grasslands?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/266682619_Bird_Communities_and_Biomass_Yields_in_Potential_Bioenergy_Grasslands?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/23220927_The_Global_Potential_of_Bioenergy_on_Abandoned_Agriculture_Lands?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/23220927_The_Global_Potential_of_Bioenergy_on_Abandoned_Agriculture_Lands?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/23220927_The_Global_Potential_of_Bioenergy_on_Abandoned_Agriculture_Lands?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/23220927_The_Global_Potential_of_Bioenergy_on_Abandoned_Agriculture_Lands?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/228343984_Adaptation_to_Climate_Change_and_Climate_Variability_The_Importance_of_Understanding_Agriculture_as_Performance?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/228343984_Adaptation_to_Climate_Change_and_Climate_Variability_The_Importance_of_Understanding_Agriculture_as_Performance?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/228343984_Adaptation_to_Climate_Change_and_Climate_Variability_The_Importance_of_Understanding_Agriculture_as_Performance?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/228343984_Adaptation_to_Climate_Change_and_Climate_Variability_The_Importance_of_Understanding_Agriculture_as_Performance?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/228343984_Adaptation_to_Climate_Change_and_Climate_Variability_The_Importance_of_Understanding_Agriculture_as_Performance?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/270451633_Economics_Environmental_Impacts_and_Supply_Chain_Analysis_of_Cellulosic_Biomass_for_Biofuels_in_the_Southern_US_Pine_Eucalyptus_Unmanaged_Hardwoods_Forest_Residues_Switchgrass_and_Sweet_Sorghum?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/270451633_Economics_Environmental_Impacts_and_Supply_Chain_Analysis_of_Cellulosic_Biomass_for_Biofuels_in_the_Southern_US_Pine_Eucalyptus_Unmanaged_Hardwoods_Forest_Residues_Switchgrass_and_Sweet_Sorghum?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/270451633_Economics_Environmental_Impacts_and_Supply_Chain_Analysis_of_Cellulosic_Biomass_for_Biofuels_in_the_Southern_US_Pine_Eucalyptus_Unmanaged_Hardwoods_Forest_Residues_Switchgrass_and_Sweet_Sorghum?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/270451633_Economics_Environmental_Impacts_and_Supply_Chain_Analysis_of_Cellulosic_Biomass_for_Biofuels_in_the_Southern_US_Pine_Eucalyptus_Unmanaged_Hardwoods_Forest_Residues_Switchgrass_and_Sweet_Sorghum?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/270451633_Economics_Environmental_Impacts_and_Supply_Chain_Analysis_of_Cellulosic_Biomass_for_Biofuels_in_the_Southern_US_Pine_Eucalyptus_Unmanaged_Hardwoods_Forest_Residues_Switchgrass_and_Sweet_Sorghum?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/270451633_Economics_Environmental_Impacts_and_Supply_Chain_Analysis_of_Cellulosic_Biomass_for_Biofuels_in_the_Southern_US_Pine_Eucalyptus_Unmanaged_Hardwoods_Forest_Residues_Switchgrass_and_Sweet_Sorghum?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/257126738_Why_large-scale_bioenergy_production_on_marginal_land_is_unfeasible_A_conceptual_partial_equilibrium_analysis?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/257126738_Why_large-scale_bioenergy_production_on_marginal_land_is_unfeasible_A_conceptual_partial_equilibrium_analysis?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/257126738_Why_large-scale_bioenergy_production_on_marginal_land_is_unfeasible_A_conceptual_partial_equilibrium_analysis?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222545418_How_to_build_multifunctional_agricultural_landscapes_in_the_US_Corn_Belt_Add_perennials_and_partnerships?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222545418_How_to_build_multifunctional_agricultural_landscapes_in_the_US_Corn_Belt_Add_perennials_and_partnerships?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222545418_How_to_build_multifunctional_agricultural_landscapes_in_the_US_Corn_Belt_Add_perennials_and_partnerships?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222545418_How_to_build_multifunctional_agricultural_landscapes_in_the_US_Corn_Belt_Add_perennials_and_partnerships?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/240787193_Rural_Land-Use_Trends_in_the_Conterminous_United_States_1950-2000?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/240787193_Rural_Land-Use_Trends_in_the_Conterminous_United_States_1950-2000?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/240787193_Rural_Land-Use_Trends_in_the_Conterminous_United_States_1950-2000?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/240787193_Rural_Land-Use_Trends_in_the_Conterminous_United_States_1950-2000?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/226896269_The_land_use-climate_change-energy_nexus?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/226896269_The_land_use-climate_change-energy_nexus?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/226896269_The_land_use-climate_change-energy_nexus?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222485632_Measured_and_predicted_air_temperatures_at_basin_to_regional_scales_in_the_southern_Appalachian_mountains?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222485632_Measured_and_predicted_air_temperatures_at_basin_to_regional_scales_in_the_southern_Appalachian_mountains?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222485632_Measured_and_predicted_air_temperatures_at_basin_to_regional_scales_in_the_southern_Appalachian_mountains?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222485632_Measured_and_predicted_air_temperatures_at_basin_to_regional_scales_in_the_southern_Appalachian_mountains?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/228804914_Plantation_forests_and_biodiversity_Oxymoron_or_opportunity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/228804914_Plantation_forests_and_biodiversity_Oxymoron_or_opportunity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/228804914_Plantation_forests_and_biodiversity_Oxymoron_or_opportunity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==

March 2016

Field, C. B., J. E. Campbell, and D. B. Lobell. 2008. Biomass
energy: the scale of the potential resource. Trends in Ecology
and Evolution 23:65-72.

Francis, C. A., T. E. Hansen, A. A. Fox, P. J. Hesje, H. E. Nelson,
A. E. Lawseth, and A. English. 2012. Farmland conversion to
non-agricultural uses in the US and Canada: current impacts
and concerns for the future. International Journal of

BIOENERGY CROP YIELD IN CHANGING CLIMATE 527

IEA. 2011. Technology roadmap: biofuels for transport.
OECD/IEA, Paris, France.

TIEA. 2012. Technology roadmap: bioenergy for heat and power.
OECD/IEA, Paris, France.

IEA. 2014. Renewable energy: medium-term market report.
OECD/IEA, Paris, France.

Immerzeel, D. J., P. A. Verweij, F. van der Hilst, and A. P. C. Faaij.

