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To achieve food and energy security, sustainable bioenergy 
has become an important goal for many countries. Th e use 
of marginal lands to produce energy crops is one strategy 
for achieving this goal, but what is marginal land? Current 
defi nitions generally focus on a single criterion, primarily 
agroeconomic profi tability. Herein, we present a framework that 
incorporates multiple criteria including profi tability of current 
land use, soil health indicators (erosion, fl ooding, drainage, or 
high slopes), and environmental degradation resulting from 
contamination of surface water or groundwater resources. 
We tested this framework for classifying marginal land in 
the state of Nebraska and estimated the potential for using 
marginal land to produce biofuel crops. Our results indicate 
that approximately 1.6 million ha, or 4 million acres, of land 
(~8% of total land area) could be classifi ed as marginal on the 
basis of at least two criteria. Second-generation lignocellulosic 
bioenergy crops such as switchgrass (Panicum virgatum L.), 
miscanthus (Miscanthus giganteus), native prairie grasses, and 
short-rotation woody crops could be grown on this land in 
redesigned landscapes that meet energy and environmental 
needs, without signifi cant impacts on food or feed production. 
Calculating tradeoff s between the economics of redesigned 
landscapes and current practices at the fi eld scale is the next 
step for determining functional designs for integrating biofuel 
feedstock production into current land management practices.
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Landscapes are largely defined by the uses and relationships 

between people and the environment. Land provides ecologi-

cal support for native plants and wildlife, sustains ecosystem ser-

vices, nurtures crops that satisfy human needs for food, feed, fuel, 

and fi ber, and provides physical support for residential, industrial 

and commercial activities and infrastructure. Social and economic 

forces infl uence how land is allocated to the diff erent uses (Dale 

et al., 2010). Recently, using land to grow crops for bioenergy 

has become increasingly important in many countries, including 

the United States. Questions about the availability of land on a 

global or national scale that can be repurposed for bioenergy and 

the impacts of such a large-scale conversion on social, economic, 

and environmental systems have been raised (UN-Energy, 2007; 

Royal Society, 2008). Developing a sustainable framework for 

bioenergy has focused on the use of marginal lands to minimize 

potential food versus fuel confl icts and negative environmental 

impacts in the form of biodiversity losses, water quality and quan-

tity impacts, and potential increases in greenhouse gas emissions 

resulting from indirect land-use change.

Some researchers (Campbell et al., 2008; Perlack et al., 2005) 

have suggested that suffi  cient marginal farmland is available that 

can be used for energy crop production without signifi cantly 

impacting current land uses. Marginal farmland, as defi ned by 

these researchers, includes idle or fallow cropland, abandoned 

farmland, and abandoned pastureland. Campbell et al. (2008) 

suggested that about 384 to 471 million ha (950 to 1165 million 

acres) are available globally while approximately 56 to 60 million 

ha (140 to 150 million acres) could be targeted within the United 

States. Converting this land to bioenergy crop production could 

produce 1.4 to 2.1 billion tonnes of biomass globally, with approx-

imately 15% produced in the United States alone. Other types 

of marginal land have been targeted for energy crop production. 

Perlack et al. (2005) hypothesized that land currently enrolled in 

conservation programs in the United States could be utilized for 

energy crop production. Tilman et al. (2006) suggested the use of 

native prairie grasses as energy crops which would enable lands 

converted to bioenergy purposes to meet conservation needs as 

well. Other researchers have suggested using energy crops to meet 

energy and environmental requirements by redesigning land-

scapes to incorporate multifunctionality (Gopalakrishnan et al., 
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2009; Karlen, 2010). Gopalakrishnan et al. (2009) presented 

the concept of using bioenergy crops grown in buff er strips on 

marginal land near rivers and roadways to capture pollutants 

and reuse nutrients present in the runoff . A signifi cant area of 

uncertainty in all of these studies arises from the classifi cation 

and quantifi cation of marginal land.

