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Executive Summary  
 
The goal of this project was to develop an efficient system for the production, pre-processing and 
delivery of biomass feedstocks for energy production that minimizes feedstock cost for energy 
facilities and ratepayers while maximizing landowner income and the environmental benefits of 
biomass production. The intended impact of the work was to explore how by combining efficient 
biomass production with environmental services, which could receive payments, the cost of 
renewable energy to ratepayers could be reduced while, at the same time, improving the 
environment – a win-win opportunity. 

Research on perennial grass production and management has allowed us to look at options for 
reducing costs and improving productivity of perennial grasses as well as timing operations to 
best fit into farmers’ calendars and reduce potential adverse impacts on wildlife and the 
environment. Companion crops interplanted with perennial grasses provide weed suppression 
and an early crop income while the perennials get established. Although we saw those benefits, 
the early income from companion crops did not make up for the associated lowered yields from 
the perennials. This is an area where further research with different crops and management could 
help identify companion crops that would provide increased productivity and financial benefits 
from a perennial crop-companion crop system. 

Broadcast seeding in December, March and June and was compared to the common practice of 
drilling seed in the spring. There were no treatment effects so no change in current practices is 
recommended. The project also looked at optimum harvest dates and found that delaying harvest 
had little effect on the yield but there was a reduction in metals and alkali in the spring harvest 
which would be favorable if the biomass is gasified as that would reduce slagging and fouling in 
the gasifier due to the mineral content in the biomass. These results also suggest that farmers 
would have a broad range of dates to choose from for harvest which would provide the flexibility 
to better coordinate biomass harvest with their other activities also allowing the receiving 
facilities to better schedule delivery of biomass.  

The ash from the burning of perennial grasses was shown to be valuable as a fertilizer for crops. 
Although not completely meeting the needs of a crop, the use of the ash for fertilizer could 
reduce the costs of fertilizing crops and represents a potential cost savings for producers. Further 
research is needed on transport and application logistics for the ash. 

Research on the impacts of biomass harvest on wildlife showed that the impact varied depending 
on the species of interest. Different birds and small mammals are impacted differently by 
biomass harvest and the specific harvest timing, quantity to harvest, and methods would need to 
be planned according to management goals in terms of wildlife species to favor.  For example, 
full harvests may displace species that favor taller, dense vegetation and maintaining those 
species would require less than a full harvest. The findings provide information that can be used 
to manage wildlife impacts of biomass production and harvest.  

Water quality impacts and benefits provided by perennial grass plantings were measured and 
additional information obtained from the literature which allowed us to estimate the reduction of 
nutrients (nitrogen and phosphorous) and sediment exported from the perennial system. This was 
later incorporated into the financial/economic analysis to estimate the impact of payments for 
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environmental services primarily related to nutrient reduction. This information will be important 
as markets for payments for environmental services related to water develop but will also be 
useful as agencies develop policies to promote implementation of conservation practices to 
improve water quality.  

In addition to our measurements of water quality impacts of biomass crops, through our 
matching funding from the RDF funding for an EPA Section 319 Project, we have developed a 
GIS based decision support tool for watershed managers to help them identify locations, 
practices and relative costs of different conservation treatments to better identify and target 
conservation treatments. The tool has been presented in meetings and we have held training 
sessions and is now being made available to interested parties.  

Early in the project our partner, the Institute for Agricultural and Trade Policy, completed a 
review of payments for environmental services (PES) programs. That report lists the then current 
programs and discusses how the different programs work with associated links to the programs. 
The information on payment systems was updated to include the potential for PES to lower the 
costs of biomass delivered to an energy facility as part of our final economic analysis of biomass 
production systems.  

In addition to our work on payments for environmental services, the project carried out a life 
cycle assessment comparing the impacts of energy produced with coal and natural gas to energy 
produced from renewable biomass systems. The renewable energy systems using grasses and 
woody sources of biomass had much lower negative impacts when compared to coal and natural 
gas. Woody biomass sources had a greater impact than grasses due to the need for drying woody 
biomass prior to use for energy generation or the additional energy expended in an energy 
facility to remove excess moisture from woody feedstocks.  

We carried out an economic assessment of the biomass production systems which helped us 
identify areas where changes in production practices could lower the cost of biomass production 
as well as identifying opportunities for payments for environmental services and government 
subsidy programs such as the Conservation Reserve Program (CRP) that would lower the costs 
of delivered feedstocks. By using a combination of those options, costs for delivered grass 
biomass could be lowered by between 10 and 40 percent. It was apparent that there are 
opportunities to lower the cost of feedstock production with a subsequent reduction in the cost of 
renewable energy to ratepayers. 

Part of our economic analysis included an estimate of the potential supply of biomass in a given 
“fuelshed”. Those estimates of supply were based on a landowner survey that was distributed by 
mail to a several county area in south central Minnesota. Landowners were asked how much 
woody and grass biomass they might be willing to plant on their landholdings at different prices 
and where they might plant those energy crops. Based on the results a supply curve was 
developed. In general landowners were more willing to plant grass species rather than woody’s 
and would put their plantings on farmland that had lower productivity relative to the rest of their 
land.  

Project results demonstrate real opportunities to reduce costs of biomass production while 
providing environmental services that are receiving payments in different parts of the country. 
Nonetheless current costs and market conditions with reductions in the costs of fossil fuels and 
with markets for ecosystem/environmental services at a relatively early stage limit the 
opportunities for grass based renewable energy to expand in the near term. Despite that, the 
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markets for ecosystem/environmental services are growing with a growing interest in addressing 
climate change and water quality issues that can be addressed by perennial biomass systems; 
there are opportunities through research to lower the costs of biomass production; and 
technologies for generating energy with biomass are improving and becoming more cost 
efficient. Although current conditions limit the expansion of biomass based renewable energy, 
conditions are expected to be more favorable in the future with further cost reductions, growing 
markets for payments for ecosystem/environmental services and improved conversion 
technologies. With those expected changes and implementing practices described in this report, 
there are real opportunities to reduce the cost of biomass based renewable energy to Minnesota 
ratepayers while simultaneously improving environmental conditions in the state contributing to 
the wellbeing of those ratepayers. 
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1 Project Benefits, Lessons learned, and Usefulness 
1.1 Project Benefits:   

• The results of the project point to practices/policies that can be used to lower the costs of 
biomass based renewable energy to rate payers through two mechanisms: the first is 
improving biomass production and harvesting practices to maximize production while 
reducing costs; and the second is providing payments for the environmental services 
provided by the production systems. These two mechanisms work together to lower the 
costs of production of biomass while increasing the income from the crop through 
productivity improvements and payments for the environmental benefits. The overall 
impact of those changes would be to lower the cost of biomass production and 
subsequently the costs for renewable energy to ratepayers. 

• The results demonstrate options for producing biomass for renewable energy that are able 
to increase wildlife habitat, improve water quality, sequester carbon, and improve 
pollinator habitat providing demonstrable environmental benefits to society as a whole. 

• The Life Cycle Assessment carried out by the project demonstrated that using perennial 
grasses to produce renewable energy significantly reduced the environmental impact of 
energy production when compared to using coal and natural gas to produce electricity. 
The use of a prairie mix for bioenergy production had the lowest environmental impact. 

1.2  Project Lessons Learned:  

• Biomass production:  Under current industry and biomass production scenarios, 
biomass from grasslands is not likely to be viable in the near future. Nonetheless, there 
remain opportunities related to more efficient production, processing and logistics as 
well as improved technologies for utilizing biomass for energy that can make grass 
feedstocks viable in the future. It is more a question of when rather than if and the timing 
will be partly be determined by investments in research, changes in policy and 
technological advances. 

• Payments for ecosystem services: What has been apparent as we have moved forward 
with the project has been the volatile nature of the relatively new market for payments 
for environmental services. We do believe that, as those markets mature, there will be 
greater opportunities to reduce the costs of production of biomass crops. There is a 
consensus in the scientific community and a growing consensus in the public that climate 
change is an important issue and an issue that must be addressed. There should be 
emerging opportunities to enlist payments for ecosystem services in the future. 

• Wildlife impacts: In managing grassland to avoid wildlife impacts, the species of 
concern will be an important determinant of management. Some species show a greater 
impact from biomass harvest while others are not affected or may even be favored. How 
grassland would be managed would be partly dependent on the species mix desired by 
land managers. 

• Logistics: For a facility such as Rahr Malting which receives biomass from Koda 
Energy, the main concern is a reliable source of biomass and without a reliable supply, 
they will not invest in the infrastructure necessary to handle grass as a fuel source. Rahr 
Malting prefers to subcontract biomass procurement and, at least in their case, is not 
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interested in directly sourcing biomass feedstocks as long as the feedstock meets their 
requirements. 

1.3 Usefulness of Project Findings:  
The information generated by this project can be used when planning and implementing biomass 
production projects to lower production costs while increasing positive and reduce negative 
environmental impacts. By generating ecosystem services projects could potentially benefit from 
payments for those systems further improving profitability of biomass production. Guidelines 
have been produced to help managers produce and harvest biomass crops which may be adapted 
to produce state level guidelines for biomass production from non-forest biomass. In addition, 
we now have greater knowledge of the costs and benefits of biomass production systems that can 
also be used to plan future research to further reduce costs and improve profitability and 
environmental services provided by biomass production. Specific uses are listed below: 

• Win-win opportunities: The project demonstrated that there are opportunities to 
provide renewable energy while simultaneously generating environmental benefits.  It 
has moved us closer to affordable renewable energy at the same time it provides 
opportunities for an increase in ecosystem services provided by bioenergy crops. 
Although market conditions do not currently support the system, we expect they will in 
the future. 

• Lowering costs, improving income: The study generated detailed information on the 
costs and benefits of producing biomass from perennial cropping systems.  That data is 
available and will contribute to lowering costs of production while delivering ecosystem 
services which could also receive payments as those markets develop. The combination 
of reduced costs and increased income from the systems will reduce overall costs and 
income with the effect of lowering the cost of biomass based renewable energy to 
ratepayers. 

• Research opportunities to improve feasibility and benefits: The study also identifies 
areas where research is needed to further reduce costs and improve productivity and 
subsequently the benefits and profitability of biomass production for energy production. 
The results will form a starting point for future research by the project team and others to 
improve the feasibility of perennial biomass production for energy. That research could 
ultimately lower the costs of renewable energy to ratepayers.  

Input for policy decisions: Through the Life Cycle Assessment carried out as part of the project, 
the project demonstrated that producing energy from perennial biomass has lower environmental 
impacts when compared to coal or natural gas based energy production. These are important 
considerations for policymakers in both the public and private sectors. The information 
generated can be used as a consideration in policy discussions. The information is likely to 
receive greater attention as efforts to mitigate climate change and its impacts are being 
considered. 
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2 Biomass crop production field to farm gate 
We are developing guidelines for production of biomass from native perennial crops. The 
biomass is intended for energy production.  These research activities will help us understand 
issues in producing biomass crops on farm from planting through harvesting.   
 

2.1 Experiment 1: Establishment strategies for weed control: Establishing native 
perennial bioenergy crops with cereal grain companion crops 

This section contains excerpts from the following published manuscript: 

Jungers JM, Wyse DL, Sheaffer CC (2014) Establishing Native Perennial Bioenergy Crops with 
Cereal Grain Companion Crops. BioEnergy Res. doi: 10.1007/s12155-014-9498-5 
 
Objectives: Weeds often provide excess competition with native grasses and prevent their 
establishment. Companion crops supply additional economic returns when used to establish 
perennial forage crops, and they should provide similar benefits when establishing native 
perennial grasslands for bioenergy. Our goal is to develop new approaches for weed control in 
establishing native perennial grasses and grass-forb polycultures. Establishment treatments 
include spring oat, and barley companion crops, herbicides, and mowing for weed control. 

2.1.1 Materials & Methods 
The study was conducted at four site-year environments; Rosemount, Empire-1, Empire-2, and 
Becker. Empire-1 and Empire-2 were located at the same site, but the former was established in 
2009 and the later in 2011. The Empire site was approximately 3 km NW of Rosemount and 112 
km SE of Becker. Soil at the Rosemount site (44°43’N 93°06’W) is a Tallula silt loam (course-
silty, mixed mesic Typic Hapludoll).  The field was planted to corn (Zea mays L.) the year prior 
to this study. Soil at the Empire site (44°42’N, 93°06’W) is a Waukegan silt loam (fine-silty over 
sandy or sandy-skeletal, mixed, superactive, mesic Typic Hapludolls). The field was fallow 
before the start of this study at Empire-1, while at Empire-2 the previous crop was soybean 
(Glycine max (L.) Merr.). Soil at Becker (45º23’N, 93º52’W) is Hubbard loamy sand (sandy, 
mixed, frigid Udorthentic Haploboroll) and the previous crop was a winter rye (Secale cereale 
L.) cover crop that was destroyed in early May before regrowth and establishment of the 
experiment. The Rosemount and Becker experiments were initiated in 2010 and 2011, 
respectively.  At all sites, we used chisel plowing, harrowing, and cultipacking to create a firm, 
weed-free seedbed. 
The experimental design was a two factor randomized complete block with three replicates at 
each site-year environment.  Treatments included seven companion cropping systems in 
combination with three native perennial bioenergy crops. Companion crop treatments were: 1) 
barley harvested for forage (barley:forage), 2) barley harvested for grain (barley:grain), 3) oat 
harvested for forage (oat:forage), 4) oat harvested for grain (oat:grain), 5) Canada wildrye 
harvested for forage (elymus), 6) no companion crop with mowing as weed control (mow), and 
7) no companion crop without weed control (control). Native perennial bioenergy crops were 1) 
switchgrass monoculture (switchgrass), 2) four-species grass mixture (grass mix; switchgrass, 
indiangrass, big bluestem (Andropogon gerardii Vitman), and little bluestem (Schizachyrium 
scoparium (Michx.) Nash)), and 3) CP-25 polyculture mixture (polyculture; a seed mixture of 
grasses, legumes and other forbs with standard requirements established by the US Natural 
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Resources Conservation Service [1]; Online Resource 1). A list of the treatments and 
management action dates is listed in Table 1. 
 
Table 1:  Dates of seeding, harvest, and other agronomic operations for companion crops and perennial 
biomass crops for four site-year environments in Minnesota, USA. 

1Perennial bioenergy crops and companion crops were seeded together on the same date. 

The oat cultivar “Jim” and barley cultivar “Lacey” were seeded at 70 kg pure live seed (PLS) ha-

1. These are early to mid-maturity cultivars with an average height of 81 cm. Canada wildrye was 
seeded at 10 kg PLS ha-1. Plots were 1.9 by 6.2 m with companion crops drilled in 15-cm rows 
and bioenergy crops drilled to a 0.6-cm depth between the companion crop rows. Seeding dates 

Establishment 
year Site 

Seeding 
date1 Companion crop  

Management 
action 

Action 
date 

Perennial biomass 
harvest dates 

2009 Empire-1  8-May Barley Forage harvest 6-Jul 
2010 October 20, 
2011 October 29 

   
Barley Grain harvest 17-Aug 

 
   

Oat Forage harvest 6-Jul 
 

   
Oat Grain harvest 17-Aug 

 
   

Canada Wild rye Forage harvest 6-Jul 
 

   
None Mow  6-Jul 

 
   

None None  - 
 

2010 Rosemount  8-May Barley Forage harvest 13-Jul 
2011 October 10, 
2012 October 1 

   
Barley Grain harvest 6-Aug 

 
   

Oat Forage harvest 13-Jul 
 

   
Oat Grain harvest 6-Aug 

 
   

Canada Wild rye Forage harvest 13-Jul 
 

   
None Mow  13-Jul 

 
   

None None  - 
 

2011 Empire-2 9-Jun Barley Forage harvest 29-Jul 
2012 October 1, 
2013 October 2 

   
Barley Grain harvest 16-Aug 

 
   

Oat Forage harvest 29-Jul 
 

   
Oat Grain harvest 16-Aug 

 
   

Canada Wild rye Forage harvest 29-Jul 
 

   
None Mow  29-Jul 

 
   

None None  - 
 

2011 Becker 9-Jun Barley Forage harvest 3-Aug 
2012 October 30, 
2013, October 3 

   
Barley Grain harvest 19-Aug 

 
   

Oat Forage harvest 3-Aug 
 

   
Oat Grain harvest 19-Aug 

 
   

Canada Wild rye Forage harvest 3-Aug 
 

   
None Mow  3-Aug 

       None None  -   
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for each environment are listed in Table 1. Switchgrass, grass mixtures, and polycultures were 
seeded at 13.5 kg PLS per ha-1. To achieve a similar proportion of pure live seed the weight 
proportion of the grasses was about 27% switchgrass, 20% big bluestem, 24% indiangrass, and 
29% little bluestem.  Legume seed in the polyculture mixture was treated with appropriate 
Rhizobium inoculant. Native plant seeds were purchased from Feder’s Prairie Seed Co. (Spring 
Grove, MN).  

In the seeding year, barley and oat were harvested for forage at the boot stage before 
inflorescence emergence and for grain after physiological maturity. Canada wildrye was 
harvested for forage on the same date as the barley and oat boot stage harvests. Forage, grain, 
and straw yields were determined by cutting a 1 by 5 m strip to a 2-cm height from the center of 
each plot. A 3 kg subsample was threshed, dried at 35°C, and grain and straw yields were 
determined on a dry matter (DM) basis.  Moisture content of the forage was determined by 
drying a 2-kg subsample at 35°C for 72 h and used to adjust yield on a DM basis.  Because of 
lack of regrowth, no additional biomass yields were collected in the seeding year. 

Biomass yields of perennial bioenergy crops (hereafter “perennial biomass yields”) were 
determined by mechanically harvesting a 1 by 5 m strip from each plot in October for two years 
following the seeding year (yr. 2 and yr. 3; Table 1). Moisture content was determined using the 
methods described above for forage yields. Two 0.1 m-2 sample quadrats were hand-harvested 
from each plot outside of the harvest strip. Biomass from the sample quadrats was sorted into  
weeds and native species fractions, and each component was weighed wet and then dried. The 
fraction of weed biomass to total biomass from the quadrat samples was applied to the 
mechanically harvested biomass to determine dry matter weed and perennial biomass yields. 
Frequently observed weeds included green foxtail (Setaria viridis (L.) P.Beauv.), common 
ragweed (Ambrosia artemisiifolia L.), common lambsquarters (Chenopodium album L.), and 
redroot pigweed (Amaranthus retroflexus L.). 

2.1.2 Results and Discussion 
During establishment (yr.1), precipitation was below average in May and June at Becker and 
Empire-1, and near normal at Empire-2 and Rosemount (Table 2). Water stress likely influenced 
first year (yr. 2) harvest yields as precipitation was 24% and 80% below the 30-year average at 
Rosemount/Empire in August and September of 2012, respectively; and 71% and 93% below 
average at Becker in August and September of 2012, respectively (Table 2). 

2.1.3 Effects of companion crops on bioenergy crop yields 
Companion crop effects on yr. 2 bioenergy crop yields were pronounced at Empire-1 and 
Rosemount, the higher yielding environments, but had no effect at the Empire-2 and Becker 
environments (Table 3). The oat:forage, elymus, and mow treatments produced similar yr. 2 
perennial biomass yields compared to the control at the Empire-1 and Rosemount environments. 
The barley:grain and oat:grain treatments decreased yr. 2 perennial biomass yields compared to 
the control and oat:forage treatments at Empire-1. Although barley has been shown to be 
allelopathic [2], we did not observe consistent differences in native perennial crop yield when 
planted with oat and barley companion crops. 
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Table 2:  Monthly precipitation and 30 yr. mean for each location and growing season of the four site-year 
environments in Minnesota, USA. 

Site Year April May June July August September October Total 

  
                                           mm           

Rosemount 
and Empire1 20092 57 34 100 47 198 15 160 611 

 
20103 43 81 187 168 151 167 49 846 

 
20114 78 118 112 126 80 16 18 548 

 2012 82 190 164 122 90 18 29 695 

 
2013 124 142 120 93 59 33 11 582 

30-yr mean 73 102 117 119 118 89 64 6825 

Becker 2011 87 143 66 145 102 13 17 573 
 2012 45 267 83 121 34 5 18 573 

 
2013 39 121 138 64 12 74 105 553 

30-yr mean 60 82 113 105 117 73 63 6135 

1 The nearest precipitation gauge was shared by the Empire and Rosemount sites 
2 Establishment year for Empire-1 
3 Establishment year for Rosemount 
4 Establishment year for Empire-2 
5 Sum of the 30-yr precipitation averages for April through October 
 

The effect of companion crops on yr. 3 perennial biomass yields also varied by environment and 
the effects were not consistent with those from yr. 2. Companion crops affected yr. 3 biomass 
yields at Empire-1 and Empire-2, but not at Rosemount and Becker (Table 3).  At Empire-1, only 
the barley:grain treatment differed from the control where it produced lower yr. 3 perennial 
biomass yields. At Empire-2, both the oat:forage and barley:grain treatments produced less yr. 3 
perennial biomass than the control.  

Small grain companion crops have been known to compete with intercropped perennial forages 
for resources, which can decrease yields of the perennials during establishment and subsequent 
harvest years [3]. This competition is enhanced by delayed harvest for grain compared to forage. 
To determine this effect, we compared perennial biomass yields of companion crops to those of 
un-weeded controls. Perennial biomass yields during the first harvest year (yr. 2) at the Empire-2 
and Becker environments were similar across all companion crop treatments including the 
controls; which is likely due to the low overall yields induced by water stress. However, the 
barley:forage, oat:forage, elymus, and mow treatments were considered successful treatments at 
environments where precipitation values were near normal as they did not reduce yr. 2 perennial 
yields compared with controls. The mow treatment did not include a companion crop to compete 
with the bioenergy crop, thus we expected that it would not directly decrease yr. 2 perennial 
biomass yields.  

Canada wildrye is a cool-season, perennial grass, which makes it a good candidate companion 
crop for bioenergy crop establishment. Although it is a short-lived perennial, Canada wildrye can 
provide biomass during seeding years as a companion crop and persist long enough to provide 
biomass with the main crop during the first few years of production. Moreover, the earlier 
phenology of Canada wildye – related to the C3 photosynthetic pathway – differentiates this 
species from the warm-season grasses typical of native prairies in the Upper Midwest, thus 
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allowing them to coexist [4]. Canada wildrye not only maintained yr. 2 perennial biomass yields 
at Empire-1 or Rosemount compared to the controls, but also contributed 13% of the total yr. 2 
bioenergy crop biomass at the Empire-1 environment (data not shown).  

 
Table 3:  Biomass yields in year 2 and 3 of native perennial crops for each native crop type and companion 
crop treatment at four site-year environments in MN, USA. Comparing yield values across perennial crops 
types and companion crop treatments (within each site-year environment) is indicated with letters; values 
sharing the same letter are not significantly different (LSD = 0.05). 

 
Empire-1 Rosemount Empire-2 Becker 

 
Yr. 2 Yr. 3 Yr. 2 Yr. 3 Yr. 2 Yr. 3 Yr. 2 Yr. 3 

Bioenergy Crop1 Mg ha-1 

Polyculture 4.08 (a) 4.16 (a) 5.17 (a) 3.81 (a) 1.98 (a) 6.68 (a) 0.81 (a) 1.19 (b) 
Switchgrass 3.90 (a) 3.89 (a) 3.90 (b) 4.24 (a) 2.34 (a) 6.70 (a) 0.82 (a) 2.01 (a) 
Grass Mix 4.17 (a) 3.95 (a) 3.71 (b) 3.36 (a) 2.19 (a) 6.99 (a) 1.01 (a) 1.44 (b) 
Companion Crop2 

     
   

Barley:Forage 4.60 (ab) 4.00 (abc) 3.84 (b) 3.68 (a) 2.18 (a) 7.35 (ab) 0.83 (a) 1.67 (a) 
Oat:Forage 4.88 (a) 5.20 (a) 4.15 (ab) 3.62 (a) 2.32 (a) 5.81 (b) 1.05 (a) 1.52 (a) 
Barley:Grain 3.21 (b) 2.89 (c) 3.67 (b) 4.11 (a) 2.37 (a) 5.65 (b) 0.94 (a) 1.48 (a) 
Oat:Grain 3.07 (b) 3.55 (bc) 3.66 (b) 2.86 (a) 2.41 (a) 6.12 (ab) 0.76 (a) 1.50 (a) 
Elymus 3.72 (ab) 3.26 (bc) 4.78 (ab) 3.76 (a) 2.14 (a) 7.88 (a) 1.02 (a) 1.84 (a) 
Mow 3.93 (ab) 4.55 (ab) 5.02 (a) 4.49 (a) 2.11 (a) 6.12 (ab) 0.81 (a) 1.75 (a) 
Control 4.94 (a) 4.55 (ab) 4.78 (ab) 4.03 (a) 1.90 (a) 7.80 (a) 0.75 (a) 1.06 (a) 

1 Biomass values are averaged across cover crop treatments. 
2 Biomass values are averaged across bioenergy crop types. 
 

The timing of harvest for a companion crop can be important for determining its effect on the 
main crop [5]. In this study, cereal grain companion crops were harvested as forage three to four 
weeks earlier than cereal grain companion crops harvested for grain. This earlier removal of the 
companion crop may have limited direct competition for light and/or nutrients between the 
companion crop and the main bioenergy crop, thus resulted in higher yields of yr. 2 perennial 
biomass that were observed at Empire-1 and Rosemount. Contrary to our findings, Kilcher and 
Heinrichs [6] found that yr. 2 yields of a smooth bromegrass – wheatgrass (Agropyron cristatum 
(L.) Gaertn) – alfalfa mixture were 20% lower following cereal companion crops harvested for 
forage compared to cereal crops harvested for grain. The authors attribute this yield decrease to 
direct alfalfa mortality from the lower cutting height for forage (5 cm for forage harvest and 20 
cm for grain) rather than the timing of harvest. In our study, cutting height was the same when 
harvesting companion crops for forage and grain, therefore cutting height did not contribute 
variation to yr. 2 perennial biomass yields in the two treatments.  

Our results show that effects of companion crops on biomass yields can extend into the second 
harvest year (yr. 3 biomass yields). To our knowledge, this has not been previously reported for 
native warm season grasses and forbs. In a study that intercropped red clover (Trifolium pretense 
L.) with timothy grass (Phleum pratense L.), the red clover decreased yr. 3 grass yields 
throughout the experiment [7]. In our study, the carryover effects of companion crops were not 
consistent across environments. At Empire-1, the effect of companion crops on perennial 
biomass yields was similar during both yr. 2 and yr. 3. At Rosemount, companion crops only 
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affected perennial biomass yields during yr. 2 and not yr. 3. Surprisingly, we saw a delayed 
effect of companion crops at Empire-2; where there were no effects during yr. 2 under water 
stress conditions, but effects during yr. 3 when precipitation was closer to normal. If we assume 
that precipitation limited overall productivity and therefore any direct effects of our treatments 
via competition in yr. 2, then it is possible that the companion crop treatments induced some 
indirect effects that were resilient to time lags. However, although Becker experienced similar 
water stress conditions during yr. 2 and not yr. 3, delayed effects of companion crops were not 
observed at this site.  

2.1.4 Companion crop effects on weeds 
Another characteristic of a successful companion crop is its ability to suppress weeds. To assess 
this, we measured yr. 2 weed biomass yields at Empire-1 and Rosemount and weed plant 
densities in the polyculture crop at Empire-2 and Becker. Significant effects of companion crops 
on yr. 2 weed biomass yields were only observed at Rosemount, where the elymus treatment was 
most successful at suppressing yr. 2 weed yields compared to all other treatments including the 
control (Table 4). Early-successional traits allow Canada wildrye to quickly establish, thus 
compete with annual weeds early in the seeding year. Because it is a C3 grass, the Canada 
wildrye utilizes resources earlier in the growing season compared to native, perennial C4 grasses, 
and similar to the timing of some common C3 annual weeds. At Empire-2 and Becker, the 
growth of the perennial biomass crops in combination with low precipitation prevented 
measurable weed growth; thus restricting our capacity to determine the effects of companion 
crops at these environments.  
 
Table 4: Weed biomass yields in year 2 and 3 in native perennial crops for each perennial bioenergy crop 
type and companion crop treatment at Empire-1 and Rosemount environments in MN, USA. Comparing 
yield values across perennial crops types and companion crop treatments (within each site-year environment) 
is indicated with letters; values sharing the same letter are not significantly different (LSD = 0.05). 

 
Empire-1 Rosemount 

 Yr. 2 Yr. 3 Yr. 2 Yr. 3 
Bioenergy Crop1 Mg ha-1 
Polyculture 0.95 (a) 0.33(a) 0.15 (b) 1.31 (b) 
Switchgrass 1.19 (ab) 0.37 (a) 0.42 (a) 0.75 (ab) 
Grass Mix 1.69 (b) 0.55 (a) 0.34 (a) 0.53 (a) 
Companion Crop2 

 
  

 Barley:Forage 2.00 (a) 0.90 (a) 0.17 (ab) 0.79 (a) 
Oat:Forage 0.83 (a) 0.58 (a) 0.27 (a) 0.57 (a) 
Barley:Grain 1.66 (a) 0.22 (a) 0.51 (a) 1.69 (a) 
Oat:Grain 0.92 (a) 0.12 (a) 0.37 (a) 0.68 (a) 
Elymus 1.32 (a) 0.14 (a) 0.03 (b) 0.86 (a) 
Mow 1.08 (a) 0.87 (a) 0.31 (a) 0.51 (a) 
Control 1.12 (a) 0.08 (a) 0.44 (a) 0.91 (a) 

1 Biomass values are averaged across cover crop treatments. 
2 Biomass values are averaged across bioenergy crop types. 
 



18 

All companion crop treatments decreased weed plant densities within the polyculture treatments 
during yr. 2 compared with controls at Empire-2 despite water stress conditions (Table 5). This 
result could be related to the delayed effect of companion crops on perennial biomass yields. The 
lack of weeds observed during yr. 2 due to companion crops may have led to the greater 
perennial biomass yields during yr. 3. Weed densities in all treatments were similar to controls 
during yr. 2 at Becker (Table 5).  

2.1.5 Biomass yields of companion crops 
The capacity to produce marketable yields during the establishment year is an important 
component of a successful companion crop. The companion crops produced biomass for a range 
of markets including grain, straw, and forage. There was considerable variation in companion 
crop yield within and across environments. Variation in seeding date ( 

Table 1) and precipitation (Table 2) during the establishment year likely contributed to yearly 
variation in companion crop yields (Table 6). Low cereal companion crop yields in our study 
relative to state averages were likely related to the absence of nitrogen fertilizer and to our later 
seeding date of companion crops. The University of Minnesota Extension recommends seeding 
cereal grains no later than the third week of May to avoid yield losses due to heat stress [8]. The 
8 May seeding date at Empire-1 and Rosemount was earlier than the recommended latest seeding 
date, but two weeks later than the optimum seeding date. The 9 June seeding date for Empire-2 
and Becker was later than the recommended latest seeding date. We intentionally chose these 
later seeding dates to meet recommended spring seeding dates for native grassland establishment 
[9].       

At Rosemount, where forage and grain yields were highest, forage yields were highest for oat, 
intermediate for barley and least for elymus. At the lower yielding Empire-2 and Becker sites, 
there were no consistent differences in forage yields among treatments. Of the companion crop 
treatments that did not reduce yr. 2 perennial biomass yields, two provided harvestable yr. 1 
biomass; elymus and oat:forage. The oat:forage treatment produced more forage biomass than 
the elymus treatment at Rosemount and Becker (Table 6).  

2.1.6 Biomass and weed yields of alternative bioenergy crops 
At Rosemount, the polyculture yielded more yr. 2 perennial biomass than the switchgrass and 
grass mix (Table 3). All bioenergy crops produced similar yr. 2 perennial biomass yields at the 
Empire-1, Empire-2, and Becker environments. During yr. 3, perennial biomass yields were 
similar across all bioenergy crops for the Empire-1, Rosemount, and Empire-2 environments. At 
Becker during yr. 3, switchgrass produced more biomass than both the polyculture and grass mix 
bioenergy crops (Table 3).  

In mature grassland bioenergy systems, diverse polycultures produced more biomass than 
monocultures in some Minnesota studies [10]. However in early phases of grassland 
establishment, the opposite trend has been observed. Mangan et al. [11] reported lower yr. 2 
yields of diverse polycultures compared to switchgrass monocultures at 3 of 4 locations in an 
establishment study. The same study reported lower diverse polyculture yields at 2 of 4 locations 
compared to four-species grass mixtures similar to our grass mixture bioenergy treatment [11]. 
Our results show that polycultures can produce competitive yields compared to switchgrass 
during early years of establishment, which may be aided by companion crops. Overall, no single 
bioenergy crop consistently produced more biomass across environments.  
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Table 5: Plant densities in Minnesota-specific CP-25 polycultures in year 2 following companion crop treatments at four site-year environments in 
Minnesota, USA. 

 
Empire-1 Rosemount Empire-2 Becker 

 
Grass Forb Weed1 Grass Forb Weed Grass Forb Weed Grass Forb Weed 

Companion Crop Plants 0.1 m-2 
Barley:Forage 5.67 1.67 - 6.63 (ab)2 0.40 - 4.07 1.00 1.13 (b) 4.23 2.73 1.60 (ab) 
Oat:Forage 9.67 2.17 - 5.70 (ab) 0.13 - 6.07 1.23 0.73 (b) 5.80 2.70 0.83 (b) 
Barley:Grain 1.67 1.67 - 2.13 (b) 0.27 - 2.23 1.23 1.83 (b) 3.70 1.70 3.47 (a) 
Oat:Grain 7.17 2.17 - 3.23 (ab) 0.27 - 3.73 0.50 2.37 (b) 2.83 1.47 1.73 (ab) 
Elymus 7.00 1.50 - 8.63 (ab) 0.27 - 5.07 0.77 1.13 (b) 4.20 1.10 1.60 (ab) 
Mow 11.83 1.33 - 4.73 (ab) 0.27 - 2.97 1.87 1.37 (b) 3.47 0.50 1.60 (ab) 
Control 9.50 1.83 - 9.55 (a) 0.20 - 5.78 0.40 7.93 (a) 3.60 0.50 2.97 (ab) 

1 Weed cover was not measured at Empire-1 and Rosemount in yr 2. 
2 Plant density values are compared between cover crop treatments within each site-year environment. Treatments values with similar letters are statistically 
similar determined by LSD = 0.05. Values without letters were not statistically different.  
 