Agricultural Sustainability 10:8-24.
Fraser, E. D. G., A. J. Dougill, K. Hubacek, C. H. Quinn,

2014. Biodiversity impacts of bioenergy crop production: a
state-of-the-art review. GCB Bioenergy 6:183-209.

J. Sendzimir, and M. Termansen. 2011. Assessing vulnerabil-
ity to climate change in dryland livelihood systems: conceptual
challenges and interdisciplinary solutions. Ecology and
Society 16:01.

Gelfand, I., R. Sahajpal, X. Zhang, R. C. Izaurralde,
K. L. Gross, and G. P. Robertson. 2013. Sustainable bioen-
ergy production from marginal lands in the US Midwest.
Nature 493:514-517.

Ghimire, S. R., and K. D. Craven. 2011. The ectomycorrhizal

IPCC. 2013. Working Group I Contribution to the IPCC Fifth
Assessment Report—summary for policymakers. Pages 1-36
in L. V. Alexander, et al., editors. Climate change 2013: the
physical science basis. IPCC, Bern, Switzerland.

IPCC. 2014. Climate change 2014: impacts, adaptation, and
vulnerability. Part B: regional aspects. L. L. Field et al. , edi-
tors. IPCC, Cambridge, UK.

Jain, A. K., M. Khanna, M. Erickson, and H. Huang. 2010. An
integrated biogeochemical and economic analysis of bioen-

fungus Sebacina vermifera, enhances biomass production of

ergy crops in the Midwestern United States. GCB Bioenergy

switchgrass (Panicum virgatum L.) under drought conditions.

2:217-234.

Applied Microbiology and Biotechnology 77(19):7063-7067.

Jasper, K., P. Calanca, and J. Fuhrer. 2006. Changes in sum-

Gopalakrishnan, G., M. C. Negri, and S. Snyder. 2006. A novel

mertime soil water patterns in complex terrain due to climatic

framework to classify marginal land for sustainable biomass

change. Journal of Hydrology 327:550-563.

feedstock production. Journal of environmental quality

Kang, S., S. S. Nair, K. L. Kline, J. A. Nichols, D. Wang,

40(5):1593-600.
Gopalakrishnan, G., M. C. Negri, M. Wang, M. Wu,

W. M. Post, C. C. Brandt, S. D. Wullschleger, N. Singh, and
Y. Wei. 2014. Global simulation of bioenergy crop productiv-

S. W. Snyder, and L. Lafreniere. 2009. Biofuels, land, and

ity: analytical framework and case study for switchgrass.

water: a systems approach to sustainability. Environmental

GCB Bioenergy 6:14-25.

Science & Technology 43:6094-6100.

Gragson, T. L., and P. V. Bolstad. 2006. Land use legacies and
the future of Southern Appalachia. Society & Natural
Resources 19:175-190.

Gragson, T. L., P. V. Bolstad, and M. Welch-Devine. 2008.
Agricultural transformation of southern Appalachia. Pages
89-121 in Agrarian landscapes in transition: comparisons of
long-term ecological and cultural change. Oxford University
Press, New York, New York, USA:89-121.

Gavier-Pizarro, G. I., V. Radeloff, S. Stewart, and N. S. Keuler.

Kask, S. B., L. G. Mathews, S. Stewart, and L. Rotegard. 2002.
Blue Ridge Parkway Scenic Experience Project Final Report.
Report submitted in fulfillment of obligations for Cooperative
Agreement# CA5143990137, Blue Ridge Parkway, National
Park Service.

Kiniry, J. R., J. R. Williams, P. W. Gassman, and P.
Debacke. 1992. A general, process-oriented model for two
competing plant species. Transaction of the ASAE
35:801-810.

Kiniry, J., M. Sanderson, J. Williams, C. Tischler, M. Hussey,

2010. Housing is positively associated with invasive exotic

W. Ocumpaugh, J. Read, G. VanEsbroeck, and R. Reed.

plant species richness in New England, USA. Ecological

1996. Simulating Alamo switchgrass with the ALMANAC

Applications 20(7):1913-25.
Greiner, R., L. Patterson, and O. Miller. 2009. Motivations, risk

model. Agronomy Journal 88:602-606.
Kiniry, J. R., K. A. Cassida, M. A. Hussey, J. P. Muir,

perceptions and adoption of conservation practices by farm-

W. R. Ocumpaugh, J. C. Read, R. L. Reed, M. A. Sanderson,

ers. Agricultural Systems 99:86-104.

GroWNC. 2013. GroWNC regional plan: final report. GroWNC,
Asheville, North Carolina, USA.

Hamlet, A. F.,, E. P. Salathe, and P. Carrasco. 2010. Statistical
downscaling techniques for global climate model simulations
of temperature and precipitation with application to water
resources planning studies. Final report for the Columbia
Basin Climate Change Scenarios Project. http://warm.atmos.
washington.edu/2860/report/.

Hatfield, J. L., K. J. Boote, B. A. Kimball, L. H. Ziska,

B. C. Venuto, and J. R. Williams. 2005. Switchgrass simula-
tion by the ALMANAC model at diverse sites in the southern
US. Biomass and Bioenergy 29:419-425.

Kukk, L., A. Astover, P. Muiste, M. Noormets, H. Roostalu,
K. Sepp, and E. Suuster. 2010. Assessment of abandoned
agricultural land resource for bio-energy production in
Estonia. Acta Agriculturae Scandinavica, Section B—Plant.
Soil Science 60:166-173.

Lehmann, N., S. Briner, and R. Finger. 2013. The impact of cli-
mate and price risks on agricultural land use and crop man-

R. C. Izaurralde, D. Ort, A. M. Thomson, and D. Wolfe.

agement decisions. Land Use Policy 35:119-130.

2011. Climate impacts on agriculture: implications for crop

Li, Y., X. Chen, Y. Xie, X. Li, F. Li, and Z. Hou. 2014. Effects

production. Agronomy Journal 103:351-370.
Heaton, E. A., F. G. Dohleman, and S. P. Long. 2008. Meeting

of young poplar plantations on understory plant diversity in
the Dongting Lake wetlands, China. Scientific Reports

US biofuel goals with less land: the potential of Miscanthus.

4:1-8.

Global Change Biology 14:2000-2014.

Hoogwijk, M., A. Faaij, B. Eickhout, B. Devries, and
W. Turkenburg. 2005. Potential of biomass energy out to
2100, for four IPCC SRES land-use scenarios. Biomass and
Bioenergy 29:225-257.

Howden, S. M., J.-F. Soussana, F. N. Tubiello, N. Chhetri,

Liberloo, M., et al. 2006. Woody biomass production during the
second rotation of a bio-energy Populus plantation increases
in a future high CO, world. Global Change Biology
12:1094-1106.