Th e defi nition of marginal land varies widely by coun-

try, local conditions, and the organization studying the issue 

(Dale et al., 2010). Peterson and Galbraith (1932) fi rst defi ned 

marginal land from a purely economic perspective as land on 

the “margins of cultivation.” Th is included the “poorest land 

which can be remuneratively operated under given price, cost 

and other conditions.” In practice, this term has been broadly 

used to describe lands that are not under current productive 

use as opposed to lands that are generating a net profi t. In 

Indonesia, for example, marginal lands include swamplands, 

wetlands, and peat forests that are currently unproductive from 

an agroeconomic standpoint but provide carbon sequestration 

and other environmental benefi ts (Rossi and Lambrou, 2008). 

In general, marginality is defi ned or implied as relative to the 

agroeconomic profi t that could be derived by growing a major 

crop. Valuation of other potential functions is not currently 

part of the defi nition of marginality.

With the establishment of the Conservation Reserve 

Program (CRP) in the United States, the defi nition of mar-

ginal land broadened to incorporate soil health considerations. 

Moulton and Richards (1990) defi ned marginal lands as those 

lands where the “soil is eroding at a faster rate.” For example, 

land currently enrolled in the CRP is land that has typically 

been categorized as “highly erosion prone and/or providing 

valuable conservation benefi ts” (Lovell and Sullivan, 2006). In 

recent years, soil productivity indices and erosion indices have 

been used to better classify land as marginal or not (Larson 

et al., 1998). Soil productivity indices have been developed 

by classifying the natural constraints to soil productivity into 

three major groups (Mueller et al., 2010). Th e fi rst group of 

constraints includes the thermal and moisture regimes of the 

soil; hence, low-productivity soils are fi rst classifi ed on the 

basis of limitations such as drought, wetness, or a too short 

vegetation period (Fischer et al., 2002). Th e second group of 

constraints includes other internal soil defi ciencies that limit 

the rooting and nutrition of plants and hence their productiv-

ity. Th is includes areas with shallow or stony soils, acidic or 

saline soils, soils with nutritional defi ciencies, or other adverse 

chemical conditions (Murray et al., 1983; Louwagie et al., 

2009). Th e third group of constraints incorporates topography, 

which could include soils that are highly erodible, sloped, and/

or inaccessible by humans or their machinery (Fischer et al., 

2002; Mueller et al., 2010).

Still, these defi nitions focus on marginality of soil from 

the perspective of the agroeconomic profi t of traditional 

crops (e.g., grain) grown using current agricultural practices. 

Th ese defi nitions fail to acknowledge that land use and quality 

may change across function, space, and time, with the quali-

ties that make land marginal in one place or for one purpose 

resulting in land being in fact productive in another location 

or for a diff erent purpose (Dale et al., 2010). An example is 

the use of tile drains in the midwestern states of the United 

States to enable agricultural production. Before the use of tile 

drains, the land was poorly drained and suitable for indig-

enous prairie plants and unsuitable for corn (Zea mays L.) 

and other grains because of the lack of drainage. Th e instal-

lation and use of tile drains enabled large-scale production of 

grain crops, most notably corn and soybean [Glycine max (L.) 

Merr.]. Finally, the increased use of irrigation and fertiliza-

tion practices in the middle of the 20th century has resulted 

in lands that were formerly considered marginal to become 

agroeconomically productive.

Practices that increase land productivity have frequently 

resulted in signifi cant environmental degradation. Degraded 

water quality is attributed to increased use of fertilizers (N, 

P, K) and pesticides that contaminate surface and ground-

water (Bennett et al., 2001; Matson et al., 1997; Pimm and 

Raven, 2000). A key example is the increased size of the 

hypoxic zone (“dead zone”) in the Gulf of Mexico, attrib-

uted to nitrate from the Mississippi River Basin (Turner et 

al., 2008). Water demands associated with agriculture account 

for approximately 85% of the global water use (Gleick, 2003), 

and overextraction of groundwater resources due to irrigation 

requirements is a concern in many parts of the world (Postel, 

1992; Tilman et al., 2002). In the United States, irrigation 

accounts for approximately 50% of water withdrawals and an 

even larger fraction of consumptive water use (Hutson et al., 

2005). Th us, as environmental concerns now form an impor-

tant component of land use, the defi nition of marginal land 

would need to encompass causative environmental degrada-

tion directly or through the land–water interface. Th e exter-

nalities of modern agriculture are present in varying degrees 

on the basis of location and agricultural practices. Locations 

where impacts of agriculture on ecosystems (primarily water 

resources) are signifi cant could be classifi ed as marginal from 

the environmental perspective, even though they may be pro-

ductive from an agroeconomic standpoint.