Table 6: Biomass and grain yields in year 1 (seeding year) from companion crops intercropped with native perennial mixtures at four site-year 
environments in MN, USA. 

Treatment Empire-1 Rosemount Empire-2 Becker Empire-1 Rosemount Empire-2 Becker 

 
Forage1 (Mg ha-1) Grain (Mg ha-1) 

Barley:Forage 4.57 8.07 (b)2 2.12 (a) 0.75 (b) - - - - 
Oat:Forage 3.65 10.62 (a) 1.15 (b) 1.53 (a) - - - - 
Barley:Grain 2.48 4.39 (c) 0.53 (b) 0.38 (b) 2.603 3.00 (a) 0.35(a) 0.25 (a) 
Oat:Grain 2.01 8.09 (bc) 0.4 (b) 0.92 (ab) 1.74  2.39(a) 0.17(a) 0.40 (b) 
Elymus NA4 5.16 (c) 2.26 (a) 0.41 (b) - - - - 

1 Forage yields include straw from oat and barley harvested for grain.  
2 Plant density values are compared between cover crop treatments within each site-year environment. Treatments values with similar letters are statistically 
similar determined by LSD = 0.05. Values without letters were not statistically different.  
3 Insufficient replication for comparisons. 
4 The Elymus treatment was not harvested during the seeding year at Empire-1. 



20 

Yr. 2 weed biomass yields in the polyculture were 20% lower than weed biomass yields in the 
grass mix at Empire-1. At Rosemount, yr. 2 weed biomass yields in the polyculture were 56% 
and 64% lower than weed biomass yields in the grass mix and switchgrass monoculture, 
respectively (Table 4). The lack of total biomass at Empire-2 and Becker limited our ability to 
detect differences in weed biomass yields. At Empire-1, weed yields during yr. 3 were similar 
across bioenergy crops while weed yields were greater in the polyculture compared to the grass 
mix (Table 4) at Rosemount.  

Ecological theory and past experimentation suggest that plant communities with more species are 
less vulnerable to invasion by weeds [12]. One proposed mechanism responsible for this 
relationship is the sampling effect – the increased probability of the presence of a dominant 
species in a community with greater diversity [13]. A second proposed mechanism is 
complementarity – more complete utilization of resources by species in communities with 
greater diversity [14]. Fargione and Tilman [15] found evidence of both mechanisms in a 
grassland invasion experiment in Minnesota, USA, and identified C4 grasses as dominant species 
leading to the sampling effect. All three of our bioenergy crops were dominated by C4 grasses 
(Table 5), so this mechanism may not be responsible for the variation in weed yields observed in 
our study. However, complementarity could have led to lower weed yields in the polyculture 
treatment observed at Rosemount since this treatment contains forbs that can compete with 
weeds when/where C4 grasses are not competitive. This result was not consistent across years or 
locations, which could be a result of species redundancy within polycultures [16]. Even though 
the polyculture treatment at Empire-1 had greater forb densities compared to Rosemount (Table 
5), we do not know if it was more diverse in terms of species richness or functionality. The forb 
species at Rosemount could have possessed traits that made them more competitive with the 
weed species at that site, which may not have been the case at Empire-1. Therefore, an effort to 
select species for a mixture that suits the soil, climate, and possibly the weed community of a 
production site could be more important than maximizing the number of species within a seed 
mixture. The polyculture mixture used in our study may have included species that were better 
suited to produce high biomass and suppress weeds at the Rosemount environment. 

2.1.7 Conclusion 
A major obstacle in establishing perennial grasslands for bioenergy is the lack of harvestable 
biomass with the potential for economic return during the seeding year. Our study shows that 
some companion crops can be planted with perennial grasses and polyculture mixtures to provide 
forage, grain, and/or straw during the seeding year without decreasing biomass yields of the main 
bioenergy crop the following year (yr. 2). Canada wildrye, barley, and oat harvested for forage 
all produced biomass during the seeding year of grassland bioenergy crop establishment without 
decreasing biomass yields of native bioenergy crops in yr. 2. Canada wildrye and the 
barley:forage companion crops lowered yr. 2 weed yields more than the oat:forage companion 
crop at one location. Harvesting barley for grain as a companion crop decreased perennial 
biomass yields compared to the control for two consecutive years at one environment, as well as 
yr. 3 yields at another. 
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2.2 Experiment 2: Optimum planting dates for native perennial plants 
Objectives: There is debate regarding the best time to establish native perennial prairie plants.  
Some feel that winter and late spring overseeding is an effective and low cost approach.  Our 
objective was to determine the effect of planting dates on the establishment of native perennial 
plants. 

Experimental design: The experiment was replicated at three locations in Rosemount, MN, with 
each treatment randomly assigned to each replicate at each location (randomized complete 
block). 
Accomplishment: We repeated the seeding experiment over two years. We have used three 
dates:  December, March, and in June.  The seeding rate for native plants was 50 seeds per sq. ft.  
Plots were broadcast seeded on a silt loam soil at Rosemount, MN.  We seeded switchgrass and a 
native plant perennial polyculture mixture. 

We collected stand count data using a frequency grid in spring and biomass yield data in the fall. 
The frequency grid is a metal frame containing 25 squares (15 by 15 cm) made from fence 
paneling. The frequency grid is randomly placed within a seeded area, and the number of cells 
containing 1 or more of the seeded plants are counted. Biomass yield was measured by 
harvesting a one meter square area to a 1 inch height from the center of each plot.  The total 
biomass was dried at 30º C and yield expressed on a dry matter basis.  

We did not observe any consistent treatment effects on plant populations or native plant yields.  
The normal native plant establishment strategy is to drill native plants in the spring using 
equipment.  In our research we focus on broadcast seeding on soils.  The apparent lack of 
treatment effect is likely due to failure to achieve soil coverage and soil-seed contact.  
Consequently, we do not recommend this approach.  
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2.3 Experiment 3: Optimum harvest dates for native perennial biomass crops:    
Harvest date effects on biomass yield, moisture content, mineral concentration, and mineral 
export in switchgrass and native polycultures managed for bioenergy 

This section contains excerpts from the following published manuscript: 

Gamble JD, Jungers JM, Wyse DL, Johnson GA, Lamb JA, Sheaffer CC. (2014) Harvest Date 
Effects on Biomass Yield, Moisture Content, Mineral Concentration, and Mineral Export in 
Switchgrass and Native Polycultures Managed for Bioenergy. BioEnergy Res. doi: 
10.1007/s12155-014-9555-0 
Objectives: Understanding how harvest timing influences biomass yield and quality is important 
if existing conservation grasslands are to be included in the portfolio of feedstocks for the 
emerging bioeconomy.  The current literature lacks a comprehensive analysis on the effect of 
harvest timing on biomass yield and quality, while accounting for spatial and temporal variation. 
Our study addresses this knowledge gap and interprets results in the context of bioenergy 
production. Our objective was to examine various biomass quality and quantity metrics in 
response to harvest timing while accounting for random variation across multiple locations and 
growing seasons. We focused on two perennial herbaceous feedstocks; switchgrass and native 
polycultures, and harvest dates ranging from late summer to a late spring harvest just prior to 
emergence.    

2.3.1 Materials and Methods 
The study was conducted over three years (Year 1 = 2009-2010, Year 2 = 2010-2011 and Year 3 
= 2011-2012) at seven Minnesota sites spanning a variety of soil and climate conditions (Table 
7).  Three sites had native polycultures (Austin, Chisago, Vermillion), three sites had switchgrass 
(Lamberton, Waseca, Rosemount), and one site had both types of bioenergy crops (Becker).  
Austin and Vermillion native polycultures were established in 2005 and 2006, and are managed 
by the Minnesota Department of Natural Resources as Schottler and Vermillion Highlands 
Wildlife Management Areas, respectively. The native polyculture at Chisago was established in 
2005 and managed by a private landowner while all other vegetation was established in 2006 for 
previous studies at University of Minnesota Agricultural Experiment Stations and Research and 
Outreach Centers [11] .  All sites were managed without fertilizer inputs.  

The study was established as a completely randomized block design with four replicates at each 
of seven sites.  Treatments were harvest dates, with vegetation type (switchgrass or native 
polyculture) as a covariate.  At each site, biomass harvests were conducted on four occasions 
throughout the dormant season following a killing frost (0° C) or plant senescence. The first 
harvest, “late summer - early fall”, was conducted between 2 September and 5 October of each 
year and was meant to represent a typical harvest scenario for grassland biomass.  The second 
harvest, “late fall – winter”, was conducted between 10 November and 11 January of each year.  
The third harvest, “early spring”, was conducted between 14 March and 16 April of each year.  
The fourth harvest, “late spring”, was conducted between 1 May and 20 May of each year.  
Harvest dates varied over locations and years because of variation in weather events such as 
rainfall and snowfall.  Vegetation was harvested to a 10 cm stubble height, weighed wet in the 
field, dried in in a 60º C oven, then weighed again to obtain moisture content and biomass yield.  
Subsamples of the harvested vegetation were ground and analyzed for mineral concentration by 
by Agvise Laboratories (Benson, MN, USA). 
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Table 7:  Location, soils, vegetation, and selected climate data for seven Minnesota sites 
    1981 – 2010 Climatological Mean 

Site name Location Soil type Vegetation  Annual 
Temp. (ºC) 

Annual 
Precip. 
(cm) 

Last 
spring 
frost* 

First fall 
frost* 

Austin 43º 36’ 43” N 
-92º 55’ 23” W 

Sargeant silt loam 
(fine-loamy, mixed, 
superactive, mesic 
Aquic Glossudalfs 

Native 
polyculture 

11.9  Max 
6.2    Mean 
0.6    Min 

81.2 14 May 18 Sept 

Becker 45º 23’ 18” N 
-93º 52’ 55” W 

Hubbard loamy sand 
(sandy, mixed, frigid 
Entic Hapludolls) 

Native 
polyculture, 
Switchgrass 

12.8  Max 
6.2    Mean 
1.8    Min 

77.0 18 May 22 Sept 

Chisago 45º 29’ 27” N 
-92º 45’ 31” W 

Nebish loam (fine-
loamy, mixed, 
superactive, frigid Typic 
Hapludalfs 

Native 
polyculture 

12.9  Max 
7.2    Mean 
1.4    Min 

80.7 21 May 20 Sept 

Lamberton 44º 14’ 15” N 
-95º 19’ 3” W 

Normania-Ves complex 
loam (fine-loamy, 
mixed, superactive, 
mesic Aquic 

 

Switchgrass 12.9  Max 
6.8    Mean 
0.8    Min 

66.7 17 May 17 Sept 

Rosemount 

 

 

 

44º 41’ 16” N 
-93º 4’ 30” W 
 

Waukegan silt loam 
(fine-silty over sandy, 
mixed Typic Hapludoll). 

Switchgrass 12.0  Max 
6.4    Mean 
0.7    Min 

87.9 17 May 22 Sept 

Vermillion  44º 40’ 24” N 
-93º 5’ 39” W 
 

Mayer silt loam (fine-
loamy over sandy or 
sandy-skeletal, mixed, 
superactive, 

  
  

Native 
polyculture 

12.0  Max 
6.4    Mean 
0.7    Min 

87.9 17 May 22 Sept 

Waseca 44º 3’ 52” N 
-93º 31’ 30” W 

Nicollet clay loam (fine-
loamy, mixed, 
superactive, mesic 
Aquic Hapludolls) 

Switchgrass 12.2  Max 
6.6    Mean 
1.0    Min 

88.2 15 May 19 Sept 

* Probability of observing a temperature as cold, or colder than 0 ºC later in the spring or earlier in the fall than the indicated 
date is 0.1 

2.3.2 Mineral export, revenue differences and gasification quality index 
Biomass yield was multiplied by the concentration of N, P, and K for each sampling date to 
determine mineral export rates. The economic result of harvest date effects on biomass yield and 
mineral export (hereafter “revenue difference”) was determined by subtracting the cost of 
replacing exported minerals from expected revenues from biomass sales. The price of biomass 
was fixed at $66 Mg-1 and was multiplied by biomass yield for each sampling date. The cost of 
replacing exported minerals was determined as the product of N, P, and K export rates and the 
price of mineral N as urea fertilizer (45 – 0 – 0), P as triple super phosphate fertilizer (0 – 46 – 
0), and K potassium chloride fertilizer (0 – 0 – 60), respectively. The national average fertilizer 
prices in 2013 [17] were adjusted for mineral content: urea at $1.45 kg-1 N; triple super 
phosphate at $1.68 kg-1 P; and potassium chloride at $1.09 kg-1 K. The cost of mineral 
replacement was not considered as it was assumed that it would eventually occur regardless of 
export rate. The impact of mineral replacement (or lack thereof) on subsequent biomass yield, 
moisture, and mineral content was outside the scope of this analysis.  All other input costs are 
assumed to be equal across all harvest dates and are not calculated in this analysis. Revenue 
difference does not accurately estimate real revenues from biomass production, but instead are 
used to make relative economic comparisons across harvest dates.   
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The gasification quality index is the ratio K/(Ca + Mg) with a threshold of 0.5 [18].  This index 
was developed in accordance with the University of Minnesota Morris Biomass Gasification 
Project. Biomass with a gasification quality index of less than 0.5 will not likely have ash 
sintering or fusion issues and is preferred for gasification. 

Harvest dates were recorded and then standardized as the number of days since 1 June (the 
approximate start of the growing season). This also allowed for easier interpretation for intervals 
that include 1 January. Harvest date was modeled as a continuous predictor variable to explain 
variation in biomass yield, moisture, N, P, K, S, Mg, and Ca concentrations, as well as revenue 
difference and the gasification quality index.  

2.3.3 Results & Discussion 
Biomass yield varied substantially across all dates and locations, with a range of 0.7 – 11.7 Mg 
ha-1 and an average of 3.9 Mg ha-1.  We found that, averaged across sites and growing seasons, 
switchgrass and native polyculture biomass yields responded similarly to changes in harvest 
date. Although there was some variation across sites, in general, biomass yield declined from 
early fall to winter, and then increased slightly from winter to late spring (Figure 1). Despite this, 
there was not a significant difference between biomass yields harvested in fall compared to 
spring from data spanning sites and growing seasons.   

 
Other studies have reported declines in switchgrass and Miscanthus spp. biomass yield when 
harvest is delayed from fall to spring [19–21]. Lewandowski et al. compared Miscanthus 
biomass yields harvested at two dates – fall and spring – at five European locations in one year. 
They report lower mean yields during spring harvest, but this effect was not significant within or 
between locations [21] . Studies of switchgrass found that delaying harvest from fall senescence 
to the following spring resulted in yield declines from 11 to 37% [19–21]. Switchgrass yield 
declines were not consistent through time or across locations [19].  We also observed some 
variation in the effect of harvest date on biomass yield across locations as seen in Fig. 1. 
However, when this variation is averaged across all locations and years, the overall change in 

Figure 1 Change in biomass yield and moisture 
content as a function of harvest date at seven locations 
during three years. Regression lines indicate 
relationship averaged across locations, years, and 
vegetation types with shaded areas representing 95% 
CI of regression estimates. 
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yield from spring to fall is not statistically significant.  Adler et al. found that biomass yields 
declined nearly 40% when mechanical harvest was delayed from fall to spring, and that this was 
mostly caused by biomass left behind by baling machinery. When yields were adjusted for 
known losses, the authors estimated that fall and spring yields were within 5% of each other [19]. 
Our hand-harvest methods were likely more effective at collecting biomass in the spring 
compared to mechanical harvest, which would explain why we did not observe considerable 
yield decreases from fall to spring. 

Biomass moisture content ranged from 16 – 900 g kg-1, and averaged 314 g kg-1 across all 
harvest dates and locations. Biomass moisture content increased from early fall to winter, and 
then decreased from winter to late spring (Figure 1). These results contradicted our expectation 
that moisture content would decrease from fall to winter, as observed by others [22].  Parrish and 
Fike state that switchgrass can retain green tissues after experiencing multiple killing frosts (< 0º 
C) in the fall, thus a full dry-down is not expected until November or December in this region 
[23]. However, we observed an increase in moisture content during this period. Recent 
precipitation or thaw events near the time of harvest could have elevated biomass moisture 
content for late fall samples, such as those observed around 18 December (day 200) in year 2 
(Figure 1).  

Biomass moisture content did not fall below the 23 % threshold (230 g kg-1) considered safe for 
storage [24] until 18 April (day 322).  Harvesting and storing biomass with moisture content 
greater than 23 % increases the chance of self-ignition [21, 25], microbial degradation of soluble 
and storage carbohydrates [19] and can result in reduced combustion efficiency [24].  When 
transporting biomass as high-density bales, the amount of biomass transported per trailer load 
can be limited by weight rather than space [26], and thus minimizing biomass moisture content is 
especially important. For instance, reducing biomass moisture content from our observed 
average of 310 to 210 g kg-1 (31% to 21%) would allow for transport of three additional large 
square bales assuming a bale density of 224 kg m-3 and a maximum trailer load of 20.9 Mg  [26].  
This reduction in moisture can be achieved by delaying harvest until after 18 April, or with a 
typical post-senescence fall harvest,  it can be achieved by allowing cut biomass to dry in 
windrows prior to baling [27]. 

Biomass N concentration ranged from 3.7 – 11.4 g kg-1, and averaged 6.0 g kg-1 across all 
harvest dates and locations. We observed a slight decrease in biomass N concentration from 
September (Day 92) through October (Day 153,  
 

 

 
 
 
Figure 2), but the average N concentration from this interval (6.3 g N kg-1) was similar to the 
stabilized values from previous research [28–30]. This suggests that N translocation had already 
occurred by the time of our first sampling dates, which we expected since plants were past 
senescence.  In lower latitudes (Oklahoma, USA), N concentrations decreased by 20% to 60% in 
switchgrass from maturity (August) to senescence (December; [31]. At sites further north (Iowa, 
USA), biomass N concentrations decreased curvilinearly in four native perennial grasses from 
the start of the growing season to about August, and then stabilized from August to the final 
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sampling date in October [28].  Similarly, Wayman et al. observed N concentrations decrease in 
switchgrass stems by 77-82% from June to August, after which time N concentrations stabilized 
[29].  

 
 

 

 

 

We did not see a difference in N concentration of biomass harvested in late fall and early spring, 
which is similar to previous studies [20].  Our results show a slight increase in biomass N 
concentration in the late spring, which could be caused by the harvest of new emerging shoot 
material that has N concentrations of around 35 g kg-1 [28].  

Biomass P concentration ranged from 0.2 – 1.8 g kg-1, and averaged 0.6 g kg-1 across all harvest 
dates and locations. Biomass K concentration ranged from 0.6 – 9.7 g kg-1, and averaged 2.8 g 
kg-1 across all harvest dates and locations. We observed dramatic declines in biomass P and K 
concentrations with harvest date (Figure 2). Like N, these macronutrients are also translocated 
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from shoots to roots in the fall [31].  Unlike N, we observed continued declines in biomass P and 
K concentrations after plant senescence and well into winter, after which stabilization occurred 
in early spring. The rate of P and K decrease varied by location. For instance, biomass P 
decreased from early fall to early spring by 60% at the Vermillion location and 25% at 
Lamberton in year 3, with final biomass P concentrations of 5.3 and 2.3 g P kg-1 for each 
location, respectively. This decrease is similar to that observed in switchgrass from maturity 
(August) to senescence (December;[31]). Winter P concentrations were less than those observed 
in six different perennial grasses harvested in December [32].  The decrease in biomass K 
concentration was generally greater than that of P, ranging from 69% to 80% in year 3. Our 
average biomass P and K concentrations are similar to or slightly lower than other measured 
values for switchgrass [33], other bioenergy species grown in monoculture [32], and mixed-
species grasslands harvested in fall [34]; however we show that these concentrations continue to 
decrease throughout the winter and reach the lowest values in early spring. 

Biomass S concentration ranged from 0.3 – 1.1 g kg-1, and averaged 0.5 g kg-1 across all harvest 
dates and location. We observed a decline in biomass S concentration with harvest date.  The 
change in biomass S concentration through time was similar between crops. Averaged across all 
harvest dates and locations, biomass S concentration was 0.48 g kg-1. This was less than C3 and 
C4 dominated grasslands harvested in late fall [34] and similar to Miscanthus biomass S 
concentration grown in Europe [21] 

Biomass Ca concentration ranged from 1.5 – 11.6 g kg-1, and averaged 3.9 g kg-1 across all 
harvest dates and locations. Biomass Mg concentration ranged from 0.4 – 2.5 g kg-1, and 
averaged 1.1 g kg-1 across all harvest dates and locations.  Biomass Ca and Mg estimates were 
similar across all harvest dates in our sampling interval and did not significantly differ by crop 
type. 

There was no effect of harvest date on revenue difference based on biomass yields and mineral 
export rates.  Although we observed changes in mineral concentrations as a result of biomass 
harvest date, there was no economic advantage to harvesting earlier or later based on variation in 
biomass yield and nutrient export rates. This is evidence that, at similar low-input grassland sites, 
effort should be focused on increasing biomass yield to maximize economic returns from 
biomass production rather than focusing on biomass quality, as revenues from biomass yield can 
offset the added costs of mineral export. Data are needed to quantify other economic 
characteristics that could vary depending on harvest timing. For instance, increases in alkali 
metal concentration cause fouling and slagging in thermochemical conversion facilities, yet the 
cost of this inefficiency has not been published in terms of biomass alkali metal concentrations. 

 

Figure 3 Change in gasification quality index 
(K/(Mg+Ca)) as a function of harvest date at seven 
locations during three years.  Regression lines indicate 
relationships for polyculture and switchgrass crops 
averaged across locations and years with shaded areas 
representing 95% CI of regression estimates. Dashed 
horizontal line indicates maximum threshold for 
gasification (0.5) 
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The gasification quality index decreased with harvest date from fall to spring following a square-
root quadratic function (Figure 3). The rate of decrease was slightly greater for switchgrass, 
although model estimated values for the polyculture and switchgrass plots were similar based on 
CI overlap for all dates within the sample period. Model estimates for the gasification quality 
index did not decrease below the 0.5 threshold for either crop type, however, 94% and 82% of 
the measured values after 1 February were below the 0.5 threshold for polyculture and 
switchgrass crops, respectively. For biomass harvested prior to 1 November, the gasification 
quality index was less than the 0.5 threshold for 0% and 3% of the measurements for polyculture 
and switchgrass crops, respectively. To prevent slagging and fouling during gasification, 
switchgrass and polyculture biomass should be harvested in early or late spring. 

2.3.4 Conclusion 
Various local factors influence the decision of when to harvest grassland biomass for renewable 
energy including climate, plant composition, management considerations, and economics. Our 
study shows that, considering the economic costs of replacing exported minerals and changes in 
revenues from biomass yield through time, biomass harvest should be conducted in late summer 
- early fall or late spring and avoided in winter. Biomass managed for gasification should be 
harvested in spring to reduce concentrations of minerals that lead to slagging and fouling. 
However, our results showed negligible yield loss from fall to spring, which may not be the case 
with field-scale mechanical harvest.  Changes in biomass yield and quality through time were 
similar for switchgrass and native polyculture biomass. These biomass harvest recommendations 
are made from data spanning multiple years and locations, and should be applicable to various 
growing conditions across the Upper Midwest.
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2.4 Experiment 4: Fertilizer replacement value of biofuel ash: 
The combustion of herbaceous biofuels will generate a significant amount of ash that is 
often considered a waste product but that potentially could have value as a fertilizer.  
Recycling of this ash to the soil will be an environmentally-sound practice that also 
provides a productive use of the ash generated by combustion. 

Objective: The overall objective is to answer fundamental questions related to the 
agronomic use and potential environmental impacts of ash generated from combustion of 
herbaceous native perennial biomass at the Rahr Malting facilities.  These following field 
and greenhouse studies were planned and initiated for the 2012 growing season. Because of 
the limited amount of ash that was generated we were forced to change the size of our field 
plots and to conduct a greenhouse study for monitoring corn response to the ash.  
Nevertheless, we will be able to provide new information on the use of native prairie ash on 
plant growth. 

2.4.1 Ash field study.   
This study, being conducted in the field season of 2012, will examine the effect of ash 
application on growth of established native prairie.  Two existing restored prairie sites, 
with a mix of native legumes, grasses, and forbs, were chosen for the study.  The first site 
is located at Belle Plaine, MN in Scott County and the second at Becker, MN in 
Sherburne County. The two sites vary from one another with the Belle Plaine location 
one hour south of the Twin Cities having clay loam soil and with the Becker location one 
hour north of the Twin Cities having sandy soil.  Prior to the start of the experiment, soil 
samples were collected to determine soil pH, soil organic matter, P content and K 
content.   

The treatments were varying levels of incinerated native plant biomass (the ash remains 
of native plant biomass used for fuel). This native plant ash was processed by sifting and 
screening to remove foreign materials.  We found the nutrient content of native plant ash 
to contain 0.17% N, 3.80% P, and 8.18% K.  The eight treatments, which also include 
two treatments consisting of synthetic fertilizer at the 1.0X and 2.5X ash rates, are listed 
in Table 1.  The experimental design was a randomized complete block with four  

Table 1.  Field study treatments. 
Treatment Ash, g Phosphate, g KCl, g Lime, g 

1 0.5X ash 267.9 0 0 0 
2 1.0X ash 535.8 0 0 0 
3 1.5X ash 803.6 0 0 0 
4 2.0X ash 1071.5 0 0 0 
5 2.5X ash 1339.4 0 0 0 
6 1.0X fertilizer 0 44.2 73.0 494.5 
7 2.5X fertilizer 0 110.5 182.5 1236.3 
8 Control 0 0 0 0 
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replicates.  Plot size is 25 ft2 (2.3 m2) which is smaller than originally proposed because 
of the shortage of ash.  Ash and synthetic fertilizer were applied to the plot by hand in 
April 2012.  The first biomass samples were collected August 7 for Becker and August 8 
for Belle Plaine (Tables 2 and 3).  The second biomass samples and soil samples were 
collected September 26 for Becker and September 27 for Belle Plaine (Tables 2 and 3).  
None of the biomass data was significantly different, but the P and K from the soils did 
vary for the Becker site.   

Table 2.  Becker site – Biomass 1 (collected in Aug), Biomass 2 (collected in Sept), 
and soil sample results (collected in Sept), 2012.  The biomass, organic matter, and pH 
were not significantly different. 

 
tons/acre ppm % 

 Treatment Biomass 1 Biomass 2 P K OM pH 
0.5X Ash 0.6 1.2 53.4  b 179.8   cd 2.1 6.5 
1.0X Ash 0.5 1.1 60.8 ab 208.4  bcd 2.1 6.6 
1.5X Ash 0.5 1.4 70.5 a 250.2 ab 2.1 6.6 
2.0X Ash 0.6 1.1 72.5 a 227.7  bc 2.1 6.6 
2.5X Ash 0.7 1.0 70.8 a 310.3 a 2.2 6.8 
1.0X Syn 0.6 1.1 62.3 ab 202.8  bcd 2.0 6.3 
2.5X Syn 0.7 1.3 74.0 a 322.5 a 2.1 6.4 
Control 0.7 1.3 53.5  b 161.5 d 2.1 6.4 

 
ns ns 

    
ns ns 

 
Table 3.  Belle Plaine site – Biomass 1 (collected in Aug), Biomass 2 (collected in 
Sept), and soil sample results (collected in Sept), 2012. Neither the biomass nor the soil 
test results were significantly different. 

 
tons/acre ppm % 

 Treatment Biomass 1 Biomass 2 P K OM pH 
0.5X Ash 0.8 2.8 49.0 254.3 6.5 6.8 
1.0X Ash 1.6 2.3 51.5 273.4 6.2 7.0 
1.5X Ash 1.2 2.4 42.1 231.2 6.7 6.8 
2.0X Ash 1.4 2.3 43.5 249.2 6.8 6.8 
2.5X Ash 1.2 2.5 36.8 239.7 6.4 6.8 
1.0X Syn 1.8 1.8 49.3 266.3 6.4 6.9 
2.5X Syn 1.5 2.7 58.8 282.6 6.8 6.9 
Control 1.3 2.7 34.5 220.2 6.7 6.8 

 
ns ns ns ns ns ns 

Plant tissue collected in September was analyzed for mineral content (Tables 4 and 5).  
None of the minerals for the Belle Plaine site showed any significant treatment 
differences.  The Becker site showed treatment differences for magnesium and copper, 
but no treatment differences were found for the nutrients that were contained in 
substantial amounts in the added amendments (N, P, or K).    

We found no treatment effects in 2012 for the Belle Plaine site.  We hypothesize that the 
ash and fertilizer may have been washed away, as heavy rains fell on the site soon after 
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amendments were applied.  On the other hand, a drought occurred at the Becker site and 
the amendments could be seen still on top of the soil at the end of the 2012 season, which 
may explain the treatment differences seen in the soil for that site.  We continued the 
experiment for a second year, but only at the Becker site.   

For 2013 at the Becker site, we followed the same experimental procedures as we did for 
2012 by collecting biomass, soil, and tissue samples to study the effect of the ash 
amendment over a second season (Table 6).  The first biomass sampling was done on 
August 16, 2013.  On October 16, 2013, soil samples and biomass samples for tissue and 
dry matter were collected.  The soil P levels were higher at the higher ash or fertilizer 
rates, but this was not statistically significant.  However, the soil K levels were 
significantly higher at the highest application rates.   

Table 4.  Tissue mineral analysis (collected in Sept) for Belle Plaine and Becker sites, 
2012.  Shown are the means of the percentage of N, P, K, S, Ca, Mg, and Na present in 
the tissue.  P-values < 0.05 have treatments that can be considered significantly different, 
in this case, only magnesium tissue levels at Becker were significantly different. 

  
N P K S Ca Mg Na 

Site --------------------------------------- % --------------------------------------- 
Belle 
Plaine mean 0.88 0.16 0.70 0.09 1.20 0.22 0.00 
Becker 0.54 0.12 0.54 0.05 0.47 0.12 0.01 
                  

Belle 
Plaine p-value 0.48 0.66 0.17 0.16 0.42 0.19 0.30 
Becker 0.36 0.20 0.57 0.17 0.33 0.03 0.76 

 
Table 5.  Tissue mineral analysis (collected in Sept) for Belle Plaine and Becker sites, 
2012.  Shown are the means of Zn, Fe, Mn, Cu, and B (parts per million) present in the 
tissue.  P-values > 0.05 have treatments that can be considered significantly different.  In 
this case, only copper tissue levels at Becker were significantly different. 
 

  
Zn Fe Mn Cu B 

Site ------------------------- ppm ------------------------- 
Belle 
Plaine mean 27 122 34 6 22 
Becker 19 105 115 5 12 
              

Belle 
Plaine p-value 0.65 0.33 0.26 0.75 0.31 
Becker 0.22 0.28 0.26 0.02 0.18 

 
 
There were no significant treatment differences for the first biomass samples, and the 
second one showed some significant differences that do not seem to follow a discernible 
trend relating to application rates.   The results from the tissue samples will be available 
when analysis is complete. 
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Table 6.  Becker site – Biomass 1 (collected in Aug), Biomass 2 (collected in Oct), 
and soil sample results (collected in Oct), 2013.   Biomass 1, potassium, organic matter, 
and pH were not significantly different.   

 
tons/acre ppm % 

 Treatment BM1 BM2 P K OM pH 
0.5X Ash 1.4 0.9 abc 55 182     cd 2.3 6.8 
1.0X Ash 1.2 0.7     c 57 202     cd 2.2 6.9 
1.5X Ash 1.3 0.7     c 57 211   bc 2.3 6.9 
2.0X Ash 1.4 0.8   bc 56 178     cd 2.4 6.8 
2.5X Ash 1.5 0.9 abc 62 263 ab 2.3 7.1 
1.0X Syn 1.1 1.1 Ab 59 215   bc 2.3 6.6 
2.5X Syn 1.1 1.2 A 70 292 a 2.3 6.7 
Control 1.1 0.9 abc 44 146       d 2.3 6.7 

 
ns 

  
ns 

  
ns ns 

 

2.4.2 Ash greenhouse study.  
Our greenhouse study examined the effect of native plant ash on corn growth.  In April 
2012, 350 pounds of soil were collected from the top 15 cm of ground at near the Becker 
site described above. The soil was analyzed to determine soil pH, soil organic matter, P 
content and K content.  This soil was used to grow the corn in pots in the greenhouse, 
located at the University of Minnesota plant growth facilities in Saint Paul, Minnesota.  
Ash and their synthetic fertilizer equivalents were mixed into the soil of the greenhouse 
pots.  The treatments are listed in Table 7.  The experimental design was a randomized 
complete block with four replicates.  In addition to the treatment amendments, nitrogen 
and sulfur were supplied to the corn plants with ammonium nitrate, urea, and ammonium 
sulfate at the same rates at the start and during the experiment so that these nutrients are 
not limiting factors to corn growth.   

Table 7. Greenhouse experiment treatments. 

 
Amendments (mg) incorporated in each 3.2kg/pot 

Treatment Ash, mg Phosphate, mg KCl, mg Lime, mg amm sulf urea 
0.5X ash 1649 0 0 0 166 278 
1.0X ash 3299 0 0 0 166 278 
1.5X ash 4948 0 0 0 166 278 
2.0X ash 6598 0 0 0 166 278 
2.5X ash 8247 0 0 0 166 278 

0.5X syn fert 0 137 225 1523 166 278 
1.0X syn fert 0 272 450 3045 166 278 
1.5X syn fert 0 411 674 4568 166 278 
2.0X syn fert 0 548 899 6090 166 278 
2.5X syn fert 0 681 1124 7613 166 278 

Control 0 681 1124 7613 166 278 
Control 1.5Xlime 0 0 0 4568 166 278 



33 

Corn plants were measured after emergence on a weekly basis for height and shoot 
diameter.  At the end of the experiment, corn was harvested, dried, weighed for biomass 
(Table 8), and analyzed for elemental composition (Tables 9 and 10).  Soil samples at the 
end of the study were also taken for P, K, and pH content (Table 11).  We found that 
there were many treatment differences in our greenhouse study, unlike in the results of 
the field work noted above.   The biomass of the corn at harvest were significantly higher 
than the controls without ash amendments, indicating that native ash can be a potential 
source of nutrients for field crops. 