Lindborg, R., M. Stenseke, S. A. O. Cousins, J. Bengtsson,
A. Berg, T. Gustafsson, N. E. Sjodin, and O. Eriksson. 2009.

M. Dunlop, and H. Meinke. 2007. Adapting agriculture to

Investigating biodiversity trajectories using scenarios: lessons

climate change. Proceedings of the National Academy of

from two contrasting agricultural landscapes. Journal of

Sciences USA 104:19691-19696.

Environmental Management 91:499-508.



http://warm.atmos.washington.edu/2860/report/
http://warm.atmos.washington.edu/2860/report/
https://www.researchgate.net/publication/228615596_Land_Use_Legacies_and_the_Future_of_Southern_Appalachia?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/228615596_Land_Use_Legacies_and_the_Future_of_Southern_Appalachia?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/228615596_Land_Use_Legacies_and_the_Future_of_Southern_Appalachia?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/216811652_Meeting_US_biofuel_goals_with_less_land?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/216811652_Meeting_US_biofuel_goals_with_less_land?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/216811652_Meeting_US_biofuel_goals_with_less_land?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/247527512_Simulating_alamo_switchgrass_with_the_ALMANAC_model?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/247527512_Simulating_alamo_switchgrass_with_the_ALMANAC_model?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/247527512_Simulating_alamo_switchgrass_with_the_ALMANAC_model?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/247527512_Simulating_alamo_switchgrass_with_the_ALMANAC_model?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/43287911_Switchgrass_simulation_by_the_ALMANAC_model_at_diverse_sites_in_the_southern_US?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/43287911_Switchgrass_simulation_by_the_ALMANAC_model_at_diverse_sites_in_the_southern_US?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/43287911_Switchgrass_simulation_by_the_ALMANAC_model_at_diverse_sites_in_the_southern_US?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/43287911_Switchgrass_simulation_by_the_ALMANAC_model_at_diverse_sites_in_the_southern_US?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/43287911_Switchgrass_simulation_by_the_ALMANAC_model_at_diverse_sites_in_the_southern_US?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5771975_Adapting_Agriculture_to_Climate_Change?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5771975_Adapting_Agriculture_to_Climate_Change?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5771975_Adapting_Agriculture_to_Climate_Change?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5771975_Adapting_Agriculture_to_Climate_Change?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223611785_Changes_in_Summertime_Soil_Water_Patterns_in_Complex_Terrain_Due_to_Climatic_Change?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223611785_Changes_in_Summertime_Soil_Water_Patterns_in_Complex_Terrain_Due_to_Climatic_Change?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223611785_Changes_in_Summertime_Soil_Water_Patterns_in_Complex_Terrain_Due_to_Climatic_Change?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/261570120_Biodiversity_impacts_of_bioenergy_crop_production_A_state-of-the-art_review?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/261570120_Biodiversity_impacts_of_bioenergy_crop_production_A_state-of-the-art_review?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/261570120_Biodiversity_impacts_of_bioenergy_crop_production_A_state-of-the-art_review?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/234137924_Sustainable_bioenergy_production_from_marginal_lands_in_the_US_Midwest?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/234137924_Sustainable_bioenergy_production_from_marginal_lands_in_the_US_Midwest?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/234137924_Sustainable_bioenergy_production_from_marginal_lands_in_the_US_Midwest?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/234137924_Sustainable_bioenergy_production_from_marginal_lands_in_the_US_Midwest?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/233248824_Assessment_of_abandoned_agricultural_land_resource_for_bio-energy_production_in_Estonia?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/233248824_Assessment_of_abandoned_agricultural_land_resource_for_bio-energy_production_in_Estonia?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/233248824_Assessment_of_abandoned_agricultural_land_resource_for_bio-energy_production_in_Estonia?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/233248824_Assessment_of_abandoned_agricultural_land_resource_for_bio-energy_production_in_Estonia?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/233248824_Assessment_of_abandoned_agricultural_land_resource_for_bio-energy_production_in_Estonia?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/47677525_Housing_is_positively_associated_with_invasive_exotic_plant_species_richness_in_New_England_USA?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/47677525_Housing_is_positively_associated_with_invasive_exotic_plant_species_richness_in_New_England_USA?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/47677525_Housing_is_positively_associated_with_invasive_exotic_plant_species_richness_in_New_England_USA?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/47677525_Housing_is_positively_associated_with_invasive_exotic_plant_species_richness_in_New_England_USA?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223629278_Investigating_biodiversity_trajectories_using_scenarios_-_Lessons_from_two_contrasting_agricultural_landscapes?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223629278_Investigating_biodiversity_trajectories_using_scenarios_-_Lessons_from_two_contrasting_agricultural_landscapes?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223629278_Investigating_biodiversity_trajectories_using_scenarios_-_Lessons_from_two_contrasting_agricultural_landscapes?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223629278_Investigating_biodiversity_trajectories_using_scenarios_-_Lessons_from_two_contrasting_agricultural_landscapes?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223629278_Investigating_biodiversity_trajectories_using_scenarios_-_Lessons_from_two_contrasting_agricultural_landscapes?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5637177_Biomass_Energy_The_Scale_of_the_Potential_Resource?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5637177_Biomass_Energy_The_Scale_of_the_Potential_Resource?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5637177_Biomass_Energy_The_Scale_of_the_Potential_Resource?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/238599617_Farmland_conversion_to_non-agricultural_uses_in_the_US_and_Canada_Current_impacts_and_concerns_for_the_future?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/238599617_Farmland_conversion_to_non-agricultural_uses_in_the_US_and_Canada_Current_impacts_and_concerns_for_the_future?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/238599617_Farmland_conversion_to_non-agricultural_uses_in_the_US_and_Canada_Current_impacts_and_concerns_for_the_future?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/238599617_Farmland_conversion_to_non-agricultural_uses_in_the_US_and_Canada_Current_impacts_and_concerns_for_the_future?