While bioenergy has the potential to be environmentally 

and socially disruptive in rural communities, it could also 

form the basis for designing multifunctional landscapes that 

provide sustainable economic development and provide eco-

system services. In comparison to grain crops, cellulosic crops 

have been reported to be less dependent on irrigation and 

fertilization (Tilman et al., 2006). In the correct system, they 

provide associated discharge water quality benefi ts if they cap-

ture and utilize nutrients. Many biofuel crops are also suitable 

to grow in land that would be marginal, or subproductive for 

major agricultural crops. One key feature in designing these 

landscapes is to develop methods that can identify land that is 

marginal for conventional crops but not marginal for biofuel 

crops or other functions, based on economic, soil health, and 

environmental criteria. Current defi nitions of marginality 

have focused on a single criterion. Our objective is to develop 

an approach that explicitly incorporates all three criteria (cur-

rent land use, soil health, and environment degradation) to 

identify marginal land and to test this approach for the state 

of Nebraska. Nebraska was selected as an example because 

it has a signifi cant agricultural sector, critical environmen-

tal issues (groundwater NO
3
–N), and an emerging bioenergy 

industry that could result in changes in land use and land-

scape design.
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Materials and Methods
Satellite imagery was used to identify and quantify land 

resources in diff erent categories of marginality. While concerns 

exist about database errors and incorrect classifi cation of land 

resources using satellite imagery, this method remains the most 

widely accepted to date to explore land use and land classifi ca-

tion at the state and regional scales.

Th e geographic information software ArcGIS v9.2 pro-

duced by Environmental Systems Research Institute (ESRI) 

was used to develop the spatial maps of current land use 

and marginal land categories and to determine the dimen-

sions and area of these resources. Th e availability and spatial 

distribution of these resources was mapped for the state of 

Nebraska. Overlap between the diff erent categories was deter-

mined using ArcGIS.

Identifi cation of Marginal Land Resources 

on the Basis of Soil Health
Th e USDA–NRCS developed a soil database, STATSGO, 

to classify land quality. Th e STATSGO is available on the 

USDA–NRCS website (http://soildatamart.nrcs.usda.gov/) 

and was developed primarily for “regional, multistate, river 

basin, State and multi-county resource planning, management 

and monitoring” (USDA–NRCS, 1991). Th e smallest unit of 

a STATSGO map is called a mapunit with a minimum area of 

617 ha (1544 acres). Th is mapunit represents a unique natural 

arrangement and includes a typical pattern of soil series within 

its boundaries (USDA–NRCS, 1991). Each mapunit can have 

a maximum of 21 components (e.g., land quality, rainfall, 

temperature, soil erodibility, fl ooding frequency, and topogra-

phy). A detailed list of the components attached to each mapu-

nit is presented in the STATSGO database summary report 

(USDA–NRCS, 1991).

In this study, we defi ne marginal land on the basis of soil 

health criteria as land that is (i) eroded, (primarily moder-

ately and severely eroded), (ii) frequently fl ooded (>50% 

chance of fl ooding in a year), (iii) poorly drained (soil drain-

age classes 6 and 7), (iv) highly sloped (slope >15°], and (v) 

of low productivity for the main grain crop (nonirrigated 

yields of corn <9 tonnes/ha (4 tons/acre), which is approxi-

mately 25% of the maximum yields obtained for the state 

of Nebraksa [USDA–NRCS, 1991]). Th ese criteria were 

selected as they are prominent factors impacting soil health 

assessments (Mueller et al., 2010).

Identifi cation of Marginal Land Resources 

on the Basis of Current Land Use
Th e most recent data from the 2007 land-use database devel-

oped by the USDA, National Agricultural Statistics Service 

(NASS) and the USDA–NRCS was used to map current 

land-use patterns (USDA 2007). Th is database is a raster, 

georeferenced, crop-specifi c land-cover data layer with a 

ground resolution of 56 m produced from satellite imagery 

for the most recent growing season. Th e main categories of 

current land use in Nebraska are rangeland, cropland, grass 

and pasture land, wetlands, and fallow and idle croplands 

including CRP land.