Table 8.  Greenhouse – final harvest measurements.  Height, stem diameter, and 
biomass were greater at the higher levels of ash and synthetic fertilizer. 

 
cm 

 Treatment Height Stem Biomass (g) 
0.5X 41.6         ef 1.56       d 27.8       de 
1.0X 41.9       def 1.59     cd 27.6       de 
1.5X 46.5 abcd 1.59     cd 31.8     cd 
2.0X 47.8 abc 1.60   bcd 31.7     cd 
2.5X 50.2 a 1.63 abcd 35.2   bc 
0.5Xs 43.0     cdef 1.59     cd 28.1       de 
1.0Xs 45.0   bcde 1.61 abcd 33.3     c 
1.5Xs 47.9 abc 1.68 abc 33.7   bc 
2.0Xs 48.8 ab 1.70 ab 42.0 a 
2.5Xs 46.9 abc 1.71 a 38.5 ab 

Control 38.9           f 1.43         e 22.9         ef 
ControlL 39.2           f 1.54       d 21.1           f 

 
 
Table 9.  Mineral analysis - percentage of N, P, K, S, Ca, Mg, and Na present in the 
tissue for each treatment.  The corn plant tissue for the treatments varied in content for 
these minerals.   

 

Treatment
0.5X 1.14   bc 0.12   bcd 1.01         ef 0.09   bc 0.28     cde 0.32   bc 0.04 ab
1.0X 1.12   bc 0.12   bcd 1.12       def 0.09   bc 0.26         ef 0.32   bc 0.03   bc
1.5X 1.06     c 0.13   bc 1.25       d 0.08     c 0.25         ef 0.29     cd 0.03   bc
2.0X 1.05     c 0.13 ab 1.47     c 0.08     c 0.24           f 0.27       de 0.03   bc
2.5X 1.10     c 0.14 a 1.75 ab 0.09   bc 0.26         ef 0.27       d 0.03     c
0.5Xs 1.15   bc 0.11       de 1.11       def 0.10   bc 0.30   bc 0.32   bc 0.03     cd
1.0Xs 1.04     c 0.11         e 1.14       de 0.08     c 0.27     cde 0.28       d 0.02       d
1.5Xs 1.11   bc 0.12   bcd 1.59   bc 0.10   bc 0.30   bcd 0.28       d 0.02       d
2.0Xs 1.02     c 0.12   bcd 1.65   bc 0.09   bc 0.27       def 0.24         ef 0.02       d
2.5Xs 1.07     c 0.13 ab 1.98 a 0.09   bc 0.29   bcd 0.23           f 0.02       d

Control 1.23 ab 0.11     cde 1.02         ef 0.10   b 0.31   b 0.34   b 0.04 a
ControlL 1.33 a 0.12   bcde 0.98           f 0.14 a 0.36 a 0.40 a 0.03   bc

Na
---------------------------------------  %  ---------------------------------------
N P K S Ca Mg
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Table 10.  Mineral analysis – parts per million of Zn, Fe, Mn, Cu, and B present in 
the tissue for each treatment. The corn plant tissue for the treatments varied in mineral 
content except for iron and copper. 

 
 
Table 11.  Greenhouse experiment – soil results.  The soils in the treatments at the end 
of the experiment varied in P, K, and pH levels. 
Treatment P K pH 

0.5X 37.1   bcd 27.3   bcde 6.44       d 
1.0X 37.0   bcd 29.5 abc 6.45     cd 
1.5X 37.8   bcd 30.0 abc 6.58   bc 
2.0X 44.8 a 31.3 ab 6.70 ab 
2.5X 45.0 a 34.0 a 6.83 a 
0.5Xs 35.5     cd 24.3       de 6.10             g 
1.0Xs 38.8 abcd 24.3       de 6.15           fg 
1.5Xs 35.7   bcd 28.0   bcd 6.13           fg 
2.0Xs 41.3 abc 29.0 abcd 6.18           fg 
2.5Xs 42.4 ab 27.8   bcd 6.24         ef 

Control 34.3       d 25.5     cde 6.10             g 
ControlL 33.3       d 22.3         e 6.33       de 

 
Corn stalk height and thickness will be analyzed across sample periods using repeated 
measures analysis of variance with an unrestricted covariate structure.  Regression 
models will be fit, and slopes and intercepts will be compared to generalize parameter 
response to ash and fertilizer application.  We will write up and publish the results of this 
greenhouse experiment in a scientific journal. 

 

 

Fe Cu
Treatment

0.5X 16   bcd 58 49       d 3 13   bc
1.0X 15     cd 28 39         e 3 14 ab
1.5X 13       de 29 38         e 3 14   b
2.0X 12         e 28 34         e 3 14 ab
2.5X 13       de 30 35         e 4 16 a
0.5Xs 18   bc 43 55     cd 4 11     cd
1.0Xs 15   bcd 24 52     cd 3 12     cd
1.5Xs 19   b 29 64   b 3 12     cd
2.0Xs 17   bc 28 59   bc 3 11     cd
2.5Xs 17   bc 25 74 a 3 11       d

Control 18   bc 31 58   bc 4 12     cd
ControlL 27 a 35 60   bc 5 13   bc

ns ns

Zn Mn B
---------------  ppm  ---------------
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2.4.3 Conclusion 
In the field experiment, the ash applied to the soil surface did not affect the native plants 
as we expected and we did not see increases in the biomass that would reflect more 
nutrients.  As the synthetic fertilizers also showed a similar lack of results for the most 
part, we believe the combination of environmental factors (drought at Becker and an 
extreme rainfall event in Belle Plaine) and lack of soil incorporation in applying the 
treatments may have affected the results.  This theory is backed up by the greenhouse 
experiment, which showed the biomasses of the corn at harvest were significantly higher 
than the control without ash amendments.  Based on the greenhouse results, we conclude 
that native plant ash is a potential fertilizer source for field crops.  However, additional 
field experiments need to be conducted with the ash incorporated into the soil to 
determine recommended application rates. 
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3 Wildlife Impacts 
In this area we measured and evaluated the specific impacts of biomass crops on changes 
in grassland songbird and small mammal populations on areas planted and managed for 
biomass feedstocks. This section presents a brief explanation of methods used and 
concentrates on the implications for management. 

This section contains excerpts from the following published manuscript: 

Dunlap, Robert Michael. (2014). Responses of songbirds and small mammals to harvests 
of native grasslands for biofuels in Western Minnesota. Retrieved from the University of 
Minnesota Digital Conservancy, http://hdl.handle.net/11299/162823. (See Chapter 3 
below) 

3.1.1 Materials & Methods 
Some grassland birds and small mammals exhibit changes in abundance following 
harvests in the previous year, but it is unknown to what extent these organisms respond to 
harvests of native, more diverse grasslands. We analyzed data collected from bird and 
small mammal surveys in grassland biofuel plots harvested via different pattern and 
percentage in western Minnesota, USA, from 2009 to 2013. We estimated relative 
abundance of 11 species of grassland birds and 7 species/genera of small mammals 
among the different harvest intensities and years of study. Four bird species and species 
richness showed declines in abundance following harvests, whereas two species showed 
increases in abundance. Harvests also resulted in negative impacts on two small 
mammals. The removal of vegetation in fall results in shorter, less dense vegetation the 
following spring, which creates largely unsuitable habitat for tall-grass songbirds (e.g., 
sedge wren) but more optimal habitat for species that prefer shorter vegetation (e.g., 
grasshopper sparrow). Additionally, the reduction in ground litter is detrimental to small 
mammals that prefer thicker vegetation (e.g., voles of the genus Microtus). At the 
community level, harvesting native grasslands appears to have little impact on grassland 
birds and small mammals, but it is nonetheless important to identify what species are 
present prior to harvesting so that harvesting activities do not result in detriment to these 
species 

3.1.2 Conclusions 
For the conclusions section, we have included Chapter 3 from Robert M. Dunlap’s 
Master’s thesis which was the result of project work on impacts of biomass production on 
wildlife. 

CHAPTER 3: IMPLICATIONS FOR LANDSCAPE-LEVEL MANAGEMENT 
The results of our study suggest that harvesting native prairie vegetation causes little 
detriment to grassland birds and small mammals at the community level. Some species 
did show either declining or increasing abundance with increasing percent harvest, 
whereas other species were unaffected. Land managers would benefit bird and small 
mammal populations by identifying what species or genera were present prior to 
harvesting vegetation.  

Once grasslands have been selected for biofuel production, land managers need to decide 
how much vegetation to harvest. Full harvests may potentially displace species that 
favored taller, dense vegetation in our study. Therefore a middle level of harvest may 

http://hdl.handle.net/11299/162823�
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represent the most appropriate option. Somewhere in the 50% to 75% harvest range 
should satisfy this requirement, as it may leave enough residual standing vegetation to 
provide habitat for tallgrass songbirds and small mammals while at the same time provide 
shorter vegetation for the species in our study that showed a preference for harvested 
fields. Full harvests may be preferable if tallgrass species like sedge wren and common 
yellowthroat are absent to begin with, or if management plans include creating more 
habitat for species like grasshopper sparrow that favor shorter grass.  

The context of grassland patches within the larger landscape should be considered, and a 
metapopulation analysis would be an important part of determining whether biofuel 
harvesting represents a viable conservation strategy in any given region. Complete 
harvest of a prairie may not actually detriment any grassland songbird or small mammal 
species, even a species like sedge wren that showed declines in our study, if that prairie 
was not originally a source of productivity (Pulliam 1988, Amarasekare and Nisbet 
2001). Yet if that prairie was a productive patch for sedge wrens, a decline in abundance 
resulting from vegetation removal might result in actual detriment to the species in that 
particular region. Grasslands should thus be evaluated on whether they exhibit source or 
sink characteristics for species of management concern prior to harvesting vegetation.  

CRP fields have been identified as important sources of productivity for some grassland 
bird species (McCoy et al. 1999). Therefore, disturbance to these prairies may be harmful 
to species like Henslow’s sparrow that have benefitted from the restored grassland 
vegetation (Roth et al. 2005). If a given prairie is a source of productivity, then, the 
greatest benefit to grassland birds may occur with the least amount of vegetation 
harvested. Conversely, if that prairie is a population sink hosting a non-breeding or 
dispersing group of songbirds, greater harvest percentages may cause little detriment to 
the overall population in the region if the birds are not actually breeding there.  

Home range size is important to consider here as well. Birds displaced from vegetation 
removal in harvested fields may be able to relocate to non-harvested grasslands in the 
vicinity, resulting in no net loss in the regional population. Particularly if the distance 
between the disturbed and undisturbed grasslands is within the home range size of the 
given species (Wiens 1973, Knapton 1978, Burns 1982, Fletcher and Koford 2003) 
detriment may be unlikely as the birds are able to make frequent daily forages between 
patches.  

The typical home ranges of voles, shrews, and mice are much smaller than those of birds 
(Harvey and Barbour 1965, Wolff 1985, George et al. 1986). For Microtus, which 
declined in abundance following harvesting of vegetation in our study, this suggests that 
these small mammals may not be able to relocate to undisturbed grasslands as quickly 
following disturbance, potentially putting them at greater risk to predation (Birney et al. 
1976, Tattersall et al. 2000). Particularly if the nearest undisturbed grasslands are beyond 
the home range size of Microtus, vegetation removal may be extremely detrimental if the 
harvested grassland was a source for vole productivity. Thus, when small mammals are 
part of a grassland management plan, leaving some portion of the prairie unharvested 
could potentially provide enough habitat for vole persistence.  

Further studies would do well to collect data on demographic parameters of songbird and 
small mammal populations in native grassland vegetation experimentally harvested for 
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biofuels. Demographic information might enable land managers to identify population 
sources and sinks (Balent and Norment 2003), thereby greatly reducing the potential for 
negative impacts on regional populations from harvesting vegetation. Furthermore, 
variables including nesting success, recruitment, and return rates might provide insight on 
the quality of biofuel grasslands following harvesting regardless of the observed effects 
on abundance and occupancy analyzed in our study (Gill et al. 2006, Zalik and Strong 
2008).  

Ideally, landowners would manage agriculturally unproductive marginal lands by 
planting native grassland vegetation, and the vegetation from these lands could be 
profitably harvested for biofuels (Fletcher et al. 2011). With current incentives in place, 
however, it is unlikely that grasslands will be planted solely for the purpose of biofuel 
harvest (Fargione et al. 2009). Rather, grassland biofuel production may more 
realistically offer supplemental benefits from CRP lands. Therefore policymakers that 
promote this agricultural program can include biofuel production as a way for landowners 
to profit off land set aside for wildlife use. 
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4 Water Quality Assessment 
A tool to determine the impacts of changes in land use on water quality was developed as 
a joint project between the Xcel RDF Project and the EPA Section 319 Project “A 
Decision Support Tool to Restore Impaired Waters”. RDF funds were used as a match for 
the EPA Section 319 funding. 

4.1 Introduction  
Water quality improvement strategies in agricultural regions of Minnesota depend 
heavily on future widespread implementation of agricultural, non-point source best 
management practices (Ag BMPs; MPCA, 2014).  Development of BMP plans benefit 
from analyses identifying priority pollutant source areas as well as the most effective 
BMPs to reduce the targeted pollutant(s).  Predicting reduction outcomes from BMP 
implementations is challenging but results of current research can be utilized to provide 
reasonable estimates.  The scale of analysis is important as individual BMP 
implementations are at the field scale – commonly, a quarter-section of smaller.  
Moreover, the area of management interest (e.g., for TMDLs, WRAPS) may be a HUC-8 
or HUC-12 watershed or a smaller watershed draining to an impaired lake or stream.  
Depending on the scale of interest and level of certainty desired, a certain toolset or 
methodology may be more or less suited to provide BMP analyses.  Therefore, BMP 
analyses also benefit from multiple tools providing multiple lines of evidence (i.e., a 
weight of evidence approach) as well as tools with unique specializations. 

This report outlines a small-watershed scale framework and set of tools for conducting 
cursory analysis for development of practical, cost-effective Ag BMP strategies.  The 
flexible framework proposes utilizing existing analytical tools and methodologies in 
addition to those developed expressly for this study. 

4.2 Agricultural BMP Decision Support Framework 
The basis for the Ag BMP decision support framework presented in this study lies in 
answering three questions at a desired scale of focus (e.g., HUC-8, HUC-12, drainage 
area to an impaired reach or lake): 

1. Where are the important NPS pollutant source areas for which to focus BMPs? 
2. Where is the landscape topography most suitable for the structural BMPs? 
3. What reductions can be expected from a particular BMP or set of BMPs? 

Question (1) assumes that the distribution of pollutant yields (i.e., mass per unit area) is 
not uniform across all agricultural lands, that the variability in crop management 
practices (rotations, fertilization, tillage), soils, depressional storage, tile drainage, and 
proximity to perennial streams creates relatively higher priority areas for targeting BMPs.  
Focusing on priority areas, or “hotspots”, attempts to maximize BMP effectiveness by 
targeting areas thought to contribute a disproportionately high amount of a particular 
pollutant to a reach or lake of interest 

Question (2) involves terrain dependent structural BMPs and areas that are most suitable 
for implementation.  Examples of terrain dependent BMPs include sediment basins, 
nutrient removal wetlands (as named in Tomer et al., 2013; i.e., restored or constructed 
wetlands), riparian buffers and grassed waterways where the amount and characteristics 
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of upstream drainage to each practice dictate whether the practice is appropriate and what 
extent it will perform cost-effectively.  Terrain independent BMP are those assumed 
suitable regardless of topography and/or have no linkage to hydrologic flow paths.  These 
are BMPs pertaining to cropping rotations, cover crops, tillage and nutrient management.  

Question (3) asks perhaps the most difficult question of four – the estimated reduction for 
a particular BMP implementation or series of implementations at multiple scales and 
under a wide range of climate and field conditions.  Its difficulty lies in the inability of 
existing spatially “lumped” models (e.g., SWAT, HSPF) to simulate many or most BMPs 
at a field scale as well as the significant variability that exists in BMP research results.   

4.3 Existing BMP Decision Support tools 
As of the time of this writing, there are several new tools and methodologies available 
and in-development that are designed to meet many of the same project objectives 
intended for this study.  Two pieces of work that warrant note here are Identifying 
Priority Management Zones for Best Management Practice Implementation in Impaired 
Watersheds (MDA, 2014) and Combining precision conservation technologies into a 
flexible framework to facilitate agricultural watershed planning (Tomer et al. 2013). 

The MDA (2014) work focuses on methods for identification of “critical source areas” 
(CSAs) – areas derived from GIS that are predicted to export the majority of pollutants in 
a given watershed.  Analyses are based on LiDAR analyses of slope, curvature and 
proximity to receiving waters and appear to be most valid at a small-watershed to field 
scale.  The major outputs of the study are a set of GIS and field assessment 
methodologies for natural resource professionals.  Other existing tools can also be 
utilized as part of the overall framework (e.g., MN Phosphorus Index, outputs from HSPF 
and SWAT watershed models). 

The work of Tomer et al. (2013) appears to be particularly useful and innovative.  The 
work integrates an on-field/below-field/riparian “treatment train” type of conceptual 
approach for BMP planning with a set of very useful and novel LiDAR based GIS tools 
that support individual BMP siting.  Detailed review and beta-testing of these GIS tools 
was conducted for this study and revealed substantial promise for field-scale (“shovel-
ready”) analyses of BMPs, particularly those dependent on terrain suitability to maximize 
pollutant reduction and minimize installation cost.  Examples of supported terrain-
dependent BMPs include sediment basins, nutrient removal wetlands, riparian buffers, 
controlled drainage and grassed waterways.  Figures 2 and 3 (taken from Tomer et al. 
2013) illustrate the framework and can serve as a helpful roadmap for conceptualizing 
BMP strategies. 

A disadvantage with both of these small-scale, LiDAR based toolsets is that outputs must 
be derived prior to actual BMP analysis.  Moreover, given the potential time/cost 
associated with the LiDAR analyses, they are best undertaken at a smaller scale of scope 
(e.g., HUC-12).  In particular, very detailed hydro-conditioning of LiDAR data (mainly, 
removal of “digital dams”) must be conducted by users of the toolsets before any 
worthwhile output can be gleaned from the frameworks.  Further, intensive field-scale 
investigation and iterative analysis using multiple GIS datasets (e.g., digital photos, 
derived hillshade, etc.) are usually necessary to verify the conditioned LiDAR is suitable 
for automated BMP analysis. 
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In contrast, tools developed in this study mainly analyze outputs already derived for the 
entire study area; the trade-off for this a priori output is that it was derived from coarse 
(30 meter) digital elevation data which has limitations at the field scale.  Therefore, the 
tools presented in this report are intended as a higher level BMP scoping tool that can be 
used prior to or in lieu of the smaller-scale toolsets such as those reviewed above.   

 

 
Figure 4. High-level Ag BMP framework of Tomer et al (2013). 

 

 
Figure 5. Detail-level Ag BMP framework of Tomer et al (2013) 
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4.4 Methods 

4.4.1 Study Area 
The large portion of Southern and Western MN’s agricultural region is covered in the 
project study area (See Figure 6. Major watersheds of the project study area.  Note Elm 
Creek HUC-10 watershed used for case study purposes).  A total of 19 major watersheds 
are included.  The scope of the study area was meant provide support for local, regional 
and state natural resource professionals in the majority of the intensive agricultural areas 
of Minnesota.  However, there are agricultural areas that were excluded but were only 
done so to keep the project scope manageable.  

 
Figure 6. Major watersheds of the project study area.  Note Elm Creek HUC-10 watershed used for 
case study purposes 

 

4.4.2 SWAT modeling of potential hotspots 
A SWAT model (Soil and Water Assessment Tool; Arnold et al., 2012) was constructed 
to identify potential pollutant source areas (“hotspots”) for nitrate (NO3), total 
phosphorus (TP) and suspended sediment (SS).  The SWAT model was chosen because 
(1) the relative ease at which a large watershed model can be set up and parameterized, 
(2) it can yield reasonable hydrologic and water quality predictions with little or no 
calibration (Srinivasan et al., 2010) and (3) it has explicit support for important 
agricultural practices (crop growth, tillage, fertilization, drain tile). 

However, SWAT is not a field-scale model but rather is a spatially “lumped” watershed 
model in which hydrologic and water quality computations are conducted on non-
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spatially representative aggregations of homogenous landuse, soil type and slope class 
derived from GIS analyses.  These aggregations are referred to as hydrologic response 
units (HRUs).  Lumping these landscape attributes into HRUs makes the model more 
computationally efficient but does not enable SWAT to explicitly simulate the spatial 
dynamics of a farm field whereby runoff might originate on a hillslope, flow across a 
relatively flat section of field and through a riparian wetland before entering the nearest 
stream reach.  In actuality, sediment and sediment-borne P would be eroded, deposited or 
transported depending on which section of the flow path one was observing and at what 
time.  Instead, SWAT calculates the average runoff and erosion originating per unit area 
of entire field-watershed and inputs this total volume of runoff and sediment/nutrients to 
the nearest stream reach.   

To use SWAT to represent small watershed- to field scales as explicitly as possible it was 
carefully constrained to accurately represent the most influential hydrologic factors.  As 
such, the model was not calibrated but relied on an accurate and comprehensive climate 
data set and explicit representation of the landscape and agricultural management factors 
considered the most important for simulation of hydrology and water quality in the study 
area (See Table 1). 
Table 8. Important representative factors for developing project’s small-watershed scale, 
uncalibrated SWAT model 

Representative Model 
Factor 

Data Source/Analysis Importance / Rationale 

Climate Grid-based climate data 
• Precipitation 
• Temperature 
• Solar radiation 
• Wind speed 
• Relative Humidity 

Grid-based provides complete 
datasets and consistent spatial 
distribution.   
 
Solar, wind and humidity are critical 
for use with physically based 
Penman-Monteith evapotranspiration 
method 

Soils SSURGO high resolution soils field scale or smaller representation 
of soil types 

Depressional storage Field scale analysis of 
depressional volume and drainage 
area 

Important for realistic partitioning of 
surface runoff vs. infiltration, off-
field sediment export 

Drain tile Determination of tile extent from 
SSURGO extents of C, D, A/D, 
B/D and C/D hydrological soil 
groups and 0-2% slopes. 
 
Tile parameter values from Luo et 
al, 2010 and G.R. Sands (personal 
communication) 

Important for realistic partitioning of 
surface runoff vs. sub-surface 
drainage 
 
Critical for nitrate loading 
predictions 
 
Very sensitive to depressional 
storage 

 
Existing BMPs are not represented in the model as determination of specific types and 
locations would be a huge undertaking.  Further, current and past field-scale crop 
rotations and tillage were not analyzed.  The objective was to set up a baseline model to 
simulate the range in hydrologic and pollutant responses under typical climate and 
agricultural management practices.  In this manner, variation of hotspots one field to the 
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next were driven by the permanent landscape factors such as soils, depressions and slope 
and effectively permanent factors such as drain tile.  As such, two sets of agricultural 
cropping practices were used in the model – continuous corn and corn/soybean – with the 
initial condition of corn/soybean over the entire study area used in the baseline output.  
Users of the tool can choose between these two cropping practices at the field scale to 
modify the baseline model.  Model parameters for both practices are presented in Table 2. 
Table 9. Baseline Model Parameters for Cropping Practices 

Management 
Practice 

Continuous Corn Corn/Soybean 

Spring Tillage: Date Field Cultivator: April 25 
Spring Fertilizer: Date 172 lb/ac Anhyd-NH3-N: 

April 30 
172 lb/ac Anhyd-NH3-N: 
April 30 during corn years 

Planting Date May 1 
Harvest Date October 15 
Fall Tillage: Date Chisel Plow: October 25 
Fall Fertilizer: Date Diammonium phosphate: 

18 lb/ac N, 45 lb/ac P: 
October 27 

Diammonium phosphate: 
18 lb/ac N, 45 lb/ac P: 

October 27 after soybean  
 

4.4.3 Climate 
Climate data from the SWAT Reanalysis Global Weather database was used (Dile and 
Srinivasan, 2014).   Use of this interpolated, gridded dataset ensured all grid-stations had 
complete datasets and uniform spatial distribution.  The dataset included daily 
precipitation, temperature, wind speed, solar radiation, and relative humidity.  The three 
latter parameters are necessary for use of the daily Penman-Monteith evapotranspiration 
(ET) model; from prior experience use of this ET model is crucial for uncalibrated 
predictions of antecedent soil moisture conditions (i.e., runoff potential) and overall long-
term water balance.   

4.4.4 Depressional Storage 
Depressions store runoff water and suspended sediment until they over-top or the stored 
water either infiltrates or evaporates.  If drain tile is present under a depression, infiltrated 
water will enter it if the soil moisture is at or above field capacity.  Therefore, existence 
of depressions greatly influence surface runoff and sediment potential as well as nitrate 
losses through drain tile – i.e., fields dominated by tiled depressions will have lower 
sediment yield and higher nitrate yield than a non-depressional tiled field.  The influence 
depressions exert on the ratio between tile and surface drainage is evident from field data 
from Luo (2010) at the U of M Waseca Research Station where presence of 0.5 – 1 cm of 
total depressional storage pushed this ratio greater than 5:1. 

Depressional analysis was conducted using the ArcGIS-ArcHydro Depressional 
Evaluation tool.  This analysis yields depressional basin volumes and contributing 
drainage areas.  Automated depressional identification was constrained based on the 
National Wetland Inventory (NWI) and Restorable Wetlands Inventory (RWI) such that 
all depressions were filled except for where NWI or RWI polygons were present.  
Depressions under 1000 m2 were also excluded as were those intersecting the National 
Hydrography Dataset (NHD) flowline layer or lakes from MN-DNR Public Waters 
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Inventory as these were considered receiving waters and not viable field storage.  
Depressional volume was normalized by dividing it by the depressional drainage area 
yielding runoff storage depth. 

GIS depressional storage depth was expressed in SWAT as HRU-based pothole features.   

4.4.5  Drain Tile 
An important consideration for flow volumes and overland runoff peak flows is presence 
of drain tile.   It is also critical factor in determining the exports of nitrate.  Current 
SWAT versions (v2009, v2012) integrate the tile drainage algorithms from the physically 
based DRAINMOD drainage model.   

The challenge is determining the probable locations of pattern drain tile systems.  An 
approach similar to Sugg (2007) was used which assumed pattern tile present on all soils 
deemed “wet” as defined by SSURGO locations of C, D, A/D, B/D and C/D NRCS 
hydrologic soil groups with slopes 2% or less. 

Representative tile parameters were taken from the work of Luo et al. (2010) and in 
consultation with Dr. Gary Sands at the University of Minnesota (personal 
communication, 2013).  This approach assumed that wet soils required roughly the same 
drainage configurations regardless of climate or the specific physical properties of the 
soil.  Tile parameters are presented in Table 3. 
 

Table 10.  Important Tile Drainage Parameters 

Tile Drainage 
Parameter 

Value 

Depth to Tile 1.2 m 
Depth to impervious layer 3 m 
Tile Spacing 25 m 
Drainage Coefficient 0.5 inch/day 
Effective radius 25 mm 

 

4.4.6 Watershed and Reach Discretization 
The SWAT model was of a considerable size and some novel modeling approaches were 
adopted to keep the scale large enough some to minimize model run-times and to 
simplify parameterization and output management.  At the same time, the model needed 
to simulate meaningful outputs at the smallest scale possible but without spatial over-
interpretation of its “lumped” model results.   

To simulate hotspots at the small-watershed scale the study area was split into ~32,000 
subwatersheds with an average area of ~450 acres based on a stream initiation threshold 
of 250 acres.  This density of streams was not intended to represent the true drainage 
densities of watersheds in the study area (which are much smaller) but to create a map of 
general channel and overland flowpaths.  Watershed boundaries and stream reaches were 
based on 30 meter elevation data with overland and channel flow directions constrained 
by the MN-DNR state-wide, hydro-corrected flow network (based on 30 meter DEMs; 
MN-DNR, 2009). 
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4.4.7 Model Simulation Period 
The study area was simulated from 1995-2014 (with a warm-up period 1991-1994).  The 
modeling period was chosen to provide a wide variation of precipitation event 
magnitudes, timings and antecedent moisture conditions but to also represent relatively 
recent climate land management trends (crops, fertilizer, tillage, increased tile drainage, 
etc.).  Thus, a much longer simulation period was possible but not deemed appropriate for 
the objectives of this study. 

4.4.8 Output Scale and Analysis 
Average 20-year annual means of NO3, TP and SS were used for the baseline output.  
These averages were simulated for each SWAT HRU (i.e., non-spatial) aggregation for 
each subwatershed. To convert these non-spatial outputs to a spatially-representative 
field-scale, 40-acre PLS quarter-quarter sections (QQSs) were intersected with each 
subwatershed.  QQSs were used as representative fields in lieu of conducting parcel 
boundary and cropping analyses across the entire study area.  Each QQS was assigned a 
20-year average annual NO3, TP and SS yield based on spatially weighted average of 
HRU’s contained within.  Raw SWAT outputs were post-processed using R statistical 
software (R Core Team, 2014) and QQS averages calculated using ArcGIS Zonal 
Statistics. A case study example of the subwatershed and QQS field representations in a 
portion of the Elm Creek watershed is presented in Figure 7.  This example shows 
generally good agreement between QQSs and discernable field boundaries. 

Because of the uncalibrated nature of the model, results were summarized and reported in 
terms of relative ranking rather than actual loads/yields.  Simulated loads and yields were 
compared to literature values to ensure generally realistic values.  The fundamental 
assumption of the SWAT NO3/TP approach was that as long as the nutrient inputs 
(fertilizer) and modeled outputs are generally reasonable, then the relative ranking is 
equivalent to a rigorously calibrated model.  
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Figure 7. SWAT subwatersheds and quarter-quarter section field representations for southwest 
portion of  the Elm Creek HUC-10 watershed.  Shown with 2013 aerial imagery. 

4.5 GIS terrain-analysis approach for identifying potential sites for structural 
BMPs 

Coarse resolution 30 meter DEM (30m-DEM) terrain analyses for identification of 
potential structural BMP implementation sites were conducted for the entire study area.  
These analyses were intended as a high-level, cursory identification tools. Because of the 
field-scale shortcomings of 30m-DEMs, analytical support for structural BMPs was 
limited to sediment basins, nutrient removal wetlands and riparian buffers.  Past research 
has shown success in analyzing potential locations for these BMPs using 30m-DEMs 
(Tomer, et al, 2003, 2009; Galzki et al., 2007).  Other structural BMPs such as grassed 
waterways are implemented at scale that requires considerably greater detail than the 
30m-DEM.  Grassed waterways are often evaluated using LiDAR analyses of stream 
power index – a function of the slope and contributing area (runoff velocity and volume, 
respectively) – and can identify areas of smaller perennial ravines and larger ephemeral 
gullies.  However, 30m-DEMs are generally only suitable for identifying large ravines 
which are not within the scope of this study. 

4.5.1 Sediment Basins and Nutrient Removal Wetlands 
Potential locations of sediment basins (SBs) and nutrient removal wetlands (NRWs) were 
evaluated using the same methodology.  They differed only in the their depth 
requirements as NRWs were required to roughly conform to the Iowa CREP standards of 
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wetlands area to drainage area ratio of 0.005 to 0.02:1 and a mean basin depth no greater 
than 1 meter (as outlined in Tomer et al., 2003, 2013).  A minimum drainage was set at 
40 acres (CREP requirements of a minimum upslope drainage area of 500 acres and 
presence of wetland buffer were not adhered to in this high-level analysis).  Any basin 
not suitable for a NRW because of mean depth greater than 1 meter was assumed suitable 
for a SB.  SB/NRW basin geometries were calculated according to the SWAT 
depressional storage methodology discussed previously. 

4.5.2 Riparian Buffers 
Riparian buffer strip (“buffers”) effectiveness depends on the amount of surface runoff 
and subsurface drainage (natural or artificial) it intercepts; therefore prime locations for 
buffers are where relatively large areas of upslope drainage intersect the stream channel 
(Tomer et al, 2003).  However, highly channelized flow will overwhelm a buffer so 
locations are identified based on criteria of high upslope drainage area but low slope to 
predict where overland sheet or rill flow predominate.  It is via these optimized surface 
runoff pathway locations that high removal rates of sediment and TP can occur.  
Perennial vegetated buffers placed in areas of high water table (subsurface pathways that 
are assumed here to be under the optimized surface pathways) can also remove 
significant amounts of NO3 via denitrification. 

Potential locations of riparian buffers utilized the topographic wetness index GIS analysis 
(TWI; i.e., compound terrain index; Moore, et al, 1991) using the general approaches of 
Tomer et al. (2003, 2009) and Galzki et al. (2007).  TWI was calculated using the free 
NRCS Engineering Toolbox (v1.1.7; NRCS-ET) which implements the following 
equation: 

TWI = ln �
As

tan β�
 

where TWI is topographic wetness index, As is the upslope drainage cell width (L2/L) 
and β is the land slope in degrees. 

Buffer locations were analyzed adjacent to perennial streams only.  A subset of NRCS-
ET streams were excluded based on intersection with the buffered NHD flowline layer as 
the NRCS-ET streams layer is spatially coincident with TWI output (NHD flowline is not 
because it is derived from different data source) but over-predicts the extent of perennial 
streams.  Potential buffer locations were identified on a subwatershed basis in areas 
where the TWI equaled or exceeded 8, a threshold that roughly corresponds to 
recommendations by Wilson and Gallant (2000) and Tomer et al. (2003). 

4.6 Estimations of BMP effectiveness using current research 
Estimates of BMP reductions are necessary to set expectations for the cost-effectiveness 
of an implementation (i.e., mass of pollutant removed per dollar spent on installation and 
maintenance).  SWAT model support for BMPs appears adequate depending on the 
specific BMP in question and if the model parameters are carefully constrained (e.g., 
Arabi et al., 2007) to ensure predicted reductions compare reasonably well with literature 
values and are a function of the correct model mechanism and not a convenient model 
artifact.  However, such an effort across a wide study area was beyond the scope of the 
project.  Instead, reduction values from literature were used directly.  The principal 
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source of this data was the Iowa Nutrient Reduction Strategy (Iowa, 2014).  The study 
did a detailed meta-analysis of current research for numerous structural and non-
structural BMPs involving nutrient management, edge-of-field and landuse providing 
average reduction percentages of nitrogen and phosphorus.  These data were summarized 
in Table 4. 