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/238599617_Farmland_conversion_to_non-agricultural_uses_in_the_US_and_Canada_Current_impacts_and_concerns_for_the_future?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/257098592_The_impact_of_climate_and_price_risks_on_agricultural_land_use_and_crop_management_decisions?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/257098592_The_impact_of_climate_and_price_risks_on_agricultural_land_use_and_crop_management_decisions?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/257098592_The_impact_of_climate_and_price_risks_on_agricultural_land_use_and_crop_management_decisions?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222403270_Potential_of_biomass_energy_out_to_2100_for_four_IPCC_SRES_land-use_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222403270_Potential_of_biomass_energy_out_to_2100_for_four_IPCC_SRES_land-use_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222403270_Potential_of_biomass_energy_out_to_2100_for_four_IPCC_SRES_land-use_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222403270_Potential_of_biomass_energy_out_to_2100_for_four_IPCC_SRES_land-use_scenarios?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/51570912_Enhancement_of_Switchgrass_Panicum_virgatum_L_Biomass_Production_under_Drought_Conditions_by_the_Ectomycorrhizal_Fungus_Sebacina_vermifera?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/51570912_Enhancement_of_Switchgrass_Panicum_virgatum_L_Biomass_Production_under_Drought_Conditions_by_the_Ectomycorrhizal_Fungus_Sebacina_vermifera?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/51570912_Enhancement_of_Switchgrass_Panicum_virgatum_L_Biomass_Production_under_Drought_Conditions_by_the_Ectomycorrhizal_Fungus_Sebacina_vermifera?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/51570912_Enhancement_of_Switchgrass_Panicum_virgatum_L_Biomass_Production_under_Drought_Conditions_by_the_Ectomycorrhizal_Fungus_Sebacina_vermifera?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/51597722_A_Novel_Framework_to_Classify_Marginal_Land_for_Sustainable_Biomass_Feedstock_Production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/51597722_A_Novel_Framework_to_Classify_Marginal_Land_for_Sustainable_Biomass_Feedstock_Production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/51597722_A_Novel_Framework_to_Classify_Marginal_Land_for_Sustainable_Biomass_Feedstock_Production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/51597722_A_Novel_Framework_to_Classify_Marginal_Land_for_Sustainable_Biomass_Feedstock_Production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/265558257_Effects_of_young_poplar_plantations_on_understory_plant_diversity_in_the_Dongting_Lake_wetlands_China?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/265558257_Effects_of_young_poplar_plantations_on_understory_plant_diversity_in_the_Dongting_Lake_wetlands_China?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/265558257_Effects_of_young_poplar_plantations_on_understory_plant_diversity_in_the_Dongting_Lake_wetlands_China?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/265558257_Effects_of_young_poplar_plantations_on_understory_plant_diversity_in_the_Dongting_Lake_wetlands_China?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5133814_General_Process-Oriented_Model_for_Two_Competing_Plant_Species_A?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5133814_General_Process-Oriented_Model_for_Two_Competing_Plant_Species_A?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5133814_General_Process-Oriented_Model_for_Two_Competing_Plant_Species_A?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5133814_General_Process-Oriented_Model_for_Two_Competing_Plant_Species_A?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/236345406_Vulnerability_to_Climate_Change_in_Dry-Land_Livelihood_Systems_-_Conceptual_Challenges_Interdisciplinary_Solutions?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/236345406_Vulnerability_to_Climate_Change_in_Dry-Land_Livelihood_Systems_-_Conceptual_Challenges_Interdisciplinary_Solutions?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/236345406_Vulnerability_to_Climate_Change_in_Dry-Land_Livelihood_Systems_-_Conceptual_Challenges_Interdisciplinary_Solutions?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/236345406_Vulnerability_to_Climate_Change_in_Dry-Land_Livelihood_Systems_-_Conceptual_Challenges_Interdisciplinary_Solutions?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/236345406_Vulnerability_to_Climate_Change_in_Dry-Land_Livelihood_Systems_-_Conceptual_Challenges_Interdisciplinary_Solutions?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/26790839_Biofuels_Land_and_Water_A_Systems_Approach_to_Sustainability?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/26790839_Biofuels_Land_and_Water_A_Systems_Approach_to_Sustainability?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/26790839_Biofuels_Land_and_Water_A_Systems_Approach_to_Sustainability?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/26790839_Biofuels_Land_and_Water_A_Systems_Approach_to_Sustainability?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/224147080_Climate_Impacts_on_Agriculture_Implications_for_Crop_Production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/224147080_Climate_Impacts_on_Agriculture_Implications_for_Crop_Production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/224147080_Climate_Impacts_on_Agriculture_Implications_for_Crop_Production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/224147080_Climate_Impacts_on_Agriculture_Implications_for_Crop_Production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/255813114_Global_Simulation_of_Bioenergy_Crop_Productivity_Analytical_Framework_and_Case_Study_for_Switchgrass?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/255813114_Global_Simulation_of_Bioenergy_Crop_Productivity_Analytical_Framework_and_Case_Study_for_Switchgrass?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/255813114_Global_Simulation_of_Bioenergy_Crop_Productivity_Analytical_Framework_and_Case_Study_for_Switchgrass?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/255813114_Global_Simulation_of_Bioenergy_Crop_Productivity_Analytical_Framework_and_Case_Study_for_Switchgrass?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/255813114_Global_Simulation_of_Bioenergy_Crop_Productivity_Analytical_Framework_and_Case_Study_for_Switchgrass?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227910500_An_integrated_biogeochemical_and_economic_analysis_of_bioenergy_crops_in_the_Midwestern_United_States?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227910500_An_integrated_biogeochemical_and_economic_analysis_of_bioenergy_crops_in_the_Midwestern_United_States?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227910500_An_integrated_biogeochemical_and_economic_analysis_of_bioenergy_crops_in_the_Midwestern_United_States?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227910500_An_integrated_biogeochemical_and_economic_analysis_of_bioenergy_crops_in_the_Midwestern_United_States?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223259246_Motivations_Risk_Perceptions_and_Adoption_of_Conservation_Practices_by_Farmers?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223259246_Motivations_Risk_Perceptions_and_Adoption_of_Conservation_Practices_by_Farmers?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223259246_Motivations_Risk_Perceptions_and_Adoption_of_Conservation_Practices_by_Farmers?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==