Recent suggestions on redesigning landscapes to incorpo-

rate sustainable bioenergy crop production on the basis of areas 

where land is of marginal use include (i) using idle and fallow 

cropland, including CRP land (Perlack et al., 2005) and (ii) 

growing the crops in buff er strips along roadways and rivers 

and streams (Gopalakrishnan et al., 2009). Th ese two catego-

ries are used here to defi ne marginal land that could potentially 

be used for bioenergy crop production.

Th e river and road networks were mapped using data from 

the USDA–NASS and ESRI databases (http://www.esri.com/

software/arcgis/index.html) for Nebraska. We estimated the 

available area for riparian and roadway buff er strips from the 

length of the roads and rivers and published values for the 

width of buff er strips. Th e width of vegetated buff er strips 

along rivers and roads is a function of the required level of 

treatment of runoff , rainfall characteristics, available land, and 

the plant species used (Borjesson and Berndes, 2006; Bradford 

et al., 2008). Th is study assumes strip widths ranging from 10 

to 50 m to achieve 50 to 95% reduction in the concentrations 

of nutrients, pesticides, and sediments from runoff  (Corwin 

and Bradford, 2008; Bradford et al., 2008).

Identifi cation of Marginal Land Resources 

on the Basis of Environmental Degradation
Multiple considerations could lead to land being classifi ed as 

environmentally degraded or contributing to degradation. 

Examples include land that was once part of a protected eco-

system (such as tropical rainforests) but that has been altered to 

a diff erent use, land that is impacted by invasive species, land 

that has been contaminated by chemicals or wastes, and land 

for which the impacts of agriculture on ecosystems, primarily 

water resources, are signifi cant. Approximately 92% of the land 

area in Nebraska is in the agricultural sector, and there are very 

few protected ecosystems in the state (USDA, 2002). However, 

large-scale agricultural production has also led to contamination 

of surface and groundwater resources by agricultural chemicals 

and depletion of the aquifers, especially the Ogallala aquifer 

(McGuire et al., 2003). Th e Ogallala aquifer, also known as 

the High Plains aquifer, covers an area of approximately 45 

million ha (174,000 square miles) and is located in Nebraska, 

South Dakota, Wyoming, Colorado, Kansas, Oklahoma, New 

Mexico, and Texas. It is an unconfi ned aquifer and comprises 

primarily unconsolidated gravel, silt, sand and clay and sup-

plies approximately 30% of the groundwater used in the USA 

for irrigation (McGuire et al., 2003).

We focus on three factors that have a signifi cant impact 

in Nebraska to identify environmentally degraded ecosys-

tems where the land directly or the land–water interface is 

impacted. Th ese factors are (i) brownfi eld sites consisting of 

land that has been contaminated with chemicals from prior 

industrial use, (ii) land where surface water resources (rivers 

and streams) or groundwater resources are contaminated, 

and (iii) land where irrigation is signifi cant and could lead to 

depletion of water resources.

Th e location of all brownfi eld sites for 2007 was deter-

mined from data produced by the Nebraska Department 

of Environmental Quality (NDEQ) and is presented in the 

Supplemental Material (Supplemental Fig. S4) (NDEQ, 
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2008). Th e location of surface water bodies where the water 

quality is suffi  ciently degraded so that human contact should 

be avoided (not “swimmable, fi shable or drinkable”) was deter-

mined using the database generated by the USEPA (2002). Th e 

area consisting of impaired rivers and streams was estimated 

using the length of the rivers and streams and buff er widths of 

10 to 50 m described previously.

Nitrate is a widespread contaminant in groundwater in 

Nebraska as a result of fertilizer use by the agricultural sector. 

Groundwater samples are described as nitrate contaminated 

when levels exceed 10 mg L−1, the USEPA-mandated drink-

ing water limit. We focus on nitrate-contaminated ground-

water in this study as nitrate also serves as a nutrient for 

bioenergy crops. We developed a spatial map of areas with 

nitrate-contaminated groundwater ([NO
3

−] ≥ 10 mg L−1) 

using data produced in 2005 from monitoring wells, the year 

that the largest available database was collected (NDEQ, 

2007). However, groundwater monitoring data were not 

available for all areas of the state. Th e USGS has published 

a calibrated and validated logistic regression model esti-

mating the probability of nitrate contamination in shallow 

groundwater. Th is model uses N inputs to the aquifer (e.g., 

inorganic fertilizers, manure, atmospheric deposition of N, 

residential fertilizers, septic systems, and domestic animal 

waste in urban areas) in combination with soil drainage 

(e.g., well-drained soils, presence or absence of rock features, 

depth to seasonally high water table), and land-use prop-

erties (e.g., percent of cropland-pasture, human population 

density) to predict the probability of nitrate concentrations 

being greater than 4 mg L−1 in shallow groundwater (water 

table < 1.5 m [5 feet] below ground surface) (USGS, 2002). 