4.7 Results and Discussion 
SWAT modeling results at the QQS scale for the Elm Creek case study area are presented 
in Figures 5-7.  Results were simulated at the sub-QQS SWAT HRU level and area-
weighted to produce QQS output.  Figure x1 shows the relative nitrate yields for each 
QQS.  The three-color symbology was allocated based on Jenks clustering, the default in 
ArcGIS, and can be used an index of High, Medium and, Low.     

From these figures a significantly wide distribution of hotspots are illustrated.  Nitrate 
yield ranking in Figure 1 shows simulated hotspot variability coinciding with assumed 
extent of tile drainage (i.e., C, D, A/D, B/D, or C/D soils with slopes less than or equal to 
2%) and depressional storage.  Sediment and TP yield maps in figures 2 and 3 are 
generally equivalent, showing a tendency for SWAT to predict most TP as that adsorbed 
to sediment; sediment erosion is a function of the modified Universal Soil Loss Equation 
(MUSLE) that SWAT implements.  Slope and soil erodibility factors are the primary 
sources of simulated variability as seasonal extent of crop cover is effectively equivalent 
across the case study area.   

These numbers represent the baseline model output.  Users of the toolset are free to use 
and adapt the output in other ways.  Basic tweaks that can be made on a QQS basis by 
doing basic attribute table operations are tile/no-tile and continuous corn/corn-soybean 
rotation.  Continuous corn will be, as a rule, simulated by SWAT to export more N, P, 
and sediment.  Other expected modifications would be adding additional GIS layers for 
more targeted hotspot analysis.  Feedlot locations and permitted animal units are an 
example of an useful layer that could force an alternative hotspot ranking.  Although this 
version of the toolset database does not include simulated support of manure application, 
manured cropland has been shown to export more nitrate (+50%) and TP (+550%) than 
commercially fertilized cropland (Mulla et al., 2001); the baseline output for manured 
QQSs could be adjusted numerically to reflect this.   
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Figure 8.  Nitrate yield results: Relative ranking per quarter-quarter section for Elm Creek case 
study area. (red=high, yellow=medium, green=low) 

 
Figure 9.  TP yield results: Relative ranking per quarter-quarter section for Elm Creek case study 
area. (red=high, yellow=medium, green=low) 
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Figure 10.  Sediment yield results: Relative ranking per quarter-quarter section for Elm Creek case 
study area. (red=high, yellow=medium, green=low) 

 

Terrain analysis BMP results are presented in Figures 8-10.  Figure 8 shows the NRW 
results for the Elm Creek case study area. After the basin and drainage constraints 
discussed above were applied to the raw depression results, 12 potential NRWs were 
identified.  In contrast, deeper basins were rare and only one potential SB was identified 
(Figure 9).  Figure 10 is zoomed-in reach of the Elm Creek case study area showing Elm 
Creek meandering through two square miles of crop land. Figure 10 shows 15 potential 
riparian buffer sites based on TWI analysis using a threshold of 8 or higher, indicating 
possible areas of high runoff and low slope.  However, this analysis does not evaluate to 
what extent these sites are conducive to surface runoff sediment/TP filtering vs. 
subsurface denitrification (or both).  Note: around 50% of the potential sites have either 
grass or forest present in the riparian corridor already. 

These analyses show that at a cursory level, automated 30 meter DEM terrain analysis 
can yield potentially useful results.  However, it is important to note that these results 
were not validated via parallel LiDAR analyses, ground-truthing or any other means.  
Further work with this toolset will be needed to evaluate to what extent these pre-
processed, coarse resolution terrain analyses can yield useful planning information for 
BMP planning in the study area, either instead of or as a precursor to a LiDAR based 
framework such as the Tomer (2013) agricultural conservation planning framework.  
LiDAR would greatly improve the analyses but as discussed earlier, an investment of 
time and effort needs to be made to utilize it to its greatest potential. 
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Figure 11.  BMP Terrain analysis results for potential nutrient removal wetland sites in Elm Creek 
case study area. 

 

 
Figure 12.  BMP Terrain analysis results for potential sediment basin sites in Elm Creek case study 
area. 
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Figure 13.  BMP Terrain analysis results for potential riparian buffer sites in  Elm Creek case study 
area.  Yellow circles indicate flow paths with high topographic wetness index intersecting the 
perennial stream channel. 

A summary of estimated BMP reductions for N and P were compiled from the Iowa 
Nutrient Reduction Strategy and presented in Table 4 (Iowa, 2014).  These unit 
reductions were included as reference for estimating outcomes from both structural and 
non-structural BMPs.  These numbers can serve as useful starting points for analyses of 
BMP implementations at small and large scales. 
  



58 

Table 11. Nitrogen and Phosphorus unit area reductions for select BMPs.  (from Iowa Nutrient 
Reduction Strategy literature review meta-analysis; Iowa, 2014) 

BMP Class BMP/Scenario Avg N  
reduction 

pct per 
unit area 

Avg P  
reduction 

pct per 
unit area 

Nutrient Mgmt Cover crops (rye) 31 29 
Nutrient Mgmt Convert all intensive tillage to conservation tillage 0 33 
Nutrient Mgmt Convert all intensive tillage to no‐till 0 90 
Nutrient Mgmt Reducing N application rate from  background to the  133 lb 

N/ac on corn/soy and to 190 lb N/ac on continous corn 
10 0 

Nutrient Mgmt Sidedress all spring applied N 7 0 
Nutrient Mgmt Using a nitrification inhibitor with all fall applied N fertilizer 9 0 
Nutrient Mgmt Moving fall anhydrous-NH3-N fertilizer application to spring  6 0 
Nutrient Mgmt P rate reduction in fields that have high to very high soil test P 0 17 

Land Use 
Changes 

Perennial crops (Energy crops) equal to pasture/hay acreage 
from 1987. 

721 341 

Land Use 
Changes 

Pasture and Land Retirement to equal acreage from 1987 851 751 

Edge-of-Field Installing Denitrification Bioreactors on all tile drained acres 43 0 
Edge-of-Field Installing Nutrient Removal Wetlands on applicable  areas2 52 58 
Edge-of-Field Installing Sediment Basins on all applicable acres2 0 85 
Edge-of-Field Installing Riparian Buffers on all applicable lands2 91 58 
Edge-of-Field Installing Grassed Waterways on applicable lands2 0 583 
Edge-of-Field Installing Controlled Drainage on applicable acres2 33 0 

1  Reductions indicate unit area reduction plus extent of implementation for regions in Iowa and included for 
general interest purposes only. 

2  Applicable lands and acres refers to suitability based on terrain analyses. 
3  Reduction from grassed waterways assumed equivalent to buffers but does not take in account prevention of 

ephemeral gully erosion 
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4.8 Summary and Conclusions 
This report described a high-level scoping toolset composed of SWAT modeled priority 
source areas, 30 meter digital elevation model derived terrain attributes for structural 
BMP siting, and average BMP reductions compiled from literature for estimation of BMP 
effectiveness.  Toolset outputs were processed for a study area encompassing 19 major 
watersheds in the southern agricultural region of Minnesota.   

The current version of the toolset does not integrate the three components to their logical 
culmination although this can be undertaken by toolset users fairly easily.  It also does 
not integrate costs of BMP installation, maintenance, and residual costs (whether positive 
or negative) associated with potential changes in crop yields or amounts of fertilizer 
application.  Many relatively simple analyses and tweaks could be added to the toolset to 
increase its spatial representation, accuracy and features.  It is important to note that this 
toolset is a work in progress and that use by natural resource professionals will dictate to 
what extent it is useful and help lay out the roadmap for enhancements and future 
versions.   
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4.10 Appendix I:  Education, outreach, and demonstration activities associated 
with Objective 3 

 
4.10.1.1 Extension & Outreach Activities 
Ulrich, J.S. Ag BMP Decision Support System. Oral presentations at the 
University of Minnesota Extension presentation and workshops:  
• Fairmont, MN. May 2014 

• Montevideo, MN. May 2014 

• Fairmont, MN. June 2014 

• Marshall, MN. June 2014 

• Mankato, MN. July 2014 

• Glenwood, MN. July 2014 
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4.11 Appendix II:  Decision Support Framework 
 

Summary guidance for Decision Support Framework for EPA 319 grant 
Background and purpose 
There is a need for guidance on the placement of watershed management activities in 
southern Minnesota and more broadly in the agricultural Midwest. Information obtained 
from watershed modeling, field research and the economics of management all help 
guide decision-makers to the most beneficial type and location for watershed 
management practices.  The tools presented here will help in prioritizing actions 
specifically for sediment and nutrients (phosphorus and nitrogen) from watersheds 
particularly for TMDL and related water quality improvement goals.  

 
Scope 
The decision support system is targeted at rural areas of southern and western Minnesota 
as well as northern Iowa, a region known geologically as the Des Moines Lobe till plain. 
However, the same principles generally apply throughout many flat, glaciated regions 
with agricultural land-uses particularly in the northern glaciated part of the U.S. and 
Canada. 

Decision-making: considerations in prioritizing sediment and nutrient reduction goals 

One of the key first steps in developing a watershed management plan is to determine 
priorities for pollutant reduction (Figure 1). In Midwestern agricultural watersheds, the 
three predominant pollutants are generally excess sediment, nitrogen and phosphorus.  
While stream flow has increased across much of the region in recent decades, excess 
water is not technically a pollutant in itself since it is not regulated by the EPA or 
Minnesota Pollution Control Agency. Still increased flow has led to greater delivery of 
sediment, nutrients and phosphorus across the region.  Therefore getting more water 
storage on the landscape is a primary goal of many watershed management plans.  

The relative importance of the three pollutant categories depends upon whether goals are 
driven by local aquatic ecosystem health or more distant regional and national goals.  In 
the Midwest, control of phosphorus and sediment are often local and state priorities for 
the protection of freshwater lakes and rivers.  In Minnesota the protection of lake and 
river water quality has long been a high priority for fishing and recreation.  On the other 
hand, nitrogen load reduction is a national and state goal driven by protection of the Gulf 
of Mexico ecosystem, since nitrate is the primary driver of the Gulf Hypoxia problem.   
High nitrate levels (>10 mg/l) can also cause drinking water issues for towns that use 
river water for drinking water supply or in some shallow groundwater wells.  
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Figure 1:  Decision tree for assessing relative importance of the three major pollutants in 
Midwestern agricultural watersheds 

 
Sediment originates from a variety of sources including field, gully, stream bank, and 
bluff erosion. In terms of total gross erosion, field erosion is by far the major source of 
localized erosion in agricultural parts of the Midwestern U.S.  Most field-eroded 
sediment is not transported all the way to the nearest river but is rather dropped at a lower 
spot in the field (Beach 1994; Trimble 1983). Field erosion is important because it reduce 
farmland productivity in addition to causing water quality degradation downstream.  

Stream bank and bluff sediment is often a major source of sediment particularly in 
steeper terrain and areas with highly erodible soil materials.  Sediment contributes to 
degradation of in-stream aquatic habitat for fish and invertebrates. It also may lead 
directly to filling of downstream lakes and reservoirs.  With stream erosion there are 
some general patterns that my help in prioritizing stream projects on a watershed scale.   
There tends to be increasing stream power  and bank height moving downstream in 
natural streams so that there is more sediment load from the lower reaches of the river 
(Although this can be balanced by deposition in large floodplain rivers. ). For example 
much sediment comes from the middle to lower reaches of rivers in the Minnesota River 
basin due to the steep drop in topography to reach the base level elevation.  

 
Phosphorus is the main cause of algae blooms and excessive aquatic plant growth, 
(referred to as eutrophication) in freshwater lakes and rivers.  Therefore reduction of 
phosphorus loading is a high priority for the protection of local aquatic ecosystem health.  
In Minnesota, it is often the highest priority pollutant particularly in watersheds with 
lakes that have homes on the shoreline or recreational users. Most total phosphorus is 
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carried attached to sediment in particulate forms.  However orthophosphorus (the 
dissolved, reactive form) is the type that contributes most to the degradation of fresh 
water resources. It is found in fertilizers which may be transported downstream in runoff 
or carried through subsurface drainage pipes to streams.   

Nitrogen is primarily found as nitrate in dissolved form in agricultural watersheds and is 
mostly carried through sub-surface drainage pipes.  Nitrate contributes to the “Dead 
Zone” in the Gulf of Mexico as it is carried out through the Mississippi River.   High 
nitrate levels make water unsafe for drinking. It can also contribute to freshwater algae 
blooms in some cases where phosphorus is abundant.   

Reduction of nitrate is a major regional goal for many heavily agricultural Midwestern 
states such as Iowa, Illinois, Minnesota and Indiana.  In states where aquatic ecosystems 
are sparse or highly degraded (as they are in much of the Midwestern Cornbelt is) the 
priority may shift to the protection of downstream resources such as the Gulf of Mexico.  
The state of Iowa, for example, has chosen to prioritize nitrate load reduction as a major 
state goal to do their part in addressing Gulf Hypoxia. 

 
Selection of sediment, phosphorus and nitrogen BMPs 
Decision tool guidance 
The first step in prioritizing management actions is determining priorities for sediment, 
nitrogen and phosphorus reduction (Figure 1).  The most important issues for a given 
watershed need to be determined.   Once the priority issues are determined, the pollutants 
of most concern may then be more specifically targeted (Figure 2).  In much of the 
Midwest the main pollutant of concern are sediment, phosphorus and nitrogen. The 
sources and quantities of these pollutants vary by location, but the main categories are 
field and streambanks for sediment; sediment fro total phosphorus and fertilizer for 
soluble reactive phosphorus.  The primary source of nitrate-nitrogen is fertilizer that 
infiltrated out through subsurface drainage pipes.   

Identifying nutrient and sediment loading hotspots with SWAT and SRPSS tools 
The SWAT model provides GIS maps of nitrogen, phosphorus and sediment loading 
hotspots within a watershed. In this way the tool provides information on where the 
hotspots for field erosion, nitrogen and phosphorus loading are in a given watershed.   
Typically sediment and phosphorus loading is concentrated in areas with steep slopes and 
erodible soils in close proximity to water bodies.   Nitrate loading regions tend to be 
concentrated in areas of high-density tile drainage which are typically low spots in the 
landscape, often drained wetlands.   

The stream restoration prioritization tool allows managers to identify stream reaches with 
high rates of lateral bank erosion and then narrow down to a subset of potential project 
sites based on other ecological, economic and logistical considerations.  
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Figure 2:  Flow chart showing uses of individual tools developed for this project.  The stream 
restoration prioritization tool, SWAT Tool for identifying nutrient loading hotspots are used to 
identify hotspots of nutrient and sediment loading from the watershed and from stream bank 
erosion.  After identifying the types of locations that are high sediment and nutrient loading 
locations, general managmenet strategies for addressing these issues are selected.  After considering 
costs and benefits more closely with the economics assessment tool, managers can more towards 
selection of specific types of BMPs that will be favored and locations for implementation.  
 
Selection of general management strategies 
Once target have been identified using the Stream and SWAT tools, then the number and 
types of management practices can be considered.  Considerations for selection of BMPs 
include effectiveness (see Miller et al. 2012), lifespan, sustainability, landowner appeal, 
technical knowledge required, availability of technical support and cost. 

In the long-term (decadal scale) the best and most effective solution to many of the 
pollutant issues is storing more water on the landscape, given large flow increases in the 
past 30 years has driven much of the increase in total loads.  Storage can be done with 
storage ponds, restored wetlands, use of controlled drainage and installation of other 
practices that help detain water.   Water storage in the headwaters typically benefits more 
landowners in a watershed since larger downstream ponds only benefit landowners in the 
downstream portion. 

Water storage alone cannot solve all sediment and pollutant loading problems, especially 
when there there are high rates of stream erosion well in excess of natural rates. 
Therefore there is a need to first weigh the relative need for watershed versus in-stream 
practices for sediment and phosphorus load reduction. It is known that many streams in 
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southern Minnesota and Iowa have a significant fraction (often > 50%) of the sediment 
load coming from channel or near-channel sources (steep bluffs on the river boundary), 
thus indicating that watershed practices alone may be insufficient for achieving water 
quality and particularly stream biotic integrity goals.  

In these cases it may be beneficial to implement stream restoration, stabilization or 
intensive riparian buffer projects.  Stream reaches with highly erodible alluvial soils, 
particularly “Legacy sediment” common in much of the region are good candidates for 
more intensive riparian buffers or stream bank bioengineering projects since they are 
more prone to erosion.  Moving in a downstream direction streambank height typically 
increases providing more potential sediment load from bank collapse. Often large, 
unstable streambanks and valley walls (bluffs) may contribute disproportionately to 
sediment loads. 

Additional considerations and strategies for control of the major pollutants:  
Sediment reduction strategies: 

• Field erosion reduction practices most effectively reduce sediment load to rivers if 
they focus on steep and/or erodible soils near water-bodies.   Soils are typically 
bare in the spring months with corn and soybeans and most of the erosion occurs 
then. Best Management Practices (BMPs) such as cover crops, grass filter strips, 
and others that hold water, slow it down and/or stabilize soil are all needed to 
reduce erosion particularly when soils are bare in the spring before crops are 
planted and start growing.   

• Erosion events are generated by large rain events which exceed the threshold of 
erosion needed to mobilize sediment.   In fields this may be any storm event that 
saturates the soil and generates surface runoff. Typically this occurs when the soil 
is bare in the spring months and evapotranspiration is at a minimum.  

• In streams and river most sediment is mobilized by large but frequent floods that 
typically occur every one to two years, therefore reduction of the 1-2 year flood is 
key for reduction of stream-bank sediment.   In-stream restoration and 
stabilization practices may be used to address  these, targeting areas of high bank 
erosion or lateral migration.  

Phosphorus Reduction strategies 
• Many of the sediment reduction strategies will also address the total phosphorus 

(TP) load since TP occurs primarily in sediment-bound particulate form 

• Where orthophosphorus is abundant this is not true such as fields that have 
recently had fertilizer applied.   

Nitrogen Reduction strategies 
• Nitrogen load can be reduced in fields through use of appropriate fertilizer 

application guidelines and tillage practices  



67 

• Nitrate is predominantly carried through subsurface drainage water in farmland 
with extensive subsurface drainage.  Therefore reduction of flow volume is 
critical since nitrate is high at nearly all flow levels, unlike sediment.  

• Water storage, controlled drainage and practices that allow for denitrification to 
occur such as treatment wetlands and bioreactors can be very effective at 
removing nitrogen.   

• Once nitrate moves into larger rivers little collection or storage is occurring and 
denitrification rates are very low, therefore removal needs to be accomplished in 
the uplands or stream valley prior to discharge into rivers.   

Economic factors 
Economics plays an important role as well since more affordable projects are likely to be 
implemented.  Generally, modifications to tillage and fertilizer application practices such 
as residue management and conservation crop rotation are the most cost effective at 
reducing nutrients at their source (particularly for nitrogen) since they involve slight 
modifications to work that farmers are already doing (see Economics tool) (Figure 3).   
Other factors that drive up costs include the need for engineered structures such as ponds 
or water and sediment control basins. Only 8 practices had mean unit cost > $1,000 
(grade stabilization, grassed waterway, heavy use area protection, pond, structure for 
water control, waste storage facility and water and sediment control basin and water well.  
Practices that don’t require structural design, implementation and construction have much 
lower unit costs, typically from $0-$100.  Common structures that need to be built 
include check dams for gully control, berms and water control structures for constructed 
wetlands or sediment basins and side-inlets, for example. On the other end of the 
spectrum are vegetative practices such as riparian buffers, grass swales, alternative 
perennial crops and streambank bioengineering.  These types of practices tend to be more 
sustainable over time, requiring less energy inputs and maintenance costs over time 
scales of years to decades. 
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Figure 3.  Data used in economics tool.  Mean unit costs for USDA conservation 
practices in the “Heartland Region” of the United States, 2001-2003 costs. Structural 
practices are most expensive .  Tillage management and vegetation management have 
much lower unit costs. 
 
Example –stream sediment prioritization process 
A more specific example of step-by-step decision guidance for targeting sediment 
reduction practices from streams or channels is described below.  A similar step-by-step 
process could be spelled out for nitrate and phosphorus as well.  

1. Determine where in watershed most sediment is coming from and types of erosion 
processes, field, gully, streambank and bluffs 

2. Identify flow levels and thresholds of erosion that contribute most of the sediment 
load; in most rivers a disproportionately large percentage of the suspended 
sediment load is carried by frequently occurring floods in the one to two year 
recurrence interval range.  Even a 10-20% reduction in the one – two year flood 
discharge could have a substantial sediment reduction benefit 

3. Identify locations to store water in upper watershed where possible;  
4. Promote practices that improve riparian zone health based on watershed position; 

soil materials and bank height / erodibility; these could further help achieve 
reduction of in-stream TSS / turbidity levels 
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ELM CREEK CASE STUDY 
Background:   
Elm Creek, a major tributary of the Blue Earth River basin in south-central Minnesota, 
has primarily agricultural land-use and has high levels of sediment, phosphorus and 
nitrate in streams (Fig. 4).  It has impairments for total suspended solids (TSS) and 
phosphorus.  Nitrate levels also have been found to exceed water quality standards of 10 
mg/l at times.  

 
Figure 4.  Elm Creek location in Minnesota. Elm Creek is a tributary of the Blue Earth 
River which drains to the Minnesota River.   

Sediment and total phosphorus come primarily from field and streambank erosion while 
nitrate originates primarily from tile-drained farmland in subsurface pipes. Streambank 
sources are likely largest in the lower 20 miles approximately of Elm Creek, as bank 
height increases along with stream power.  

The causes of accelerated sediment and nutrient loading in region are thought to be from 
a variety of changes to land-use, subsurface drainage, channel modification and climate 
changes (more rainfall).  These are briefly summarized below 

• Increased flows 
o In Blue Earth and MN, low flows- moderately high flows have increased 

most significantly; little change in large floods (>10 year recurrence 
interval) 

o Results in higher shear forces causing more erosive flows acting on stream 
banks 

o Prolonged duration of saturation of stream banks leads to more mass-
wasting 

• Channelization at roads and ditches has also altered channel stability, adding more 
sediment from streams 

N

Minnesota
Elm Creek Watershed
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Goals:  Overall the main goal is for turbidity or sediment reduction load from Elm Creek 
to address water quality impairments.  The focus of management has been more on 
sediment than phosphorus or nitrogen for a variety of reasons.  In the Minnesota River, to 
which Elm Creek is a tributary, carries the largest load of sediment of any river in the 
state.  This has led to the filling of barge channels on the lower Minnesota River and 
reservoirs on the Mississippi River and further downstream in Lake Pepin.  Excess 
sediment also leads to degradation of biotic habitat in rivers in streams reducing biotic 
integrity scores which are regulated by the Minnesota Pollution Control Agency.   Also 
Elm Creek does not drain directly to any lakes which are one of the main motivating 
factors for reducing phosphorus load in Minnesota, to control eutrophication.  With the 
development of a state nitrate reduction strategy,  the drive to reduce nitrogen should 
increase as well. 

1. Sediment sources 
The two main sediment sources contributing to turbidity in rivers are fields and channels, 
with stream banks and bluffs.  Previous research (Lenhart et al. 2010) showed that 
turbidity levels increase exponentially downstream of Creek Lake (#6 in Fig. 5) 
particularly in the lower 20 miles of the river.  This is presumably due to sediment 
loading from large streambanks and bluffs that increase in size downstream. Secondly, 
mobilization of sediment stored in Creek Lake contributes to turbidity downstream at 
certain flow levels 

 

 
Figure 5. Spatial pattern of turbidity at low and high flow in Elm Creek.  Numbers 1 
through ten correspond to sample sites starting in Jackson county in the headwaters 
moving towards #6 which is at Creek Lake in mid-watershed and finishing at #10 
near Winnebago and the mouth (Lenhart et. 2010). 

2. Determine thresholds of erosion from stream banks 
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Stream bank and gully erosion events are known to occur primarily during high flow 
events.  Frequent floods in the 1-2 year recurrence interval range do most of the work in 
moving sediment in streams. Data on stream bank erosion rates in Elm Creek indicate 
that most sediment is mobilized at high flows exceeding 500 cfs at the former stream 
gage on the lower river.   During the 2008-2014 monitoring period, a large percentage of 
the sediment from channel erosion occurred after the flood of fall 2010.  While the largest 
floods cause much erosion, they are more climate-driven and it’s difficult to manage.  
Too much water storage would be needed to make a significant reduction in flow.  On the 
other hand reduction in the 2 year flood by 25% from 974 to 740 cfs  (Table 1) is more 
attainable by increasing water storage in the landscape.  While the targets discussed here 
are  geared toward streambank sediment  reduction they would also serve to reduce field 
erosion as well.  

Table 1.  Recurrence Intervals for Stream flow at Elm Creek using the Streamstats 
website.* These serve as reference points to establish goals for flow reduction. 

 Flow in headwaters: Above Creek 
Lake, drainage area 134 mi2 

Lower Elm Creek at County Road 
159, drainage area 271 mi2 

Flood 
recurrence 
interval 

Stream Flow (ft3/s) 
 

Stream Flow (ft3/s) 
 

 1.5 454 674 

 2 663 974 

 5 1360 1960 

 10 1960 2810 

25 2880 4100 

 50 3680 5210 

 100 4600 6500 

*data was calculated using Streamstats, an online GIS software program provided by the 
USGS.  Regional regression equations are used to predict flow at un-gauged streams.   
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3. Watershed actions:  Identification of water storage opportunities 
The headwaters part of the watershed, upstream of Creek Lake provides the most 
opportunity for water storage and also denitrification potential small ditches, wetlands 
and depressions. 90% of the watershed area is located upstream of Martin Lake, although 
only 64% of the stream miles occur above that point. In these areas restoration of large 
drained lake basins and pothole wetlands should be a priority for water storage.  In the 
lower river, water is mostly transmitted with little collection or storage occurring. At this 
point in the watershed management practices should be more focused on reducing bank 
erosion (Tomer et al. 2013). 

Removal of nitrate-nitrogen would also be enhanced by storing more water in the upper 
watershed. However since nitrate is carried in dissolved form it is transported at all 
stream flow levels, not just the high flows. Therefore management practices that reduce 
flow volume and not just flood peak would be beneficial for nitrogen removal 

4. Stream management actions: Targeting riparian zone practices to improve 
stream health 

Recent studies have shown that there is a lack of vegetative buffer protection in many 
southern Minnesota streams. Vegetative management practices are more cost-effective 
than structural projects and simple to implement.  Vegetation management and buffer 
actions could be more aggressively implemented to help with sediment reduction and to 
improve the health and stability of the riparian corridor.  Where can more aggressive 
buffer policies and design guidance help reduce channel erosion?  Previous researchers 
have shown that vegetation plays different roles moving from the headwaters to the 
mouth of a river (Abernethy and Rutherfurd 1998). Generally speaking vegetation has a 
decreasing role in stabilizing banks as their heights exceed plant root depths substantially 
(at heights greater than a few meters, particularly).   The following guidelines were 
developed based on research in the region on the depth of plant roots and surface 
protection provided by riparian vegetation (Table 2) (Underhill 2013).  

Table 2: Riparian management zones Elm Creek.   The general guidance is 
applicable to streams across the Midwestern U.S. 
Type of riparian 
cover 

Bank 
height 

Location in Elm Creek 
watershed 

rationale 

 Grasslands in 
smaller 
headwater 
streams 

< 1m  primarily west of the 
Martin county/ Jackson 
county line where the 
north and south fork 
merge 

Surface protection of 
grass covers entire 
stream bank surface  

Mid-channel, 
mixed trees and 
grass 

1m – 3m From the north & south 
fork of Elm Cr merger to 
Martin Lake 

At greater bank 
heights deeper tree 
roots needed 

Larger channel 
often with 
floodplain forest 
or pasture if 
grazed 

bluffs and 
banks > 
3m height 

Lower river (Martin Lake 
to Winnebago-river 
mouth), 

At very high heights, 
mass-wasting 
dominates process; 
vegetation  plays a 
lesser role 
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Figure 6. Stream bank collapse in the mid-watershed reaches of Elm Creek, bank height 
~ 2 meters. In alluvial soils and other highly erodible channel materials, deep-rooted 
vegetation can have a significant impact on bank erosion rates.  On larger stream banks, 
multi-purpose riparian buffers that have a mix of trees and grasses may be optimal for 
controlling sediment from channels.  
Within these zones the following types of practices are recommended for sediment 
reduction from the riparian corridor at different points in the watershed:  
 

Zone 1: Prairie (grass) buffers along small streams 
 
Zone 2: Multi-purpose riparian buffers with grass, forbs and trees. Root wads can 
be used for more aggressive bank protection 
 
Zone 3: Bluff diversion / rock vane problems 

 
In the Elm Creek case there is a need to reduce channel erosion below Creek Lake 
through streambank bioengineering and/or more focused riparian buffer strategies. 
Restoration of sinuosity where it’s been lost to channelization could assist in restoring 
equilibrium to the river and reducing sediment load as well. Further up in the channel 
network prevention of head-cutting in small tributaries would be a feasible management 
strategy as well. Re-establishment of meandering grass sloughs or waterways would help 
with stability and sediment reduction from first to second order headwater streams.  
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5 Integrated assessment of ecological service markets 
As part of the project, two of our partners, Rural Advantage in Fairmont and the Institute 
for Agricultural and Trade Policy in Minneapolis produced two studies early on in the 
project which are included in Appendices 1 and 2.  Following is a summary of the Rural 
Advantage study carried out in coordination with the University of Minnesota. 

This section contains excerpts from the following published manuscript: 

Van Pham, Matthew. 2010. Consumers' Willingness-to-Pay for Perennial Grass 
Conversion to Renewable Energy in South-Central Minnesota. A Thesis submitted to the 
faculty of the Graduate School of the University of Minnesota.   
5.1 Summary of non-market valuation survey 
There has been a considerable interest in providing a renewable source of energy to 
reduce the United States' dependence on fossil fuels, especially those from foreign 
countries. One way to achieve this is through combusting perennial grasses to produce 
electricity. While providing electricity, growing the perennial grass will produce 
recreational benefits and other environmental services that will help improve the quality 
of life. 

5.1.1 Methods 
A questionnaire was completed by 725 Carver, Dakota, and Scott county residents, which 
gave a response rate of 29 percent, to determine how much they would be willing-to-pay 
(WTP) to utilize the recreational services at a converted site. Using the contingent 
valuation and hypothetical trip cost models, some support exists for the perennial grass 
conversion. However, 52 percent would not be willing-to-pay for the conversion, and 64 
percent would not visit the converted land. These calculations provided a basis for 
determine whether or not the total benefits a landowner received from converting 
cropland to perennial grass would meet or exceed his or her current earnings using the 
land for agricultural purposes. 

5.1.2 Results and Conclusions 
A survey of the residents in Carver, Scott, and Dakota counties shows that there is some 
support for converting row crops to perennial grasses on marginal lands. However, there 
is a significant majority of respondents who are not WTP for the conversion. The 
contingent valuation and hypothetical trip cost models came up with a similar result 
where there is some support for this conversion, but a majority of the respondents do not 
place a high value on the environmental services from the converted land. Furthermore, 
the landowners who are the ones that might benefit from this conversion program might 
not choose to convert in the first place, especially if the profit earned from harvesting row 
crops is greater than the amount received after converting the land to perennial crops. 

Despite this, landowners who wish to convert their marginal lands to perennial grasses 
may find it economically beneficial to do so under the right conditions. Some of these 
economic conditions include lower net returns for soybean crops and allowing for 
unlimited credit stacking. The future of converting row crops to perennial crops for 
electricity production can be viable, but only under the right conditions, such as creating 
specially-targeted policy programs focused on marginal croplands. 
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5.2 Review of Payment Systems by IATP 
The work undertaken by IATP (Appendix 2) summarized existing payment for 
environmental/ecosystem services programs existing in 2011. For the purposes of our 
economic assessment of biomass systems in section 6, we chose to include payments for 
carbon, water quality, and nitrous oxide as they are the most developed markets although 
still at an early stage of development. 

5.3 EcoPayPack 
See Appendix 1 - ECoPayPack environmental services rationale and payment scheme 

5.4 Ecosystem Services Payments: An update 
See section 6.2 Ecosystem Services Payments 
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6 Life Cycle Assessment: Comparative Assessment of 
Environmental Implications of Biomass Electricity Generation 

Objective: The goal of this LCA study is to assess multiple environmental and human 
health impacts resulting from electricity generation using six different types of biomass 
feedstocks. In comparison with conventional electricity generation (coal- and natural gas-
fired), we examine trade-offs related to multiple environmental impacts between the 
different electricity generating biomass pathways.  

6.1 Methods 
The six types of biomass electricity generation pathways chosen for this analysis are: 
barley straw, oat straw, Canadian wild rye straw, wood chips, switchgrass, and a prairie 
grass mixture. The function of the six biomass electricity pathways is to supply 
renewable power to Xcel Energy and residual heat for the malting process at Rahr Crop. 
The functional unit of the biomass electricity pathways is defined as 1 kWh of biomass 
electricity generation. 

A ‘farm to factory gate’ system boundary was created for this study that includes biomass 
cultivation and harvest (collection), truck transportation, preprocessing facility, and 
biomass electricity generation through a combined heat and power (CHP) system at the 
Koda plant. A process flow diagram that depicts the conventional and bio-based 
electricity pathways and system boundaries is displayed in Figure 1.  

 

 
 

Figure 14. Process flow diagram of biomass and conventional electricity 
(natural gas) system 
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The electricity pathway is subdivided into a set of unit processes. These processes are 
linked to one another by flows of intermediate products and/or wastes for treatment, to 
other product systems by product flows, and to the environment by elementary flows. 
Based on the life cycle resources/emissions identified by unit processes, Life Cycle 
Inventories of electricity pathways were created. Subsequently, we carried out Life Cycle 
Impact Assessment (LCIA) following the guidelines documented in the International 
Organization for Standardization (ISO) 14042. First, the identified life cycle 
resources/emissions are assigned to the respective impact categories: i.e. global warming, 
ozone depletion, acidification, eutrophication, photochemical smog, ecological toxicity, 
and so on. Next, the classified resources/emissions are characterized. Characterization 
factors (C.F.) are applied for each of resources/emissions by the impact category and 
media of release. 