528

Lobell, D. B., and C. B. Field. 2007. Global scale climate—crop

ROSE A. GRAVES ET AL.

Ecological Applications
Vol. 26, No. 2

Robertson, B. A., P. J. Doran, L. R. Loomis, J. R. Robertson,

yield relationships and the impacts of recent warming.

and D. W. Schemske. 2011. Perennial biomass feedstocks

Environmental Research Letters 2:014002.
Lobell, D. B., and S. M. Gourdji. 2012. The influence of climate

enhance avian diversity. GCB Bioenergy 3:235-246.
Ruskule, A., O. Nikodemus, R. Kasparinskis, S. Bell, and

change on global crop productivity. Plant Physiology

I. Urtane. 2013. The perception of abandoned farmland by

160:1686-1697.
Lovett, A. A., G. M. Stinnenberg, G. M. Richter, A. G. Dailey,

local people and experts: landscape value and perspectives on
future land use. Landscape and Urban Planning 115:49-61.

A. B. Riche, and A. Karp. 2009. Land use implications of

Saibi, W., F. Brini, M. Hanin, and K. Masmoudi. 2013.

increased biomass production identified by GIS-based suita-

Development of energy plants and their potential to with-

bility and yield mapping of miscanthus in England. BioEnergy

stand various extreme environments. Recent Patents on

Research 2:17-28.

Maurer, E. P., L. Brekke, T. Pruitt, and P. B. Duffy. 2007. Fine-
resolution climate projections enhance regional climate
change impact studies. Eos Transactions AGU 88:504.

DNA and Gene Sequences 7(1):13-24.
Schroter, D., et al. 2005. Ecosystem service supply and vulner-
ability to global change in Europe. Science 310:1333-1337.
Sengupta, R., C. Lant, S. Kraft, J. Beaulieu, W. Peterson, and

McLaughlin, S. B., and L. A. Kszos. 2005. Development of

T. Loftus. 2005. Modeling enrollment in the Conservation

switchgrass (Panicum virgatum) as a bioenergy feedstock in

Reserve Program by using agents within spatial decision sup-

the United States. Biomass and Bioenergy 28:515-535.
Myhre, M., and C. Barford. 2013. Farm-level feasibility of bio-

port systems: an example from southern Illinois. Environment
and Planning B: Planning and Design 32:821-834.

energy depends on variations across multiple sectors.

Skevas, T., S. M. Swinton, and N. J. Hayden. 2014. What type

Environmental Research Letters 8:015005.
Nair, S. S., S. Kang, X. Zhang, F. E. Miguez, R. C. Izaurralde,

of landowner would supply marginal land for energy crops?
Biomass and Bioenergy 67:252-259.

W. M. Post, M. C. Dietze, L. R. Lynd, and S. D. Wullschleger.

2012. Bioenergy crop models: descriptions, data require-

ments, and future challenges. GCB Bioenergy 4:620-633.
Navarro, L. M., and H. M. Pereira. 2012. Rewilding abandoned

Soil Survey Staff. 2013. Soil Survey Geographic (SSURGO)
Database. Natural Resources Conservation Service, US
Department of Agriculture. http:/sdmdataaccess.nrcs.usda.gov.

Stout, A. T., A. A. Davis, J.-C. Domec, C. Yang, R. Shi, and

landscapes in Europe. Ecosystems 15:900-912.

NCDAS. 2013. North Carolina agricultural statistics. North
Carolina Department of Agricultural and Consumer Services.
http://www.ncagr.gov/stats/2013AgStat/

Olson, R. K., and T. A. Lyson. 1999. Under the blade: the con-
version of agricultural landscapes. Westview Press, Boulder,
Colorado, USA.

Palmer, I. E., R. J. Gehl, T. G. Ranney, D. Touchell, and
N. George. 2014. Biomass yield, nitrogen response, and nutri-
ent uptake of perennial bioenergy grasses in North Carolina.
Biomass and Bioenergy 63:218-228.

Pattanayak, S. K., R. C. Abt, A. J. Sommer, F. Cubbage,
B. C. Murray, J.-C. Yang, D. Wear, and S. Ahn. 2004. Forest
forecasts: does individual heterogeneity matter for market
and landscape outcomes? Forest Policy and Economics

J. S. King. 2014. Growth under field conditions affects lignin
content and productivity in transgenic Populus trichocarpa
with altered lignin biosynthesis. Biomass and Bioenergy
68:228-239.

Theobald, D. M., and W. H. Romme. 2007. Expansion of the
US wildland—urban interface. Landscape and Urban Planning
83:340-354.

Thornton, P., M. Thornton, B. Mayer, N. Wilhelmi, Y. Wei,
and R. Coo. 2012. Daymet: daily surface weather on a 1 km
grid for North America, 1980-2012. Oak Ridge National
Laboratory Distributed Active Archive Center, Oak Ridge,
Tennessee, USA.

Tilman, D., et al. 2009. Beneficial biofuels: the food, energy, and
environment trilemma. Science 325:270-271.

Turner, M. G., S. M. Pearson, P. V. Bolstad, and D. N. Wear.

6:243-260.
Perry, C. H., R. C. Miller, and K. N. Brooks. 2001. Impacts of

2003. Effects of land-cover change on spatial pattern of forest
communities in the Southern Appalachian Mountains (USA).

short-rotation hybrid poplar plantations on regional water

Landscape Ecology 18:449-464.

yield. Forest Ecology and Management 143:143—151.

Powlson, D. S., A. B. Riche, and I. Shield. 2005. Biofuels and
other approaches for decreasing fossil fuel emissions from
agriculture. Annals of Applied Biology 146:193-201.

Qiu, J., and M. G. Turner. 2013. Spatial interactions among
ecosystem services in an urbanizing agricultural watershed.
Proceedings of the National Academy of Sciences USA
110:12149-12154.

Radeloff, V. C., S. I. Stewart, T. J. Hawbaker, U. Gimmi,

USDA CDL. 2012. National Agricultural Statistics Service
Cropland Data Layer. Available at http://nassgeodata.gmu.
edu/CropScape/. USDA-NASS, Washington, DC.

U.S. Department of Energy. 2011. U.S. billion-ton update: bio-
mass supply for a bioenergy and bioproducts industry.
ORNL/TM-2011/224. Oak Ridge National Laboratory, Oak
Ridge, Tennessee, USA.

Valentine, J., J. Clifton-Brown, A. Hastings, P. Robson,
G. Allison, and P. Smith. 2012. Food vs. fuel: the use of land

A. M. Pidgeon, C. H. Flather, R. B. Hammer, and

for lignocellulosic “next generation” energy crops that mini-

D. P. Helmers. 2010. Housing growth in and near United

mize competition with primary food production. GCB

States protected areas limits their conservation value.

Bioenergy 4:1-19.

Proceedings of the National Academy of Sciences USA

van Dijk, A. I. J. M., and R. J. Keenan. 2007. Planted forests

107:940-945.
Ramankutty, N., and J. A. Foley. 1999. Estimating historical

and water in perspective. Forest Ecology and Management
251:1-9.

changes in global land cover: croplands from 1700 to 1992.

