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ABSTRACT

	Research suggests that by 2022, 10.5 billion of the 21 billion gallon annual production target for advanced biofuels mandated by the expanded 2007 Renewable Fuel Standard (RFS2) could originate in the Southeastern United States (US) (USDA 2010). This study applied a biorefinery siting and feedstock optimization model and a water quality model to examine the ex-ante impact of biorefinery locations on agricultural input use and nitrogen (N) loading into the region’s hydrological system. The objective of this research is to understand the potential implications of this level of cellulosic ethanol production and concomitant changes in land use on surface water quality at local and regional scales.
	Least-cost cellulosic biorefinery locations and associated conversion of agricultural land to switchgrass production were projected for the South Atlantic Coast, the Eastern Gulf Coast, and Tennessee river basins, collectively referred to as the SAGT River Basin. Two industry configurations and four levels of cellulosic ethanol production were considered, including 22%, 31%, 50%, and 100% of the 10.5 BGY target for the Southeastern US. Stream level N concentration and the percentage of N flux attributed to agricultural fertilizer applications were predicted under the two industry configurations at each production level using the US Geological Survey’s SPARROW hydrological model. Outcomes were compared to 2009 baseline stream system nutrient levels to determine agriculture’s contribution to total N loadings and the impact of land use change on the region’s surface water quality at each level of cellulosic ethanol production. The net effect across the region are increases in the mean stream level N concentration and agricultural N source share under both industry configurations (12.95% and 18.63%, respectively, at 100% of target under industry configuration A, and 10.16% and 29.85%, respectively, under industry configuration B), relative to the baseline. Changes were primarily driven by the conversion of hay/pastureland and soybeans into more fertilizer intensive industrial switchgrass production.
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CHAPTER I
INTRODUCTION

	Advanced biofuels derived from renewable energy sources or biomass materials have the potential to be a major component of the nation’s long term sustainable energy strategy (US Congress 2007; Wu et al. 2012). The rapid growth of the biofuel industry in the mid-2000s was initiated through the Renewable Fuel Standard (RFS) established by the United States (US) Energy Policy Act of 2005, which mandated that domestic transportation fuel contain a specified volume of biofuels, with amounts increasing annually over a 15 year period (US Congress 2005). Production targets subsequently expanded under the US Energy Independence and Security Act of 2007 (EISA), increasing annual biofuel production targets to 36 billion gallons by 2022, including 21 billion gallons derived from cellulosic or other non-grain sources (US Congress 2007). The market for ethanol was given an additional boost with the 2006 national ban on methyl tertiary butyl ether (MTBE), an additive used to oxygenate transportation fuel. Following the ban of MTBE, ethanol became the primary gasoline additive used to meet oxygen content requirements mandated by the 1990 amendments to the Clean Air Act (US Congress 1990). Since its introduction in 2010, the expanded RFS (RFS2) mandate has been waived or reduced every year in response to projected production levels. For example, the US Environmental Protection Agency (EPA) proposed in late 2013 to lower the 2014 standard from 1.75 billion gallons to 17 million gallons (US EPA 2013).
	Research suggests by 2022, 10.5 billion of the 21 billion gallon annual production target for advanced biofuels mandated by RFS2 could originate in the Southeastern US (USDA 2010). Although current production of grain-derived ethanol is already near the 2022 conventional biofuel target, meeting existing cellulosic ethanol production targets will require significant advances in industry production capacity, including construction of potentially hundreds of pre-processing and bio-refinery facilities as well as increased production and distribution of cellulosic biomass feedstock crops (National Research Council 2011). The increased market demand for energy crops is expected to result in extensive conversion of previously uncultivated land, fallow agricultural land, pastureland, or Conservation Reserve Program (CRP) land, potentially resulting in a substantial increase in the total agricultural land in production (Demissie, Yan, and Wu 2012; Perlack and Stokes 2011; Robertson et al. 2010). Changes in agricultural land use and, concomitantly, crop management practices associated with industrial ethanol production could adversely impact the quality of local and regional surface water systems in terms of nutrient loading, particularly nitrogen (N) and phosphorus (P). Excess N and P in water bodies may result in eutrophication leading to algae blooms, reduced species diversity, and diminished recreational access and appeal (Donner, Kucharik, and Foley 2004; Costello et al. 2009). Extreme situations can result in hypoxia, a condition in which dissolved oxygen levels are inadequate to support most animal life (Costello et al. 2009). Maintaining water quality is crucial to the preservation of the region’s drinking water and continued use for numerous recreational and economic activities.
	Switchgrass, a native perennial grass considered favorable for cellulosic ethanol production in the Southeastern US, is the energy feedstock analyzed here. Industrial production of switchgrass requires fertilizer, with annual recommendations in the Southeast of 67.25 kg ha-1 (McKinley and Gerloff 2010). Planting switchgrass on land where fertilizer was not previously used intensively could increase nutrient loading into streams and reservoirs. On the other hand, there is evidence that conversion of cropland used to produce crops with high fertilizer demand to switchgrass production may reduce nutrient loading into waterways (e.g. Robertson et al. 2010). Land use changes will be driven by feedstock availability and the concomitant location activity of ethanol production facilities choosing least-cost sites.
	Beginning in the 1970s, national policies were implemented to promote the production of ethanol for fuel as world petroleum supplies and prices became increasingly volatile (Solomon, Barnes, and Halvorsen 2007). The relatively simple conversion process, existence of commercially viable operational technologies, favorable policies, and tremendous domestic capacity for the production of corn caused grain-based ethanol to be embraced prior to the more process intensive and logistically costly cellulosic ethanol (Solomon, Barnes, and Halvorsen 2007). The bulk of the nation’s corn is produced in the US Midwest. As a result, early investigations into the potential water quality implications of industrial ethanol feedstock production focused primarily on the nation’s “Corn Belt” (Pimentel 2001; Costello et al. 2009; Hill et al. 2006; Donner, Kucharik, and Foley 2004). Cellulosic ethanol is more commonly perceived as a sustainable alternative to grain-based ethanol once conversion technology efficiency improves (e.g., Robertson et al. 2008; National Resource Council 2011). Research on the potential water quality implications of industrial cellulosic feedstock production is emerging, focusing primarily on the nation’s Midwestern water systems (e.g., Ng et al. 2010; Costello et al. 2009). Potential land use changes and regional water quality implications associated with a mature cellulosic ethanol industry have been examined for the Southeastern US, but watershed-level hydrologic modeling incorporating the region’s major cash crops is rare (Costello, et al. 2009; English et al. 2008; De La Torre Ugarte et al. 2008). The extent and magnitude of land and agricultural chemical use changes associated with industrial cellulosic ethanol production may result in unintended environmental and economic consequences for communities in the Southeastern US. Quantifying the range of potential outcomes as they pertain to changes in land and fertilizer use and N loading into waterways provides a first step for understanding the local and regional impacts of biorefinery facilities and concomitant demand for energy crops on surface water quality. This information could be useful for guiding farmers, industry leaders, and policy makers in their decisions to ensure the adoption of sustainable land and water management practices and help conserve the health and quality of the region’s water supply.	The objectives of this research are to (1) determine the impact of cellulosic ethanol biorefinery location activity on local and regional N loading into the Southeastern-Atlantic hydrologic region; and (2) determine if N contributions from agriculture and the associated impacts on water quality differ under different industry preferences for least-cost facility locations.


CHAPTER II
LITERATURE REVIEW

2.1 Firm Location Analysis
	Industrial location analyses examining the motivations behind, and consequences of, industrial location behavior began in the nineteenth century with the work of Laundhart (1885) and Weber (1909), cited in McCann (2013). Assuming firms could locate anywhere, Weber (1909) theorized firms would choose locations that minimize the expected costs of transporting inputs from their origin to the firm and then products to markets. Optimal firm locations, therefore, reflect the tradeoff in locating near input and output markets in terms of relative transport costs. Optimal siting of ethanol facility locations has been examined for over 30 years using mathematical programming models incorporating feedstock production, transportation, and processing and handling costs (e.g. English et al. 1981). Transportation of feedstocks from producers to biorefineries is a major cost factor in cellulosic ethanol production making it essential to determine the optimal routing networks and, subsequently, biorefinery facility location. The evolution of geographic information systems (GIS) and advances in computational platforms has enabled the development of increasingly complex, spatially explicit models for optimizing biorefinery locations, given agricultural biomass supply and routing logistics (e.g. Tittman et al. 2010; Wilson 2009; Sokhansanj et al. 2006; Tatsiopoulos and Tolis 2003; Mantovani and Gibson 1992).
	The BioFLAME platform (Biofuels Facility Location Analysis Modeling Endeavor) is an integrated software program that uses GIS layers to identify cost-minimizing cellulosic ethanol plant locations and project associated changes in agricultural land use in a 16 state area in the Southeastern US (Wilson 2009). BioFLAME incorporates parameters commonly used in similar biofuel supply chain and facility location models including proximity to infrastructure such as roads, railways, and navigable waterways, as well as feedstock availability, biorefinery capacity, crop prices, transport costs, and feedstock yield (i.e., Tittman et al. 2010; Tatsiopoulos and Tolis 2003). From among the commonly used biorefinery facility location models, BioFLAME’s modeling framework was determined to be the best suited for achieving the objectives of this research.