To accomplish this, we employed an environmental impact assessment model called the 
Tool for the Reduction and Assessment of Chemical and other environmental Impacts 
(TRACI) [1]. The TRACI model is developed by the US EPA. Although the most up-to-
date version is TRACI 2.1 [2], in this project we used the original version [1, 3] for the 
following reasons. First, even though TRACI 2.1 has an extensive coverage of agro-
chemicals, but feedstocks considered in this project do not use pesticides intensively. 
Thus, the original TRACI is likely sufficient for evaluating their environmental impacts 
[4, 5]. More importantly, as opposed to the original TRACI, normalization references for 
the TRACI 2.1 are not yet available, making it hard to compare across impact categories. 
To summarize, TRACI 1.0 suffices our purpose of impact assessment in this project and 
enables us to assess the overall environmental impact of each option for producing 
electricity from biomass and compare impacts across options.  

The characterization factors provided by TRACI 1.0 characterize resources and emissions 
emitted in the U.S., and are recommended for estimating impacts to human health and the 
environment [6]. Impact categories currently included in TRACI are provided in Table 1. 

 
Table 12. Impact categories in TRACI model 

 
Environmental impacts Human health effects Resource use 

Impact 
category 

• Global warming 
• Ozone depletion 
• Acidification 
• Eutrophication 
• Photochemical smog 
• Ecological toxicity 

• Human health cancer (kg 
benzene-Eq) 

• Human health non-
cancer (kg toluene-Eq) 

• Human health criteria 
(respiratory effect) 

• Fossil fuel depletion 
(MJ surplus) 

• Land use 
• Water use 

 
Characterized results cannot provide comparisons across impact categories. Global 
warming potential is calculated based on a kg CO2-equivalent characterization factor, 
which is not comparable to a human respiratory health effects potential in kg PM 2.5-
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equivalents. Each biomass electricity pathway can only be compared within each 
category (i.e. GWP to GWP) but not across impact categories (i.e. GWP to 
eutrophication). In order to make these comparisons, the optional LCIA steps of 
Normalization and Weighting are necessary.  

Normalization transforms each characterized indicator result by dividing it by a reference 
value. Normalized results show duration and magnitude of the characterized impact 
within a given temporal and geographical system boundary under consideration. 
However, the normalized results still do not show which impact category is relatively 
more dominant than others. In order to accomplish this type of comparison weighting is 
required. In the weighting step, a relative importance value is assigned to each impact 
category’s normalized result. 

6.2 Results 
For overall environmental scores of the six biomass and conventional electricity 
pathways, we employed the normalization reference developed by the US EPA (Bare and 
Gloria, 2007) and weighting factors developed by National Institute of Standards and 
Technology (Gloria et al., 2007). Normalization references and weighting factors for 12 
impact categories are applied to the characterized results. The 12 impacts categories are 
land occupation (LO), water use (WU), fossil energy consumption (FEC), ecological 
toxicity (ET), smog formation (SF), eutrophication (Eut.), ozone layer depletion (OLD), 
human health non cancer (HHNC), human health respiratory (HHR), acidification 
(ACID), global warming (GW) and human health cancer (HHC). Overall environmental 
scores of multiple environmental impacts by electricity pathways are shown in Figure 2. 
Each single score shows proportional contributions of each of 12 potential impacts. A 
lower single score indicates less environmental impacts. 

 
Figure 2. Overall environmental scores of biomass electricity pathways and 

conventional (hard coal and natural gas) electricity generation 
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The results show that six biomass electricity pathways outperform coal and natural gas 
electricity. In particular, the prairie mix and barley straw have the lowest environmental 
impacts, followed by switchgrass and Canadian wild rye straw. Woodchips has the 
highest score among biomass electricity pathways due to the low electricity conversion 
rate and highest moisture content. Oat straw also has the second highest score because of 
the low CO2 uptake of oats. 

We found that global warming (GW) hinges on CO2 uptake rate of biomass as the CO2 
uptakes of all six biomass options offset the global warming of life cycle of biomass 
electricity generation. In particular, the highest CO2 uptake rate of prairie grass brings 
negative values on global warming as environmental benefit resulting in the lowest 
overall score of prairie grass electricity pathways. As steam is a co-product of electricity 
generation in cogeneration process, the co-product replaces steam produced in 
conventional electricity generation. Thus, the environmental impacts corresponding to the 
avoided conventional steam production are subtracted from the overall environmental 
impacts. 

We carried out process-level contribution analysis in order to examine the contributions 
of environmental impacts of life cycle process to overall scores. The following sections 
describe detailed findings in the contribution analysis. The six biomass electricity 
pathways are grouped in three fuel types: cash crop residues, forest residue and perennial 
grasses. 

6.2.1 Cash crop fuel: barley straw, oat straw and Canadian wild rye 
As shown from Figure 3 to Figure 5, combustion of biomass fuel for electricity 
generation has the highest environmental score in all the three electricity pathways. 
Direct emissions, particularly greenhouse gases, emitted from the combustion process at 
CHP plant induce the highest global warming impacts among the life cycle processes. In 
cultivation process of barley, oat straw and Canadian wild rye, carbon dioxide (CO2) 
sequestrated in the biomass during their growth (1.35kg CO2 per kg of barley straw, 
0.42kg CO2 per kg of oat straw, 1.36kg CO2 per kg of wild rye straw) results in negative 
scores in global warming as an environmental benefit since CO2 is sequestered.  

In the three biomass electricity pathways, the avoided steam production brings an 
environmental benefit related to global warming. The wood residue and the two perennial 
grass electricity pathways also have the same amount of environmental benefits due to 
the avoided steam production as a co-product through CHP generation. The 
environmental benefits of CO2 uptake and avoided steam production substantially offset 
global warming impact of direct emissions of barley and Canadian wild rye combustion 
for electricity generation and result in low overall scores. 

Environmental impacts of the drying process and two transportation events look quite 
low compared to the cultivation and harvest of biomass and the electricity generation 
processes. However, in the case of the increase in the transportation distance and the 
supply of biomass with high moisture content, changes in environmental impacts of the 
three life cycle processes have to be carefully assessed. 
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Figure 3. Barley straw electricity generation: contributions of multiple 

environmental impacts by life cycle processes 
 

 
Figure 4. Oat straw electricity: contributions of multiple environmental impacts by 

life cycle processes 
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As shown in Figure 4, the oat straw pathway has the lowest environmental benefit due to 
low CO2 uptake at the farm, approximately 2-4 times less than the other five biomass 
fuels. Oat straw also requires the highest water use for irrigation in cultivation among the 
six biomass electricity options. 

 
Figure 5. Canadian wild rye straw electricity: contributions of multiple 

environmental impacts by life cycle processes 
In cultivation and harvest of Canadian wild rye, baling is a major contributor to global 
warming due to the intense use of energy in baler operation. Upstream production of 
calcium ammonium nitrate as mineral fertilizer used for wild rye cultivation contributes 
to global warming at almost the same level as the bailing operation. 

However, the CO2 sequestration during the growth of rye straw (1.36kg per kg of rye 
straw) substantially offsets the global warming of electricity generation. In Figure 5, it is 
also noted that ecological toxicity impact of Canadian wild rye is second highest among 
the cultivation processes of the biomass electricity pathways. We found that direct 
emissions (nickel and zinc as a nutritional supplement) to soil during the cultivation of 
wild rye straw are major contributors to ecological toxicity. 

6.2.2 Forest residue fuel: woodchips 
In Figure 6, we noticed that the drying process and electricity generation in the woodchip 
electricity pathway has much higher environmental impacts than the two processes in the 
other five pathways. Particularly, the global warming impact of the electricity generation 
process is nearly two times higher than the other pathways. 
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Figure 6. Woodchips electricity: contributions of multiple environmental impacts by 

life cycle processes 
 
Woodchips entering the drying process contain high moisture content (20%) compared to 
other biomass fuels (10~12%). Subsequently, the high moisture content increases use of 
fuel oil combusted in the furnace and the use of electricity used in the conveyer. In the 
drying process, 250 kg of water is dried per one ton of dried woodchips. The increased 
use of fuel oil and electricity cause the increase in global warming, ecological toxicity 
and fossil energy consumption. 

In electricity generation, carbon dioxide is the dominant contributor to the global 
warming impact. Among the six biomass fuels, woodchip has the lowest energy content 
(13,243 Btu per ton of woodchips) resulting in a low electricity conversion rate 
(1,125kWh per one ton of woodchips) and high carbon dioxide emissions (1.7ton of CO2 
per one ton of woodchips combusted) in the combustion process. 

6.2.3 Perennial grass fuel: switchgrass and Prairie grass mix 
As shown in Figure 7 and Figure 8, cultivation and harvest at the farm and electricity 
generation at the CHP plant have the largest positive and negative environmental scores 
in the switchgrass and prairie grass electricity pathways. In Figure 7, cultivation of 
switchgrass offers an environmental benefit related to global warming due to the CO2 
uptake (sequestration) of switchgrass while cultivation of switchgrass induces 
environmental impacts of ecological toxicity, acidification and eutrophication. However, 
the overall environmental impacts on a switchgrass farm remains a net negative due to 
the significant environmental benefit related to global warming. 
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Figure 7. Switchgrass electricity: contributions of multiple environmental impacts 

by life cycle processes 
Dominant environmental stressors of ecological toxicity, acidification and eutrophication 
come from direct emissions associated with heavy metals (use in nutrition) and fertilizer 
(ammonium nitrate) application. Specifically, copper and zinc emitted to the soil are 
environmental stressors of ecological toxicity. Ammonia emission to the air and 
phosphorous emission to water are major contributors to eutrophication. Ammonia 
emissions to the air are significant contributors to acidification. 

On the other hand, as displayed in Figure 8, prairie grass has less environmental impacts 
related to ecological toxicity, eutrophication and acidification. Our contribution analysis 
indicates that prairie grasses have the highest uptake rate of heavy metals as they require 
some heavy metals for nutrition. However, it is not known whether all the heavy metal 
uptakes such as nickel and copper are used as nutrition for the growth of prairie grasses 
or stored as contaminants in the grasses. For this reason, the uptake of heavy metals is not 
accounted for as an environmental benefit in ecological toxicity. 
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Figure 8.Prairie grass mix electricity: contributions of multiple environmental 

impacts by life cycle processes 
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7 Lowering the cost of perennial grassland biomass production/ 
Cost-Benefit Assessment 

This project systematically looked at the different stages of biomass production and 
processing to identify areas where costs could be reduced as well as opportunities for 
receiving payments for environmental services which would contribute to the overall 
profitability of the biomass production system. In addition, we conducted research on the 
willingness of landowners to supply biomass to a market under different market and 
landowner conditions to predict the amount of biomass that might be supplied by 
landowners, and the price, relative to their other production options, that might be 
required for landowners to supply biomass to market. 

7.1 Agronomic practices 

7.1.1 Plant materials selection:   
A recent University of Minnesota study showed that over 4 years and three Minnesota 
sites, ‘Red River’ prairie cordgrass was the most productive native perennial herbaceous 
crop of seven evaluated.  ‘Sunburst’ switchgrass and a native polyculture were generally 
less productive.  However, at this time prairie cordgrass establishment is costly because 
seed germination is poor and vegetative propagation is labor intensive.  Switchgrass seed, 
in contrast, is relatively inexpensive and readily available.  Native polyculture seed is 
generally more expensive per pound than switchgrass, but can provide greater wildlife 
habitat and pollinator forage than switchgrass due to the presence of flowering forbs.  
Thus, tradeoffs currently exist between maximizing biomass yield and reducing input 
costs.  Producers should work with UM Extension to determine the best crop cultivars or 
species mixes to plant for their given site and management objectives.  

Given the high yields of prairie cordgrass, investment in the plant materials to 
increase seed germination could significantly reduce the cost of biomass production. 
Currently the cost of seeding (not including machinery) is estimated at $560 per acre or 
$14-25 per short ton of biomass. Switchgrass on the other hand cost an estimated $40 per 
acre or $2-3 per short ton of biomass. If research and development of prairie cordgrass 
could get the cost of seeding at similar levels as switchgrass then the cost biomass cost 
per ton could be reduced $13-23 per ton. 

7.1.2 Landscape targeting:   
Research at the University of Minnesota has shown that many woody bioenergy crops 
yield best at depositional landscape positions relative to mid-slope and summit positions 
[1].  However, the inverse was found to be true of switchgrass and of corn.  Another 
study found no consistent effect of landscape position on yield of perennial woody and 
herbaceous biomass species, including switchgrass [2].  This suggests that landscape 
position may not have an impact on the cost per unit of biomass production; however 
results from both studies suggest that perennial crops are better suited to floodplain or 
depositional positions than annual crops such as corn.  Targeting perennial bioenergy 
crops to these landscape positions results in a reduced opportunity cost for the landowner, 
since annual crop yields, and thus cash returns, are typically not as high. 

In the budgets we compared the breakeven costs per ton of biomass for two landscape 
positions, upland and lowland. It was lower in the upland landscape position for 
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switchgrass and prairie cordgrass. The major difference in the two landscape positions 
was the yields. This could be due to the lack of fertilizer used in the lowland research 
plots. The cost per ton was lower in the lowland position for the native prairie. The yields 
were similar between the landscape positions but the management of the upland system 
was much more intense.  

7.1.3 Incorporating companion crops:   
Establishing perennial herbaceous biomass crops with companion crops such as barley 
can increase establishment year income by providing grain and additional harvestable 
biomass.  Our research shows that some companion crops can be planted with perennial 
grasses and polyculture mixtures to provide forage, grain, and/or straw for during the 
seeding year without decreasing biomass yields of the main bioenergy crop the following 
year (yr. 2). Canada wildrye, barley, and oat harvested for forage all produced biomass 
during the seeding year of grassland bioenergy crop establishment without decreasing 
biomass yields of native bioenergy crops in yr. 2.  Harvesting barley for grain as a 
companion crop decreased perennial biomass yields compared to the control for two 
consecutive years at one environment, as well as yr. 3 yields at another.  However, barley 
grain produced during the establishment year could offset income losses from reduced 
biomass yield. 

 We completed budgets for the companion crops (barley, oats, barley forage) by 
estimating the additional expense to harvest the companion crops. For the companion 
crops we assumed a presswheel drill for planting, a grain combine for harvesting the 
grains, and a grain cart for collecting and transporting the grains.  We also assumed no 
additional fertilizer beyond what was already used on the biomass crop and no additional 
chemicals. The remainder of the costs were obtained from the FINBIN database using the 
average of all the available data for the particular crop. What we found is that none of the 
companion crops enterprises were profitable. This is primarily due to the low yield when 
compared to the average yield in the FINBIN data. 

7.1.4 Fertilizer management:   
Biomass yields can be increased using nitrogen fertilizer after stands have established. 
Nitrogen should not be applied during the seeding year. After establishment, apply 
nitrogen at rates ranging from 50 to 75 lbs per acre in the spring [late April].  In our 
research at Rosemount, MN, 67 lbs N per acre was found to be an optimum rate for 
grassland biomass production.  Marginal yield gains at higher N rates were negligible.. 

7.1.5 Biomass ash fertilizer:   
Utilizing ash generated from the combustion of perennial herbaceous biomass as a 
fertilizer source could potentially reduce fertilization costs for a producer.  This depends 
on the cost of delivering the ash to the field site.  Ash from combustion of perennial 
biomass is high in P and K, and could serve as a valuable.  Utilizing this ash for fertilizer 
would create a closed-loop system where exported minerals are returned to the field 
following combustion.  Results from our study were unclear due to environmental 
conditions, but we posit that this ash could replace synthetic fertilizers for perennial 
biomass production, reduce landowner costs, and divert a waste stream from the 
combustion facility.  In our research, P exported in harvested biomass was 3.9, 4.1, and 
3.7 lb ton-1 for a native polyculture, switchgrass, and prairie cordgrass, respectively. 
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Export of K in harvested native polyculture, switchgrass, and prairie cordgrass biomass 
was 14.9, 16.1, and 16.3 lb ton-1 respectively.  Given P and K ash concentrations of 3.8 
and 8.18%, these mineral requirements could be met through applications of 27 – 50 lbs 
of biomass ash per acre.  

 To estimate the cost reductions with the use of the biomass ash the value of the 
ash was calculated using the N, P, K concentrations, the biomass yields, and the prices of 
the fertilizer. From this value a custom application cost which includes the transport and 
application of the material was subtracted. It is unlikely that the ash would be able to be 
applied in a single application with the other fertilizers. The biomass ash is mostly P and 
K so a separate N application would also be needed. The ash credit was only estimated 
for the upland budgets because they are the only budgets that had fertilizer applications. 
This ash credit was $3-4 per ton of biomass. 

7.1.6 Delaying harvest:   
Our study showed that delaying harvest from fall to early spring reduces nutrient export 
in harvested biomass, particularly for P and K.  Despite this, there was no economic 
advantage to harvesting earlier or later based on variation in biomass yield and nutrient 
export rates.  The reduced cost of mineral replacement alone does not warrant delaying 
harvest from fall to spring.  This is evidence that, at similar low-input grassland sites, 
effort should be focused on increasing biomass yield to maximize economic returns from 
biomass production rather than focusing on biomass quality, as revenues from biomass 
yield can offset the added costs of mineral export. Considering the economic costs of 
replacing exported minerals and changes in revenues from biomass yield through time, 
biomass harvest should be conducted in late summer - early fall or late spring and 
avoided in winter. Biomass managed for gasification should be harvested in spring to 
reduce concentrations of minerals that lead to slagging and fouling. However, our results 
showed negligible yield loss from fall to spring, which may not be the case with field-
scale mechanical harvest. 

7.1.7 References 
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7.2 Ecosystem Services Payments 
 Revenue from payments for ecosystem services can reduce per unit costs of 
biomass production and are dependent on the quantity of ecosystem service provided and 
the price received.  In order to estimate the quantity of ecosystem services provided in a 
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perennial grass biomass system we need to determine the change in services relative to a 
baseline scenario, typically the current land management.  The most common cropping 
system in our study area is a corn and soybean rotation.  However, with a market for 
bioenergy it is likely that this system will be replaced with continuous corn systems to 
maximize the economic returns from crop residue production. Therefore we use 
continuous corn as the baseline for our assessment of ecosystem services payments.     

7.2.1 Water Quality 
 In recent years there has been a renewed interest in markets for water pollution. 
Even with the allowance by the Environmental Protection Agency and the development 
of trading tools to reduce transaction costs there have been a very limited number of 
trades. Markets can be an efficient way to meet pollution loading goals and can also give 
us information about the benefits and costs of pollution reduction. Below we report the 
quantity of ecosystem services provided relative to continuous corn and existing prices 

7.2.2 Sediment 
 It is estimated that perennial crop production would reduce sediment load by 1.1 
short tons per acre per year. Currently there is no market operation in the United States 
for sediment reduction. 

7.2.3 Nitrogen 
 The State of Connecticut has an active trading market for nitrogen. In 2013 the 
price was at $5.61 per pound. We estimated that the nitrogen reduction would be 14 
pounds per acre per year (reference). In a drain tiled production system this would be 48 
pounds per acre per year. Trading at these rates and price would amount to between $1-
$7 and $5-$24 per short ton of biomass for a non-drain tiled and drain tiled system, 
respectively. 

7.2.4 Phosphorus 
The Southern Minnesota Beet Sugar Cooperative purchased offsets from sugar beet 
growers to plant cover crops at the rate of $4 per acre. In 2001, cover crops were planted 
on 105,351 acres reducing phosphorus by 18,000 pounds. This is a trade worth $23.41 
per pound of phosphorus reduced. We estimated that with a perennial grass phosphorus 
was reduced by 1.3 pounds per acre using the sediment reduction rates of 1.1 short tons 
per year and a phosphorus concentration 0.06%. Of this sediment about 10% reaches the 
river (Lenhart et. al.). This gives cost reduction of $1-$3 per short ton of biomass.     

7.2.5 Green House Gas (GHG) emissions 
We utilized COMET-FARM (http://cometfarm.nrel.colostate.edu/) to estimate 
greenhouse gas emissions for three generalized bioenergy cropping systems:   

• A continuous corn system with stover harvested for biomass 
• A monoculture native perennial grass system (meant to represent switchgrass or 

prairie cordgrass) 
• A mixed grass-legume system (meant to represent a native polyculture) 

We simulated greenhouse gas emissions for these systems in three different scenarios that 
varied in landscape position and level of farm inputs: 
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1) Scenario 1 High input, high productivity: A well-drained fertile upland site, where 
we assumed use of accepted agronomic protocols for fertilizer and herbicide 
application. 

2) Scenario 2 Moderate input, moderate productivity scenario:  A somewhat poorly 
drained fertile lowland (floodplain) site, where we assumed reduced used of 
fertilizers and herbicides. 

3) Scenario 3 Low input, low productivity scenario:  A historically marginal lowland 
area that was enrolled in the Conservation Reserve Program.  We assumed no 
fertilizer or herbicide application.  

 
For the first two scenarios, it was assumed that the previous land use was a corn-soybean 
rotation prior to converting to bioenergy cropping.  In the third scenario, it was assumed 
that the previous land use was a conservation reserve program (CRP) grassland.  The 
continuous corn stover system was not simulated at this site, as we assumed that this was 
marginal ground that had already been excluded from annual cropping. 

GHG emissions are becoming a commonly traded commodity in many markets. A market 
does not currently exist for carbon sequestration for perennial bioenergy crop production 
but we can look at the impact of similar markets.  The market in California has a current 
price hovering around $11 per short ton of CO2-equivalent (CO2-e) for most of 2014 
(http://calcarbondash.org).  
 
7.2.5.1 Carbon  
In our simulations using the COMET-FARM model, perennial grass monocultures and 
native polycultures resulted in a net sequestration 0.9 and 2.4 tons CO2-e per acre in 
Scenario 1, whereas the corn stover system resulted in net emission of 5.2 tons CO2-e.  
For scenario 2, perennial grass monocultures and native polycultures resulted in a net 
sequestration 1.9 and 2.4 tons CO2-e per acre , whereas the corn stover system resulted in 
net emission of 2.5 tons CO2-e per acre.  In the third scenario, perennial grass 
monocultures and native polycultures resulted in a net emission -2.6 and 0.8 tons CO2-e 
per acre.    
 
7.2.5.2 Nitrous Oxide 
Nitrous Oxide a GHG gas has the same prices as carbon when converted to CO2 
equivalents (CO2-e). The conversion from N20 to CO2-e using the global warming 
potential is 298.  In our simulations using the COMET-FARM model, perennial grass 
monocultures and native polycultures resulted in net emissions of 0.8 and 1.8 tons CO2-e 
per acre in Scenario 1, whereas the corn stover system resulted in net emission of 5.5 tons 
CO2-e.  For scenario 2, perennial grass monocultures and native polycultures resulted in 
a net emission 0.6 and 1.5 tons CO2-e of N2O per acre, whereas the corn stover system 
resulted in net emission of 4.3 tons CO2-e of N2O per acre.  In the third scenario, 
perennial grass monocultures and native polycultures resulted in a net emission 2.0 and 
1.1 tons CO2-e of N2O per acre.    

This gives cost reduction of $4-13 per short ton of biomass. The federal social cost of 
carbon is at $36 per ton. Payments at this level would give a cost reduction of $14-42 per 
short ton. 
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7.2.6 Total Ecosystem Service Payments 
Based on the ecosystem services that have existing markets the reduction in the cost 
biomass would be $6-10 per short ton if Minnesota implements markets for ecosystem 
services with similar prices as other existing US markets. This is a cost reduction of 10-
20%. 

7.2.7 References 
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7.3 Perennial Grassland Biomass Crop Budgets 
This section of the report provides enterprise budgets for three perennial grassland 
biomass candidates (native prairie, switchgrass, prairie cordgrass ) in two landscape 
positions (lowland, upland) and on land previously enrolled in CRP (marginal). The 
budgets contain detailed estimates of the costs for delivered biomass based on 
management operations. Using the costs we calculate the breakeven biomass price 
including on-farm satellite storage and off-farm transportation to the plant.    

For all three budgets we assume a stand-life of 10 years. The first year, labeled as 
“establishment” is the planting year for the perennial biomass crop. In this year the 
previous crop is burned down with glyphosate and the biomass crop is planted in the 
spring and harvested in the fall. In the CRP land there is no burn down but an over-
seeding application.  The establishment year does not include fertilizer treatment to 
reduce the weed competition.  The remaining years of the stand life are labeled as the 
“mature” year. In the mature year the fertilizer is applied in the upland budgets, a post-
emergence herbicide is applied in all budgets except the native prairie, and the biomass is 
harvested. We calculate the annualized net present value (ANPV), a common calculation 
to compare perennials to annuals and perennials with different stand life. With the ANPV 
of the costs and yields we can calculate the breakeven costs.  

7.3.1  Yields 
The yields for the three upland biomass crops were taken from a study of perennial 
herbaceous crops at three sites (St. Paul, Waseca, Lamberton) in Minnesota (Johnson et. 
al. 2013).  Biomass data was collected for four years at these sites for the three biomass 
crops. We use the average from the first year across three sites for the establishment year 
and the average across year two, three, and four and the three sites for the mature year. 
The yields for the three lowland biomass crops were taken from a study of perennial 
herbaceous crops in an alley cropping system in Granada, MN. The fields in this study 
are in a lowland landscape position and are seasonally flooded. The yields for the three 
biomass crops are the average yields in the middle of the alley. This is to reduce an effect 
that the trees (poplar, willow) have on the herbaceous crops. We used the yields from 
year one for the establishment year and the average yields from years 2 -4 for the mature 
years.  
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The yields for the CRP land was taken from a study of biomass yields from sixty 
conservation grassland plots in Minnesota (Jungers et. al. 2013).  The overall mean was 
used for both the first year and the mature years. This is because we assumed the 
grassland had been previously established for the CRP prior to management for biomass 
production. 

 
 Yields (short tons acre-1 year-1) 
Budget Establishment Mature 
Upland   

Native Prairie 1.59 3.17 
Switchgrass 3.60 3.80 
Prairie Cordgrass 5.16 5.15 

Lowland   
Native Prairie 2.2 2.9 
Switchgrass 2.4 2.0 
Prairie Cordgrass 1.3 3.1 

CRP 1.12 1.12 

7.3.2 Seeding  
The seeding rates for all three crops where the same across the upland, lowland, and in 
the CRP over-seeding.  Costs for the seed are the prices paid for seed in the alley 
cropping experiment. Prairie cordgrass seeding has low germination rates so in my 
research settings potted plants or rhizomes are planted. The cost of planting in this way 
was translated to a seeding rate price.     

 Native Prairie Switchgrass 
Prairie 

Cordgrass 
Seeding rate (lbs, seeds, etc.) 13.5 7 7 
Seed price, $/unit  $12.00   $7.00   $80.00  

7.3.3 Fertilizer 
 The fertilizer rates were based on standard agronomic protocols (Johnson et al., 
2013).  Fertilizer was only applied in the upland system to match the management of the 
experiments. Fertilizer prices where taken the USDA, Economic Research Service 
fertilizer price reports.  The custom application rate are taken from the 2014 crop 
enterprise budgets for Minnesota (Lazarus 2014). 

 
 Native Prairie Switchgrass Prairie Cordgrass  
Fertilizer: Establishment Mature Establishment Mature Establishment Mature  Prices 
N 0  63  0  67  0 67  $0.52 
P2O5 0  11  0  15  0 19  $0.42 
K2O 0  41  0  60  0 84  $0.50 
Application 0 1  0 1  0 1  $10.00 
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7.3.4 Chemicals 
 For all the budgets except CRP we assumed the use of glyphosate to burn down 
the previous crop and as a pre-emergence. There was no post emergence control in the 
native prairie due to the mix of grasses and forbs. Post-emergence control was applied in 
the mature years in switchgrass and prairie cordgrass to control broadleaf weeds. The 
prices for the chemicals are taken from the 2014 crop enterprise budgets for Minnesota 
(Lazarus 2014). 

 Native Prairie Switchgrass Prairie Cordgrass Prices 
Chemicals: 1 2+  1 2+  1 2+   per acre 
Glyphosate, 4.5L (oz) 44    44    44     $0.20  
AMS (qt) 3    3    3     $1.50  
Weedar 64 2,4-D (oz)       64   64  $0.16  
Apply crop chemicals 1    1  1  1  1   $7.00  

7.3.5 Machinery 
 For all three budgets except CRP the soil preparation strategy included one pass 
with a chisel plow and two passes with a field cultivator before planting. Planting 
machinery was a presswheel drill. Biomass was harvested in every year using a hay 
swather, rake and round baler with wrap. The prices for the machinery are taken from the 
2014 crop enterprise budgets for Minnesota (Lazarus 2014). The cost of the round baler 
was adjust based on the yield. The base yield for the baler is 1.3 short ton acre-1 year-1 
and 100% of the costs are adjusted based on the yield. 

 
Native 
Prairie 

Switchgras
s 

Prairie 
Cordgrass Prices 

 1 2+ 1 2+ 1 2+ 
per 
acre 

Chisel Plow 37 Ft 1 
 

1 
 

1 
 

 $10.04  
Field Cultivator  60 Ft 2 

 
2 

 
2 

 
 $5.42  

Row Crop Planter 24 Row-30, 60 
Ft 

      
 $13.68  

Presswheel Drill  30 Ft 1 
 

1 
 

1 
 

 $12.57  
Hay Swather-Cond 14 Ft 1 1 1 1 

 
1  $11.31  

Hay Rake (Wheel, 2-16') 30 Ft 1 1 1 1 1 1  $3.45  
Rd Baler/Wrap 5x6 , 20 Ft 1 1 1 1 1 1  $9.18  

7.3.6 Transportation 
 The transportation costs are calculated using the transportation tool developed by 
Lazarus (Lazarus 2014).  The tool uses the yield per acre with the moisture content and 
density to calculate the green weight yield and density after harvest and pre-processing. 
To determine the hauling distance the tool uses the plant requirement to estimate the 
feeding area. We use the all usage of Koda energy at 170,000 dry short tons. The search 
region can be estimated from the percentage of farms participating and the percentage of 
the farm acreage. This is used to calculate the average hauling distance.       
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7.3.7 Other costs 
 
In addition to the costs outlined above other costs are included. Non-machinery labor and 
management of $20 per hour at a rate of one hour per acre taken from the 2014 crop 
enterprise budgets for Minnesota (Lazarus 2014).  The rental rate is determined from an 
analysis of FINBIN data on rental rates for the upland budgets, and based on the rent paid 
for the Granada experiment ($200). The rent paid for the CRP land is based on the cash 
rent for CRP land in Minnesota from the FINBIN data. The interest on pre-harvest 
expenses is estimated using a 6 months borrowing period with an interest rate equal to the 
discount rate.  

7.3.8 Total Costs 
The CRP has the lowest ANPV costs primarily due to the lower chemical applications. 
The upland prairie cordgrass has the highest ANPV due to the cost of the seeds and the 
rental rate.   
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7.3.9 Profits 
In addition to the production costs there is an opportunity cost to producing perennial 
biomass. This cost is the profits that could be earned in the most likely alternative 
scenario. Without prices for the biomass we cannot directly determine the most profitable 
use of the land.  However, given that there is a market for biomass the most likely 
scenario is corn grain production with corn stover harvesting. Depending on the biomass 
prices farmers may choose to move from a corn and soybean rotation to continuous corn. 
We calculate the profits from a continuous corn production system. The profits from the 
CRP FINBIN data was negative. So we do not include a profit for the CRP budget.  

7.3.10 Breakeven Prices 
Upland prairie cordgrass and the CRP land had the lowest breakeven prices at  $119 and 
$117 per short ton respectively. The higher yield of the prairie cordgrass offset the added 
expense of the plating stock.  The CRP land has low yield but low input costs. 

Breakeven Prices 
       Per Ton Upland Lowland Marginal 

COSTS 
Native 
Prairie Switchgrass 

Prairie 
Cordgrass 

Native 
Prairie Switchgrass 

Prairie 
Cordgrass 

Native 
Prairie 

Seed  $4   $3   $14   $4   $5   $25   $11  
Fertilizer  $20   $19   $16   $-     $-     $-     $-    
Crop chemicals  $1   $5   $4   $1   $9   $6   $-    
Miscellaneous  $4   $3   $2   $4   $5   $4   $10  
Machinery 

w/Labor  $15   $14   $12   $16   $17   $15   $21  
Transport  $5   $5   $4   $5   $6   $5   $8  
Labor  $7   $5   $4   $7   $10   $7   $18  
Rent  $81   $63   $46   $71   $97   $70   $46  
Interest  $3   $3   $3   $3   $4   $3   $3  
Profit  $24   $19   $14   $30   $40   $29  

 Total  $163   $138   $119   $141   $194   $165   $117  
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8 Landowner willingness to supply perennial biomass crops to a market 
This section contains excerpts from the following published manuscript: 

Smith, D., C. Schulman, D. Current, and K. W. Easter. “Willingness of Agricultural Landowners to 
Supply Perennial Energy Crops” Paper presented at AAEA annual meeting, Pittsburgh, PA, 24-26 
July, 2011. 
8.1 Introduction 
Agricultural land is under increasing pressure to produce non-cornstarch bioenergy feedstocks to 
reduce dependence on fossil fuels. This market is emerging to meet the mandate set forth by the 
Energy Independence and Security Act of 2007 to produce twenty one billion gallons of non-
cornstarch gasoline additives (e.g. sugar, cellulose) by 2022 as well as biopower and bioheat 
demand mandated by state renewable portfolio standards. Perennials such as grasses and short 
rotation woody crops (SRWC) can potentially meet feedstock production demands in this emerging 
market. These new generation crops present challenges as well as opportunities to farm 
landowners. 

Cornstarch based biofuel feedstock production is no different from growing corn for feed. The 
additional demand for feedstock increases the price received per pound, but has no effect on the 
agricultural practices necessary to produce corn. In contrast, non-cornstarch biofuel, bioheat, and 
biopower feedstock production will likely utilize biomass from unconventional perennial crops 
such as grasses and short rotation woody crops in addition to conventional crop residuals. 

New cropping systems require a significant investment of time, effort, and capital to implement. 
Even if expected returns are high, risks such as a loss of grain subsidies, drain tile damage, biomass 
price volatility and reconversion costs can keep farmers from participating. However, soils with 
marginal productive capacity for conventional row crops have the potential to support perennial 
bioenergy crops that yield higher returns due to the relatively lower input costs. In this way, farm 
households that grow perennial bioenergy crops on a portion of their farmland can reduce 
aggregate farm risk by spreading revenue (price and yield) and input cost volatility across 
commodities. 