We combined the database developed by NDEQ with model 

results from the USGS model (Fig. 1). Areas in which nitrate 

concentrations in monitoring wells were found to be ≥10 mg 

L−1 were areas where the probability of nitrate contamina-

tion as predicted by the USGS model was ≥0.8. Th us, in 

areas where monitoring well data were unavailable, we use 

the USGS model to estimate the area where there is a high 

probability (>0.8) of nitrate contamination of the underly-

ing groundwater, resulting in signifi cant environmental deg-

radation (USGS, 2002).

Irrigation could potentially cause overexploitation of 

water resources and contamination of groundwater aqui-

fers. Approximately 43% of the total harvested cropland in 

Nebraska is irrigated (USDA, 2002). Approximately 80% of 

the irrigated land receives irrigation water from groundwa-

ter alone, primarily from the High Plains or Ogallala aqui-

fers (McGuire et al., 2003). Th ese withdrawals have resulted 

in declines in the water table in parts of the aquifer as well 

as increases in groundwater pollution as a result of nutri-

ents leaching into the aquifers (McGuire et al., 2003). Th e 

area of irrigated cropland for Nebraska was calculated using 

data generated by the USDA (2002); spatial distribution of 

irrigated areas was not available at a higher level of preci-

sion than individual counties. We further assume that if the 

nonirrigated corn yield is low (<9 tonnes/ha [4 tons/acre]), 

then that area would necessarily be irrigated by the farmer to 

maintain profi tability.

Results and Discussion
Th e spatial distribution of marginal land categories for the state 

of Nebraska is presented in Fig. 1, for soil health, land use, and 

environmental categories, respectively. Th e availability of mar-

ginal land for each category is presented in Table 1. Th e overlap 

between the diff erent categories could help identify land that 

is suitable for producing sustainable biofuel crops that could 

provide environmental services while meeting energy needs.

Th e distribution of marginal land categories based on soil 

health criteria is shown in Fig. 1a and Table 1a, with individual 

categories presented in Supplemental Fig. S1–S3. Areas with 

eroded soil and areas where the nonirrigated yield of corn was 

poor formed the largest categories, comprising approximately 

0.64 million ha (1.6 million acres) each, followed by land clas-

sifi ed as poorly drained at 0.5 million ha (1.25 million acres). 

Approximately 2 million ha (5 million acres) were determined 

to be marginal land based on the soil health criteria. However, 

as shown in Fig. 1a, there is signifi cant overlap between the 

diff erent categories. Approximately 48% of the area classifi ed 

as eroded land was also highly sloped. Similarly, approximately 

30% of the land classifi ed as poorly drained was also classi-

fi ed as frequently fl ooded. Th e use of tile drains in these areas 

improves drainage and hence ensures agricultural productivity, 

even though the land is classifi ed as marginal on the basis of 

soil health. Th is study has focused on fi ve components clas-

sifying land as marginal based on soil health; other factors may 

become important in diff erent states and countries and would 

need to be included.

Th e land-use and land-cover map for the state of Nebraska 

and estimated areas for marginal land based on land use were 

previously quantifi ed by Gopalakrishnan et al. (2009) and are 

presented in Fig. 1b and Table 1b. Approximately 1.24 to 3.64 

million ha (3.1–9.1 million acres) could be classifi ed as mar-

ginally economically productive for grains (corn). Marginal 

agricultural land comprises approximately 0.6 million ha (1.5 

million acres) of land that is unproductive (idle or fallow crop-

land) but not enrolled in CRP, as well as land that is enrolled 

in CRP. Vegetated buff er strips along roadways which range 

between 0.4 and 2 million ha (1 and 5 million acres) based on 

buff er width (Gopalakrishnan et al., 2009), are currently not 

economically productive and have signifi cant costs associated 

with maintenance (NCHRP 2005). Riparian buff er strips may 

be enrolled in CRP or be unproductive or be part of other 

land-use categories such as rangeland or cropland. Th is land 

may or may not be economically marginal depending on yields 

of existing crops, rental payments from CRP, and other poten-

tial uses such as hunting or fi shing.