2.2 Modeling Water Quality Impacts of Agricultural Biomass Production
	Meeting the ethanol production targets established by the RFS2 will require significant amounts of agricultural land to be converted to biomass feedstock production (De La Torre Ugarte et al. 2008; De La Torre Ugarte, English, and Jensen 2007). Various studies examine the potential extent of land conversion, changes in agricultural chemical use, and the potential impact on water quality in the nation’s river systems (e.g., Donner and Kucharik 2008; Demissie, Yan, and Wu 2012; Gramig et al. 2013; Robertson et al. 2010; Wu and Liu 2011). Given the complexities of ecological systems and underlying natural processes impacting water quality, the relationship between inputs and yields on water quality is non-linear. As a result, most current research into land use change and water quality uses some form of numerical computer modeling approaches to provide timely, specific answers to ex ante “what if” questions (Schwarz et al. 2006; Thomas, Engel, and Chaubey 2009). For example, if a policy encourages increased production of a particular type of crop, what impact will the associated changes in nutrient loading have on water quality?
	Because of the Corn Belt’s comparative advantage in corn and soybean production, research investigating the potential watershed-level environmental impacts of expanded crop production in the Midwestern region is abundant (e.g., Thomas, Engel, and Chaubey 2009; Donner and Kucharik 2008; Secchi et al. 2011). In general, research has linked expanded feedstock production for grain-based ethanol with increased nutrient loading and adverse impacts to water quality. Alternatively, research suggests converting from conventional row crop production to perennial grass production may lead to decreased nutrient loadings and improvements to water quality. As the benefits of cellulosic-based ethanol relative to grain-based ethanol have become better understood and cellulosic conversion technologies advance, the potential water quality impacts of increased demand for cellulosic crops such as miscanthus and switchgrass in the Corn Belt region have received more attention (e.g. Gramig et al. 2013; Secchi et al. 2011; Ng et al. 2010). To date, however, comparable watershed-level research in the Southeastern US is sparse.
	For example, Donner, Kucharik, and Foley (2004) used the Integrated Biosphere Simulator (IBIS) terrestrial ecosystem model (Kucharik et al. 2000; Foley et al. 1996) and the Hydrologic Routing Algorithm (HYDRA) aquatic transport model (Coe 2000) to examine how agricultural practices influenced N cycling across the Mississippi Basin and nitrate export into the Gulf of Mexico between 1960 and 1994. They concluded that nitrate export through the Mississippi doubled during that period as the result of increased fertilization use (particularly for corn); an increase in basin runoff; and the expansion of soybean production.
	Using the Policy Analysis System (POLYSYS), a partial equilibrium model of the US agriculture sector, De La Torre Ugarte et al. (2008) projected national agricultural land use changes associated with a target of 60 billion gallons of ethanol production per year by 2030. Findings suggest, given appropriate policy support, the emergence of a dedicated energy crop such as switchgrass was likely to occur, potentially covering 14.6 million hectares of agricultural land nationwide. About 14.2 million hectares of agricultural pastureland was projected to be converted to hay production, dedicated energy crops, and other crops while the area planted in soybeans was projected to decline by 2.6 million hectares. Consistent with other research, De la Torre Ugarte, et al. (2008) also concluded that the emergence of cellulosic conversion technologies could improve water quality as land is removed from grain-based ethanol production (e.g., Love and Nejadhashemi 2011). Less chemical intensive crops such as native grasses and perennials or increased use of crop residues such as corn stover or wheat straw were determined to have a positive effect on water quality relative to traditional row crops as measured by changes in expenditures on chemical herbicides, N, potassium, and P.
	Costello et al. (2009) examined different crop mix scenarios to meet the EISA target of 15 billion gallons per year (BGY) of corn based ethanol and 4.5 BGY of cellulosic ethanol in 2015, and 15 BGY of corn based ethanol and 20 BGY of cellulosic ethanol in 2022. Nitrate output was quantified for four crop mixes of corn/corn stover, corn/switchgrass, corn stover/switchgrass, and switchgrass in the Mississippi and Atchafalaya River Basins. Mean nitrate output values were determined lowest for a switchgrass-only scenario, followed by corn stover/switchgrass, corn/switchgrass, and corn/corn stover. Results suggested that moving from corn to cellulosic feedstocks may result in as much as a 20% decrease in nitrate output, consistent with comparable studies finding that nitrate output levels were lower with cellulosic-based ethanol than corn-derived ethanol (e.g. De La Torre Ugarte et al. 2008; Love and Nejadhashemi 2011).
	Demissie, Yan, and Wu (2012) used the Soil and Water Assessment Tool (SWAT; Arnold et al. 1995) watershed model to simulate changes in water quality for N and P loading in streams in the upper Mississippi River Basin following biofuel production and land use projections contained in the US Department of Agriculture’s “Billion Ton Study” (Perlack and Stokes 2011). Water quality impacts associated with increased production of corn and switchgrass, and increased harvest of corn stover, were determined to be mixed; a 3% decrease in total N loading was projected along with a 45% increase in annual P loading. Love and Nejadhashemi (2011) also used the SWAT model to predict the impact on water quality after bioenergy feedstock expansion in Michigan. Four watersheds, four land uses, and 15 crop rotation scenarios were examined. Traditional crops such as corn, sorghum, and canola were correlated with increases in N loads and reduced P loadings. Perennial grass species were found to significantly mitigate P loading but increase N loading. Wu and Liu (2011) used the SWAT watershed system to evaluate the long term impacts of biofuel production alternatives on water quality in the Iowa River Basin. Land cover change from corn or native grass to bioenergy crops like switchgrass or miscanthus was considered. Native grass was found to be preferable to switchgrass or miscanthus considering N loads only. Miscanthus was found to be more productive than switchgrass in generating biomass, but its higher water and N requirements suggest that it may decrease water availability and quality compared to switchgrass.
	The existing body of literature is useful for examining the ex ante impact of an emerging biofuel industry, but additional research specific to the Southeast region of the US is warranted to fully understand the range of potential outcomes associated with current industry development goals and policy objectives. This research expands the existing body of knowledge by evaluating the watershed-level water quality implications of industrial bioenergy crop expansion in the Southeastern US using a regionally calibrated Spatially Referenced Regressions on Watershed Attributes (SPARROW) hydrologic model (Schwarz et al. 2006).

2.3 SPARROW Watershed Model
	SPARROW is a water quality model developed by the US Geological Survey that estimates the major sources and environmental factors affecting the long term supply, transport, and fate of surface water contaminants (Smith et al. 1997). SPARROW models have been developed and used over a wide range of spatial scales in the US (Alexander et al. 2000, 2008; Smith et al. 1997) from large regions such as the Chesapeake Bay watershed (Preston and Brakebill 1999) to smaller watersheds such as the North Carolina coast drainage basin (McMahon et al. 2003). SPARROW models have been applied to examine water quality and controlling factors including sources of nutrients in streams (Alexander et al. 2008; Smith et al. 1997) and individual watersheds (Moore et al. 2004; McMahon et al. 2003), the role of stream processes in the delivery of nutrients to coastal waters (Alexander et al. 2000, 2008), sources of salinity affecting water supply in the Southwest US (Anning et al. 2007), and environmental factors related to sediment loading to the Chesapeake Bay (Brakebill et al. 2010). SPARROW models have also been applied in New Zealand (Alexander et al. 2002) and are currently being developed to evaluate water quality conditions in other parts of the world (Preston et al. 2011). In this study, a regionally calibrated SPARROW model was applied to predict changes in surface water quality in the SAGT River Basin associated with meeting the RFS2 cellulosic ethanol production targets1. Input datasets developed for application in the SAGT River Basin are documented by Hoos et al. (2008) (Figure 1).[footnoteRef:1]
 [1:  All tables and figures located in the Appendix.] 

CHAPTER III
CONCEPTUAL MODEL

3.1 Policy Influence
	Uncertainties facing the cellulosic ethanol industry include the drivers of fuel production, feedstock acquisition, blending facilities, and the interactions between those drivers (National Research Council 2011). Key factors include future crude oil prices, feedstock costs and availability, advances in conversion technologies, land use change and government policy (National Research Council 2011). Tyner (2012) suggested that government policy is the most important driver of this industry in recent times.
	Extensive biomass crop production is prerequisite for commercial scale cellulosic ethanol refineries to have sufficient feedstock (USDA 2011a). Conversely, cellulosic biomass crop production will not occur without ethanol facilities to purchase the biomass. The willingness of farmers to supply biomass energy crops is a function of the opportunity costs associated with conventional crop production (Larson et al. 2007). Due to the bulkiness and low energy density of cellulosic biomass, harvest, storage, and transportation costs from growers to processors will be high relative to other agricultural commodities, posing significant challenges to the economic feasibility of the cellulosic ethanol industry (Yu et al. 2011; Larson et al. 2007). To reduce the financial risk faced by potential feedstock producers, the Biomass Crop Assistance Program (BCAP) was introduced in the Food, Conservation, and Energy Act of 2008 (US Congress 2008). Under this program, crop producers are eligible for reimbursement of up to 75% of the cost of establishing a bioenergy perennial crop and may receive payments for up five years for herbaceous crops and 15 years for woody biomass crops (US Congress 2008). Matching funds of up to $45 per ton are also available for up to two years to assist with the cost of collection, harvesting, storage, and transportation of crops to ethanol facilities (US Congress 2008). 
	According to Tyner (2012), cellulosic biofuels would not be developed absent government mandates or subsidies. Under 2012 conditions, Tyner estimated the price of crude oil at which cellulosic ethanol is economical to be $120/barrel. The US Department of Energy (DOE) 2014 Annual Energy Outlook examined three future price scenarios for crude oil. The reference case price per barrel does not reach $120 until 2031. High and low prices for the same year are forecast at approximately $176 and $72, respectively, demonstrating oil future price volatility (US DOE 2013). Because the current market for cellulosic ethanol is entirely dependent on a government mandate that can be revised or eliminated, the substantial private investment needed for the industry to develop will not materialize without a reduction in uncertainty by way of a dramatic shift in market conditions, government policy, or radical technology breakthroughs (Tyner 2012).
	Research suggests biorefineries will be located in close geographic proximity to feedstock producers due to the high storage and transportation costs associated with biomass feedstock (Larson et al. 2007). Therefore, accurately predicting the impacts of industrial cellulosic ethanol production on N loading in local and regional surface waters entails determining (1) cost-minimizing locations of biorefineries; (2) the nature and spatial distribution of associated changes in land use, crop mix, and fertilizer input use and; (3) the attendant changes in the spatial distribution and quantity of N applied.
 3.2 Optimal Ethanol Facility Location
	Choosing profit-maximizing industrial facility locations involves a tradeoff between transport costs of inputs and the costs of transporting finished goods to demand centers, holding all other variables constant (McCann 2013). Weber’s Least Cost Theory suggests firms choose locations that minimize costs and, therefore, maximize profits (Weber 1929). The cost condition that determines Weber’s least-cost firm location from an input acquisition perspective is:

(1)	

where  are input goods consumed by the firm;  are the transport costs of inputs from their origin to the firm;  is distance from an input location to the firm; and  indexes input locations. Local factors such as skilled labor, land productivity, access to business centers, and local infrastructure may lower expected costs, thereby conferring competitive advantage to a particular location relative to others (Lambert and McNamara 2009). Research suggests once a geographic region has been selected based on broad company objectives or geographic requirements, cost-minimizing ethanol biorefinery locations are selected based on existing infrastructure, the distribution of product and input markets, state and local fiscal policy, and state and federal incentives (Lambert et al. 2008). Ethanol firms minimize expected costs subject to a production technology and vectors of location attributes influencing production costs. The second phase of the location decision is Zi = h(Mi, Pi, Ii |q,t) where i indexes a candidate site, h(·) is the firm’s cost-minimizing site selection function, q is the firm’s pre-determined output of cellulosic ethanol, t are per unit transport costs, and M, P and I are vectors of community attributes representing input and product markets, proximity to metropolitan areas, and infrastructure, respectively. Ethanol facilities are characterized as supply oriented firms because total costs are dominated by expenditures on feedstock procurement (Shapouri and Gallagher 2005). Supply oriented firms tend to locate near inputs to minimize procurement costs (Lambert et al. 2006). Indeed, Lambert et al. (2008) concluded that feedstock availability was the strongest location determinant with respect to grain-based ethanol production and prospective refinery sites. Yet, pecuniary externalities are also important location determinants. For example, firms may choose to locate in a specific location because of agglomeration economies.
	Agglomeration is the assemblage of business activity in and around a given geographic area. Agglomeration economies are the benefits that accrue to firms by locating near each other. Marshall (1920) identified three sources of these location specific economies of scale: information spillovers, non-traded local inputs, and a local skilled labor pool. Information spillovers are the information advantage firms within a spatial cluster share relative to other firms. Marshall’s non-traded local inputs concerns forward-backward linkages with respect to highly specialized or costly components, industrial equipment, or specialized local infrastructure. Access to skilled labor pools is associated with lower labor search, hiring and training costs. Firms have profit maximizing interests in selecting least-cost sites with respect to these linkages and information and employment advantages.
	Location quotients are an index that measure agglomeration effects arising from localization economies. Florence (1939) introduced the first concept of the location quotient (LQ). Since its introduction, the LQ has been commonly used to assess the level of industrial concentration in a geographic region (Guimarães et al. 2008). A location with an LQ greater than one in a particular region implies the location is a net exporter of goods produced by a specific industry. Generally formulated using employment data, the LQ is the ratio of the employment share of a given industry in a location and the employment share of that industry in a broader area, such as a county or a state. Assuming the study area is a county of region  and that employment  is a measure of economic activity, then the location quotient for the ethanol industry is:

(2)	,

where  is the number of jobs in county  working in the ethanol industry,  is the number of jobs in county ,  is the number of jobs in region s working in the ethanol industry, and  is the number of jobs in the region (Isserman 1977). In addition to being an indicator of industry clustering due to agglomeration, LQs exceeding 1 may indicate regional specialization in business activities based on natural resource endowments or other cost-minimizing comparative advantages (McCann 2013). Examining the food manufacturing industry, Lambert et al. (2006) found that agglomeration economies were significant attractors of supply oriented firms in particular and all food processors, in general. Bartik (1985) found that existing manufacturing activity had a strong impact on manufacturing plant location decisions, partly due to agglomeration economies. Assuming that firms always choose sites to minimize costs, there is a natural link between a location’s LQ for the cellulosic ethanol sector and optimal facility locations.

3.3 Nutrient Loading and Water Quality
	The nutrient mass delivered from agricultural land to a stream is a function of the quantity of nutrients applied, the nutrient mass exported through crop harvesting and site specific environmental, landscape, and geologically related attenuation processes and features. Non-anthropogenic factors include surface slope, precipitation, air temperature, soil type, permeability, density, water holding capacity, and erodibility (Hoos and McMahon 2009). Once delivered to a receiving waterway, the transport of nutrients to downstream locations is determined by stream channel and aquatic features including reach type and length, stream velocity, mean annual stream flow, travel time, reservoir surface area and areal hydraulic loading (Schwarz et al. 2006). Stream level predictions for nutrient concentrations and source contributions can be made under various land management scenarios using a variety of empirical models.
	Hydrologic and water quality models can be characterized by their process complexity and spatial and temporal scales. The level of model complexity typically depends on the extent to which “deterministic” (i.e., mechanistic) and “statistical/empirical” methods are used to describe and estimate the processes determining material transport and delivery (Schwarz et al. 2006). Purely statistical models typically reflect simpler constructs usually expressed as linear relationships between stream measurements, watershed attributes and landscape characteristics (e.g. Caraco et al. 2003; Howarth et al. 1996). The advantage of using basic correlative approaches is that they are useful for analyzing relatively large regions. However, linear interpretations of nutrient flow through a system lack mass-balance constraints on pollutant transport, details on sources and sinks within watersheds, and other non-linear relationships between water transport and attenuation processes (Schwarz et al. 2006). In contrast, mechanistic water quality models simulate hydrologic and material transport and loss processes at higher temporal resolutions (e.g., SWAT, Arnold et al. 1995; HSPF, Bicknell et al. 2001). Due to their substantial calibration and data requirements, however, mechanistic models are typically limited to applications examining relatively small watersheds or segments of larger regions (Schwarz et al. 2006).
	By comparison, the US Geological Survey’s (USGS) SPARROW water quality model is a hybrid process-based and statistical mass balance model that estimates the major sources and environmental factors determining long term supply, transport, and contaminant fate in surface waters (Smith et al. 1997). Separate land and water process components generate estimates of pollution delivery rates from point and diffuse sources to stream reaches and downstream receiving bodies. Parameter estimation using stream water quality records, geographic data on contaminant sources, and climactic and geological features facilitates an objective statistical approach for assessing alternative hypotheses about different pollution sources and dominant transport processes at larger spatial scales (Schwarz et al. 2006).

CHAPTER IV
METHODS AND PROCEDURES

4.1 BioFLAME Facility Siting Model
	BioFLAME is a biorefinery siting and feedstock assessment model developed by the Department of Agricultural and Resource Economics, The University of Tennessee and used to identify cellulosic ethanol biorefinery locations that minimize feedstock procurement and transportation costs and project associated changes in agricultural land use (Lambert et al. 2014; Wilson 2009). The central premise of the BioFLAME facility siting model is that by applying conceptual models of industrial location behavior to the cellulosic ethanol industry, optimal biorefinery locations can be identified using known location attributes, industry location preferences, and spatial variation in expected costs. Once optimal locations are identified, associated changes in the spatial distribution of traditional crops, land converted to biomass production, the attendant quantity of N applied to those crops at the sub-watershed level, and subsequent impacts to local and regional surface water quality can be estimated.
	The BioFLAME siting model was used to identify cost-minimizing biorefinery locations and the associated conversion of traditional crops into switchgrass production under various cellulosic ethanol production targets in the first stage examining the impacts of meeting the RFS2 cellulosic ethanol production mandates on surface water quality. Two scenarios were considered. In scenario A, BioFLAME identified cost-minimizing sites in the absence of industry preferences for accessing agglomeration economies. In scenario B, county-level cellulosic ethanol industry LQs were incorporated into the biorefinery site suitability criteria; only those counties with a cellulosic ethanol industry LQ greater than 1 were included in BioFLAME’s site suitability criteria (Figure 2). County-level LQs were calculated using detailed information on business establishments and employment at the North American Industry Classification System (NAICS) 6-digit level (www.census.gov/eos/www/naics/), employment from IMPLAN 2010 national county-level datasets (MIG 2010), and the US Census Bureau’s County Business Patterns data (www.census.gov/epcd/cbp) for jobs making up the agricultural sector. The industries associated with the cellulosic ethanol sector used to calculate the LQs were selected following the report of Humbird et al. (2011) (Table 1).
	BioFLAME was calibrated using 2009 crop and environmental data (USDA 2009; SSURGO 2009; USDA 2011c; ESRI 2005), prior to changes precipitated by the RFS2 mandate, to establish a baseline from which land use changes and changes in water quality associated with the RFS2 could be compared. For purposes of this study, baseline crop levels refer to the 2009 distribution of corn, soybeans, wheat, barley, oats, hay/pastureland, sorghum, cotton, and switchgrass production in the SAGT River Basin and the quantity of N applied to these crops. Incorporating parameters such as biorefinery operating capacity (Humbird et al. 2011), crop prices (USDA 2009), transport costs (McKinley and Gerloff 2010; Brechbill, Tyner, and Ileleji 2008; ASAE 2009), feedstock yield (NASS 2008; SSURGO 2009), hay/pastureland available (USDA 2011c), and driving distance (ESRI 2005), cost-minimizing sites across a 16 state region in the Southeastern US were identified to determine the optimal spatial distribution of cellulosic ethanol facilities. At the time the crop data was collected, the USDA Census of Agriculture did not distinguish between pastureland and land cultivated in hay. Although N application recommendations differ, on average, between hay and pastureland, this data limitation precluded the calculation of the quantity of N applied to each land use individually.
	Optimal facility locations and land use change in the SAGT Basin were examined for the two sets of facility location assumptions (scenarios A and B) under four levels of cellulosic ethanol production: 22%, 31%, 50%, and 100% of the 10.5 BGY target for the Southeastern US. The 100% production levels correspond with full achievement of the RFS2 target in the Southeastern US. BioFLAME projected the acres of each traditional crop that would be converted to switchgrass production within 50 miles of each facility location. Using the 2009 market prices of the crops (USDA 2009), the model estimated at what price point a farmer would convert land allocated to traditional crop production to switchgrass production (Wilson 2009). The price point was estimated with a break-even formula to calculate a farm gate feedstock value. For example, assuming a producer must earn at least as much producing switchgrass (SG) as he would with a traditional crop (i.e., barley, corn, cotton, hay/pastureland, oats, sorghum, soybeans, and wheat), then: 

(3)	C,

where breakeven profit is the difference in net income to the producer between switchgrass production and traditional crop production (Wilson 2009). Rearranging terms and substituting the breakeven price for the switchgrass price, the switchgrass price at which a farmer would be indifferent between the production of switchgrass and producing a traditional crop is:

(4)	 
Acreage in crops with market prices less than the breakeven price was projected by BioFLAME to simulate conversion to switchgrass production. Acreage not converted to switchgrass production remained cultivated in traditional crops.
	For the purposes of this study, facility operating capacity was assumed to be 75 million gallons per year (MGY) (Humbird et al. 2011). In siting the multiple refineries required to achieve each production target, BioFLAME selected sites in rank order based on total annual costs, identifying the lowest cost site first, followed by the second lowest cost site, and so on, until the target production volume was met. Once a biorefinery was sited, the feedstock shed associated with that site was eliminated before the next iteration, effectively simulating a contract between the farmer and biorefinery for the switchgrass over a period of time and forcing the refineries that subsequently entered to look elsewhere for low cost feedstock sites (Wilson 2009).