Perennial bioenergy feedstock can also supply non-market services to farm households. Examples 
include soil retention, wildlife viewing, and hunting. As farm households face more choices about 
crops to plant, and as the public value of those choices becomes more apparent, there is a growing 
need to understand the relationship between farm household attitudes and perceptions, monetary 
returns, and crop choices. This is especially true in the western Midwest where anti-corporate 
farming laws limit acreage under non-family corporate arrangements (Welsh 2001). How farmers 
anticipate making decisions in this emerging market has implications across the agricultural sector 
affecting the supply and prices of food, fiber, bioenergy, and ecosystem services. 

8.2 Objective 
The objective of this study is to estimate farmer willingness to supply perennial bioenergy crops 
using a stated preference survey. 

8.3 Literature Review 
There is a growing interest in the social and economic literature in integrating attitudes and 
perceptions with profit maximization to both understand how farmers make decisions and predict 
how they will behave as incentives change. Social sciences such as psychology, political science, 
and environmental science, among others, have a long history of social behavior research. 
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Economics, using the notion of utility theory, has allowed for the inclusion of social variability 
across different types of consumers. Utility theory has been used to understand the behavior of 
firms including individuals and households involved in production such as is the case with non-
corporate farm households. 

8.3.1 Perennial Bioenergy Crop Adoption 
Utility theory can augment the profit maximization theory of the firm to understand and predict a 
firm’s behavior. In agricultural economics, inclusion of the notion of utility of farm households has 
been used to explain both revealed preference (behavior) and stated preferences. 

8.3.2 Risk Aversion and Perennial Bioenergy Crops 
Larson (2007, 2005) used a hypothetical 2,400-acre grain farm in northwest Tennessee to evaluate 
the willingness to supply biomass under varying assumptions about risk aversion in a utility 
framework. In the study, they found that biomass markets can reduce risks for farmers by 
diversifying production and allowing production on marginal lands. 

8.3.3 Stated Choice 
Emerging markets inherently contain very little revealed preference data. This necessitates the use 
of stated preference research to estimate the willingness of farmers to supply biomass and 
ecosystem services. Studies began to emerge in the 1990s that focused on farmer’s willingness to 
adopt new environmentally improving practices using either revealed or stated preference data. In a 
stated preference survey, Jolejole (2009) added to the literature in three important aspects. First, 
their study expanded on the set of explanatory variables. The novel variables included 
characteristics of the required practices or cropping systems in addition to farmer and farm 
characteristics. Second, the paper used a direct payment vehicle for ecosystem services. Third, they 
move from a discrete choice model (participate or not) to a hurdle model allowing for continuous 
farm level supply functions contingent on willingness to participate. More recently, a number of 
stated preference methods were used to identify farmer’s attitudes about growing energy crops. 
Paulrud (2010) used a choice experiment to identify the values that Swedish farmers place on 
different crop characteristics and their willingness to grow energy crops. 

8.3.4 Social Decision of Farmers 
The social decision literature includes both informal and formal models for understanding the 
decisions that farmers make which are quite different from the normative profit maximization 
models traditionally used in agricultural economics. Willock (1999) argues that a there is a “large 
and increasing literature, which suggests that the behavior of farmers is not driven only by the 
maximization of profit.” A central construct to this social science literature is that attitudes 
influence behavior. Underlying these attitudes are beliefs and values. This relationship can be 
modeled by the Theory of Reasoned Action (Fishbein and Ajzen, 1975) which states, briefly, that 
… . While informative, the Theory of Reason Action is criticized as being inadequate (Willock 
1999). Inclusion of a broader spectrum of variables beyond attitudes and values known to influence 
behavior both directly and indirectly is helpful in understanding how farmers make decisions. 

The transactional model of behavior suggests that outcome (behavior) variables can be directly 
influenced by antecedent and/or mediated by goals and objectives. This allows for a formal 
analysis such as structural equation modeling (Valerand et al., 1992). SEM uses goodness of fit 
testing of empirical data that can be used to comparatively analyze a set of hypothetical models. 
This allows behavior models to begin to move beyond strictly correlation relationships and allows 
understanding of how antecedent, mediation, and outcome variables affect each other (Willock 
1999). 
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In a study of the roles of attitudes and objectives in farmers’ decision making, Willock (1999) uses 
attitude and objective variables and business and environmentally oriented farming behaviors in a 
mediating variable model. This model allows for variables to at the same time directly and 
indirectly affect behavior. 

8.4 Data 

8.4.1 Survey 
The survey is targeted at agricultural landowners in the lower Minnesota River Valley. The 
counties include: Blue Earth, Brown, Carver, Le Sueur, Martin, Nicollet, Scott, Sibley, and 
Watonwan. This population was chosen for two major reasons: these counties have a majority of 
their land in the lower Minnesota River watershed and are nearest to the Koda Energy bioheat and 
power plant and a site for a potential biomass plant (Madelia). Most of the agricultural land in this 
region is used to grow corn and soybeans. 

Addresses for the agricultural landowners were obtained through the county tax assessor’s office. 
This included records for parcels zoned for agriculture. Parcels with acreage less than twenty acres 
were not included in the final study population. This was to prevent land zoned for agriculture but 
used for other purposes, such as a homestead, from being included in the population. This does not 
necessarily exclude these landowners because they may own other parcels larger than 20 acres. The 
mailing or tax address was used as the address for contact. Duplicate addresses were deleted which 
significantly reduced the number of addresses for the counties. After aggregation of all county lists 
duplicates were deleted again. This left us with a final study population of 13,850 agricultural 
landowners in the nine counties. 

8.4.2 Sample 
Given these desired parameters and our sample size the completed sample size needs to be at least 
375 agricultural landowners (Dillman, D., & Smyth, J., 2008). Given that survey response rate can 
vary widely and depend on the successful design of the survey, 1000 surveys were mailed 
anticipating at least a 40% response rate. 

8.4.3 Survey Instrument 
The survey was carefully constructed to be visually appealing, clear and understandable. As an 
interdisciplinary study the survey designers had many questions that they were interested in asking. 
Using the focus groups and the literature these questions were narrowed down. The final survey 
was eight pages long with a minimum of 95 questions that the respondents were asked to answer. 
Therefore this is a relatively long survey and it is estimated it took respondents 15-30 minutes to 
complete. The first section of the survey asked about the acreage owned, leased, and farmed, the 
uses of the land, and the future plans on the land. Respondents were also asked what their 
awareness was of perennial grasses and short rotation woody crops (SRWC) before receiving this 
survey. 

Then the respondents were provided some fast facts about perennial grasses and SRWC including 
the benefits of perennial crops compared to annual row cropping. Following this the respondents 
were asked questions, on a four-point scale, about their attitudes and perceptions about 
conservation, perennial bioenergy crops, and US energy profile. They were also asked that, if 
growing these crops was financially competitive with their other land use options, what their 
current level of interest was. The next section asked the respondents to indicate the degree, on a 
four-point scale, to which potential barriers would limit their willingness to grow perennial crops 
for energy. This was followed up with similar questions that were specific just to SRWC. The next 
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question asked respondents to rank in descending order five potential financial agreements for 
perennial grasses and SRWC separately. These financial agreement questions varied in terms of the 
level of risk to the landowner. 

In questions 13 and 14 the respondents were asked about their willingness to grow perennial 
grasses or SRWC given a randomly generated relative net income. In order to minimize bias, 
closed-ended pure dichotomous choice questions were used. These questions were asked near the 
end of the survey to give as much information to the respondents before they answered them. The 
first question asked the farmer’s willingness to grow perennial grasses and the second asked their 
willingness to grow SRWC. Each question included one of eight relative net incomes. The set of 
relevant net incomes were determined from a pretest survey and included net incomes both lower 
and higher then their current net income and different ranges for grasses and SRWC. In order to 
limit the influence of the two questions on each other sixty-four versions of the survey, one of each 
possible combination of the net income amounts were randomly distributed across the sample 
population. Following these questions, the respondents were also asked what type of farmland they 
would target for establishment. 

The second to last section of questions was demographic information about the respondent and the 
household. This section was put at the end of the survey because the respondent likely has survey 
fatigue and these questions are relatively easier for respondents to answer because of their 
familiarity with them. Finally the respondents were asked if they would be willing to participate in 
in-person and/or phone interviews and an open ended question asking if there was anything else 
that they would like to share. 

8.5 Mail Survey Implementation 
The survey used the standard five contact Dillman mail survey method (Dillman 2009). The survey 
was conducted in late 2010 and early 2011. First, a pre-notice letter was mailed to the respondents 
approximately one week before the mailing of the first questionnaire to prepare respondents to 
receive the survey. The survey was mailed with a cover letter explaining the purpose of the survey 
and a prepaid envelope to return the survey. One week later a reminder postcard was sent that 
reiterated the importance of filling out the survey and reminded respondents to return it. When the 
number of returned surveys slowed to 0-2 per day, approximately 4 weeks after the first survey, a 
second replacement survey was sent out. This survey was mailed in a different size and color 
envelope from the first survey and only to addresses that had not responded already. The final 
contact was made with another reminder postcard about one week after the last survey was mailed 
out. 

8.6 Methods 
Our conceptual model is an expected utility framework that incorporates intertemporal choices, 
liquidity constraints, uncertainty, and the farm as a household. Using a hypothetical stated choice 
experiment where we fix the relative expected net income per acre to their current net income per 
acre we are able to indirectly estimate parameters of the respondents utility function even without 
information on prices, yields & costs. The estimation is indirect because we do not observe directly 
intertemporal preferences, liquidity constraints and risk aversion. However, parameters of the 
observable proxy variables that are correlated with these underlying unobservables can be 
estimated. Notions of liquidity constraints and risk aversion can be represented in the estimation by 
a nonlinear estimation function. In addition to parameter estimation, because of the potential for 
corner solutions, we can estimate the two decision processes to understand the differences. 
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8.7 Results and Discussion 

8.7.1 Survey Response 
The survey had a relatively high response rate given the length of the survey. Using current tax 
records for mailing address kept the undeliverable surveys (2) to a minimum. Five hundred forty 
eight surveys were returned with at least a partial response giving a final response rate of just under 
50%. This is comparable (56% response rate) to the 2007 study of Michigan’s corn and soybean 
farmer’s willingness to adopt environmental practices by Jolejole et al. and significantly higher 
than Jensen et al. (2007) and their survey of the willingness for Tennessee farmers to grow 
switchgrass (24% response rate). 

8.7.2 Descriptive Statistics 
Willingness to Supply 

The willingness to supply questions asked the respondents if they would grow perennial bioenergy 
crops if their annual net farm income were a randomly selected amount greater than their current 
net farm income per acre. The randomly selected amount ranged from -$100 to $250 for perennial 
grasses and -$50 to $300 for SRWC at 

$50 increments. Some (17%) respondents were willing to supply perennial grasses at negative 
amounts. The willingness to supply jumped 45% at the net income amount ($0) equal to their 
current net income. The percentage of respondents and the acreage was non-decreasing in relative 
net incomes. Almost no respondents (4%) were willing to supply SRWC at net incomes less than 
their current net income. The percentage of respondents and the acreage was non-decreasing in 
relative net incomes for SRWC as well. At all amounts the percentage of respondents willing to 
supply perennials was lower for SRWC as compared to grasses. 

Respondents were asked if they were to grow perennial energy crops what type of farmland would 
they target for establishment. Almost half (44%) of the respondents indicated that they would target 
poor quality soil. Only some (7%) respondents indicated that they would target their most 
productive land for establishment. 

Willingness to Supply & Acreage Supplied 
The data is evaluated using corner solution models to understand the significance and direction of 
the explanatory variables on the farmer’s willingness to supply. Both the type 1 Tobit model and 
two-step hurdle models were evaluated. The two-step models provided a better fit to the data than 
the type 1 Tobit model in which the two decisions are modeled together. The willingness to supply 
(part 1) was modeled as a probit. In part 2 the lognormal model provided a better fit for the data 
than the truncated regression. With an exponential relationship (lognormal) a change in the 
explanatory variables is associated with a percentage change in acreage. The exponential type II 
model has a larger log likelihood because the lognormal hurdle model in nested within it. However, 
the value for  (correlation between the error terms) is not significantly different from zero. 
Therefore it is unlikely that there are omitted factors that influence both decision processes. 

Willingness to Supply Perennial Grasses 
The model that best fit the data for the two parts of the decision contained different vectors for each 
part of the decision processes. In addition to the relative net income amounts the willingness to 
supply (part 1, probit model) was also correlated with interest, attitudes, barrier perception, and 
demographics. Interest was positively correlated (1.33) and highly significant (1% level) which we 
would expect. The perception and attitude variables were both positively and negatively correlated. 
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This is interesting because one would expect the correlation to be positive. The more strongly you 
agree with conservation or alternative energy policies the more likely you would be to grow crops 
that provided these benefits. Concerned with the quality of their farm soil and if they were to grow 
perennial energy crops they would be perceived as a land steward by their peers was negatively 
correlated with willingness to supply. A possible explanation in addition to omitted variable bias is 
that those agricultural landowners who already feel they are concerned about soil quality don’t feel 
the need to grow perennials to conserve it. Landowners who indicate a strong agreement of being 
perceived as a land steward may be more influenced by their peers. Not controlling for an omitted 
variable such as peer influence may have a negative bias on being perceived as a land steward. 
Those who are more influenced by their peers may be less likely to grow nonconventional crops. 

We would expect the perceived barriers to be positively correlated with willingness to supply. The 
lesser degree to which landowner perceives a potential barrier as limiting, the greater should be 
their willingness to supply. This was the case for lack of access to equipment and loss of loan 
eligibility. However, one potential barrier, lack of financial assistance was negatively correlated. 

Male respondents were more willing to supply, as were households that did not have someone 
working off the farm. Respondents who described themselves as part-time farmers were also more 
willing to supply. This may be due to the relatively lower workload of perennial energy crops as 
compared to conventional crops. Household income was positively correlated with willingness to 
supply but farm income was not correlated. This may suggest that the willingness to supply is a 
household level decision. 

Perennial Grass Acreage Supply 
A different set of explanatory variables best fit the lognormal acreage supply model. Broad 
categories not included in the part one probit model were land tenure, future land use plans, and 
conservation programs and practices. Non-negative net incomes were positively correlated with 
acreage supplied suggesting a discrete acreage jump at net incomes equal to current net incomes. 
However, the net income amount was not significant suggesting no increase in acreage supplied 
above zero. 

Agricultural landowners who owned more acreage and those who leased out more acreage 
indicated they would supply more perennial bioenergy crop acreage. Landowners who were more 
likely to use their land for recreation indicated they would supply less perennial acreage. 
Individuals that plan to use their land for recreation may have less interest in working lands. 
Landowners who already had plans for a different crop indicated they would supply more acreage. 

As with willingness to supply, acreage supplied should also be positively correlated with the degree 
to which landowners perceive barriers as less limiting. This was not the case with the one 
significant variable risk involved with growing new crops. A possible explanation is that those that 
do see the risk involved with a new crop as a limit but are willing to take the risk will grow more 
acreage to further diversify their risk of other crops. 

Respondents who lived farther from their land indicated they would supply more acreage. The 
landowners who are farther away may have an interest in making the costly trip more worthwhile 
by growing more acreage. In contrast to the willingness to supply model household income was not 
significant while farm income was significant and positive. This may suggest that the acreage 
supplied is a farm level decision. 
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Willingness to Supply Short Rotation Woody Crops 
Similarly to the willingness to supply perennial grasses model the willingness to supply SRWC 
lognormal hurdle model provided that best fit. Non-negative net income amounts were significant 
indicating a discrete jump in willingness to supply at relative net incomes of $0. The net income 
amount was not significant at the 10% level but was positively significant at a 12% level. 
Willingness to supply SRWC was correlated with land tenure variables which is a difference from 
the perennial grasses model. The more acres that the respondents rented from others the more 
willing they were to grow SRWC but the more acres they farmed the less likely they were willing 
to grow SRWC. 

Landowners involved in government conservation programs that conserve natural resources while 
farming such as the Conservation Security Program where also more willing to supply SRWC. In 
terms of future land use plans all significant variables were positively correlated with willingness 
to supply SRWC. This includes future plans such as selling land for non-agricultural uses, using 
land for recreation, and diversifying the current uses of my land. This suggests that these future 
plans are consistent with having trees on the land. Respondents who agreed that it is important to 
provide habitat for wildlife on their land were more willing to grow SRWC. This is consistent with 
the positive correlation with future plans for recreation and suggests that landowners see SRWC 
providing better habitat for wildlife and recreation opportunities than perennial grasses. 

Potential barriers to growing SRWC were expected to be positive. Respondents who thought 
having trees roots and stumps in tillable land was less limiting were more willing to grow SRWC. 
However, those that identified a lack of renter or contract service provider as less limiting were less 
likely to grow SRWC. 

In contrast to perennial grasses, agricultural landowners who would target poorly drained soils for 
perennials where less willing to grow SRWC. However, those who would target sloped land where 
more willing. This gives an indication about where farmers would target establishment of each 
category of perennials. As with perennial grasses, part-time farmers were more willing to grow 
SRWC. 

Short Rotation Woody Crops Acreage Supply 
As with the perennial grass model the vector of explanatory variables for the SRWC acreage model 
was a different set from the willingness to supply model. The net income amount was positively 
correlated with SRWC acreage. Respondents who owned more land were willing to grow more 
acreage of SRWC. 

Landowners who were more aware of SRWC before receiving the survey indicated that they would 
grow a smaller acreage of SRWC. This suggests that information received prior to the survey 
lowered the acreage they would grow. 

Respondents who identified a lack of information about growing crop as less limiting were more 
likely to grow the crop. Similar to the willingness to supply model, the lack of renter or contract 
services provider was negatively correlated with acreage. 

While part-time farmers were more willing to grow SRWC, full-time non-retired farmers indicated 
they would grow less SRWC acreage. In contrast to perennial grasses, both household income and 
farm income were positively correlated with SRWC acreage. 
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8.8 Farm Level Acreage Supply Model 
Multiplicatively combing these two parts results in a farm level supply model for perennial crops. 
This supply model was evaluated in the range of relative net incomes used in the study and the 
means of the other explanatory variables (Figure 1). There is a relatively low supply of acreage at 
negative relative net incomes. The discrete jump when the difference in relative net incomes is zero 
is approximately 32 acres for perennial grasses and approximately 13 acres for SRWC. The acreage 
supplied is increasing with net income amounts but higher always higher for grasses than SRWC. 

8.9 Summary and Conclusion 
The results of this survey provide insights into the decision processes of southern Minnesota 
agricultural landowners that will guide decisions in the emerging perennial bioenergy markets. 
There is a strong indication that landowners’ decision processes are different for perennial grasses 
and SRWC, with farmers more willing to supply perennial grasses. Returns from SRWC would 
need to be higher than grasses for agricultural landowners to be just as willing to grow SRWC. 

The decision processes for both grasses and SRWC most likely follow a two-part process. The first 
decision is whether to grow perennial crops. This decision appears to be a household level decision 
that is influenced by attitudes and perceptions, respondent gender, work status, and target farmland 
among other things. The second decision, once the landowner has decided to grow perennial crops, 
is the acreage. This decision appears to be a farm level decision that is influenced by acres owned 
and leased to others, future land use plans, and current conservation practices and programs. The 
lack of correlation between the error terms in the two decision processes makes it unlikely that 
there is an omitted variable that significantly correlated with both decisions. 

Landowners who ranked highly the financial agreement in which the landowner would receive an 
annual payment for a 10 year easement; planting, maintenance, and harvest would be the 
responsibility of a contract service provider; and the landowner would be paid for biomass crop 
upon delivery were more willing to grow perennial crops. 

Farmland targeted for perennial energy crops was different for perennial grasses and SRWC. 
Landowners who were willing to grow grasses were more likely to target poorly drained soils for 
establishment. Those willing to grow SRWC were more likely to target sloped land but less likely 
to target poor quality soil. 

This analysis is a static look at the current willingness of agricultural landowners to supply 
perennial bioenergy crops. As the emerging market evolves and becomes well established the 
decision processes are likely to change including the perceptions of risk. However, this market’s 
current underdevelopment is a big hurdle to overcome. 

Understanding the two part decision process for different categories of perennial bioenergy crops is 
important for designing policy to seed the market. Policy designers must understand the underlying 
factors that affect the separate decision processes based on whether they would like to encourage 
more agricultural landowners to enter the market, encourage more acreage grown by current 
landowners in the market, or both. 



106  

 
 
 
 

Farm Level Perennial Supply Model 
70 

 
 
 

60 
 
 
 

50 
 
 
 

40 
 
 
 

30 
 
 
 

20 
 
 
 

10 
 
 
 

0 
-$100 -$50 $0 $50 $100 $150 $200 $250 $300 

Relative Net Income Amount 
 

Figure 1: Farm Level Perennial Supply Model 

Grasses 

SRWC 

A
cr

ea
ge

 S
up

pl
ie

d 



107  

8.10 References (not all are cited) 
Altman, I., Sanders, D., & Moon, W. (2010). Producer Willingness and Ability to Supply 
Biomass. WERA-72 Annual Meeting. 

Atwell, R., & La Schulte. (2011). Tweak, Adapt, or Transform: Policy Scenarios in Response to 
Emerging Bioenergy Markets in the US Corn Belt. Ecology and Society. 

Atwell, R., Schulte, L., & Westphal, L. (2009a). Landscape, community, countryside: linking 
biophysical and social scales in US Corn Belt agricultural landscapes. 

Landscape Ecology, 24(6), 791-806. 

Atwell, R., Schulte, L., & Westphal, L. (2009b). Linking resilience theory and diffusion of 
innovations theory to understand the potential for perennials in the US Corn Belt. 

Atwell, R., Schulte, L., & Westphal, L. (2010). How to build multifunctional agricultural 
landscapes in the US Corn Belt: Add perennials and partnerships. Land Use Policy, 27(4), 1082-
1090. 

Bocquého, G. (2010). The adoption of switchgrass and miscanthus by farmers: Impact of 
liquidity constraints and risk preferences. Energy Policy, 38, 2598-2607. 

Dillman, D., & Smyth, J. (2008). Internet, mail, and mixed-mode surveys: The tailored design 
method (Third Edition.). Hoboken, New Jersey: John Wiley & Sons Inc. 

Jensen, K., Clark, C., Ellis, P., English, B., & Menard, J. (2007). Farmer willingness to grow 
switchgrass for energy production. Biomass and Bioenergy, 31, 773-781. 

Jolejole, C. B., Swinton, S. M., & Lupi, F. (2009). Incentives to Supply Enhanced Ecosystem 
Services from Cropland. In 2009 AAEA & ACCI Joint Annual Meeting. Presented at the 2009 
AAEA & ACCI Joint Annual Meeting, Milwaukwee, WI. 

Larson, J. A., English, B. C., & Lambert, L. (2007). Economic Analysis of the Conditions for 
Which Farmers Will Supply Biomass Feedstocks for Energy Production..” Ames, Iowa: 
Agricultural Marketing Resource Center. 

Larson, J., English, B., & He, L. (2008). Risk and Return for Bioenergy Crops under Alternative 
Contracting Arrangements. In 2008 Southern Agricultural Economics Association Annual 
Meetings. Presented at the 2008 Southern Agricultural Economics Association Annual Meetings, 
Dallas, TX. 

Larson, J., English, B., & Hellwinckel, C. (2005). A Farm-Level Evaluation of Conditions Under 
Which Farmers Will Supply Biomass Feedstocks for Energy Production. In 2005 American 
Agricultural Economics Association Annual Meeting. Presented at the 2005 American 
Agricultural Economics Association Annual Meeting, Providence, RI. 

Paulrud, S., & Laitila, T. (2010). Farmers' attitudes about growing energy crops: A choice 
experiment approach. Biomass and Bioenergy, xxx, 1-10. 

Scheffran, J., & BenDor, T. (2009). Bioenergy and land use: a spatial-agent dynamic model of 
energy crop production in Illinois. International Journal of Environment and Pollution, 39(1/2), 
4-27. 

Welsh, R., Carpentier, C., & Hubbell, B. (2001). On the Effectiveness of state anti- corporate 
farming laws in the United States. Food Policy, 26, 543-548. 



108  

Willock, J., Deary, I. J., Edwards-Jones, G., Gibson, G. J., McGregor, M. J., Sutherland, A., 
Dent, J. B., et al. (1999). The role of attitudes and objectives in farmer decision making: business 
and environmentally-oriented behaviour in Scotland. … Journal of Agricultural Economics, 50, 
286-303. 

Wooldridge, J. M. (2002). Econometric analysis of cross section and panel data (Second 
Edition.). Cambridge, Massachusetts: The MIT Press. 

 

 

  



109  

9 Maintaining and Expanding Research to Enhance Economic and 
Environmental Benefits of Biomass Production for Energy 

CINRAM and our interdisciplinary group plans to continue to support and further develop this 
work with our public and private sector partners.  Low natural gas prices and the recent drop in 
petroleum prices tend to limit the urgency and restrict the potential profitability of renewable 
energy for the time being. Nonetheless both public and private sector actors and government 
funding has been supporting the implementation of renewable energy facilities and continues 
supporting research to bring down the costs of renewable energy options. We will continue to 
monitor those changes as we pursue support for research to make bioenergy crop production 
more efficient and profitable while we look for opportunities to promote payments for 
environmental services that will also lower the costs of biomass production for energy. 

9.1 Biomass crop production 
We continue to work with the members of our team in agronomy as research continues on 
improving some of the bioenergy crops and to search for support for research as well as 
opportunities for field scale plantings to evaluate the crops at that scale. The biomass for energy 
work forms a key part of the work of CINRAM and our private and public sector partners. 

9.2 Wildlife impacts 
The impact of biomass crops on wildlife are an important aspect of the work we are doing. We 
currently do not have ongoing projects related to wildlife impacts but keep that as a 
consideration as we seek support for our efforts. 

9.3 Water quality assessment 
Our water quality work in Elm Creek is ongoing and currently we have support from the 
Minnesota Department of Agriculture to research constructed wetlands to treat water from drain 
tile coming out of agricultural fields in Martin County on one of the RD3-1 research sites.  We 
are also planting native species into the wetland that could potentially be used for biomass and 
also extracting nitrogen and phosphorous from the drain tile water. 

9.4 Integrated assessment of ecosystem services and markets 
We continue to monitor the development of markets for ecosystem services. As those markets 
develop and prices change we will be able to incorporate the new information into our existing 
models to estimate how those markets may impact the profitability and competitiveness of 
biomass crops for energy production.  

9.5 Life cycle assessment 
As in our assessment of markets for ecosystem services, we now have an LCA and can use that 
as a base to work from to continue to refine the assessment and incorporate new information as it 
becomes available. 

9.6 Lowering the costs of perennial grassland biomass production 
The information that we have generated through this research is being used to define strategies to 
lower the costs of perennial biomass production and also point towards areas where research is 
needed to further reduce costs and increase the potential returns from biomass production for 
energy generation. We will also be making the information we have generated through this 
research to companies and/or individuals interested in energy generation from biomass as well as 
making the information available through peer reviewed journals. Some articles have already 
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been published, accepted for publication and others are in preparation as we finish the analysis of 
the data gathered through the RD3-1 project and the leveraged funding. 

9.7 Landowner willingness to provide biomass for energy 
Based on what we have found through this research we will continue to carry out research to 
better understand both constraints to the landowner adoption of biomass crops as well as factors 
that act as incentives to adoption. This is an area where we do have follow-on funding and 
continue to solicit funding.  We need to understand landowner constraints and address them in 
order to guarantee a level of adoption which will meet the needs of energy facilities and also 
provide the ecosystem services associated with perennial biomass crops. 

9.8 Guidelines for sustainable production and harvest of non-forest biomass in 
agricultural areas of Minnesota. 

CINRAM is currently working with environmental groups and agencies in Minnesota to develop 
guidelines for the sustainable production and harvest of non-forest biomass in agricultural areas 
of the state. This work will draw heavily on the results of this study. We are currently working 
on funding to support the review required to establish the status of research on impacts of non-
forest biomass production followed by a stakeholder process across the public and private sectors 
and including farm, environmental groups and representatives of state agencies to produce 
voluntary guidelines for non-forest biomass.  

The guidelines would be modeled after the existing voluntary guidelines for forest biomass 
harvest developed by the Minnesota Forest Resources Council. 
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Appendix 1 – Non market valuation survey and ECoPayPack 
environmental services rationale and payment scheme 
 

1 Non Market Valuation Survey – Rural Advantage 

A non market valuation [NMV] survey was conducted for those environmental commodities that 
are only concepts or emerging interests and have no “real money” valuations at this time.  NMV 
describes how value is assigned to features and services provided [ie, higher species of water 
fowl or song birds, recreational uses such as hunting and fishing, quality of life interests such as 
camping scenic byways and trails, etc.].  Members of the team collaborating on this component 
include Linda Meschke and Jeff Jensen- Rural Advantage; Jim Kleinschmit- Institute for 
Agriculture and Trade Policy; Dean Current – Center for Natural Resources and Agricultural 
Management; Wm. Easter- University of Minnesota; and Matthew Pham- Graduate Student, 
University of Minnesota who submitted the following report on the survey. 

1.1 Results from Non Market Valuation Survey to Estimate the Values of Environmental 
Services 

 A draft questionnaire was designed to address the research objectives developed under 
Rural Advantage’s work including the Madelia Project.  In consultation with the ECoPayPack 
team, questions were developed and revisions made until everyone agreed on the survey's final 
content.  Questionnaire pretesting took place over two weeks from July 6 to 17, 2009 by postal 
mail.  After revising the survey to accommodate the recommended changes suggested by 
respondents taking the preliminary questionnaire, the final version was mailed on July 31, 2009.  
The returned questionnaires were collected during the period of July 31 through October 1, 2009. 
 A total of 2,500 surveys were mailed to respondents in Carver, Dakota, and Scott 
counties.  By October 1, 2009, 725 respondents completed and mailed back the survey.  The data 
analysis consisted of analyzing relationships between the respondents' willingness-to-pay (WTP) 
for improvements in recreational services as a result of the conversion to perennial grasses. 
 A summary of the average values and ranges for the WTP, number of visits, length of 
stay, demographic variables, recreational services, and environmental services are shown in 
Tables 1-4. 
 
Table 1: Average Values and Ranges of Pre and Post-Perennial Grass Conversion for WTP, 
Number of Visits, and Length of Stay 
 
 WTP 

Before 
WTP 
After 

Number of 
Visits Before 

Number of 
Visits After 

Length of 
Stay Before 

Length of 
Stay After 

Average  
Value 

$0.85 $2.43 0.133 visits 0.694 visits 0.106 days 0.360 days 

Range $0-more 
than $15 

$0-more 
than $15 

0-more than 5 
visits 

0-more than 5 
visits 

0-more than 
2 days 

0-more than 
2 days 
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Table 2: Average Values and Ranges of Demographic Variables 
 
 Age Education Household 

Size 
Income Sex Distance 

From 
Madelia 

Average  
Value 

58.8 years 15.024 
years 

2.68 
people 

$78,771 68.8% Male 
31.2% 
Female 

77.54 miles 

Range 27-97 
years 

8-19 years 1-8 people $0.00 - more 
than $100,000 

Male or 
Female 

50.4 - 91.6 
miles 

 
Table 2 (continued) 
 Property 

Value 
Rent Marriage 

Status 
Employment Farmland 

Ownership 
Fraction 
of 
Income 
from 
Farming 

Average 
Value 

$292,622 $738.02 73.01% 
Married, 
9.66% 
Single, 
9.81% 
Widowed, 
7.50% 
Divorced 

51.93% Full 
Time,  
9.87% Part 
Time,  
6.72% Not 
Currently 
Employed, 
31.47% 
Retired 

93.98% None, 
2.58% Own 
and Operate,  
3.01% Own 
and Rent Out, 
0.43% Lease 
from Others 

0.98% 

Range $0.00 - 
more than 
$1,000.000 

$0.00 - 
more than 
$1,500.00 

Married, 
Single, 
Widowed, 
Divorced 

Full Time, Part 
Time, Not 
Currently 
Employed, 
Retired 

None, Own 
and Operate,  
Own and Rent 
Out, Lease 
from Others 

0%-
100% 

 
Table 3: Average Interest in Recreational Services 
 
 Hunting Biking Picnics Hiking Bird Watching Photography 
Average  
Interest 

1.26 2.17 2.15 2.45 1.92 1.81 

 
Table 3 (continued) 
 Nature Walks Wildlife Viewing Camping Horseback Riding Nature Viewing 
Average  
Interest 

2.49 2.54 1.74 1.17 2.36 

Note: The range of interest for all recreational services is from 0 (Not Interested) to 5 (Extremely 
Interested). 
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Table 4: Average Rank of Environmental Services 
 
 Clean Water for 

Recreation 
Safe Water for 
Drinking 

Reduced 
Flooding/High Flows 

Increased Plant 
Biodiversity 

Average  
Rank 

3.37 1.94 3.83 4.50 

 
Table 4 (continued) 
 Increased Animal 

Biodiversity 
Global Climate Change 
Mitigation 

Increased Green/Open 
Space 

Average  
Interest 

4.32 4.25 4.12 

Note: The ranking scale for all environmental services is from 1 (Most Important) to 7 (Least 
Important). 
 
 Further analysis will be conducted to determine the strength each demographic variable 
or recreational service will have on a respondent's WTP and the number of visits a respondent 
would make to a recreational area.  For example, Equation (1) will test the strength of each 
variable in explaining WTP for each respondent, denoted as i, before or after the perennial grass 
conversion: 
 i 0i 1i 2i 3i 4i 5i 6i 7iWTP  = β +β rec+β age+β educ+β hhsize+β inc+β se x+β dist  (1) 
where rec represents whether or not a participant is interested in a recreational opportunity, visit 
is the number of visits to a recreational area in Madelia, age denotes the respondent's age in 
years, educ represents the number of years of education, hhsize is the number of people living in 
the respondent's household, inc represents the respondent's 2008 gross household income, sex 
indicates male or female respondent, and dist is the distance in miles the respondents live from 
the Madelia area based on zip codes.  The recreational opportunities include hunting, biking, 
picnics, hiking, bird watching, photography, nature walks, wildlife viewing, camping/overnight 
stays, horseback riding, and nature viewing.  As shown in Table 3, wildlife viewing, hiking, 
nature walks, and nature viewing were the most favored activities. 