Veteto, J. R. 2008. The history and survival of traditional heir-

Global Biogeochemical Cycles 13:997-1027.
Ramirez-Villegas, J., and A. Jarvis. 2010. Downscaling global
circulation model outputs: the Delta method. International
Center for Tropical Agriculture, Cali, Colombia.
Raudsepp-Hearne, C., G. D. Peterson, and E. M. Bennett.
2010. Ecosystem service bundles for analyzing tradeoffs in
diverse landscapes. Proceedings of the National Academy of
Sciences of the United States of America 107:5242-5247.

loom vegetable varieties in the southern Appalachian
Mountains of western North Carolina. Agriculture and
Human Values 25:121-134.

Vogler, J. B., D. A. Shoemaker, M. Dorning, and
R. K. Meentemeyer. 2010. Mapping historical development
patterns and forecasting urban growth in Western. Center for
Applied GIScience, University of North Carolina, Charlotte,
North Carolina, USA.



http://www.ncagr.gov/stats/2013AgStat/
http://sdmdataaccess.nrcs.usda.gov
http://nassgeodata.gmu.edu/CropScape/
http://nassgeodata.gmu.edu/CropScape/
https://www.researchgate.net/publication/227703882_Perennial_feedstocks_enhance_avian_diversity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227703882_Perennial_feedstocks_enhance_avian_diversity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227703882_Perennial_feedstocks_enhance_avian_diversity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/258310009_Farm-level_feasibility_of_bioenergy_depends_on_variations_across_multiple_sectors?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/258310009_Farm-level_feasibility_of_bioenergy_depends_on_variations_across_multiple_sectors?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/258310009_Farm-level_feasibility_of_bioenergy_depends_on_variations_across_multiple_sectors?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/231034585_Global_scale_climate-crop_yield_relationships_and_the_impacts_of_recent_warming?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/231034585_Global_scale_climate-crop_yield_relationships_and_the_impacts_of_recent_warming?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/231034585_Global_scale_climate-crop_yield_relationships_and_the_impacts_of_recent_warming?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/255811871_Bioenergy_crop_models_Descriptions_data_requirements_and_future_challenges?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/255811871_Bioenergy_crop_models_Descriptions_data_requirements_and_future_challenges?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/255811871_Bioenergy_crop_models_Descriptions_data_requirements_and_future_challenges?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/255811871_Bioenergy_crop_models_Descriptions_data_requirements_and_future_challenges?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/226527023_Land_Use_Implications_of_Increased_Biomass_Production_Identified_by_GIS-Based_Suitability_and_Yield_Mapping_for_Miscanthus_in_England?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/226527023_Land_Use_Implications_of_Increased_Biomass_Production_Identified_by_GIS-Based_Suitability_and_Yield_Mapping_for_Miscanthus_in_England?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/226527023_Land_Use_Implications_of_Increased_Biomass_Production_Identified_by_GIS-Based_Suitability_and_Yield_Mapping_for_Miscanthus_in_England?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/226527023_Land_Use_Implications_of_Increased_Biomass_Production_Identified_by_GIS-Based_Suitability_and_Yield_Mapping_for_Miscanthus_in_England?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/226527023_Land_Use_Implications_of_Increased_Biomass_Production_Identified_by_GIS-Based_Suitability_and_Yield_Mapping_for_Miscanthus_in_England?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227126288_Effects_of_land-cover_change_on_spatial_pattern_of_forest_communities_in_the_Southern_Appalachian_Mountains_USA?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227126288_Effects_of_land-cover_change_on_spatial_pattern_of_forest_communities_in_the_Southern_Appalachian_Mountains_USA?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227126288_Effects_of_land-cover_change_on_spatial_pattern_of_forest_communities_in_the_Southern_Appalachian_Mountains_USA?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227126288_Effects_of_land-cover_change_on_spatial_pattern_of_forest_communities_in_the_Southern_Appalachian_Mountains_USA?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223623401_Planted_Forests_and_Water_in_Perspective?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223623401_Planted_Forests_and_Water_in_Perspective?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223623401_Planted_Forests_and_Water_in_Perspective?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222117936_Forest_forecasts_Does_individual_heterogeneity_matter_for_market_and_landscape_outcomes?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222117936_Forest_forecasts_Does_individual_heterogeneity_matter_for_market_and_landscape_outcomes?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222117936_Forest_forecasts_Does_individual_heterogeneity_matter_for_market_and_landscape_outcomes?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222117936_Forest_forecasts_Does_individual_heterogeneity_matter_for_market_and_landscape_outcomes?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/222117936_Forest_forecasts_Does_individual_heterogeneity_matter_for_market_and_landscape_outcomes?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/200033420_Estimating_Historical_Changes_in_Global_Land_Cover_Croplands_from_1700_to_1992?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/200033420_Estimating_Historical_Changes_in_Global_Land_Cover_Croplands_from_1700_to_1992?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/200033420_Estimating_Historical_Changes_in_Global_Land_Cover_Croplands_from_1700_to_1992?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/230537753_Food_vs_fuel_The_use_of_land_for_lignocellulosic_'next_generation'_energy_crops_that_minimize_competition_with_primary_food_production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/230537753_Food_vs_fuel_The_use_of_land_for_lignocellulosic_'next_generation'_energy_crops_that_minimize_competition_with_primary_food_production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/230537753_Food_vs_fuel_The_use_of_land_for_lignocellulosic_'next_generation'_energy_crops_that_minimize_competition_with_primary_food_production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/230537753_Food_vs_fuel_The_use_of_land_for_lignocellulosic_'next_generation'_energy_crops_that_minimize_competition_with_primary_food_production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/230537753_Food_vs_fuel_The_use_of_land_for_lignocellulosic_'next_generation'_energy_crops_that_minimize_competition_with_primary_food_production?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/256209915_The_perception_of_abandoned_farmland_by_local_people_and_experts_Landscape_value_and_perspectives_on_future_land_use?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/256209915_The_perception_of_abandoned_farmland_by_local_people_and_experts_Landscape_value_and_perspectives_on_future_land_use?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/256209915_The_perception_of_abandoned_farmland_by_local_people_and_experts_Landscape_value_and_perspectives_on_future_land_use?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/256209915_The_perception_of_abandoned_farmland_by_local_people_and_experts_Landscape_value_and_perspectives_on_future_land_use?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/23541516_Modeling_enrollment_in_the_Conservation_Reserve_Program_by_using_agents_within_spatial_decision_support_systems_An_example_from_southern_Illinois?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/23541516_Modeling_enrollment_in_the_Conservation_Reserve_Program_by_using_agents_within_spatial_decision_support_systems_An_example_from_southern_Illinois?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/23541516_Modeling_enrollment_in_the_Conservation_Reserve_Program_by_using_agents_within_spatial_decision_support_systems_An_example_from_southern_Illinois?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/23541516_Modeling_enrollment_in_the_Conservation_Reserve_Program_by_using_agents_within_spatial_decision_support_systems_An_example_from_southern_Illinois?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/23541516_Modeling_enrollment_in_the_Conservation_Reserve_Program_by_using_agents_within_spatial_decision_support_systems_An_example_from_southern_Illinois?