4.2 SPARROW Water Quality Regression Model
	Covariates included in the SAGT SPARROW water quality regression model include landscape, climactic, stream reach and reservoir characteristics; point and diffuse pollution sources; and factors affecting material transport through the sub-watersheds of the SAGT Basin (Hoos and McMahon 2009; Smith et al. 1997). Water quality prediction equations describe contaminant mass transport and loss from specific sources to the downstream end of receiving bodies. Landscape and climactic variables included in this application were soil permeability, depth to bedrock, mean annual precipitation, and the fraction of the catchment area in one of six hydrologic landscape regions (HLRs) having similar hydrological attributes. Coefficients for soil permeability and depth to bedrock are expected to be negative, reflecting higher N loadings in areas of lower soil permeability and depth to bedrock (Hoos and McMahon 2009). The coefficient for precipitation is expected to be positive, indicating higher N loadings in catchments with higher mean annual precipitation (Hoos and McMahon 2009). Because each HLR contains a matrix of regionally specific factors impacting nutrient transport and attenuation, there are no expectations regarding the directionality of these variables on nutrient flux. For this application, the SPARROW model estimated the instream removal of N as a function of reach segment mean water time of travel calculated from mean water velocity and flow-path length (Hoos and McMahon 2009). Loss rate coefficients were estimated for small (< 2.8 m3 s-1) and intermediate (2.8-280 m3 s-1) streams, and are expected to be positive but lower in magnitude as stream sizes increase (Alexander et al. 2000). The rate at which nutrients are removed from lakes and reservoirs was calculated by SPARROW as a function of an estimated settling velocity rate and the measured areal hydraulic load of the reservoir (Hoos and McMahon 2009). The estimated reservoir loss coefficient summarizing the mean water column length from which N is removed annually is expected to be positive (Schwarz et al. 2006).
	Source variables included in the SAGT SPARROW model include the wet deposition of inorganic N, quantity of N in fertilizer applied to agricultural land, N mass in manure from livestock production, impervious surface area, and N mass permitted in wastewater discharge, all estimated for 2002 (Hoos and McMahon 2009). To calibrate the dependent variable (mean stream level concentrations of N), measured rates of contaminant transport were regressed on transport rates measured at stream monitoring locations (n = 321), generating a set of N loading estimates (Smith et al. 1997) (Figure 4). Using the calibrated N concentration data, stream level predictions of source contributions, nutrient concentration, and transport to downstream locations can be estimated under various land use scenarios for all reaches of the SAGT Basin.
	The SPARROW model summarizes mean annual N loads at each monitoring station located downstream of stream reach i as a nonlinear function of point and diffuse N sources and the loss resulting from landscape and instream processes. Following Quian et al.’s (2005) notation:

(5)		,

where  = the N loading (e.g., concentration) in reach , measured in mg L-1;
 = source index, where  is the total number of sources;
 = the set of all reaches upstream, including reach , but excluding reaches at or above monitoring stations upstream in stream reach ;
 = the source coefficient for source;
 = the vector of land to water delivery coefficients estimated by SPARROW;
 = the contaminant mass from source  in drainage to stream reach ;
 = fraction of nutrient mass present in water body  transported to water body as a function
of first order loss processes associated with stream channels, such that
;
 is a first order loss coefficient estimated by the model;
 is the number of discrete flow classes;
 is the length of the stream channel between water bodies  and  in flow class ;
 = the fraction of nutrient mass present in water body  transported to water body  as a
function of first order loss processes associated with lakes and reservoirs, such that
;
 is a first order loss rate of “settling velocity” estimated by the model;
 is the ratio of water surface area to outflow discharge;
 indicates lakes or reservoirs located between water bodies  and ; and
 is an independent error term with an expected value of zero and constant variance.
	The statistical relationship between agricultural N fertilizer applications, N flux, concentration, and N yield in streams is forecast at the HUC 12-level (n = 8,321) using this model. Incorporating the N fertilizer management changes resulting from changes in crop mix associated with biorefinery locations into SPARROW, changes in N loadings and impacts to water quality under various levels of cellulosic ethanol production can be determined. The null hypotheses are H0: (1) RFS2 cellulosic ethanol production mandates will have no impact on agricultural N source share and N concentration in the region’s river systems, and; (2) water quality impacts will not differ under alternative site suitability criteria, for example, location preferences for counties exhibiting localization economies biased towards cellulosic ethanol production (e.g., LQs greater than one).

4.3 Integrating Biorefinery Entry, Land Use and Water Quality Change
	To simulate the range of incremental changes to water quality associated with an expanding cellulosic ethanol industry and concomitant changes in the agricultural landscape, we examined four target levels of cellulosic ethanol production: 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target under alternative assumptions for cost-minimizing locations, hereafter referred to as scenarios A and B. Including the baseline, nine sets of water quality predictions were made. The geographic scope analyzed by BioFLAME exceeds the SAGT Basin (Figure 3). Only the subset of optimal facility locations identified by BioFLAME inside the SAGT hydrological network was retained for analysis. This resulted in the volume of cellulosic ethanol that could be produced in the SAGT Basin being less than the total volume capable of being produced in the Southeastern US at each target level (4.88 BGY vs. 10.5 BGY at 100% of target under scenario A and 4.35 BGY vs. 10.5 BGY at 100% of target under scenario B). In formulating the water quality and agricultural source share predictions under each production target, only the facilities and associated quantity of N applied inside the SAGT Basin were considered.
	The method to examine the ex ante impact of biorefinery location on land use change, attendant changes in agricultural input use, and N loading into the SAGT hydrological system involved:
Step 1: disaggregating 2009 county-level acres of barley, corn, cotton, hay/pastureland, oats, sorghum, soybeans, and wheat obtained from the USDA Census of Agriculture (USDA 2011c) to the HUC 12-level;
Step 2: calculating the HUC 12-level 2009 baseline contribution of the nine crops to total N applied to commercial agriculture using the disaggregated crop acreage, published NASS fertilizer application rates (USDA 2011b), and regional POLYSYS crop budgets (De La Torre Ugarte et al. 2007). Due to a lack of published data on the percent of switchgrass and hay/pastureland acres receiving N treatment, these crops were assumed to receive N treatment on 100% of the cultivated acres.
Step 3: identifying cost-minimizing biorefinery sites in the SAGT Basin and projecting the associated conversion of agricultural land to switchgrass production at 22%, 31%, 50%, and 100% of the 10.5 BGY target for the Southeastern US using BioFLAME (Wilson 2009). For Scenario B, only candidate cost-minimizing sites in the SAGT Basin located in counties with cellulosic ethanol industry LQs greater than one were retained for further analysis;
Step 4: calculating the HUC 12-level quantity of N applied to the nine crops under the baseline and each production target using the spatial distribution of agricultural land converted into the production of switchgrass projected by BioFLAME (USDA 2011b; McKinley and Gerloff 2010; Wilson 2009);
Step 5: normalizing the HUC 12-level quantity of N applied to the nine crops with the aggregated 2002 SPARROW N fertilizer source variable (Hoos et al. 2008) used to calibrate the model under each production target relative to the baseline;
Step 6: incorporating the normalized quantity of N applied under each production target into SPARROW to generate predictions for stream level N concentration and agricultural N source share at the baseline, and at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target (Hoos and McMahon 2009);
Step 7: comparing the stream level N concentration and agricultural N source share predictions generated by SPARROW with the baseline year results to determine relative changes at each level of cellulosic ethanol production;
Step 8: calculating a Global Moran’s Index for the percentage changes in SAGT Basin wide agricultural N source share and stream level N concentration under each production level relative to baseline to determine whether the relative changes exhibited spatial structure; and
Step 9: using local spatial cluster analysis to identify watersheds likely to experience significant relative changes in mean stream level N concentration and agricultural N source share associated with agriculture based cellulosic ethanol production.
These steps were followed for scenarios A and B to determine the water quality impacts at each level of ethanol production under both industry configurations.
	To calculate the contribution of the nine crops to total N applied in agriculture, county level crop production data (USDA 2011c) was first disaggregated to the HUC 12-level. The areal shares of HUC  in county  were calculated as:
(6)		,
where Area are acre units.
	The share weighted acres of crop  in HUC , county , were calculated as:
(7)		
Finally, using an area weighted sum to account for HUCs that occupy multiple POLYSYS budget regions, the total quantity of N applied to each of the k crops associated with each production target,, was calculated as:
(8)		,
where  represents the proportion of HUC  in POLYSYS budget region and  is the percentage of acreage in the production of crop receiving N fertilizer (USDA 2011c). The quantity of N applied to switchgrass was calculated in all watersheds using a flat application rate of 67.25 kg ha-1 (McKinley and Gerloff 2010).
	Accomplishing the objectives of this research entailed obtaining a measure of a relative, proportional change from a pre-policy condition to one in which policy mandates have altered land use and potentially water quality and availability, ceteris paribus. This involved combining models calibrated by different researchers/institutions using different datasets. The source variable for N applied to agricultural land used to calibrate the baseline SAGT SPARROW model was calculated for 2002 using county-level fertilizer sales data and 2001 USGS National Land Cover Database (NLCD) land cover classifications (Hoos et al. 2008; Ruddy et al. 2006; USGS 2001). The variable is an aggregate of N applied to all types of agricultural land, including orchards, vineyards, row crops, small grains, and fallow land. Land use change was projected using BioFLAME, which was calibrated using 2009 crop and environmental data, prior to land use changes precipitated by the RFS2 cellulosic ethanol production mandates. Isolating the relative, proportional changes in water quality associated with each ethanol production target required capturing the changes in the quantity of N applied to barley, corn, cotton, hay/pastureland, oats, sorghum, soybeans, wheat, and switchgrass at each ethanol production target level and incorporating these changes into the calibrated SPARROW model. This required normalizing the quantity of N applied to the nine crops at each target level with the 2002 SPARROW source variable for N applied to agriculture such that:
(9)		,
where  is the normalized quantity of N applied in HUC  under production target  (where  is 0%, 22%, 31%, 50%, and 100% of the 10.5 BGY target),  is the aggregated 2002 quantity of N applied to agriculture in HUC  used to calibrate the baseline SPARROW model,  is the quantity of N applied to the nine crops in HUC i under target , calculated as , and  is the baseline quantity of N applied in HUC i, calculated as . Normalizing the HUC 12-level quantity of N applied to the nine crops at each target level with the aggregated 2002 HUC 12-level mass of N applied used to calibrate SPARROW enabled the prediction of proportionate changes in water quality associated with each ethanol production target, relative to baseline levels.
	Abstracting SPARROW to a generalized expression of a non-linear model, the baseline regression is:
(10)		
where  is the predicted value for stream level N concentration in HUC ,  is a non-linear function (equation 5), is the 2002 applied N from all agriculture in HUC , is the regression coefficient for N applied to agricultural land estimated by SPARROW,  represents all other variables (i.e., physical, hydrological, and climatic), excluding , and  is the vector of regression coefficients for those variables (, , , equation 5)
	Incorporating the normalized quantity of N applied under each production target into the calibrated model, predicted values for stream level N concentration were generated in the SAGT Basin at each industry-wide production level:

(11)		,
where  is the predicted value for the stream level N concentration under target  in HUC ,  is the normalized quantity of N applied in HUC  under target , is the regression coefficient for N applied to agricultural land estimated by the baseline SPARROW model,  represents all other variables (i.e., physical, hydrological, and climatic), excluding , and  is a vector of regression coefficients for those variables (, , , equation 5).
	Baseline agricultural N source share is the HUC 12-level percentage of stream level N concentration attributed to agricultural fertilizer applications and calculated as:

(12)		=,

where  is the 2002 agricultural N source share in HUC  and  is the 2002 stream level concentration.
	Comparing the SPARROW model predictions of stream level N concentration generated under ethanol production target with the baseline predictions, relative changes in N concentration were calculated at 22%, 31%, 50%, and 100% of the 10.5 BGY targets as:

(13)		

where is the change in stream level N concentration in HUC  under target , relative to the baseline N concentration levels.
	Changes in agricultural N source shares were calculated at 22%, 31%, 50%, and 100% of the 10.5 BGY target as:

(14)		,

where  is the change in the stream level agricultural N source share in HUC  under target level  relative to the baseline result.

	Global Moran’s I is a method that measures spatial dependence based on both feature locations and feature values (Moran 1950). For a given set of features (i.e., watersheds) with common attributes, the Global Moran’s I evaluates if the spatial pattern is clustered, dispersed, or random. A Global Moran’s I was first calculated for the SAGT Basin to examine whether the HUC-level changes in mean N concentrations and agricultural N source shares exhibited spatial dependence. If the Moran’s p-value indicates statistical significance, a positive Moran’s index value would indicate a tendency toward clustering of these changes in a specific geographic area. The null hypothesis is that changes mean stream level N concentrations or agricultural N source shares relative to baseline exhibit no spatial structure or pattern across the SAGT Basin under any of the four levels of cellulosic ethanol production of scenarios A or B.
	In examining the local and regional water quality impacts of the RFS2 cellulosic ethanol production targets, Local Moran’s I was used to examine the spatial clustering of the changes in agricultural N source share and stream level N concentration predicted by SPARROW. The Local Moran’s I statistic is a local indicator of spatial association (LISA) that can be used to identify significant local spatial clustering of features (“hot spots”) with attribute values similar in magnitude as well as features which are spatial outliers (Anselin 1995). The null hypothesis is that the sub-watersheds of the SAGT Basin are not different from their neighbors in terms of relative changes in mean stream level N concentration or agricultural N source share relative to baseline under any the four levels of cellulosic ethanol production.


CHAPTER V
RESULTS AND DISCUSSION

	To simulate the production of 10.5 BGY of cellulosic ethanol, 147 biorefineries with individual operating capacities of 75 MGY were sited across the Southeastern US under two sets of site suitability criteria. Concurrent with identifying the least-cost biorefinery locations under both scenarios at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol production target for the Southeastern US, BioFLAME was used to project the associated spatial distribution of barley, corn, cotton, hay/pastureland, oats, sorghum, soybeans, and wheat converted to the production of switchgrass at each respective target.
	Using the land use changes generated by BioFLAME, published N application rates and POLYSYS regional crop budgets, the HUC 12-level quantity of N applied under each production target was calculated in the SAGT Basin. Incorporating the normalized quantity of N applied under each production target into the SPARROW model, predictions for stream level N concentration and agricultural N source share were generated for each of the 8,321 sub- watersheds in the SAGT Basin.
5.1 Scenario A Results (no industry preference for localization economies)
	When 22% of the cellulosic ethanol production target volume is achieved, 16 refineries produce 1.2 BGY in the SAGT Basin. Approximately 1.8 million acres of agricultural land are converted to switchgrass production (Table 3). The most intense facility location activity occurs in the Appalachian Plateau and Piedmont regions of Southern and Eastern Tennessee and the Western Carolinas as the least-cost biorefinery locations are occupied first. The surplus of hay/pastureland in the regions is the primary draw. Hay/pastureland and soybeans which, on average, typically receive less N applied than switchgrass, account for almost 95% of the converted acres, resulting in a net increase in N applied in the basin (Figure 5). Because soybeans typically receive little or no N fertilizer, when land allocated to soybeans was converted to switchgrass, these acres generated the greatest incremental increase in N loadings of the eight crops considered. Although soybean acres constitute only 20% of the total land converted when 22% of the 10.5 BGY target is met, they account for more than 80% of the net increase in total N applied in the basin. At this level of production, the SPARROW model predicts a 3.46% increase in the mean agricultural N source share (from 18.14% to 18.77%) and a 4.98% increase in mean stream level N concentration from 1.07 to 1.13 mg L-1.
	When 31% of the target volume is achieved, 2.1 BGY of cellulosic ethanol are produced in the SAGT Basin by 28 refineries with 3.3 million acres of agricultural land converted to switchgrass production. As with the 22% target, most of the converted acres (85%) is from hay/pastureland and soybeans, although soybeans represent a larger share of total converted acres (33%) than under the 22% target (20%) (Figure 7). As the least-cost sites are occupied the higher priced crops begin to convert at increasing rates, reflecting the increased opportunity cost of hay/pastureland and traditional crop production. Wheat, oats and cotton which, on average, receive more N than switchgrass, make up a larger share of total converted acres under the 31% target than under the 22% target, moderating the net increase in basin-wide N loading. However, total N loading increases relative to baseline levels. The SPARROW model predicts increases in the mean agriculture N source share and mean stream level N concentration of 11.33% and 7.58%, respectively, relative to the baseline.
	Forty-six refineries produce 3.45 BGY at 37 locations in the SAGT Basin when 50% of the 10.5 BGY target volume is achieved. Facilities begin to overlap as competition for the least-cost sites increases. This results in the “stacking” of multiple facilities at one location, with location production capacities reaching 225 MGY. Soybeans and hay/pastureland make up 3.84 million (73%) of the 5.2 million acres converted, of which 2 million (38%) are soybeans. Hay and pastureland account for 1.83 million (35%) of total converted acres, down from 52% under the 31% target. Wheat and cotton account for 25% of the total acres converted, up from 14% under the 31% target. Again, due to the widespread conversion of soybeans and hay/pastureland, the net basin-wide effect is an increase in N loading and a reduction in water quality, with mean agricultural N source share and stream level N concentration predicted to increase 15.85% and 11.65%, respectively, relative to the baseline level.
	When 100% of the target volume is achieved, 65 refineries produce 4.875 BGY at 42 locations in the SAGT Basin, with 7.5 million acres of agricultural land converted to the production of switchgrass (Figure 9). Soybeans and hay/pastureland comprise 4.5 million (60%) of the total land converted, down from 73% under the 50% target. This decrease, combined with an increase in the share of converted corn, cotton, and wheat acres results in only a slight increase in basin-wide N applied (5.17%), agricultural N source share (2.43%) and stream level N concentration (.008%) relative to the 50% target. The SPARROW model predicts an increase in mean N concentration and agricultural N source share of 12.95% and 18.61% respectively, relative to the baseline levels (Figure 11 and Figure 13).