Land that is environmentally marginal as defi ned earlier 

is presented in Fig. 1c, with estimated areas given in Table 

1c. Approximately 12 million ha (30 million acres) could be 

classifi ed as environmentally marginal, with areas associated 

with nitrate-contaminated groundwater comprising approxi-

mately 8.4 million ha (21 million acres) and irrigated crop-

land consisting of approximately 3.2 million ha (8 million 

acres). Th is land constitutes the vast majority of Nebraska’s 

cropland and thus highlights the tradeoff s between increased 

environmental impacts and maintaining agricultural produc-

tivity on the same land. Th is also highlights the importance 
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of identifying and classifying land as 

marginal using a broader set of crite-

ria than only economic productivity. 

While nitrate is used as the contami-

nant of concern in this study due to 

the potential for reuse as a nutrient 

by energy crops, other contaminants 

(e.g., pesticides) could be included in 

future studies when defi ning environ-

mentally marginal land. Brownfi elds 

were found to be insignifi cant for 

Nebraska, consisting of <20,000 ha 

(50,000 acres), but could be impor-

tant in other states. Approximately 

0.01 to 0.06 million ha (0.03–0.14 

million acres) of land were found 

adjacent to rivers and streams that 

were classifi ed as impaired by the 

USEPA. However, this area is a func-

tion of the buff er width estimated 

around these surface water bodies 

and could vary signifi cantly depend-

ing on conditions in the fi eld. Th ere 

was signifi cant overlap between land 

where the surface water was impaired 

and areas with nitrate-contaminated 

groundwater. Approximately 94% of 

the land with impaired surface water 

was also found to have contaminated 

groundwater resources.

Results presented in Table 1 indi-

cate that a maximum of 16 million 

ha (40 million acres) of land could 

be classifi ed as marginal in Nebraska, 

with approximately 1.6 million ha (4 

million acres) identifi ed as marginal 

based on two criteria (Table 1d). 

Overlap was present between the dif-

ferent marginal land categories shown 

in Table 1d. For example, land that 

was eroded and marginally productive 

for agricultural land was frequently 

highly sloped as well. Similarly, land in 

riparian buff er strips was often poorly 

drained and frequently fl ooded.

As shown in Table 1, land that 

is environmentally marginal com-

prised the largest fraction of marginal 

land. Clearly, confl icts exist between 

the three diff erent categories used 

to defi ne marginal land and emerge 

when the defi nition for marginality 

is broadened in scope. For example, 

land where the groundwater is con-

taminated with nitrate or the streams 

are impaired is also land that is pro-

ductive for corn using modern irri-

gation and fertilization methods. In 

this case, land that is environmentally 

Fig. 1. Spatial distribution of marginal land in Nebraska based on (a) soil health, (b) current land 
use, and (c) environmental degradation criteria. Spatial distribution data were unavailable for 
irrigated cropland.
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marginal is important for food or feed production. Tradeoff s 

between existing land use and management practices and 

developing alternative practices to redesign the landscape need 

to be developed.

Th ere is signifi cant overlap between all three categories used 

to defi ne marginal land in the eastern half of the state, where 

corn and soybeans are the main crops. Approximately 20% of 

this area consists of land with relatively low corn productivity, 

eroded land, and frequently fl ooded land and would thus be 

economically marginal for grain production. Groundwater in 

this area is also contaminated with nitrate, and the rivers and 

streams are impaired. Th is area could potentially be targeted 

fi rst for bioenergy crop production using second-generation 

lignocellulosic crops such as switchgrass (Panicum virgatum 

L.), miscanthus, and short-rotation woody crops that are 

expected to have limited environmental impacts (Tilman et 

al., 2006; Schmer et al., 2008). Gopalakrishnan et al. (2009) 

indicated that between 0.2 and 0.8 million ha (0.5–2 million 

acres) of land could be converted to energy crop production 

through the use of riparian buff er strips. As indicated in Fig. 