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/262806529_What_type_of_landowner_would_supply_marginal_land_for_energy_crops?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/262806529_What_type_of_landowner_would_supply_marginal_land_for_energy_crops?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/262806529_What_type_of_landowner_would_supply_marginal_land_for_energy_crops?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/260609716_Biomass_yield_nitrogen_response_and_nutrient_uptake_of_perennial_bioenergy_grasses_in_North_Carolina?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/260609716_Biomass_yield_nitrogen_response_and_nutrient_uptake_of_perennial_bioenergy_grasses_in_North_Carolina?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/260609716_Biomass_yield_nitrogen_response_and_nutrient_uptake_of_perennial_bioenergy_grasses_in_North_Carolina?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/260609716_Biomass_yield_nitrogen_response_and_nutrient_uptake_of_perennial_bioenergy_grasses_in_North_Carolina?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/229062883_Development_of_Energy_Plants_and_their_Potential_to_Withstand_Various_Extreme_Environments?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/229062883_Development_of_Energy_Plants_and_their_Potential_to_Withstand_Various_Extreme_Environments?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/229062883_Development_of_Energy_Plants_and_their_Potential_to_Withstand_Various_Extreme_Environments?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/229062883_Development_of_Energy_Plants_and_their_Potential_to_Withstand_Various_Extreme_Environments?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223785665_Impacts_of_short-rotation_hybrid_poplar_plantations_on_regional_water_yield?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223785665_Impacts_of_short-rotation_hybrid_poplar_plantations_on_regional_water_yield?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223785665_Impacts_of_short-rotation_hybrid_poplar_plantations_on_regional_water_yield?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/41656820_Ecosystem_service_bundles_for_analyzing_tradeoffs_in_diverse_landscapes?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/41656820_Ecosystem_service_bundles_for_analyzing_tradeoffs_in_diverse_landscapes?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/41656820_Ecosystem_service_bundles_for_analyzing_tradeoffs_in_diverse_landscapes?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/41656820_Ecosystem_service_bundles_for_analyzing_tradeoffs_in_diverse_landscapes?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/231181372_Fine-Resolution_Climate_Change_Projections_Enhance_Regional_Climate_Change_Impact_Studies?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/231181372_Fine-Resolution_Climate_Change_Projections_Enhance_Regional_Climate_Change_Impact_Studies?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/231181372_Fine-Resolution_Climate_Change_Projections_Enhance_Regional_Climate_Change_Impact_Studies?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/257469575_Rewilding_Abandoned_Landscapes_in_Europe?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/257469575_Rewilding_Abandoned_Landscapes_in_Europe?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/232231203_The_Influence_of_Climate_Change_on_Global_Crop_Productivity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/232231203_The_Influence_of_Climate_Change_on_Global_Crop_Productivity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/232231203_The_Influence_of_Climate_Change_on_Global_Crop_Productivity?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223794984_Expansion_of_the_US_wildland-urban_interface?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223794984_Expansion_of_the_US_wildland-urban_interface?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/223794984_Expansion_of_the_US_wildland-urban_interface?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/244482665_Spatial_interactions_among_ecosystem_services_in_an_urbanizing_agricultural_watershed?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/244482665_Spatial_interactions_among_ecosystem_services_in_an_urbanizing_agricultural_watershed?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/244482665_Spatial_interactions_among_ecosystem_services_in_an_urbanizing_agricultural_watershed?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/244482665_Spatial_interactions_among_ecosystem_services_in_an_urbanizing_agricultural_watershed?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/216812890_Development_of_switchgrass_Panicum_virgatum_as_a_bioenergy_feedstock_in_the_United_States?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/216812890_Development_of_switchgrass_Panicum_virgatum_as_a_bioenergy_feedstock_in_the_United_States?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/216812890_Development_of_switchgrass_Panicum_virgatum_as_a_bioenergy_feedstock_in_the_United_States?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/41040447_Housing_growth_in_and_near_United_States_protected_areas_limits_their_conservation_value?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/41040447_Housing_growth_in_and_near_United_States_protected_areas_limits_their_conservation_value?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/41040447_Housing_growth_in_and_near_United_States_protected_areas_limits_their_conservation_value?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/41040447_Housing_growth_in_and_near_United_States_protected_areas_limits_their_conservation_value?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/41040447_Housing_growth_in_and_near_United_States_protected_areas_limits_their_conservation_value?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/41040447_Housing_growth_in_and_near_United_States_protected_areas_limits_their_conservation_value?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227777804_Biofuels_and_other_approaches_for_decreasing_fossil_fuel_emissions_from_agriculture?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227777804_Biofuels_and_other_approaches_for_decreasing_fossil_fuel_emissions_from_agriculture?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/227777804_Biofuels_and_other_approaches_for_decreasing_fossil_fuel_emissions_from_agriculture?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/264006596_Growth_under_field_conditions_affects_lignin_content_and_productivity_in_transgenic_Populus_trichocarpa_with_altered_lignin_biosynthesis?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/264006596_Growth_under_field_conditions_affects_lignin_content_and_productivity_in_transgenic_Populus_trichocarpa_with_altered_lignin_biosynthesis?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/264006596_Growth_under_field_conditions_affects_lignin_content_and_productivity_in_transgenic_Populus_trichocarpa_with_altered_lignin_biosynthesis?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/264006596_Growth_under_field_conditions_affects_lignin_content_and_productivity_in_transgenic_Populus_trichocarpa_with_altered_lignin_biosynthesis?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/264006596_Growth_under_field_conditions_affects_lignin_content_and_productivity_in_transgenic_Populus_trichocarpa_with_altered_lignin_biosynthesis?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/225515256_The_History_and_Survival_of_Traditional_Heirloom_Vegetable_Varieties_in_the_Southern_Appalachian_Mountains_of_Western_North_Carolina?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/225515256_The_History_and_Survival_of_Traditional_Heirloom_Vegetable_Varieties_in_the_Southern_Appalachian_Mountains_of_Western_North_Carolina?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/225515256_The_History_and_Survival_of_Traditional_Heirloom_Vegetable_Varieties_in_the_Southern_Appalachian_Mountains_of_Western_North_Carolina?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/225515256_The_History_and_Survival_of_Traditional_Heirloom_Vegetable_Varieties_in_the_Southern_Appalachian_Mountains_of_Western_North_Carolina?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==

March 2016

Walsh, M. E., D. G. de la Torrre Ugarte, H. Shapouri, and
S. P. Slinsky. 2003. Bioenergy crop production in the United
States: potential quantities, land use changes, and economic
impacts on the agricultural sector. Environmental and
Resource Economics 24:313-333.