5.2 Scenario B Results (firm preference for localization economies)
	When 22% of the industry production target is achieved, 17 refineries produce 1.275 BGY in the SAGT Basin and 1.96 million acres of agricultural land are converted to switchgrass production (Table 5). As in Scenario A, initially, the most intense location activity is in the Appalachian Plateau and Piedmont Regions as the least-cost sites are occupied first. Hay/pastureland and soybeans account for almost 93% of the converted acreage resulting in a net increase in N applied in the basin (Figure 6). Under the 22% target, SPARROW predicts a 20.76% increase in SAGT Basin mean agriculture N source share (from 18.14% to 21.88%) and 6.86% increase in mean stream level N concentration from 1.07 to 1.15 mg L-1.
	When 31% of the production target is achieved, 2.1 BGY of cellulosic ethanol are produced in the SAGT basin by 28 refineries with 3.23 million acres of agricultural land converted to switchgrass production. As with the 22% target, most (83%) of the 3.23 million acres converted to switchgrass comes from hay/pastureland and soybeans, although soybeans represent a larger share of total converted acres (38%) than under the 22% target (24%) (Figure 8). Total N loadings increase relative to the baseline level. The SPARROW model predicts increases in the mean agricultural N source share and mean stream level N concentration of 25.93% and 8.78%, respectively, relative to the baseline level.
	Thirty-nine refineries produce 2.93 BGY in the SAGT Basin when 50% of the 10.5 BGY production target is met. The number of facilities and volume of ethanol produced is less than at 50% of target under scenario A, suggesting backward cellulosic ethanol industry linkages may not be as prevalent in the SAGT Basin as outside of the Basin. The difference in the spatial distribution of refineries between Scenarios A and B is a reflection of the tradeoff firms face between maximizing economies of scale and minimizing feedstock acquisition costs. Incorporating LQs into the biorefinery site suitability criteria results in a higher concentration of larger facilities in close proximity to metropolitan areas, relative to Scenario A. At 50% of target, soybeans and hay/pastureland make up 3.46 million (71%) of the 4.86 million acres converted in the production of switchgrass, of which 1.86 million (38%) are soybeans. Hay and pastureland account for 1.60 million (33%) of total converted acres, down from 45% under the 31% target. Wheat and cotton account for 27% of the total acres converted, up from 16% under the 31% target. Again, due to the widespread conversion of soybeans and hay/pastureland, the net basin-wide effect is an increase in N loading and a reduction in water quality, with the mean agriculture N source share and stream level N concentration predicted to increase 29.63% and 10.16%, respectively, relative to baseline levels.
	When 100% of the cellulosic ethanol production target is achieved, 58 refineries produce 4.35 BGY in the SAGT Basin, with 7.22 million acres of agricultural land are converted into the production of switchgrass (Figure 10). Soybeans, cotton, and hay/pastureland comprise 5.56 million (78%) of the total converted, down from 85% under the 50% target. This relative decrease, combined with an increase in the share of converted corn and sorghum, results in a slight decrease in basin wide N applied (-1.96%), and slight increase in agriculture N source share (0.17%) with no change in stream level N concentrations relative to the 50% target. The SPARROW model predicts an increase in the mean N concentration and agricultural N source share of 10.16% and 29.85% respectively, relative to the baseline levels (Figure 12 and Figure14).
	The null hypothesis that the RFS2 cellulosic ethanol production mandates will have no impact on the SAGT Basin mean stream-level N concentration was not rejected under scenario A. The 95% confidence intervals (CI) of SAGT Basin mean stream-level N concentration do not differ from the baseline 95% CI of the mean at 22%, 31%, 50%, or 100% of the ethanol production target suggesting the RFS2 cellulosic ethanol production mandates will not significantly impact the mean SAGT Basin-wide stream level N concentration.
	The null hypothesis that the RFS2 cellulosic ethanol production mandates will have no impact on the SAGT Basin mean agricultural N source share was not rejected under scenario A at 22% of the cellulosic ethanol production target. The 95% CI for the mean of mean agricultural N source share was not different from the 95% CI of the baseline mean at this level of production. The null hypothesis was rejected under scenario A at 31%, 50%, and 100% of the cellulosic ethanol production target. SAGT Basin level mean agricultural N source shares were statistically different from the baseline means at these levels of production suggesting the RFS2 production mandates will impact the share of stream level N flux attributed to agricultural fertilizer applications. The coefficient for quantity of N applied to agricultural land describing the relationship between quantity of N applied and stream level N loadings is positive (.1063) and highly significant (p < 0.001).
	Factoring industry agglomeration into the site selection decision reduces the number of optimal sites in the SAGT Basin, resulting in fewer facilities with higher average operating production capacities relative to A. When 100% of the production target is achieved under A, 4.875 BGY of ethanol are produced at 50 locations across the SAGT Basin with an average annual production capacity of 97.5 MGY. Under B, 4.375 BGY are produced at 27 locations with an average annual production capacity of 162 MGY. The lower total volume of ethanol produced in the SAGT under B results in the total acres of agricultural land converted to switchgrass production and total quantity of N applied to the nine crops being less than under A. However, the higher average site production capacity under B results in more concentrated changes in land use, quantity of N applied, and impacts to water quality in some watersheds relative to A. Under A, SAGT Basin mean stream level N concentration is higher (1.21 mg L-1 vs. 1.18 mg L-1), relative to Scenario B. However, Scenario A agricultural N source share is lower than Scenario B (21.52% vs. 23.52%).
	The null hypothesis that water quality impacts will not differ under different biorefinery site suitability criteria and industry configurations was not rejected under any of the four levels of cellulosic ethanol production under scenario B. Results indicate incorporating LQs into firms’ biorefinery site selection decisions will alter the spatial distribution of biorefineries and configuration of the cellulosic ethanol industry. However, SAGT Basin mean stream level N concentration does not differ between scenarios A and B.
	The null hypothesis that mean agricultural N source share will not differ under different biorefinery site suitability criteria and industry configurations was rejected at 22%, 31%, 50%, and 100% of the cellulosic ethanol target. The 95% CI of the mean for SAGT Basin mean agricultural N source shares under scenario B is different than the baseline and different than scenario A under each level of production. This is an indication that agriculture’s contribution to SAGT Basin stream level N flux will differ under different cellulosic industry configurations.

5.3 Spatial Association of SPARROW Predictions
	The null hypothesis that changes in the mean stream level N concentrations or agricultural N sources shares relative to baseline will exhibit no spatial structure or pattern across the SAGT Basin under any of the four levels of cellulosic ethanol production of scenarios A or B was rejected at the 5% level of confidence. SAGT Basin-wide Global Moran’s I values of the percentage change in stream level N concentration and agricultural N source share were significant at every level of production (p < 0.001) under scenario A and B and greater than 0.5, indicating a pattern of positive spatial dependence (Table 16 and Table 17). Changes in N concentration and agricultural N source share exhibit spatial structure, clustered around biorefinery locations, indicating RFS2 cellulosic ethanol production mandates will impact water quality in the SAGT Basin
	Local indicators of spatial association were estimated to identify statistically significant clusters of watersheds predicted to experience large changes in water quality, small changes in water quality, outliers in which large changes are surrounded primarily by small changes, and outliers of small changes surrounded primarily by large changes. The null hypothesis that the sub-watersheds of the SAGT Basin are not different from their neighbors in terms of relative changes in mean stream level N concentration or agricultural N source share relative to baseline under any the four levels of cellulosic ethanol production was rejected at the 5% confidence level. Results indicate widespread spatial clustering of HUCs (hotspots) experiencing significant changes in water quality and agricultural N source share around biorefineries (Figures 19, 20, 21, and 22). Generally, as the distance from biorefineries increases, clustering of HUCs exhibiting large changes in water quality and agricultural N source share diminishes. The greatest concentrations of hotpots were located in the Coastal Plains (Northeast Mississippi, Eastern North and South Carolina), the Appalachian Plateau Region (South and East Tennessee), and the Piedmont Region of North and South Carolina. Soybeans are the primary crop converted into switchgrass production in the Eastern Coastal Plain region and hay/pastureland is the primary crop converted into switchgrass production in the Appalachian Plateau, Piedmont, and Western Coastal Plain. 

CHAPTER VI
CONCLUSION
	This study demonstrates that the expansion of cellulosic bioenergy feedstock production in the Southeastern US will not significantly impact water quality at the regional level. Under most of the production targets, the basin-wide changes in the mean levels are not statistically significant. However, SAGT Basin-wide changes in mean stream-level N concentration and agricultural N source share can be misleading as these measures are across all HUCs (n = 8321), obscuring water quality changes at the local level. Examination of the changes at finer spatial scales reveals watersheds that may experience significant changes in both stream-level N concentration and agricultural N source share. Local impacts will vary depending on baseline cropping patterns and the intensity of conversion of agricultural land into switchgrass production. Areas with high concentrations of soybean production and hay/pastureland will experience more significant negative impacts to water quality relative to areas where cultivation in the other traditional crops is more prevalent.
	For example, BioFLAME projected the Tombigbee River Basin in Northeastern Mississippi will experience relatively intense conversion of soybeans and hay/pastureland to switchgrass production. Town Creek, located in the Tombigbee River Basin, was placed on the Mississippi 1996 List of Impaired Waterbodies due to organic enrichment and low dissolved oxygen resulting from pesticides, siltation, and nutrients. A target N concentration reduction of .11 mg L-1 (from .81 mg L-1 to .7 mg L-1) was established in 2009 for Town Creek. It was determined at the time that achieving the reduction Town Creek target would require a 15% decrease in total daily nitrogen loads, from 2839 lbs. day-1 to 2466 lbs. day-1 (EPA 2009). At 100% of the cellulosic ethanol production target, SPARROW predicts Town Creek may experience nitrogen concentrations exceeding 2.76 mg L-1, an increase of over 125% from the baseline levels estimated by SPARROW. SPARROW predictions indicate numerous watersheds may experience similar relative spikes in N concentration related to land use change precipitated by the RFS2 cellulosic ethanol production mandates. Although the accuracy of the this study’s stream level N concentration predictions may have been compromised by measurement error associated with the combination of multiple modeling platforms calibrated to different years, the predicted proportional changes in stream level N concentration associated with each cellulosic ethanol production target remain relevant, particularly with respect to water bodies at or near established TMDL thresholds. The results of this study may inform ongoing efforts to maintain and restore impaired water bodies, as well as preserve the status of historically healthy water bodies, through the use of targeted nutrient management efforts, including vegetative buffer strips, wetland construction, and precision fertilizer application.
	Accomplishing the objectives of this research entailed obtaining a measure of a relative, proportional change from a pre-policy condition to one in which policy mandates have altered land use and potentially water quality and availability, ceteris paribus. Although this modeling endeavor offers valuable insight into the extent of potential impacts to water quality associated with the RFS2 cellulosic ethanol production mandates, it involved several limitations and potential sources of error that may have impacted the accuracy of the SPARROW model predictions. Intensification of traditional crop production was not factored into this analysis. For the purposes of this study, it was assumed that there would be no expansion of traditional crop production coincident to the conversion of agricultural land to switchgrass production. Indirect land use change or intensification of crop production from baseline levels would likely impact overall changes to water quality. Nitrogen fixation by soybeans was also not considered, potentially resulting in an under-estimation of the increase in N loading associated with conversion of soybean acres to switchgrass production. Any measurement error associated with the aggregated 2002 quantity of N applied to agriculture used to calibrate the SPARROW model will impact the SPARROW water quality predictions, as this would have been introduced through normalization of the source variable. Lastly, the assumptions that pastureland and land cultivated in hay receive the same quantity of N applied on 100% of their respective acres may be untenable. In the baseline year, 2009, the USDA Census of Agriculture did not distinguish between land cultivated in hay and pastureland. This precluded calculating the quantity of N applied to each land use separately. Additionally, published data on N application rates to pastureland in the Southeast US is lacking. Performing a sensitivity analysis under alternative assumptions may provide a more finely tuned assessment regarding the water quality impacts resulting from the conversion of pastureland and land cultivated in hay to switchgrass production and overall water quality impacts of the RFS2 cellulosic ethanol production mandates.
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APPENDIX


	
	IMPLAN Sector Description
	
	
	
	

	1
	Electric power generation, transmission, & distribution
	
	

	2
	Employees
	
	
	
	
	
	

	3
	Construction of other new nonresidential structures (dome reclaim system, 
concrete feedstock storage dome, anaerobic basin, warehouse, site development, piping, field expenses.)