1a, approximately 0.2 and 0.72 million ha (0.5–1.8 million 

acres) of land along the streams and rivers is classifi ed as fre-

quently fl ooded or poorly drained and hence marginal. Th is 

is land where corn may have low productivity (Lovell and 

Sullivan, 2006; USDA–NRCS, 1991) but that could be pro-

ductive for short-rotation woody energy crops such as willow 

(Salix spp.) and poplar (Populus spp.) trees that are adapted to 

riparian environments. Furthermore, these energy crops could 

fi lter and reuse agricultural nutrients in the runoff  from farm 

fi elds, thus improving water quality and providing environ-

mental services. Th is would enable the farmer to use the land 

productively while simultaneously meeting energy and envi-

ronmental needs. Because this area has relatively low corn pro-

ductivity, losses in grain production as a result of this land-use 

change would probably be insignifi cant. However, the tradeoff  

between current and new land uses in terms of revenue at the 

farm scale and environmental services and indirect land-use 

change eff ects at the larger scale needs to be quantifi ed.

Other areas exist where overlap occurs between two of the 

categories used to classify land as marginal. Approximately 

52% of eroded land is also categorized as marginal agricultural 

land (idle and fallow cropland and CRP land). Most areas clas-

sifi ed as frequently fl ooded were found near rivers and streams 

(Supplemental Fig. S3) and could be used in riparian buff er 

strips. Approximately 28% of rivers and streams in Nebraska 

are impaired and thus could be classifi ed as environmentally 

degraded. Land in riparian buff er strips associated with these 

impaired streams could also be classifi ed as land that is margin-

ally productive for grain crops. Approximately 40% of the area 

with low corn yield overlaps with areas with nitrate-contami-

nated groundwater.

Areas with farmland classifi ed as idle or fallow cropland, 

including land enrolled in CRP, are found primarily in the west-

ern and southern sections of the state (Fig. 1). Approximately 

Table 1. Estimates of marginal land in Nebraska based on (a) soil health, (b) current land use, (c) environmental degradation, and (d) overlap between 
2 criteria.†

Marginal land Estimated area‡

million ha (million acres)

a. Marginal land based on soil health criteria

 Eroded 0.66 (1.64)

 Poorly drained 0.50 (1.25)

 Slope > 15° 0.35 (0.88)

 Corn yield < 9 tonnes/ha (4 tons/acre) 0.64 (1.60)

 Frequently fl ooded 0.20 (0.49)

b. Marginal land based on current land-use criteria

 Marginal agricultural land, including CRP land§ 0.60 (1.5)

 Riparian buff er strips 0.24–1 (0.6–2.5)

 Roadway buff er strips 0.4–2.04 (1.0–5.1)

c. Marginal land based on environmental degradation criteria

 Impaired streams buff er strips 0.01–0.06 (0.03–0.14)

 Area with nitrate-contaminated groundwater 8.4 (21)

 Brownfi eld sites <0.20 (0.05)

 Irrigated cropland 3.44 (8.60)

d. Marginal land based on 2 criteria¶

 Eroded and highly sloped 0.32 (0.79)

 Poorly drained and frequently fl ooded 0.15 (0.38)

 Eroded and marginal agricultural (idle and fallow cropland, including CRP) 0.31 (0.78)

 Poorly drained and riparian buff er strips 0.49 (1.23)

 Impaired streams and riparian buff er strips 0.06 (0.14)

 Low corn yield and irrigated land 0.64 (1.60)

 Low corn yield and nitrate-contaminated groundwater 0.26 (0.66)

† Source: Gopalakrishnan et al. (2009).

‡ Estimated area of buff er strips are given as a range based on strip widths of 10 or 50 m, respectively.

§ CRP, Conservation Reserve Program.

¶ Overlaps are present between the categories listed in this section.
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40% of this land overlaps with the eroded and highly sloped 

soil health criteria. Th e CRP program has been successful in 

mitigating erosion and improving soil health by enrolling vul-

nerable land in these categories. In this area, perennial grasses 

may prove to be of interest as an energy crop as they have the 

potential to meet conservation and energy goals simultane-

ously. Bioenergy production could aid in meeting the fi scal 

goals of the CRP program. However, diff erences between 

energy prices and CRP rental rates and the tradeoff s between 

revenue, conservation, and energy goals need to be evaluated 

at the farm scale.