Walsh, J., et al. 2014. Our changing climate. Pages 19-67 in
J. M. Melillo, T. C. Richmond, and G. W. Yohe, editors.
Climate change impacts in the United States: the third
national climate assessment. U.S. Global Change Research
Program, Washington, District of Columbia, USA.

Wear, D. N. 2011. Forecasts of county-level land uses under

BIOENERGY CROP YIELD IN CHANGING CLIMATE 529

Webster, J. R., et al. 2012. Water quality and exurbanization in
Southern Appalachian streams. Pages 90-106 in P. J. Boon,
and P. J. Raven, editors. River conservation and manage-
ment. John Wiley and Sons, London, UK.

Werling, B. P., et al. 2014. Perennial grasslands enhance biodi-
versity and multiple ecosystem services in bioenergy land-
scapes. Proceedings of the National Academy of Sciences
USA 111:1652-1657.

Whitby, T. G., and M. D. Madritch. 2013. Native temperature
regime influences soil response to simulated warming. Soil
Biology and Biochemistry 60:202-209.

three future scenarios: a technical document supporting the

White, J. W., A. Rassweiler, J. F. Samhouri, A. C. Stier, and

Forest Service 2010 RPA Assessment. General Technical

C. White. 2014. Ecologists should not use statistical significance

Report SRS-141. U.S. Department of Agriculture Forest

tests to interpret simulation model results. Oikos 123:385-388.

Service, Southern Research Station, Asheville, North

Whittaker, R. H. 1956. Vegetation of the Great Smoky

Carolina, USA.
Wear, D. N., and P. Bolstad. 1998. Land-use changes in

Mountains. Ecological Monographs 26:1-80.
Xie, Y.,J. R. Kiniry, and J. R. Williams. 2003. The ALMANAC

Southern Appalachian landscapes: spatial analysis and fore-

model’s sensitivity to input variables. Agricultural Systems

cast evaluation. Ecosystems 1:575-594.

78:1-16.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version of this article at http://onlinelibrary.wiley.com/doi/10.1890/

15-0545.1/suppinfo

All in-text references underlined in blue are linked to publications on ResearchGate, letting you access and read them immediately.


https://www.researchgate.net/publication/280645609_Forecasts_of_county-level_land_uses_under_three_future_scenarios_a_technical_document_supporting_the_Forest_Service_2010_RPA_Assessment?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/280645609_Forecasts_of_county-level_land_uses_under_three_future_scenarios_a_technical_document_supporting_the_Forest_Service_2010_RPA_Assessment?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/280645609_Forecasts_of_county-level_land_uses_under_three_future_scenarios_a_technical_document_supporting_the_Forest_Service_2010_RPA_Assessment?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/280645609_Forecasts_of_county-level_land_uses_under_three_future_scenarios_a_technical_document_supporting_the_Forest_Service_2010_RPA_Assessment?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/280645609_Forecasts_of_county-level_land_uses_under_three_future_scenarios_a_technical_document_supporting_the_Forest_Service_2010_RPA_Assessment?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/280645609_Forecasts_of_county-level_land_uses_under_three_future_scenarios_a_technical_document_supporting_the_Forest_Service_2010_RPA_Assessment?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/4750230_The_ALMANAC_model's_sensitivity_to_input_variables?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/4750230_The_ALMANAC_model's_sensitivity_to_input_variables?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/4750230_The_ALMANAC_model's_sensitivity_to_input_variables?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/237128189_Vegetation_of_the_Great_Smoky_Mountains?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/237128189_Vegetation_of_the_Great_Smoky_Mountains?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/256854431_Native_temperature_regime_influences_soil_response_to_simulated_warming?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/256854431_Native_temperature_regime_influences_soil_response_to_simulated_warming?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/256854431_Native_temperature_regime_influences_soil_response_to_simulated_warming?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/259551762_Ecologists_should_not_use_statistical_significance_tests_to_interpret_simulation_model_results?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/259551762_Ecologists_should_not_use_statistical_significance_tests_to_interpret_simulation_model_results?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/259551762_Ecologists_should_not_use_statistical_significance_tests_to_interpret_simulation_model_results?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/225468325_Orginal_Article_Land-Use_Changes_in_Southern_Appalachian_Landscapes_Spatial_Analysis_and_Forecast_Evaluation?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/225468325_Orginal_Article_Land-Use_Changes_in_Southern_Appalachian_Landscapes_Spatial_Analysis_and_Forecast_Evaluation?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/225468325_Orginal_Article_Land-Use_Changes_in_Southern_Appalachian_Landscapes_Spatial_Analysis_and_Forecast_Evaluation?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5146588_Bioenergy_Crop_Production_in_the_United_States_Potential_Quantities_Land_Use_Changes_and_Economic_Impacts_on_the_Agricultural_Sector?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5146588_Bioenergy_Crop_Production_in_the_United_States_Potential_Quantities_Land_Use_Changes_and_Economic_Impacts_on_the_Agricultural_Sector?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5146588_Bioenergy_Crop_Production_in_the_United_States_Potential_Quantities_Land_Use_Changes_and_Economic_Impacts_on_the_Agricultural_Sector?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5146588_Bioenergy_Crop_Production_in_the_United_States_Potential_Quantities_Land_Use_Changes_and_Economic_Impacts_on_the_Agricultural_Sector?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==
https://www.researchgate.net/publication/5146588_Bioenergy_Crop_Production_in_the_United_States_Potential_Quantities_Land_Use_Changes_and_Economic_Impacts_on_the_Agricultural_Sector?el=1_x_8&enrichId=rgreq-b55fbb57ffa9aa402e64c2025765d06c-XXX&enrichSource=Y292ZXJQYWdlOzMwMjA2NTI1ODtBUzozNjEyNzA4NDM4NTQ4NDhAMTQ2MzE0NTA4OTA1MQ==