	4
	All other basic inorganic chemical manufacturing (amine addition, ammonia addition, phosphate addition packages)

	5
	Plate work & fabricated structural product manufacturing (Biogas emergency flare)

	6
	Power boiler & heat exchange manufacturing (condensors, reactors, reboilers, boilers)

	7
	Metal tank (heavy gauge) manufacturing
	
	
	
	

	8
	Metal can, box, and other metal container (light gauge) manufacturing (Hoppers & bins)

	9
	Other industrial machinery manufacturing
	
	
	

	10
	Other commercial & service industry machinery manufacturing
	
	

	11
	Air purification & ventilation equipment manufacturing
	
	

	12
	Heating equipment (except warm air furnaces) manufacturing
	
	

	13
	Air conditioning, refrigeration, & warm air heating equipment manufacturing
	

	14
	Turbines & turbine generator set units manufacturing
	
	
	

	15
	Pump & pumping equipment manufacturing
	
	
	

	16
	Air & gas compressor manufacturing
	
	
	
	

	17
	Material handling equipment manufacturing
	
	
	

	18
	Other general purpose machinery manufacturing
	
	

	19
	Non-depository credit intermediation & related activities
	
	

	20
	Insurance carriers (prorateable expenses)
	
	
	

	21
	Real estate establishments (Land)
	
	
	
	

	22
	Architectural, engineering, & related services
	
	
	

	23
	Water, sewage & other treatment & delivery systems
	
	

	24
	Wet corn milling
	
	
	
	
	

	25
	Alkalis & chlorine manufacturing
	
	
	

	26
	All other basic inorganic chemical manufacturing
	
	

	27
	Other basic organic chemical manufacturing
	
	
	

	28
	Fertilizer manufacturing
	
	
	
	

	29
	Lime & gypsum product manufacturing
	
	
	

	30
	Insurance carriers
	
	
	
	
	

	31
	Waste management & remediation services
	
	
	

	32
	Commercial & industrial machinery & equipment repair & maintenance

	33
	All Other Crop Farming (Feedstock Costs)
	
	
	


Table 1 Industrial sectors used to calculate location quotients

Source: MIG 2010


Table 2 Scenario A: Number of refineries, ethanol volume, and feedstock demand in the SAGT Region and Southeastern United States at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target 

	
	
Pct. Of
Target
	Number of
75 MGY
Refineries
	Ethanol
Volume
(BGY)
	Feedstock
Demand
(millions of acres)

	SE Region
	22%
	32
	2.40
	3.76

	
	31%
	45
	3.38
	5.39

	
	50%
	74
	5.55
	8.92

	
	100%
	147
	11.03
	17.78

	SAGT Region
	22%
	16
	1.20
	1.81

	
	31%
	28
	2.10
	3.26

	
	50%
	46
	3.45
	5.24

	
	100%
	65
	4.88
	7.49













Table 3 Scenario A: Change in SAGT River Basin crop acres relative to baseline at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target 

	Crop
	22%
	31%
	50%
	100%

	Barley
	(1,693)
	(1,797)
	(8,794)
	(9,534)

	Corn
	(1,923)
	(6,850)
	(16,572)
	(226,339)

	Cotton
	(15,788)
	(190,850)
	(640,180)
	(1,859,771)

	Hay/Pastureland
	(1,340,242)
	(1,695,076)
	(1,825,251)
	(1,883,028)

	Oats
	(11,366)
	(26,157)
	(35,759)
	(36,929)

	Sorghum
	(1,146)
	(1,826)
	(4,825)
	(9,797)

	Soybeans
	(371,189)
	(1,066,685)
	(2,011,641)
	(2,624,874)

	Wheat
	(69,020)
	(270,823)
	(695,370)
	(837,276)

	Switchgrass
	1,812,368
	3,260,063
	5,238,391
	7,487,549

	Figures in parentheses are acres converted into switchgrass production 




Table 4 Scenario B: Number of refineries, ethanol volume, and feedstock demand in the SAGT Region and Southeastern United States at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target 

	
	
Pct. of 
Target
	Number of
 75 MGY
Refineries
	Ethanol
 Volume
 (BGY)
	Feedstock
Demand
(millions of acres)

	SE Region
	22%
	32
	2.40
	3.75

	
	31%
	45
	3.38
	5.35

	
	50%
	74
	5.55
	8.86

	
	100%
	147
	11.03
	16.44

	SAGT Region
	22%
	17
	1.28
	1.96

	
	31%
	28
	2.10
	3.23

	
	50%
	39
	2.93
	4.86

	
	100%
	58
	4.35
	7.22













Table 5 Scenario B: Change in SAGT River Basin crop acres relative to the baseline at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target 

	Crop
	22%
	31%
	50%
	100%

	Barley
	(2,073)
	(2,633)
	(10,409)
	(12,083)

	Corn
	(1,689)
	(3,766)
	(50,024)
	(903,638)

	Cotton
	(21,716)
	(122,872)
	(688,606)
	(1,712,544)

	Hay/pastureland
	(1,337,819)
	(1,463,765)
	(1,603,149)
	(1,625,354)

	Oats
	(14,434)
	(28,615)
	(33,902)
	(35,488)

	Sorghum
	(1,393)
	(1,756)
	(4,533)
	(8,030)

	Soybeans
	(477,928)
	(1,212,514)
	(1,863,740)
	(2,217,077)

	Wheat
	(102,381)
	(394,486)
	(608,852)
	(707,135)

	Switchgrass
	1,959,434
	3,230,408
	4,863,215
	7,221,349

	Figures in parentheses are acres converted into switchgrass production




Table 6 N application rates used to calculate source variable for SPARROW predictions
for the baseline and 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target 

	Crop
	Area Weighted Sum (kg/ha/yr)
	Low
(kg/ha/yr)
	High
(kg/ha/yr)

	Barley
	112.13
	90.08
	133.48

	Corn
	128.33
	79.27
	142.34

	Cotton
	74.37
	56.27
	94.13

	Hay/Pastureland
	19.08
	8.63
	49.25

	Oats
	44.82
	18.73
	85.4

	Sorghum
	55.44
	10.27
	98.03

	Soybeans
	8.68
	0.04
	25.96

	Wheat
	75.45
	51.88
	86.47


kg, kilogram; ha, hectare; yr, year



Table 7 Percent of cultivated acres receiving N treatment used to calculate source variable for SPARROW predictions for the baseline and 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target 

	Crop
	Percent of Acres
Receiving N Fertilizer

	Barley
	78.91

	Corn
	96.34

	Cotton
	81.38

	Hay/pastureland*
	100.00

	Oats
	58.79

	Sorghum
	82.18

	Soybeans
	18.51

	Switchgrass*
	100.00

	Wheat
	93.89

	Source: USDA NASS; * Due to a lack of published data on switchgrass and hay/pastureland N application rates, both were assumed to receive N treatment on 100% of acres cultivated. 

















Table 8 Scenario A: Minimum, maximum, and mean HUC 12-level quantity of N applied to all agriculture in the SAGT River Basin (kg yr-1)
	Percent of Target
	Min.
	Max
	Mean

	Baseline
	0
	7,460,085
	83,027

	22%
	0
	7,460,085
	102,572

	31%
	0
	7,460,085
	112,715

	50%
	0
	7,460,085
	122,210

	100%
	0
	7,460,085
	127,113










Table 9 Scenario B: Minimum, maximum, and mean HUC 12-level quantity of N applied to all agriculture in the SAGT River Basin (kg yr-1)

	Percent of Target
	Min
	Max
	Mean

	Baseline
	0
	7,460,081
	83,027

	22%
	0
	7,460,081
	104,376

	31%
	0
	7,460,081
	111,822

	50%
	0
	7,460,081
	118,077

	100%
	0
	7,460,081
	117,339










Table 10 SAGT SPARROW nutrient source inputs
	Description
	Units for attribute
	Units used for summary statistic
	Number of catchments with observations
	Mean value for SAGT area
	Std. deviation
	Min.
	Max.

	Wet deposition of inorganic
nitrogen (ammonia and nitrate)
	kg/yr
	kg/ha/yr
	8311
	4.20
	0.65
	2.80
	7.30

	Area in impervious surface
	km2
	% of CA
	8311
	2.00
	4.00
	0.00
	51.0

	Nitrogen mass in fertilizer
applied to agricultural land 
	kg/yr
	kg/ha/yr
	8309
	7.80
	9.00
	0.00
	109

	Nitrogen mass in manure
from livestock production
	kg/yr
	kg/ha/yr
	8309
	10.0
	15.0
	0.00
	196

	Nitrogen mass in permitted
wastewater discharge
	kg/yr
	kg/ha/yr
	8309
	6,118
	45,000
	0.00
	2,052,772

	kg/yr, kilogram per year; kg/ha/yr, kilogram per hectare per year, km2, square kilometer; %, percent; CA, catchment area. Modified from Hoos, et al. 2008.





	

Model Parameters
	
Coefficient Units
	
Parametric
Coefficient
	
Std. error
	
p-value

	Source input variables:
	
	
	
	

	   Nitrogen mass in permitted wastewater discharge, 
   2002; kg/yr
	kg/kg
	0.7903
	0.1039
	0.0000

	   Wet deposition of nitrogen (ammonia and
   Nitrate), detrended to 2002; kg/yr
	kg/kg
	0.4940
	0.0423
	0.0000

	   Area of impervious surfaces, 2001; kg/yr
	kg/km2
	2477.62
	430.56
	0.0000

	   Nitrogen mass in commercial fertilizer applied to
   agricultural land, 2002; kg/yr
	kg/kg
	0.1063
	0.0173
	0.0000

	   Nitrogen mass in manure from livestock production, 
   2002; kg/yr
	kg/kg
	0.0522
	0.0112
	0.0000

	Physical landscape variables:
	
	
	
	

	   Ln of soil permeability, low value; ln of cm/day
	
	
	
	

	   Ln of depth to bedrock; ln of cm
	
	-0.2829
	0.1533
	0.0660

	   Ln of mean annual precipitation; ln of mm
	
	1.1635
	0.2593
	0.0000

	   Fraction of catchment in HLR2; dimensionless
	
	-0.2239
	0.0953
	0.0195

	   Fraction in HLR 4
	
	0.2906
	0.1035
	0.0053

	   Fraction in HLRs 6, 9, or 11
	
	0.2874
	0.0948
	0.0026

	   Fraction in HLR 7
	
	-0.2645
	0.1056
	0.0128

	   Fraction in HLR 16
	
	-0.1258
	0.1108
	0.2570

	Stream variables:
	
	
	
	

	   Time of travel in reach segments where mean Q<2.8m3/s; day
	per day
	0.1397
	0.0420
	0.0010

	   Time of travel in reach segments where mean Q>2.8 and<28 m3/s; day
	per day
	0.1934
	0.0308
	0.5305

	Reservoir variable:
	
	
	
	

	   Inverse of areal hydraulic loading; yr/m
	m/yr
	10.5081
	3.2576
	0.0014

	   Standard Error of Estimate (SEE), computed as
   root mean square error (RMSE)
	
	0.3137
	
	

	   Coefficient of determination (R2) of load estimate
	
	0.9657
	
	

	   Number of observations 
	
	321
	
	

	HLR, hydrologic landscape region, described in Wolock and others (2004); kg, kilogram; km2, square kilometer, cm, centimeter; mm, millimeter; s, second; yr, year; Ln, natural logarithm transformation; all source variable VIFs <10; N=321. Table modified from Hoos and McMahon (2009)


Table 11 Calibration results for the SAGT SPARROW model


Table 12 Scenario A: HUC 12 level mean stream reach N concentration and percentage of N flux attributed to SAGT model N source variables at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target

	
	N mass in permitted wastewater discharge (%)
	Inorganic N deposition (%)
	Area of impervious surfaces (%)
	N mass applied to ag. land (%)
	N mass in manure (%)
	Flow-weighted N conc. (mg L-1)

	
	
	
	
	
	
	

	Pct. of Target
	Mean
	Std. Dev.
	Mean
	Std. Dev.
	Mean
	Std. Dev.
	Mean
	Std. Dev.
	Mean
	Std. Dev.
	Mean
	Std. Dev.