The following pages include documents developed as part of the survey work.  The first is the 
cover letter sent with the survey.  The survey tool is attached as a separate document to this 
report.  Printing and mailing the surveys was completed by Rural Advantage staff.  As surveys 
were returned they were then given to Mr. Pham for compilation and analysis.  Survey protocols 
were followed so the survey results would be statistically valid. 

 

 

 

 

  



114  

Sample Survey Letter: 
 
DENNIS  BEISSEL      Friday, July 31, 2009  
25162 HOGAN AVE 
HAMPTON, MN  55031-9796 
Dear DENNIS, 
 
Rural Advantage, in collaboration with the University of Minnesota, Department of Applied 
Economics, is conducting a survey of Carver, Dakota, and Scott County residents to determine 
the value they would place on environmental and recreational services, including how much 
they would be willing to pay to utilize these services.  The services will be provided by a project 
that will convert environmentally sensitive land from corn and soybean production to perennial 
grasses and agroforestry crops for bioenergy and other uses.  You were randomly selected to 
tell us your opinion about the importance of these environmental services to you and what 
value you place on them.   
 
Your feedback is highly respected since it will help us to determine the value of recreational and 
environmental benefits associated with the increase in grassland and perennial crop landscapes 
in Southern Minnesota. 
 
The enclosed questionnaire is designed to only take 5-7 minutes of your time.  Many questions 
are designed to be answered by simply circling or writing in a number.  Some questions will ask 
you to refer to the pictures on the back of this cover letter.  Responses to the survey will be 
kept in the strictest of confidence, and no individuals or individual responses will be identified 
in the survey.   We will send you the overall survey results, upon your request at the end of the 
survey.  
 
We hope you will help us.  Please complete the enclosed survey and return it in the postage-
paid envelope as soon as possible, but no later than August 31, 2009.  If you have any 
questions, please contact Matt at 612-625-9722 or send an e-mail to pham0170@umn.edu .   
Thank you for your help with this important research. 
 
Sincerely: 

 
 
 
 

Linda Meschke     Matthew Pham 
President, Rural Advantage M.S. Science, Technology, and Environmental 

Policy Candidate University of Minnesota 
ENC 
Rural Advantage is a nonprofit corporation based in Fairmont, Minnesota.  Their mission is to promote the 
connections between agriculture, the environment and rural communities in order to improve ecological health, 
economic viability and rural vitality.  Their objectives center around efforts to reduce agricultural nonpoint source 
pollution with major programming focused on the 3rd Crop Initiative, ECoPayPack development and building the 

mailto:pham0170@umn.edu�
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Madelia Model concept.  Contact Rural Advantage at 507-238-5449 or visit their website at 

www.ruraladvantage.org for more information. 
 
  BEFORE            AFTER 

A - Annual Row Crops in Spring    B - Perennial Grasses in Spring 

 
C- Annual Row Crops in Fall D - Perennial Grasses in Fall 

Glossary 
 
Perennial = A plant that lives for more than two 
years.  They can be short-lived (only a few 
years) or they can be long-lived, as are some 
woody plants like trees. - Wiki 
 
Biomass = Biomass is organic material made 
from plants and animals. Biomass contains 
stored energy from the sun.  – EIA, Energy Kids 
Page 
 
Bioenergy = Bioenergy technologies use 
renewable biomass resources to produce an 
array of energy related products including 
electricity, liquid, solid, and gaseous fuels, heat, 
chemicals, and other materials. – U.S. DOE 

http://www.ruraladvantage.org/�
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1.2 Identification of Ecological Commodity Buyers 

Identifying buyers of ecological value is a critical step in the development of payments for 
ecological services.  If you do not have buyers, then incentives cannot be offered that add 
ecological value and assist in driving land management change.  There are several potential 
buyers available and once our program has been developed to the point where we can offer 
something to the landowner we will be contacting them about official agreements that we can the 
pass on to landowners making changes in their land management activities that add ecological 
value. 

When someone purchases ecological services what are they paying for?  This question comes up 
often.  Many people feel they are paying for the land or the practice.  Rural Advantage feels that 
what they are buying is the ecological value of doing certain land management activities.  This is 
hard to conceptualize because as a society we have not monetized this value.  There are many 
examples of societal benefits this value could represent such as: 

 Improved stream quality due to sediment runoff reductions 
 Reduced nitrogen levels in drinking water 
 Reduced greenhouse gas emissions 
 More carbon sequestered 
 More pheasant’s, ducks, deer, etc. due to improved habitat 
 Increased number of pollinators due to habitat availability 
 Reduced nitrogen, phosphorous or pathogen levels in surface water 
 Quality of recreational areas improved 
 Less species on the endangered or threatened list. 

The following diagram is one way to conceptualize ecological value.  The land and plants are the 
natural infrastructure and generally there may be [does not have to be] an easement or contract 
with the landowner, who 
agrees to manage it 
around a certain set of 
parameters such as not 
mowing it during nesting 
season.  The installed 
practice is the land 
management activity you 
are doing to increase the 
ecological value from 
that particular piece of 
land.  In this example, it 
is the establishment of 
pollinator habitat.  
Establishing new 
pollinator habitat will 
result in more pollinators 
which in turn results in 
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better pollination of crops and increased yields.  The ecological value is the increased number of 
pollinators and the resulting pollination.  Theoretically, a buyer would desire and provide a 
payment for the added ecological value.  The buyer may also pay for the practice and/or the land.  

The following diagram illustrates where you may have multiple ecological values gained from a 
single practice.  In this example of a vegetated buffer being installed, ecological value is 
provided through carbon sequestration, phosphorous reductions and sediment filtered.  One 
buyer may be interested in buying all the ecological values or you might have three different 
buyers of these services. 

Another factor that must be considered when trying to identify buyers is whether it is part of a 
regulated activity or is it voluntary.  Regulated activities include water quality trading, air quality 
and wetland banking mitigation occurring at various levels now and with wellhead protection 
and storm water mitigation coming soon.  Voluntary activities would occur when the buyer has 
no legal obligation to act.  An example would be if Pheasants Forever, or some other wildlife 
group, would pay for quality wildlife habitat [the ecological value] that a landowner has 
developed for that purpose.  Below is a litany of potential buyers for various ecological services.  
This is not intended to be a complete list, but rather a mechanism to show the scope of this 
emerging industry.  Understand that these markets are emerging and there may or may not be 
developed programs for buyers at this time.   

Sediment 
Filtered

•Added Ecological Value

Phosphorous 
Reduced

•Added Ecological Value

Carbon 
Sequestered

•Added Ecological Value

Vegetated 
Buffer

•Installed Practice

Land & 
Plants

•Natural Infrastructure
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Ecological Service or Program V or 
R* 

Potential Buyer[s] 

Carbon V Agragate [Iowa Farm Bureau] 
North Dakota farmers Union Carbon Credit 
MN Terrestrial Carbon Market 
US Forest Service 
Corporations with Social Responsibility Missions 
Socially Responsible Individuals 
Private Foundations 

Greenhouse Gas Emissions R Xcel Energy 
Touchstone Energy 
Heartland Consumer Power District 
Alliant Energy 
Flint Hills Resources 
Murphy Oil 
Ashland Oil 

Water Quality Trading  
P, N, Sediment, flow 

R Municipalities with WWTP  
Businesses with NPDES Permits 

Nitrogen, Phosphorous, Sediment 
or Flow 

V Ag Corporations, Private Foundations, Socially 
Responsible Individuals 

Habitat V Conservation Groups 
Conservation Related Retailers 
Conservation Related Corporations 
Specific Wildlife Species Organizations 
Private Foundations 

Habitat- Endangered Species R US Fish & Wildlife Service 
USDA 
MN DNR 
MN Department of Agriculture 
Private Foundations 

Habitat- Pollinators V Commodity Organizations for Crops Needing 
Pollinators [apples, strawberries, soybeans, etc.] 
Xerces Society 
Private Foundations 
Corporations with Social Responsibility Missions 
Socially Responsible Individuals 

Aquifer Recharge R Municipalities with Wellhead Protection Plans 
Rural Water Programs 
Individual Home Owners 

Water Storage R Source Water Communities 
Downstream Landowners 

Water Storage V Downstream Landowners 
Great Lakes Commission 

*Voluntary [V] or Regulatory [R] Market    

1.3  Develop a Model ECoPayPack Program 

Rural Advantage has been working with advancing 3rd crops since their inception in 2003.  One 
of the challenges of getting landowners and operators to change from their current cropping 
system to one that includes one or more ‘new’ crops is that there must be a market for that crop 
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and it must be comparable to what they are getting from their current corn/soybean rotation.  As 
the development of the Madelia Model occurred, we had a potential market, but was the 
economic return going to be enough to get growers to grow perennial biomass.  The Madelia 
Model is a concept for rural economic development that uses a bio-refinery [utilizing perennial 
feedstocks] as a catalyst to create a market for perennial biomass and the accompanying 
economic development around such a system. 
 
To address this issue, Rural Advantage, working with project partners, has developed the 
ECoPayPack concept to set up a system to provide payments for the ecological services provided 
by establishing 35,000 to 50,000 acres of perennials in south central Minnesota to supply a bio-
refinery.  This concept illustrates how perennial biomass crops can compete economically with 
corn and soybeans.  While our main interest is around supplying native prairie mixes for 
bioenergy relative to the Madelia Model, this concept is readily transferable to other productive 
conservation on working lands crops across the state.  This concept compliments the biomass 
production payment, from the energy facility, with an Ecological Commodity Payment Package 
[ECoPayPack] that supplies a payment to the landowner based on the ecological services or 
public benefit provided when you convert from an annual crop to a perennial crop that is 
managed in a sustainable way.  Once developed, this concept could easily be adapted to allow 
existing perennial plantings to receive a payment for the ecological services they provide. 
 
The ECoPayPack is a market based approach for an aggregator to “package’’ together payments 
for various ecological services and then pay out a single payment to the landowner.  Ecological 
services that there are currently markets for include carbon, greenhouse gas emission reductions, 
nitrogen and phosphorous reductions, habitat improvement, sustainability standards, green space 
and aquifer recharge/ water storage.   
The following chart illustrates this strategy for adoption that gets perennial bioenergy crops to 
compete economically with corn and soybeans. 
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Rural Advantage sees their role with the ECoPayPack as that of a ‘broker’ between the credit  
generator and the credit buyer.  Rural Advantage feels there is significant opportunity to receive 
a payment for multiple ecological values depending on the specific land management activities a 
landowner is willing to do.  An individual landowner may not have the resources to identify, 
coordinate and enter into agreements with buyers on their own.  In addition, buyers do not have 
the resources to identify and coordinate with landowners to develop appropriate land 
management changes.  The chart below illustrates the base role of ECoPayPack a program of 
Rural Advantage. 
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Rural Advantage has partnered with the Conservation Markets of Minnesota [CMM], a project of 
the MN River Board.  The goal of CMM is to establish a voluntary marketplace for ecosystem 
services transactions in the Greater Blue Earth River Watershed, Lower and Middle Minnesota 
Watersheds and the Sauk River Watershed.  CMM is developing a framework and supporting 
policy to advance these markets.  Rural Advantage has been partnering for the Lower and Middle 
MN areas.  More information on this project is available at www.conservationmarketsofmn.org.  

In order to accomplish the operation of ECoPayPack Rural Advantage will operate it as a 
program under Rural Advantage.  As the program grows, it may be necessary to split off the 
program into its own entity.  There are four main pieces to a successful program: 

1. Program Framework and Policies 
a. Develop policies, operation procedures, forms, credibility 

2. Credit Generators 
a. Identify, recruit, assure integrity, contracts, negotiate rates, develop longer term 

commitments 
3. Credit Buyers 

a. Identify, recruit, contracts, verify integrity, annual checks, 3rd party verifiers, 
payment procedures 

4. Connecting Generators and Buyers 
a. Market the program 
b. Individually contact potential buyers 
c. Identify and contact potential credit generators 

Rural Advantage developed procedures and protocols focused toward a Pollinator Habitat Credit 
in order to work through the process and develop a credible program to be offered publically.  

ECoPayPack 

Credit 

Generator 
Buyer 

http://www.conservationmarketsofmn.org/�
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We identified and worked with one landowner, Heidi Morlock of Belle Plaine [EQIP eligible].  
Using up to $1,000 of discretionary funds Rural Advantage has, we worked with Ms. Morlock to 
determine appropriate policies and procedures.  Using our processes she has developed ½ acre of 
new pollinator habitat on her farm for one Pollinator Habitat Credit.  Each ½ acre of pollinator 
habitat is worth one credit.   We have not yet identified a monetary value per credit.  We have 
been discussing this with our pollinator expert consultants and will be finalizing a decision this 
fall.  For this pilot project we also paid for establishment costs. 

In addition, we worked with a group of selected scientists, ecologists, pollinator experts and state 
and federal technical experts to review our protocol and advise of necessary changes.  The 
following describes the processes we developed to offer the Pollinator Habitat Credit to potential 
credit generators.  To date we have just been working with the one producer.  When a credit 
buyer is secured, we would be in a position to offer the program to a broader audience.  Attached 
to this report is a file titled “Pollinator Packet.”  This file contains the forms and materials we are 
using for the Pollinator Habitat Credit program.  We will be following up the pollinator credit 
with additional programs for other ecological values.  Similar processes will be followed in 
developing them. 

To date we have had tremendous interest in the Pollinator Habitat Program.  It seems to resonate 
well with the public.  We have some potential funders who may have interest in being a buyer of 
some credits.  We are unable to list those at this time as we are in a discussion stage and no 
commitments have been made.  We hope to offer a program to credit generators in 2011. 

Background on Pollinators 

Bees and other native pollinators are a vital component of our ecosystem and food supply.  It has 
been estimated that animals pollinate approximately 35% of all crops grown throughout the 
world.  While managed honey bees comprise the lion’s share of pollinator services, native 
pollinators are significant contributors.  In the year 2000, native 
bees pollinated roughly $3 billion worth of crops in the US.  In 
many cases these crops are entirely dependent on bees and other 
invertebrates for pollination.  For instance, sunflowers, apples, and 
alfalfa seed are completely dependent on pollinators with 
pumpkins, squash, and raspberries 80%-90 % dependent.   
 
Providing good quality habitat is a straightforward way to attract 
and increase native bee populations.  In addition to bees and other 
native pollinators, beneficial insects such as predatory beetles and 
parasitic wasps use the same habitat.  A 2006 estimate put the value 
of natural control of pests by beneficial insects at $4.5 billion 
annually. 
 
Native pollinators generally have three needs: food and nesting habitat, as well as habitat 
protection from herbicides and insecticides.  Providing these three things should result in greater 
numbers, as well as a wider diversity, of pollinators. 
 
Forage Habitat –  
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Food for bees and other native pollinators comes from pollen produced by a wide array of locally 
adapted flowering plants.  These include perennial forbs, native grasses, and woody shrubs & 
trees.  The primary consideration for providing forage habitat is diversity.  It is important to 
employ a diverse mix of species that bloom at different times ensuring a continuous food supply.  
Equally important is selecting plants that have diverse colors, flower sizes, and growth 
characteristics.  Woody species such as American Plum, Chokecherry, and Pussy/Black Willow 
are excellent early season sources of food.   
 
Nesting Habitat -  
Nesting habitat typically comes in two forms; ground nests (70%) and wood tunnel nests (30%).  
Providing high quality foraging habitat with a wide diversity of perennials will also help with 
nesting habitat since untilled ground is a pre-requisite for many native pollinators.  More 
specifically, bare dirt and direct sunlight.  These conditions can be achieved through active 
management.  Old brush piles can many times address the roughly 30% of pollinators that 
require old beetle tunnels as nests.  Proximity of nests to food resources is an important 
consideration when planning nesting habitat.  The average foraging range for native bees is 
anywhere from 50 feet to in excess of a ½ mile.  Thus natural nesting habitat must be in close 
enough proximity to foraging habitat for pollinators to be present.  Similarly, artificial tunnel 
nests, an option for landowners without natural nesting habitat, should be strategically placed 
close to food sources. 
 
Habitat Protection -  
Protection from herbicides and insecticides is important for the long-term health of native 
pollinator communities.  This can be achieved through sound management decisions that 
minimize insecticide/pesticide use or provide for a buffer to mitigate deadly effects.  Timing and 
the formulation of the insecticide/pesticide are two additional considerations that require 
management.  Toxic substances should never be applied to plants in bloom.  Targeting the 
application to those times when pollinators are not active is one technique that can reduce 
negative impacts. 
 
The Rural Advantage ECoPayPack – Native Pollinator Credit is designed to establish high value 
habitat for native pollinators.  To ensure this goal is met, participants must adhere to the 
following Performance Standards: 
 

 Planting must maintain a diverse mix of at least 15 native species (preferably local 
ecotype) that must include at least three early, three mid, and three late flowering species 
and should comprise at least 75% of the pollinator habitat plot.   

 Plants that produce toxic nectar will not be planted. 
 Minimum grass seeding rate will be 5.0 PLS lb/acre and minimum forb seeding rate will 

be 2.0 PLS lb/acre with at least one forb being a legume. The mixture will result in a 
50:50 grass to forb ratio based on seeds per square foot.   

 At least one forb must be a legume. 
 Plants must remain undisturbed and be available throughout the growing season. 
 Monitoring for invasive species and plant community composition is required for on-

going maintenance. 

Rural Advantage/ ECoPayPack Pollinator Habitat Credit Materials [these forms are in an 
attached file named “Pollinator Package”] The forms are 95%+ completed. 
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ECoPayPack Form RA-1-2010, Native Pollinator Credit Application 
This document is the initial program application outlining what specific ecological services the 
landowner/manager is interested in developing; as well as relevant location and personal 
information.   
 
ECoPayPack Form RA-2-2010, Native Pollinator Credit Application 
This document is the initial application that would be filled out for the specific Native Pollinator 
Habitat Credit.  It describes the two options for earning native pollinator credits, as well as 
soliciting information useful in determining eligibility, and finally providing a brief synopsis of 
what the credit entails.    
 
ECoPayPack Form RA-3-2010, Project Diagram Sheet   [not included in packet] 
This document provides additional detail as to the exact location of the proposed native 
pollinator site. 
 
ECoPayPack Form RA-4-2010, Species Inventory List 
The species inventory list has been developed to assist landowners with taking inventory of any 
existing species to determine qualification in an enhancement situation, as well as provide 
suggestions for new plantings on desirable species compositions.  Species on this list came from 
a number of sources:  

1.  MN NRCS Biology Job sheet #16 
2.  Selecting Plants for Pollinators – a publication of the Pollinator Partnership and the 
NAPPC 

  A.  Eastern Broadleaf Region 
  B.  Prairie Parkland Region 
  
ECoPayPack Form RA-5-2010, Management Plan 
This describes the base management plan required to obtain a credit.  Program requirements, 
specifications, establishment practices, site operation and maintenance are listed.  The landowner 
could go beyond these minimum requirements.  This is the real “meat on the bones” of the credit 
needing to provide integrity and assurance to the buyer.  It is perhaps here more than anywhere 
else that we seek feedback on the program.  
  
ECoPayPack Form RA-6-2010, Guidance Sheet 
This document will be used for marketing the program and describes a little bit about what bees 
need providing context to some of the performance standards. 
 
ECoPayPack Form RA-7-2010, Task Log 
This document is a supplemental document that landowners/managers will use to document 
actions and tasks they have performed on the site.   
 
ECoPayPack Form RA-8-2010, Verifier Log 
This document is used by a 3rd party verifier to ensure compliance with the specifications laid out 
in the management plan. 
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Introduction 
 Whether in the context of a cap and trade of carbon dioxide emissions, water quality 
trading, or environmentally friendly consumer purchasing, the idea of using markets to 
accomplish environmental goals has received widespread attention.  Historically, many 
environmental qualities, like clear air, clear water, and a stable climate, have not been factored 
into the cost of doing business.  In order to improve environmental outcomes, many people have 
hoped for a new marketplace that places an appropriate financial value on serving the 
environment.   

There are two primary structures of financial incentives used to protect the environment.  
Both rely on the creation or protection of “ecosystem services”.  Ecosystem services refer to the 
economic, cultural, and life-sustaining benefits provided to us by the environment.1

 ESM have gained widespread attention and there are viable examples in operation, 
however, many obstacles continue to constrain their emergence.  Strong regulations that set 
limits on environmental degradation are a requirement for large ESM to materialize.  Strong 
regulations create the incentive for potential polluters to trade for credits that offset any increase 
in pollution.  In the US, the relative absence of these regulations and the sluggish economy has 
caused ecosystem markets to grow more slowly than once anticipated.   

  The most 
traditional payments for ecosystem services are government or private payments for specific 
conservation practices, such as establishing an easement, planting native grasses, or restoring a 
wetland.  The second method, and an emerging trend, is to establish ecosystem service markets 
(ESM), which center on environmental outcomes.  For example, an ESM may attract investors to 
pay for a fixed number of sequestered tons of CO2 or an acre of restored habitat that is 
demonstrated to be suitable for an endangered species.  True markets for ecosystem services are 
sometimes differentiated from Payments for Environmental Services (PES), which are similar, 
but are often conducted on a limited or voluntary basis that does not function as a true market.  

In addition, there are scientific, legal, and technical challenges that must be addressed 
before a more robust system of ESM can develop.  In order for a market based on environmental 
outcomes to thrive, there must be sufficient scientific certainty that the funded practices are 
effective.  Carbon offset programs, for example, must demonstrate that they lead to a net 
reduction in CO2 emissions that is real, permanent, and additional.  There must also be legal 
certainty that the terms of the contacts will be honored and are legitimate.  Excessive market 
variability also poses a significant barrier to investors and those who would carryout the offset 
activity.   

Despite these challenges, ESM and traditional, practice based incentive payments have 
been demonstrated to increase farmers’ revenue while improving environmental impacts.  Thus 
far, farmers have been paid to establish or maintain three primary ecosystem services.  They are 
wildlife habitat, water quality and quantity, and carbon sequestration.  
 This paper describes the state of ESM and traditional conservation programs and presents 
examples relating to each of the primary ecosystem services relevant to Midwestern agriculture.  
Additional attention will be devoted to obstacles that restrain the development of stronger 
markets and other payments.  In order to provide a more complete picture of payments for 
ecosystem services, detailed appendices catalog additional examples and further resources. 
 

A detailed look at three primary ecosystem services in agriculture 
 

                                            
1 For a more in-depth definition of ecosystem services see The World Bank, “Discussion Paper: Development and Climate Change – Ecosystem Services” 

http://siteresources.worldbank.org/EXTCC/Resources/407863-1229101582229/D&CCDP7-Ecosystem.pdf 

http://siteresources.worldbank.org/EXTCC/Resources/407863-1229101582229/D&CCDP7-Ecosystem.pdf�
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Many traditional practice based payments and ecosystem service markets (ESM) that are 
intended to improve a specific ecosystem service create significant ancillary benefits to other 
ecosystem services.  For example, the Conservation Reserve Program is primarily intended to 
preserve wildlife habitat and reduce soil erosion, but it may also reduce GHG emissions and 
sequester carbon.  Despite these interactions, where possible, the examples below are 
categorized by the ecosystem service that is the stated legislative priority of the payment.  
 
Wildlife Habitat Conservation – Overview     

Traditional, practice-based payments for wildlife habitat conservation and restoration are 
among the oldest payments for ecosystem services.  In the United States and throughout the 
world, public and private investment has successfully preserved and restored millions of acres of 
habitat and boosted the bottom line of many farmers and landowners.  There are three main types 
of financial incentives to protect habitat.  They include: traditional government-funded 
retirement programs and voluntary payments, which pay landowners to take sensitive land out of 
production, non-retirement programs, which encourage landowners to adopt specific sustainable 
practices on working land and make additional payments based on outcomes, and conservation 
banking, in which actors participate in an limited exchange or broader market to pay for the 
creation of habitat to offset the destruction of similar habitat elsewhere.   

Traditional habitat conservation or restoration programs pay landowners to establish 
easements that prevent the land from being developed.  Other traditional programs pay 
landowners an annual sum to “retire” marginal or particularly sensitive farmland and create 
resource conserving wildlife habitat.  The best-known habitat program in the United States is the 
Conservation Reserve Program (CRP).  According to the Farm Service Administration of the 
USDA, which administers the program, there are 31 million acres currently enrolled in CRP.  
This makes CRP the largest publically funded conservation program on private land in the 
United States.2

 A new wave of conservation programs is designed to advance environmental goals on 
“working lands,” i.e. lands that remain in agricultural production.  Perhaps the most exciting 
example of this type of program is the Conservation Stewardship Program (CSP).  CSP is not 
solely focused on wildlife habitat.  Instead it is designed to compensate farmers for a wide range 
of practices aimed at restoring or conserving several ecosystem services.  The Natural Resource 
Conservation Service (NRCS) of the USDA has created numerous “enhancement activities” 
farmers may adopt on eligible land in order to maintain or improve positive environmental 
outcomes.  CSP compensates farmers based on “conservation performance points”, which are 
calculated based on how the farm’s practices align with CSP’s conservation goals. CSP provides 
both cost-share assistance to farmers adopting new practices and payments for maintaining 
environmentally sound activities.

 For more information see Appendix A. 

3  For more information see IATP’s A Farm Bill for a Cooler 
Climate and Appendix B of this document.4

 A third type of payment for wildlife habitat is conservation banking.  Conservation 
banking is closer to a true market in that private entities, rather than the government, initiate and 
fund the payments.  Although private entities make the payments, the government is an essential 

 

                                            
2 U.S. Department of Agriculture, “Conservation Reserve Program,” 

http://www.fsa.usda.gov/FSA/newsReleases?area=newsroom&subject=landing&topic=pfs&newstype=prfactsheet&type=detail&item=pf_20100726_consv_en_crp.ht

ml   

3 U.S. Department of Agriculture, “Conservation Stewardship Program,” http://www.nrcs.usda.gov/programs/new_csp/csp.html  

4Julia Olmstead and Jim Kleinschmidt “A Farm Bill for a Cooler Climate,” Institute for Agriculture and 
Trade Policy, November 2010, http://www.iatp.org/iatp/publications.cfm?accountID=451&refID=107889  

http://www.fsa.usda.gov/FSA/newsReleases?area=newsroom&subject=landing&topic=pfs&newstype=prfactsheet&type=detail&item=pf_20100726_consv_en_crp.html�
http://www.fsa.usda.gov/FSA/newsReleases?area=newsroom&subject=landing&topic=pfs&newstype=prfactsheet&type=detail&item=pf_20100726_consv_en_crp.html�
http://www.nrcs.usda.gov/programs/new_csp/csp.html�
http://www.iatp.org/iatp/publications.cfm?accountID=451&refID=107889�
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partner.  Conservation banking is enabled by the Endangered Species Act (ESA) and regulated 
by the Fish and Wildlife Service.  In order for a public or private entity to develop an area 
regulated by the ESA, the entity must apply for an “incidental take permit” and submit a habitat 
conservation plan.  If the endangered species’ habitat will be damaged the actor must either 
develop comparable habitat elsewhere or purchase qualifying offsets from a conservation bank.   

Often, the bank owner (those selling the offsets) is the same entity as the developer.  
Alternatively, other private landowners may own the bank and sell habitat offsets to the 
developer.  Only offsets within “biological criteria” determined by the Fish and Wildlife Service 
are eligible for trade.  Additionally, the species’ outcome determines if an offset is suitable.  
Meaning, the actual population of the species in question, rather than solely habitat management 
practices, determine if an offset can be entered into a conservation bank and then sold.  
According to Ecosystem Marketplace, an organization that monitors ecosystem services markets, 
there are 77 conservation banks in operation, 19 in which all the offsets have been sold, and 20 
that are pending approval.5

 
 

Wildlife Habitat – Obstacles          
 Several obstacles constrain the development of payments for wildlife habitat conservation 
and restoration.  These obstacles vary based on the type of payment in question.  For publically 
funded conservation programs of all types, political constraints and budget concerns limit 
funding.  For private retirement programs, funding limits, transaction costs and diffuse actors are 
a main challenge.  Without far reaching regulatory drivers, market based programs will remain 
voluntary or be constrained to areas regulated by the Endangered Species Act or similar state 
laws. 
 Without question, budget constraints and political pressures limit publicly funded 
retirement and working lands conservation programs.  Especially in a time of economic 
downturn, the likelihood of a significant increase in conservation funding or a strong shift to 
payments based on environmental outcomes is slim.  Some policymakers have argued that there 
are other priorities more pressing than conservation or that continued expansion of conservation 
programs conflicts with other priories, such as low commodity prices.  There are other factors 
that limit government conservation programs.  Some farmers and landowners are unwilling to 
adopt the required practice or do not feel that the payments they would receive from enrolling in 
a given program would match the lost income that may result from the program’s requirements.  
Given the difficultly in increasing traditional conservation funding, many conservation advocates 
have begun to look to innovative funding sources.  For example, IATP has suggested that 
traditional conservation programs integrate climate change mitigation priorities in order to 
“stack” revenue streams and more effectively accomplish both conservation and climate 
objectives.4   
 Although private organizations have contributed a large amount of money to 
conservation efforts, they face many obstacles.  Most people value the conservation of habitat, 
but it is difficult for a private organization to turn this value into tangible results given the 
immense competition for donor contributions, inadequate attention to the issue, and the problem 
of free riders who may value conservation, but rely on others’ contributions.   
 The lack of sufficient regulatory drivers is a main obstacle that prevents the emergence of 
a more robust system of conservation banks.  In the absence of the strong regulations present in 
the Endangered Species Act, corporations and other entities generally lack the incentive to pay 

                                            
5 “US Conservation Banking,” Ecosystem Marketplace, 
http://www.ecosystemmarketplace.com/pages/dynamic/web.page.php?section=biodiversity_market&page_name=uscon_market  

http://www.ecosystemmarketplace.com/pages/dynamic/web.page.php?section=biodiversity_market&page_name=uscon_market�
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for offsets.  Given the concentration of endangered species in specific ecosystems, conservation 
trading is likely to remain limited in most areas.  In addition, scientific uncertainty of the efficacy 
of some offset activities, concerns about monitoring and verification, and economic conditions 
that have slowed development restrain conservation banking.   
 
Water quality and quantity – Overview         
 Perhaps, the greatest short-term potential for ecosystem service markets in the US 
involves improving water quality and water quantity issues.  There are two types of payments for 
these ecosystem services.  They are government-funded payments and water quality trading 
schemes (WQT).  These trades occur when a state or the federal government allows actors to 
trade credits to either achieve net reductions or offset increases.  

There are many advantages to water quality trading schemes.  They may be less costly to 
implement than unilateral steps to reduce pollution.  In addition, although government facilitates 
them, water quality trades often rely on private funding.  This may make them more politically 
feasible than direct government spending in a weak economy. 
 An example of a government-funded program that address both water quality and 
quantity is the Wetlands Reserve Program (WRP).  WRP is a $25 million program administered 
by the USDA and is intended to protect and restore high priority wetlands and improve water 
quality. The program pays landowners up to 100 percent of the property value to enroll in a 
permanent easement, 75 percent of the property value for a 30-year easements, or cost-share 
assistance to enhance wetlands without an easement.  For more information see Appendix D. 
 There are two point – nonpoint water quality trades in Minnesota.  The point sources, 
Rahr Malting Company and Southern Minnesota Beet Sugar Cooperative (SMBSC), trade with 
farmers and landowners who make improvements to water quality.  The trades were established 
because Rahr Malting and SMBSC wanted to increase discharge into the Minnesota River 
beyond the previously established legal limits. This limit gave each company the incentive to 
buy offsets from farmers and landowners. The Minnesota Pollution Control Agency (MPCA) 
and the EPA allow and oversee each of these trades.   
 In order to receive an offset payment the farmers/landowners must adopt certain 
practices.  Rahr required stream bank restoration and fencing cattle out of streams.  In order for 
farmers to receive offsets from SMBSC they must plant cover crops that reduce soil erosion.  
These cover crops are popular with many farmers because they provide ancillary benefits such as 
improved wildlife habitat and prevention of wind damage to the sugar beets drilled directly into 
the cover crop. 
 Although there are only two point/non-point trades in Minnesota there is potential to 
expand the concept to other areas.  MPCA is in the process of establishing water quality trading 
rules, which they hope will streamline the process of establishing future trades.6

 

 For more 
information see Appendix E.  

Water quality and quantity – Obstacles         
The obstacles to payments for water related ecosystem services are similar to those for 

habitat conservation.  Similar to habitat programs, government-funded direct payments for 
improved water quality are constrained by tight budgets and political realities.  However, there 
have been recent examples of increases in funding for water quantity programs.  In response to 
the recent flooding in southern Minnesota, which caused an estimated $64.1 million in damages, 
the state legislature allocated new funds for flood prevention.  This includes $14 million dollars 
                                            
6 Contact Wayne Anderson and Bruce Henningsgaard of the MPCA for more information of WQT in Minnesota  
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for the DNR to implement flood hazard mitigation grants, repair public waterways, and repair or 
relocate the Oronoco Dam.  In addition, the legislature granted $10 million to the Reinvest in 
Minnesota program, which is run by the Board of Water and Soil Resources.7

 A primary obstacle that prevents the emergence of more water quality trading schemes is 
insufficient regulatory incentives.  Without strong regulations to create an incentive to trade for 
offsets, water quality trading programs will not develop.  Another main challenge in creating 
WQT programs is ensuring that the offsets are real, permanent, and additional.  This requires 
strong science and verification to ensure the offsets reduce pollution as well as they are intended, 
they do not disappear overtime, they would not have happened anyway, and did not already 
exist.  These challenges are less pronounced for water quality trades than for other ESM.  Water 
quality trades are inherently more local and do not present the severe verification and scientific 
challenges presented by a global trade of CO2 offsets, for example.  As a safeguard, many offset 
schemes for water quality require the polluter to purchase more offsets than are thought to be 
scientifically necessary, which ensures the benefits are realized.   

 

 
Carbon Markets – Overview          
 Carbon markets are perhaps the most discussed payments for ecosystem services.  They 
are also by far the largest.  Theoretically, carbon trading will allow the achievement of target 
reductions in GHGs with a high degree of economic efficiency.  Regulated entities can trade 
emissions permits so that emitters who can reduce emissions cheaply can sell excess permits to 
those with higher costs.  This type of pollution trading has a successful track record as 
demonstrated by trading programs for sulfur dioxide and oxides of nitrogen.8

Although voluntary carbon markets exist, commitments made by all developed countries, 
except for the United States, in the Kyoto Protocol make up the vast majority of carbon trades.  
In total, carbon markets were valued at $144 billion in 2009.  The European Union’s Emission 
Trading Scheme (EU ETS) accounts for most of the market with a total value of $118 billion.