As shown in Fig. 1b, approximately half of the state’s farm-

land consists of pastureland and rangeland, a land-use category 

found primarily in the western half of the state. Approximately 

68% of this area has also been shown to be highly sloped (Fig. 

1a). It may be feasible to include rotation between pasture 

and energy crop production using perennial grasses and/or 

short-rotation woody crops on these lands. Th is would enable 

reuse of the manure from livestock by the energy crops and 

thus improve crop productivity while mitigating environmen-

tal impacts from livestock production. It would also provide 

ranchers with an alternative income stream from energy crop 

production and hence be of use in revitalizing rural communi-

ties. By growing energy crops in riparian rangeland, some of 

the environmentally riskiest practices (e.g., allowing cattle to 

graze at the edge of water bodies) could be avoided. However, 

the economic benefi ts of changing land use under these cir-

cumstances need to be further evaluated.

As concerns about energy and water use in agriculture and 

impacts from climate change become increasingly important, 

the tradeoff  between current land uses and agricultural prac-

tices and new landscape designs may be relevant. For example, 

a possible scenario may arise where the continued use of energy 

and water in irrigating crops becomes unsustainable. In such a 

case, it may become prudent to redesign the landscape to grow 

perennial grasses and/or short-rotation woody crops for energy 

purposes where irrigation is unsustainable and to maintain 

food production in productive land that can support it. Th e 

tradeoff  between energy and environmental costs on one hand 

and new landscape designs on the other would become more 

apparent and would need to be further explored.

Th is study highlights the limitations and benefi ts in land-

scape management of using multiple criteria to defi ne marginal 

land. One limitation of this approach is the use of satellite 

imagery and databases with diff erent resolutions to classify 

marginal land. Th e STATSGO database has a mapunit with 

an area of 617 ha (1544 acres) as the smallest unit. While the 

mapunit may be classifi ed as eroded or poorly drained, deter-

mining the spatial location of the eroded or poorly drained land 

within the mapunit is not possible using this database. Finer-

resolution databases are needed to verify this information at 

the fi eld scale, but these databases (e.g., the USDA’s SSURGO 

database) are not as complete at larger scales and hence cannot 

be used for analysis at the state or regional scale. Additionally, 

the USDA database for land use has a resolution scale of 56 m, 

which is signifi cantly less than the resolution required to evalu-

ate the placement of buff er strips 10 to 50 m in width. Further, 

the use of satellite imagery itself to classify land is problematic 

as land may be only temporarily fallow, may have been recently 

cleared, or may be being used in nontraditional ways, which 

can lead to errors in land classifi cation. Better integration of 

the diff erent datasets and fi eld-scale verifi cation of the results 

presented here are necessary to improve the classifi cation and 

quantifi cation of marginal land and in developing strategies to 

integrate bioenergy crops into the landscape.

In addition, social and cultural considerations, which have 

not been evaluated in this study, will need to be taken into 

consideration when determining what constitutes marginal 

land in other countries. Marginal lands often provide key 

subsistence functions for the rural poor through much of the 

world and are most often farmed by women. Land considered 

marginal in the United States can be the primary source of 

livelihood in rural developing countries (Rossi and Lambrou, 

2008). Communities and lower-income groups often depend 

on these lands to meet food, fuel, and medicinal needs. In 

parts of Africa, marginal lands may be in use by pastoral-

ists and indigenous communities and may also have spiritual 

connections. Th us, the defi nition of what constitutes mar-

ginal land would need to be further broadened to incorporate 

social and cultural values.

In summary, this research provides a framework for clas-

sifying land as marginal on the basis of land use, soil health, 

and environmental criteria. Our results suggest that proper 

management and introduction of bioenergy crops on marginal 

land could meet energy, environmental, and economic goals; 

however, the tradeoff s need to be evaluated at the farm-scale. 

Uncertainties present in the classifi cation of marginal land 

could be the result of database limitations, and further verifi ca-

tion (e.g., quantifi cation of eroded, frequently fl ooded land) at 

the fi eld-scale is necessary.
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