	
	
	
	
	
	
	
	
	
	
	
	
	

	Baseline
	3.53
	13.38
	59.39
	22.13
	8.05
	12.21
	18.14
	15.28
	10.89
	10.78
	1.07
	3.31

	22%
	3.48
	13.32
	59.04
	23.14
	8.01
	12.32
	18.77
	16.95
	10.69
	10.60
	1.13
	3.66

	31%
	3.46
	13.26
	58.02
	23.34
	7.90
	12.28
	20.19
	17.69
	10.43
	10.36
	1.16
	3.79

	50%
	3.43
	13.21
	57.43
	23.63
	7.83
	12.26
	21.01
	18.50
	10.29
	10.28
	1.20
	4.22

	100%
	3.42
	13.19
	57.05
	23.75
	7.80
	12.25
	21.52
	18.93
	10.21
	10.24
	1.21
	4.24

	
	
	
	
	
	
	
	
	
	
	
	
	












Table 13 Scenario B: HUC 12 level mean stream reach N concentration and percentage of N flux attributed to SAGT model
N source variables at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target
	
	N mass in permitted wastewater discharge (%)
	Inorganic N deposition (%)
	Area of impervious surfaces (%)
	N mass applied to ag. land (%)
	N mass in
manure (%)
	Flow-weighted N
conc. (mg L-1)

	
	
	
	
	
	
	

	Pct. of Target
	Mean
	Std. Dev.
	Mean
	Std. Dev.
	Mean
	Std. Dev.
	Mean
	Std. Dev.
	Mean
	Std. Dev.
	Mean
	Std. Dev.

	
	
	
	
	
	
	
	
	
	
	
	
	

	Baseline
	3.53
	13.38
	59.39
	22.13
	8.05
	12.21
	18.14
	15.28
	10.89
	10.78
	1.07
	3.31

	22%
	3.44
	13.21
	56.76
	22.65
	7.73
	12.00
	21.88
	16.98
	10.19
	10.15
	1.15
	3.54

	31%
	3.42
	13.16
	56.06
	22.78
	7.65
	11.97
	22.81
	17.58
	10.06
	10.06
	1.17
	3.69

	50%
	3.40
	13.12
	55.57
	22.89
	7.61
	11.96
	23.48
	18.03
	9.95
	10.00
	1.18
	3.77

	100%
	3.40
	13.13
	55.52
	22.91
	7.61
	11.97
	23.52
	18.13
	9.95
	10.05
	1.18
	3.74














Table 14 Scenario A: Minimum, maximum, and mean stream level mean agricultural N source share and mean N concentration
	
	Agricultural N Source Share (%)
	N Concentration (mg L-1)

	
	Min.
	Max.
	Mean
	Min.
	Max.
	Mean

	Baseline
	0
	84.78
	18.14
	.0239
	261.11
	1.07

	22%
	0
	84.88
	18.77
	.0239
	284.49
	1.13

	31%
	0
	84.88
	20.19
	.0239
	296.77
	1.16

	50%
	0
	93.70
	21.01
	.0239
	303.89
	1.20

	100%
	0
	93.70
	21.52
	.0239
	306.46
	1.21












Table 15 Scenario B: Minimum, maximum, and mean stream level mean agricultural N source share and mean N concentration

	
	Agricultural N Source Share (%)
	N Concentration (mg L-1)

	
	Min.
	Max.
	Mean
	Min.
	Max.
	Mean

	Baseline
	0
	84.78
	18.14
	.0239
	261.11
	1.07

	22%
	0
	84.88
	21.88
	.0239
	282.03
	1.15

	31%
	0
	84.88
	22.81
	.0239
	297.24
	1.17

	50%
	0
	84.58
	23.48
	.0239
	304.77
	1.18

	100%
	0
	83.46
	23.52
	.0239
	301.83
	1.18























Table 16 Scenario A: Global Moran’s Index of pct. change in SAGT Basin mean stream level N concentration and mean agricultural N source share relative to the 2009 baseline
	Moran’s I of pct. change in SAGT Basin mean N concentration relative to baseline

	Pct. of Target Achieved
	Moran’s Index
	
z - score
	
P - value

	22%
	0.7456
	111.6814
	0.0000

	31%
	0.7360
	110.4021
	0.0000

	50%
	0.7880
	118.2014
	0.0000

	100%
	0.7825
	117.3388
	0.0000

	Moran’s I of pct. change in SAGT Basin mean agriculture N source share relative to baseline

	Pct. of Target Achieved
	Moran’s Index
	
z - score
	
P - value

	22%
	0.5679
	85.0157
	0.0000

	31%
	0.5758
	86.2035
	0.0000

	50%
	0.5878
	87.9891
	0.0000

	100%
	0.5857
	87.6811
	0.0000


















Table 17 Scenario B: Global Moran’s Index of pct. change in SAGT Basin mean stream level N concentration and mean agricultural N source share relative to the 2009 baseline
	Moran’s I of pct. change in SAGT Basin mean N concentration relative to baseline using LQ

	Pct. of Target Achieved
	Moran’s Index
	
z-score
	
P-value

	22%
	.7767
	116.48
	0.0000

	31%
	.7524
	112.73
	0.0000

	50%
	.7571
	113.39
	0.0000

	100%
	.7532
	112.79
	0.0000

	Moran’s I of pct. change in SAGT Basin mean agriculture N source share relative to baseline

	Pct. of Target Achieved
	Moran’s Index
	
z-score
	
P-value

	22%
	.8149
	121.80
	0.0000

	31%
	.7966
	119.06
	0.0000

	50%
	.6270
	95.89
	0.0000

	100%
	.5936
	91.57
	0.0000
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Figure 1 SAGT River Basin study Area
Source: Hoos et al. 2002; ESRI 2013



[image: ]
					Figure 2 County-level LQs for the cellulosic ethanol sector
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Figure 3 SAGT River Basin superimposed onto BioFLAME model area
			Source: Hoos et al. 2002; ESRI 2013
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Figure 4 SPARROW model structure incorporating BioFLAME crops



Figure 5 Scenario A: Percentage change in total quantity of N applied to barley, corn, cotton, hay/pastureland, oats, sorghum, soybeans, wheat, and switchgrass in the SAGT River Basin relative to the 2009 baseline at 22%, 31%, 50% and 100% of the 10.5 BGY cellulosic ethanol target




Figure 6 Scenario B: Percentage change in total quantity of N applied to barley, corn, cotton, hay/pastureland, oats, sorghum, soybeans, wheat, and switchgrass in the SAGT River Basin relative to the 2009 baseline at 22%, 31%, 50% and 100% of the 10.5 BGY cellulosic ethanol target

[bookmark: _GoBack]Figure 7 Scenario A: Crop acres as a percent of total acres of the nine crops at 22%, 31%, 50% and 100% of the 10.5 BGY cellulosic ethanol target



Figure 8 Scenario B: Crop acres as a percent of total acres of the nine crops at 22%, 31%, 50% and 100% of the 10.5 BGY cellulosic ethanol target	
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Figure 9 Scenario A: SAGT River Basin least-cost cellulosic biorefinery locations and agricultural feedstock distribution at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target
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Figure 10 Scenario B: SAGT River Basin least-cost cellulosic biorefinery locations and agricultural feedstock distribution at 22% and 100% of the 10.5 BGY cellulosic ethanol target



Figure 11 Scenario A: SAGT River Basin mean flow weighted N concentration (block) and 95% confidence interval (line) at the baseline, 22%, 31%, 50%, and 100% of the cellulosic ethanol target. P-values for all production levels less than .001.





Figure 12 Scenario A: SAGT River Basin mean agriculture N source share (block) and 95% confidence interval (line) at the baseline, 22%, 31%, 50%, and 100% of 10.5 BGY cellulosic ethanol target. P-values for all production levels less than .001.



Figure 13 Scenario B: SAGT River Basin mean flow weighted N concentration (block) and 95% confidence interval (line) at the baseline, 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target. P-values for all production levels less than .001. 




Figure 14 Scenario B: SAGT River Basin mean agriculture N source share (block) and 95% confidence interval (line) at the baseline, 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target. P-values for all productions levels less than .001.
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Figure 15 Scenario A: Least-cost cellulosic biorefinery locations and the percentage change in stream level N concentration relative to the 2009 baseline at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target
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Figure 16 Scenario A: Least-cost cellulosic biorefinery locations and the percentage change in mean agricultural N source share relative to the 2009 baseline at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target
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Figure 17 Scenario B: Least-cost cellulosic biorefinery locations and the percentage change in stream level N concentration relative to the 2009 baseline at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target
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Figure 18 Scenario B: Least-cost cellulosic biorefinery locations and the percentage change in mean agricultural N source share relative to the 2009 baseline at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target
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Figure 19 Scenario A: Local Moran’s I of percentage change in mean stream level N concentration relative to the 2009 baseline at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target 
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Figure 20 Scenario A: Local Moran’s I of percentage change in agricultural N source share relative to the 2009 baseline at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target 
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Figure 21 Scenario B: Local Moran’s I of percentage change in mean stream level N concentration relative to the 2009 baseline at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target 
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Figure 22 Scenario B: Local Moran’s I of percentage change in agricultural N source share relative to the 2009 baseline at 22%, 31%, 50%, and 100% of the 10.5 BGY cellulosic ethanol target
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