  

9  
Developed countries, known as Annex I countries in the Kyoto Protocol, are responsible for 
reducing greenhouse gas emissions either by making internal reductions or by purchasing 
external offsets.  These reductions often come from agricultural or forestry sources.  The EU 
allows half of all reduction commitments to be met by buying offsets outside the EU.  The Clean 
Development Mechanism (CDM) is an exchange that allows developed countries to purchase 
offset credits from developing countries.  Far more information about carbon trading is available 
from IATP’s Climate and Agriculture publications.10

 
 

Carbon Market - Obstacles and Challenges        
 The obstacles to strengthening or even maintaining carbon markets are many and serious.  
Neither the United States nor China, the world’s two largest emitters, is obligated to reduce 
emissions under the Kyoto Protocol.  Steep political hurdles are likely to prevent both countries 
from establishing a binding cap on emissions in the near future.  This reality has hindered 

                                            
7 Scheck, Tom, “Special Session is on 10/18,” Minnesota Public Radio, October 14, 2010, 

http://minnesota.publicradio.org/collections/special/columns/polinaut/archive/2010/10/special_session_1.shtml  

8 Aulisi, Andrew and Jonathan Pershing, et al. http://www.wri.org/publication/greenhouse-gas-emissions-trading-us-lessons-from-otc-nox  

9 The World Bank, “Carbon Finance – State and Trends of the Carbon Market Report 2010,” 

http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/ENVIRONMENT/EXTCARBONFINANCE/0,,contentMDK:22592488~pagePK:64168445~piPK:641683

09~theSitePK:4125853,00.html  

10 See http://www.iatp.org/climate/ for an extensive list of documents on this subject by IATP and others 

http://minnesota.publicradio.org/collections/special/columns/polinaut/archive/2010/10/special_session_1.shtml�
http://www.wri.org/publication/greenhouse-gas-emissions-trading-us-lessons-from-otc-nox�
http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/ENVIRONMENT/EXTCARBONFINANCE/0,,contentMDK:22592488~pagePK:64168445~piPK:64168309~theSitePK:4125853,00.html�
http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/ENVIRONMENT/EXTCARBONFINANCE/0,,contentMDK:22592488~pagePK:64168445~piPK:64168309~theSitePK:4125853,00.html�
http://www.iatp.org/climate/�
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investment in low carbon alternatives and lead to the November 2010 collapse of the US’s 
voluntary market for carbon trading, formerly known as the Chicago Climate Exchange.11

According to the World Bank, the global financial crisis challenged carbon markets 
significantly.  Falling industrial output reduced demand and financial institutions withdrew 
capital necessary for establishing new projects.

   

9 Market fluctuations, the possibly of excessive 
speculation, and potentially disastrous bubbles in carbon markets are strong reasons for concern.  
For more information see IATP’s Speculating on Carbon: the Next Toxic Asset.12

Uncertainty about the future of carbon markets also hinders investment.  The severity of 
tensions between the global north and south, the refusal of China and the United States to agree 
to binding emissions, and the increasing assertiveness of countries like Japan that they will not 
participate in a new agreement without greater participation of the big two emitters critically 
threatens the international climate market.

 

13

In addition to these immense international political challenges, scientific and accounting 
concern about offsets plague carbon trading.  It is a persistent challenge to determine that carbon 
offsets are real, permanent, and additional.  In order for a stable carbon market to function, there 
must be a high degree of certainty that carbon credits are legitimate.  Along with honest 
scientific uncertainty, there have been allegations of fraud and corruption that have weakened the 
entire marketplace.

  

1415

 
 

The Future of Ecosystem Services Markets        
 Despite the many challenges to ecosystem services markets, they retain a great deal of 
potential.  The fundamental goal, to apply economic value to the profound life-sustaining and 
cultural value ecosystem services provide, will effectively improve environmental outcomes in 
some cases.  As water quality trading, conservation banking, regional carbon dioxide trading 
such as the Mid-Atlantic’s Regional Greenhouse Gas Initiative (RGGI), and more traditional 
payments for ecosystem services have demonstrated, an appropriately structured market for 
ecosystem services can greatly improve environmental outcomes with a high level of economic 
efficiency.  

                                            
11 John Collins Rudolf, “Cap-and-Trade Exchange Calls It Quits,” The New York Times, http://green.blogs.nytimes.com/2010/11/17/climate-futures-exchange-calls-

it-quits/?scp=1&sq=chicago%20climate%20exchange&st=cse  

12 Steve Suppan, “Speculating on Carbon: The Next Toxic Asset,” Institute for Agriculture and Trade Policy, December 2009, 
http://www.iatp.org/iatp/publications.cfm?accountID=451&refID=106995  

13 Lisa Friedman, “Cancun Agreement Preserves an Escape Hatch for Japan and Other Industrialized 
Nations,” ClimateWire: The New York Times, http://www.nytimes.com/cwire/2010/12/17/17climatewire-
cancun-agreement-preserves-an-escape-hatch-f-
38242.html?pagewanted=2&sq=japan%20cancun%20climate%20change&st=cse&scp=1  
14 Jacob Werksman, “Restoring Trust: Global Action for Transparency.” (Presented at the 14th International Anti-Corruption Conference, Bangkok, Thailand, 

November 10–13, 2010, http://14iacc.org/wp-content/uploads/JacobWerksmanClimateGovernance14IACC.pdf  

15 James Kanter, “Cap-and-Trade Is Beginning to Raise Some Concerns,” The New York Times, http://www.nytimes.com/2010/08/30/business/energy-

environment/30green.html?_r=1&scp=4&sq=carbon%20finance&st=cse  

http://green.blogs.nytimes.com/2010/11/17/climate-futures-exchange-calls-it-quits/?scp=1&sq=chicago%20climate%20exchange&st=cse�
http://green.blogs.nytimes.com/2010/11/17/climate-futures-exchange-calls-it-quits/?scp=1&sq=chicago%20climate%20exchange&st=cse�
http://www.iatp.org/iatp/publications.cfm?accountID=451&refID=106995�
http://www.nytimes.com/cwire/2010/12/17/17climatewire-cancun-agreement-preserves-an-escape-hatch-f-38242.html?pagewanted=2&sq=japan%20cancun%20climate%20change&st=cse&scp=1�
http://www.nytimes.com/cwire/2010/12/17/17climatewire-cancun-agreement-preserves-an-escape-hatch-f-38242.html?pagewanted=2&sq=japan%20cancun%20climate%20change&st=cse&scp=1�
http://www.nytimes.com/cwire/2010/12/17/17climatewire-cancun-agreement-preserves-an-escape-hatch-f-38242.html?pagewanted=2&sq=japan%20cancun%20climate%20change&st=cse&scp=1�
http://14iacc.org/wp-content/uploads/JacobWerksmanClimateGovernance14IACC.pdf�
http://www.nytimes.com/2010/08/30/business/energy-environment/30green.html?_r=1&scp=4&sq=carbon%20finance&st=cse�
http://www.nytimes.com/2010/08/30/business/energy-environment/30green.html?_r=1&scp=4&sq=carbon%20finance&st=cse�
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Appendix A – Wildlife Habitat: Public Incentive Based Retirement Programs 
 

USDA Retirement Programs 
Program 
Name 

Description Eligibility and 
Implementation 
Requirements 

Funding method 

Conservation 
Reserve 
Program 
(CRP)  

The largest “public-private 
partnership for conservation 
and wildlife habitat in the 
United States”.  Currently 31 
million acres are enrolled.2  
CRP is administered by the 
Farm Service Administration 
(FSA) of the USDA.  

Farmers apply to take 
eligible cropland out 
of production and 
plant “resource-
conserving vegetative 
covers”, which 
provide wildlife 
habitat and erosion 
control.  The land is 
enrolled in CRP for 
10 to 15 years.16

Annual payments are 
based on the cash 
rental value of the 
land. CRP also 
provides cost-share 
assistance for up to 50 
percent of the 
participants’ costs in 
establishing approved 
conservation 
practices. This  
website list average 
cropland cash rent 
values in Minnesota.17

Conservation 
Reserve 
Enhancement 
Program 
(CREP) 

 
CREP is an offshoot of CRP 
that partners with state, local, 
and tribal governments to 
dovetail conservation goals. 
Local governments identify 
priorities and then partner 
with the FSA to develop and 
fund specific conservation 
practices.18  For examples, 
the MN Board of Water and 
Soil Resources partners with 
CREP to fund conservation 
easements.19

Requirements vary by 
program. All require a 
10 to 15 year 
enrollment and a 
sufficient cropping 
history. For example, 
a salmon habitat 
program in 
Washington state 
requires livestock 
fencing along streams, 
riparian buffers, or 
other similar 
practices.

 
20

Annual rental 
payments, signup 
incentive, and up to 
50% of maintenance 
cost.

  

18 

 
 
 
 
 

                                            
16 The United States Department of Agriculture, “Conservation Reserve Program,” 
http://www.fsa.usda.gov/FSA/webapp?area=home&subject=copr&topic=crp  

17 Gary Hachfeld, William Lazarus, and Dale Nordquest, “Cropland Rental Rates for Minnesota Counties,” University of Minnesota Extension, 

http://www.extension.umn.edu/distribution/businessmanagement/M1195.html; William Edwards and Ann Johanns, “Cash Rental Rates for Iowa Survey,” 

http://www.extension.iastate.edu/agdm/wholefarm/html/c2-10.html 

18The United States Department of Agriculture, “Conservation Reserve Enhancement Program,” 

http://www.fsa.usda.gov/FSA/webapp?area=home&subject=copr&topic=cep  

19 Minnesota Board of Water and Soil Resources, “Reinvest in Minnesota Reserve Fact Sheet,” 
http://www.bwsr.state.mn.us/easements/rim/RIM.pdf  

20 The United States Department of Agriculture. “Conservation Program Adds Flexibility to Attract Participation” 

http://www.fsa.usda.gov/FSA/newsReleases?area=newsroom&subject=landing&topic=ner&newstype=newsrel&type=detail&item=nr_20100420_rel_0036.html  

http://www.extension.umn.edu/distribution/businessmanagement/M1195.html�
http://www.fsa.usda.gov/FSA/webapp?area=home&subject=copr&topic=crp�
http://www.extension.umn.edu/distribution/businessmanagement/M1195.html�
http://www.extension.iastate.edu/agdm/wholefarm/html/c2-10.html�
http://www.fsa.usda.gov/FSA/webapp?area=home&subject=copr&topic=cep�
http://www.bwsr.state.mn.us/easements/rim/RIM.pdf�
http://www.fsa.usda.gov/FSA/newsReleases?area=newsroom&subject=landing&topic=ner&newstype=newsrel&type=detail&item=nr_20100420_rel_0036.html�
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Fish and Wildlife Service – State Wildlife Grant Program  
This program makes grants to states in order to foster “planning and implementation” of 

conservation initiatives. The funding for this program comes from oil and gas royalties.21  A 
subprogram of the State Wildlife Grant Program, the Landowner Incentive Program, gives grants 
to states that pass them on to private landowners. In the 2008 fiscal year Minnesota received a 
small grant to protect prairie habitat.  These programs include conservation easements and a state 
run effort to indentify at risk species. Another grant provides a $100,000 to the Minnesota DNR 
to compensate farmers for damage to livestock inflicted by wolves.22

 
   

Minnesota State Programs: 
The Minnesota Board of Water and Soil Resources (BWSR)– runs several conservation 

programs.  The Reinvest in Minnesota (RIM) program has several facets in which landowners 
are paid a percentage of their property value to enroll the land in a conservation easement.  RIM 
has partnerships with CREP and the Permanent Wetland Preserves program, which enrolls 
currently existing, but endangered, wetlands.19 

The Minnesota Board of Water and Soil Resources (BWSR) also administers a wetland 
banking program.  Under this program landowners gain approval from BWSR to restore or 
create a wetland, which is entered into a wetland bank.  In order to qualify as a banked wetland, 
the area must pass BWSR inspection three times.  If a farmer or developer is interested in 
draining a wetland, he or she must create a wetland elsewhere or purchase offsets through the 
wetland bank.  According to BWSR, the price of wetland offsets varies significantly and can 
range from $1,000 to $20,000 an acre.23

                                            
21United States Fish and Wildlife Service, “State Wildlife Grant Program Overview,” 

 

http://wsfrprograms.fws.gov/subpages/grantprograms/SWG/SWG.htm; 

http://wsfrprograms.fws.gov/subpages/grantprograms/swg/swg.htm  

22United States Fish and Wildlife Service, “State Wildlife Grant Program State Reports: Minnesota,” 

http://faims.fws.gov/reports/rwservlet?faimskeys&report=fwrg0300_p  

23Minnesota Board of Water and Soil Resources, “Wetland Banking Factsheet,” 

http://www.bwsr.state.mn.us/wetlands/wetlandbanking/fact_sheet.pdf  

http://wsfrprograms.fws.gov/subpages/grantprograms/SWG/SWG.htm�
http://wsfrprograms.fws.gov/subpages/grantprograms/swg/swg.htm�
http://faims.fws.gov/reports/rwservlet?faimskeys&report=fwrg0300_p�
http://www.bwsr.state.mn.us/wetlands/wetlandbanking/fact_sheet.pdf�
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Appendix B – Non-retirement programs in the US 
 
Program Name Description Eligibility and 

Implementation 
Requirements 

Funding method 

Conservation 
Stewardship 
Program (CSP) 

CSP encourages 
agricultural and forestry 
producers to improve 
environmental outcomes. 
It is administered by the 
NRCS of the USDA and 
was established in the 
2002 Farm Bill.  It was 
reauthorized in the 2008 
Farm Bill. It has an 
annual enrollment goal of 
13 million acres.24

CSP has numerous 
enhancement 
activities grouped into 
the broad categories 
of air quality, 
livestock, energy, 
plant enhancements, 
soil erosion, soil 
quality, water quality, 
water quantity, special 
projects, and bundles 
of these categories.  The 

big idea behind CSP is to 
provide a means and a 
model for agricultural 
funding that is based on 
ecosystem services rather 
than the maximization of 
production. 

4 
and 25

25

  The NRCS has 
developed a 
“conservation 
measurement tool” 
that is designed to 
help farmers and 
NRCS officials assess 
the environmental 
initiatives already 
established and 
potential places for 
improvement.  

CSP makes two types 
of payments: an annual 
payment for installing 
new conservation 
practices and 
maintaining existing 
ones and a 
supplemental payment 
for adopting a resource 
conserving crop 
rotation.Error! Bookmark not 

defined. A person or legal 
entity may receive a 
maximum of $40,000 a 
year. 

Environmental 
Quality Incentives 
Program (EQIP) 

A conservation program 
administered by the 
NRCS of the USDA.  It is 
designed to cost-share 
various programs.  EQIP 
has 5 national priorities, 
which include:  
- Reducing pollution 

from nonpoint 
sources and 
improving water 
quality, 

- Conserving ground 
and surface water,  

- Reducing emissions 
of particulate matter, 
NOX, VOCs, and 

EQIP programs vary 
by region and like 
CSP there are many 
potential activities 
that qualify. For 
example, EQIP has 
several subprograms 
that include the 
Agricultural Water 
Enhancement 
Program (AWEP), 
which provides cost 
sharing to farmers 
interesting in 
improving their water 
quality (and soil and 
nutrient retention).26

Provides cost sharing 
for farmers/landowners 
who develop a 
conservation plan and 
adopt certain practices. 
The program may 
cover up to 75% of the 
implementation cost or 
up to 90% for 
historically 
underserved 
producers.

 

26 

                                            
24 Interview with Wayne Edgerton  

25 The United States Department of Agriculture, “Conservation Stewardship Program Job Sheets,” 
http://www.nrcs.usda.gov/programs/new_csp/2010_jobsheets-rp-two.html#air 

26The United States Department of Agriculture, “Environmental Quality Incentives Program,” http://www.nrcs.usda.gov/programs/eqip/  

http://www.nrcs.usda.gov/programs/new_csp/2010_jobsheets-rp-two.html#air�
http://www.nrcs.usda.gov/programs/eqip/�
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chemicals that cause 
ozone depletion, 

- Reducing soil 
erosion, and 

- Protecting habitat. 
Grassland Reserve 
Program 

This UDSA conservation 
program allows, 
"participants [to] 
voluntarily limit future 
development and 
cropping uses of land 
while retaining the right 
to conduct common 
grazing practices".27

GRP allows farmers 
who enter into 
conservation 
easements to continue 
to pursue most normal 
grazing practices.  

 

For permanent 
easements the USDA 
makes a onetime 
payment equal to the 
fair market value of the 
land minus the 
grassland value.  For 
the 30-year easements, 
the USDA makes a 
payment equal to 30% 
the market value.   
For the rental contacts, 
which are between 10 
and 30 years, the 
USDA makes 
payments not more 
than 75% of the 
grazing value of the 
land.28

Biomass Crop 
Assistance 
Program (BCAP) 

  
BCAP is intended to 
assist farmers with the 
collection, storage, and 
transportation of biomass 
that can be converted to 
energy.  

To be eligible for 
BCAP payments, 
crops grown on 
private lands must be 
“renewable plant 
material, including 
feed grains, other 
agricultural 
commodities and 
other plants and trees; 
or waste material, 
including crop residue 
and other vegetative 
waste material”.29

There are two types of 
payments: one relates 
to the delivery of 
biomass to facilities 
and the other creates 
establishment and 
annual payments to 
farmers who produce 
eligible material.  

  

                                            
27 The United States Department of Agriculture, “Grassland Reserve Program,” 
http://www.fsa.usda.gov/FSA/webapp?area=home&subject=copr&topic=grp  

28The United States Department of Agriculture, “Final Benefit-Cost Analysis for the Grassland Reserve Program,” 

http://www.nrcs.usda.gov/programs/GRP/pdf_files/GRP_accepted_03_31_2010_Final.pdf  

29 The United States Department of Agriculture, “The Biomass Crop Assistance Program,” 
http://www.fsa.usda.gov/FSA/newsReleases?area=newsroom&subject=landing&topic=pfs&newstype=prfactsheet&type=detail&item=pf_20100630_consv_en_bcap1

0.html  

http://www.fsa.usda.gov/FSA/webapp?area=home&subject=copr&topic=grp�
http://www.nrcs.usda.gov/programs/GRP/pdf_files/GRP_accepted_03_31_2010_Final.pdf�
http://www.fsa.usda.gov/FSA/newsReleases?area=newsroom&subject=landing&topic=pfs&newstype=prfactsheet&type=detail&item=pf_20100630_consv_en_bcap10.html�
http://www.fsa.usda.gov/FSA/newsReleases?area=newsroom&subject=landing&topic=pfs&newstype=prfactsheet&type=detail&item=pf_20100630_consv_en_bcap10.html�
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Appendix C – Private Habitat Payments 
- Ducks Unlimited provides a variety of ecosystem service payments to landowners. One 

example is grassland easements. The terms of these easements state that landowners are 
given a one-time payment equal to ¼ the property value in exchange for agreement not to 
plow the land or drain wetlands. The land can continue to be grazed. These easements are 
monitored and enforced by the FWS.30

 
 

- The Nature Conservancy (TNC) owns about 72,000 acres of land in Minnesota for 
conservation purposes.31

 

 Many of these preserves were purchased from farmers, but are 
now entirely owned by the Conservancy.  TNC is conducting research regarding the 
ability of agricultural lands to sequester carbon and the habitat benefit that can be derived 
from properly managed working lands.  TNC is also working to encourage a sustainable 
biomass energy market that could provide economic growth in rural areas and significant 
wildlife benefit.  

- Similar to the Nature Conservancy, the Doris Duke Charitable Foundation spends 
millions of dollars on habitat conservation programs.32

 
  

 
 

                                            
30 Ducks Unlimited, “Grasslands for Tomorrow,” 
http://www.ducks.org/Conservation/GrasslandsforTomorrow/49/GrasslandsforTomorrow.html  
31 The Nature Conservancy, “Places We Protect,” 
http://www.nature.org/wherewework/northamerica/states/minnesota/preserves/  
32The Doris Duke Charitable Foundation, “Accelerate Wildlife Habitat Conservation,” http://www.ddcf.org/Environment/  

http://www.ducks.org/Conservation/GrasslandsforTomorrow/49/GrasslandsforTomorrow.html�
http://www.nature.org/wherewework/northamerica/states/minnesota/preserves/�
http://www.ddcf.org/Environment/�
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Appendix D – Traditional Incentive Based Payments for Watershed Services 
In response to the recent flooding in southern Minnesota, which caused an estimated $64.1 
million in damages, the state legislature allocated new funds for flood prevention.  This includes 
$14 million dollars for the DNR to implement flood hazard mitigation grants, repair public 
waterways, and repair or relocate the Oronoco Dam.  In addition, the legislature granted $10 
million to the RIM program.7  
 
Farmable 
Wetlands Program 

Another facet of CRP that 
is intended to restore 
wetlands, vegetation, and 
improve water quality.33

Farmers must agree to 
10 to 15 year 
contracts and to plant 
ground cover that 
improves water 
quality and wildlife 
habitat.  

 

The FSA provides 
cost-share incentives 
and rental payments. 

Wetlands Reserve 
Program 

A $25 million annual 
program that provides 
funding and technical 
assistance to landowners 
interested in carrying out 
“high priority wetland 
protection, restoration, 
and enhancement 
activities”. For FY 2009 
there were 150 projects in 
MN that protected 21,678 
acres.34

There are three 
enrollment options.  

  

- Permanent 
easements  

- 30 year easements  
- Restoration Cost-

share Agreement, 
in which 
landowners agree 
to restore or 
enhance wetlands, 
but do not enroll in 
an easement. 35

For permanent 
easements the USDA 
pays 100 percent of 
the easement value 
and restoration cost.  

 

For 30-year easements 
and restoration cost-
share agreements the 
USDA pays 75 
percent of the 
easement value and 
restoration costs.35 

 
International examples:  

- The EU’s Least Favoured Areas Program provides payments to farmers in areas where 
the financial cost of agriculture may otherwise be prohibitive.  The intention of this 
program is to prevent development of traditionally agricultural land or land abandonment 
and “thus a possibility of loss of biodiversity, desertification, forest fires and the loss of 
highly valuable rural landscape”.36 Examples of these regions include the French and 
Slovenian Alps as well as flood prone areas like the Netherland’s “Green Heart”.37

36

  In 
2005 approximately 1.4 million farms received monetary assistance.  Payments range 
from 25 Euros a hectare to 200 Euros a hectare.  
 

- The EU has other programs for farmers and landowners including payments for olive 
growers.  In addition the LIFE program has a variety of funding for environmental 
initiatives.38

                                            
33The United States Department of Agriculture, “Farmable Wetlands Program,” 

  

http://www.fsa.usda.gov/FSA/webapp?area=home&subject=copr&topic=fwp  

34The United States Department of Agriculture, “Wetlands Reserve Program FY 2009 Contract Information,” 

http://www.nrcs.usda.gov/programs/wrp/2009_contracts/2009data.html  

35The United States Department of Agriculture, “WRP at a Glance,” http://www.nrcs.usda.gov/programs/farmbill/2008/pdfs/WRP_At_A_Glance_062608final.pdf  

36The European Union Agriculture and Rural Development, “Rural Development Policy 2007-2013,” http://ec.europa.eu/agriculture/rurdev/lfa/index_en.htm  

37 Paul Terwan and Mark Ritche, et al., Values of Agrarian Landscapes: Across Europe and North America, (Doetinchem, The Netherlands: 
Reed Business Information, 2004), 21 and 43 

38European Commission, “Environment – LIFE Program,” http://ec.europa.eu/environment/life/funding/lifeplus.htm  

http://www.fsa.usda.gov/FSA/webapp?area=home&subject=copr&topic=fwp�
http://www.nrcs.usda.gov/programs/wrp/2009_contracts/2009data.html�
http://www.nrcs.usda.gov/programs/farmbill/2008/pdfs/WRP_At_A_Glance_062608final.pdf�
http://ec.europa.eu/agriculture/rurdev/lfa/index_en.htm�
http://ec.europa.eu/environment/life/funding/lifeplus.htm�


139  

 
- Natural England’s Environmental Stewardship program “is an agri-environment scheme 

that provides funding to farmers and other land managers in England to deliver effective 
environmental management” on private land.39

                                            
39Natural England, “Environmental Stewardship,” 

 

http://www.naturalengland.org.uk/ourwork/farming/funding/es/default.aspx  

http://www.naturalengland.org.uk/ourwork/farming/funding/es/default.aspx�
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Appendix E – Water Quality Trading 
The EPA supports water quality trading programs by making grants and facilitating 

partnerships between interested parties. The Targeted Watershed Grant Program makes grants to 
governmental or nonprofit organizations.  

According to a 2008 EPA report, the agency has been working to establish water quality 
trading programs for over a decade.  Although there is considerable potential, the report stats that 
“only 100 facilities have participated in trading, and 80 percent of trades have occurred within a 
single trading program.”40

 
  

- One of the most successful WQT programs is Connecticut’s Long Island Sound Trading 
Program, which developed an exchange between water treatment plants that allowed 
them to find the most cost effective ways to reduce pollution.40  
 

- Another model WQT scheme uses funding from the New York City and the federal 
government to support farmers in upstate New York who adopt practices that will 
improve water quality.41

 
  

- A third example is the Tualatin River Trading Scheme in Oregon. The river is 80 miles 
long.  On it are two wastewater treatment plants (WWTPs) operated by a company called 
Clean Water Services.  Clean Water Services pays farmers and landowners to plant shade 
trees along the river.  This offsets the temperature rise generated by the WWTPs.42

 
  

- The Ohio River Basin Water Quality Trading Project is supported by a coalition of 
electricity producers, government agencies and landowners and is being spearheaded by 
the Electric Power Research Institute (EPRI).  EPRI claims that this trade, which will 
span eight states, will be the first of its kind in the United States.  It will establish trades 
that allow dischargers to purchase nitrogen and phosphorus offsets from landowners and 
other dischargers who can make low cost reductions.  This project is supported by a $1.3 
million grant from the EPA and the NRCS and is expected to be in operation in three to 
five years.43

 
  

Minnesota specific programs:          
More than 150 wastewater treatment facilities in the Minnesota River Basin must apply 

for the Minnesota Basin General Phosphorus Permit.  Regulations are designed to limit the 
amount of phosphorus discharged into the river.  In order to minimize the cost of compliance, the 
permit allows trading among the point sources within the basin.44

                                            
40The United States Environmental Protection Agency, “Water Quality Trading Evaluation,” October 2008, 

  

www.epa.gov/evaluate/pdf/wqt.pdf 

41 Paul Terwan and Mark Ritche, et al., Values of Agrarian Landscapes: Across Europe and North America, (Doetinchem, The Netherlands: 
Reed Business Information, 2004), 46 – 48 

42State of Oregon Department of Environmental Quality, “Water Quality Trading in NPDES Permits Internal Management Directive,” December 2009, 
http://www.deq.state.or.us/wq/trading/docs/wqtradingcasestudy.pdf  

43 Jessica Fox, Electric Power Research Institute, “Ohio River Basin Water Quality Trading Project,” 
October 2010, 
http://my.epri.com/portal/server.pt?space=CommunityPage&cached=true&parentname=ObjMgr&parentid=2&control=SetCommunity&CommunityID=277&PageID

=0&RaiseDocID=ohio_river_basin_water_quality_trading_project_da_743160.html&RaiseDocType=Highlight_id  

44Minnesota Pollution Control Agency, “General Phosphorus Permit Phase 1,” http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-

water/basins-and-watersheds/minnesota-river-basin/minnesota-river-basin-general-phosphorus-permit-phase-1.html?menuid=&missing=0&redirect=1  

http://www.epa.gov/evaluate/pdf/wqt.pdf�
http://www.deq.state.or.us/wq/trading/docs/wqtradingcasestudy.pdf�
http://my.epri.com/portal/server.pt?space=CommunityPage&cached=true&parentname=ObjMgr&parentid=2&control=SetCommunity&CommunityID=277&PageID=0&RaiseDocID=ohio_river_basin_water_quality_trading_project_da_743160.html&RaiseDocType=Highlight_id�
http://my.epri.com/portal/server.pt?space=CommunityPage&cached=true&parentname=ObjMgr&parentid=2&control=SetCommunity&CommunityID=277&PageID=0&RaiseDocID=ohio_river_basin_water_quality_trading_project_da_743160.html&RaiseDocType=Highlight_id�
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/basins-and-watersheds/minnesota-river-basin/minnesota-river-basin-general-phosphorus-permit-phase-1.html?menuid=&missing=0&redirect=1�
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/basins-and-watersheds/minnesota-river-basin/minnesota-river-basin-general-phosphorus-permit-phase-1.html?menuid=&missing=0&redirect=1�
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 As discussed in the main document, there are two point – non-point water quality trades 
in Minnesota.  Both point sources, Rahr Malting Company and Southern Minnesota Beet Sugar 
Cooperative (SMBSC) trade with farmers and landowners who make improvements to water 
quality.  The trades were established because Rahr Malting and SMBSC wanted to increase 
discharge into the Minnesota River beyond the previously established legal limits. This limit 
gave each company the incentive to buy offsets from farmers and landowners. The Minnesota 
Pollution Control Agency and the EPA allow and oversee each of these trades.   
 In order to receive an offset payment the farmers/landowners must adopt certain 
practices.  Rahr required stream bank restoration and fencing cattle out of streams.  In order for 
farmers to receive offsets from SMBSC they must plant cover crops that reduce soil erosion.  
Cover crops provide “ancillary benefits” such as improved wildlife habitat and prevention of 
wind damage to the sugar beets drilled directly into the cover crop. 
 Although there are only two point/non-point trades in Minnesota there is potential to 
expand the concept to other areas. MPCA is in the process of establishing water quality trading 
rules, which they hope will streamline the process of establishing future trades.6  
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Appendix V – Additional Resources 
 

- IATP’s Climate and Agriculture Materials (http://www.iatp.org/climate/)  
  
- Conservation Marketplace of Minnesota (http://www.conservationmarketsofmn.org/) 

provides a variety of resources and helpful contacts relating to ecosystem services in the 
upper Midwest.  
 

- Ecosystem Marketplace (http://www.ecosystemmarketplace.com/) is a comprehensive 
source of information about a variety of ecosystem service markets  

 
- The World Resources Institute (http://www.wri.org/project/mainstreaming-ecosystem-

services) has produced many publications about ecosystem services including their 
Corporate Ecosystem Services Review 

 
- The USDA Office of Environmental Markets 

(http://www.fs.fed.us/ecosystemservices/OEM/index.shtml) is charged with advancing 
payments for ecosystem services in forestry and agriculture  

 
- The Willamette Partnership (http://willamettepartnership.org/about) is an organization 

based in Oregon that has established guidelines for creating and monitoring ecosystem 
service credits.  They are interested in creating a fair and transparent system to trade 
ecosystem services. They have established metrics for four ecosystem services, including: 
salmon habitat, upland prairie, wetlands, and water temperature. 

 
- The World Bank has many resources relating to ecosystem services and carbon markets. 

See their Discussion Paper, Development and Climate Change: Economics of Adaptation 
to Climate Change – Ecosystem Services. 
(http://siteresources.worldbank.org/EXTCC/Resources/407863-
1229101582229/D&CCDP7-Ecosystem.pdf) .. 
 

- The Natural Capital Project (http://environment.umn.edu/naturalcapital/index.html) is a 
partnership of the World Wildlife Fund, The Nature Conservancy, Stanford University, 
and the University of Minnesota.  It is intended to help assess a fair value for ecosystem 
services.  
 

- The Climate Action Reserve (http://www.climateactionreserve.org/)is an organization 
dedicated to certifying emerging carbon markets. They monitor the integrity of offset 
projects and facilitate carbon markets by ensuring emissions reductions associated with 
projects are real, permanent and additional. 

 
- Dartmouth College created catalog in 2004 which lists water quality trades in the US. 

enri.cas.psu.edu/initiatives/WQT%20database%208_05_04.pdf  
  

http://www.iatp.org/climate/�
http://www.conservationmarketsofmn.org/�
http://www.ecosystemmarketplace.com/�
http://www.wri.org/project/mainstreaming-ecosystem-services�
http://www.wri.org/project/mainstreaming-ecosystem-services�
http://www.fs.fed.us/ecosystemservices/OEM/index.shtml�
http://willamettepartnership.org/about�
http://siteresources.worldbank.org/EXTCC/Resources/407863-1229101582229/D&CCDP7-Ecosystem.pdf�
http://siteresources.worldbank.org/EXTCC/Resources/407863-1229101582229/D&CCDP7-Ecosystem.pdf�
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Appendix 3 – Management Guide for Production of Grassland Biomass 
for Renewable Energy in Minnesota 
 
 Sheaffer, C., J. Jungers, J. Gamble. 2014.Management guide for the production 
of grassland biomass for renewable energy in Minnesota. University of 
Minnesota with funding from the Xcel Renewable Development Fund. 
 
Sent separately 
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LEGAL NOTICE 

THIS REPORT WAS PREPARED AS A RESULT OF WORK SPONSORED BY 
FUNDING FROM THE CUSTOMER-SUPPORTED XCEL ENERGY RENEWABLE 
DEVELOPMENT FUND ADMINISTERED BY NSP.  IT DOES NOT NECESSARILY 
REPRESENT THE VIEWS OF NSP, ITS EMPLOYEES, OR THE RENEWABLE 
DEVELOPMENT FUND BOARD.  NSP, ITS EMPLOYEES, CONTRACTORS, AND 
SUBCONTRACTORS MAKE NO WARRANTY, EXPRESS OR IMPLIED, AND 
ASSUME NO LEGAL LIABILITY FOR THE INFORMATION IN THIS REPORT; NOR 
DOES ANY PARTY REPRESENT THAT THE USE OF THIS INFORMATION WILL 
NOT INFRINGE UPON PRIVATELY OWNED RIGHTS.  THIS REPORT HAS NOT 
BEEN APPROVED OR DISAPPROVED BY NSP NOR HAS NSP PASSED UPON THE 
ACCURACY OR ADEQUACY OF THE INFORMATION IN THIS REPORT. 
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