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Abstract 

 There has been an interest in growing perennial grass on marginal croplands to 

provide electricity and recreational services in the Madelia, Minnesota region.  

Policymakers and landowners want to know if it is economically feasible for farmers to 

convert row crops, such as corn and soybean, to perennial crops since the conversion will 

only take place only under the right economic conditions. 

 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. 

 Using the estimated WTP amount from the contingent valuation model, 

calculations were performed to determine the total benefits a farmer would receive from 

converting to a perennial grass crop.  In most cases, a farmer growing corn and soybean 

crops would not convert due to the higher revenue earned from growing corn and 

soybean, with rotation.  However, the farmer will convert to perennial crops if unlimited 

credit stacking, or payments for multiple ecological benefits, are allowed. 
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Chapter 1: Introduction 

1.1 Problem Statement 

 The United States has traditionally relied upon fossil-based fuels to fulfill its 

energy needs.  The recent volatility in crude oil and natural gas prices has fueled 

Americans’ desires for non-petroleum based fuel sources, especially those not originating 

from the Middle-Eastern countries.  In addition, there has been a recent public awareness 

campaign into how humans can reduce their carbon footprints.  Policymakers have 

proposed various solutions to address these two issues. 

 One solution is to utilize energy sources that can be domestically produced or 

harvested.  Examples include coal, natural gas, solar, and biomass.  The recent emphasis 

on sustainability and cleaner burning fuels has emphasized the biomass and solar options 

more than the conventional fossil fuels.  One such fuel source that can meet the 

requirements of domestically produced and sustainable is a class of biomass called 

perennial crops.  Perennial crops can either be grasses, such as switchgrass, or trees, such 

as poplar or willow trees.  They are renewable and green since they grow year after year 

and they leave a low carbon footprint.  In particular, perennial crops that are grown on 

converted farmland can enhance the reduction in carbon emissions.   

 While the primary goal of growing and harvesting perennial crops is to provide 

bioenergy, a side benefit is the accruement of other benefits.  These benefits can take the 

form of additional recreational opportunities, carbon credits, and pollinator credits.  One 

such example of an expanded recreational opportunity applies to hunters.  They will be 

able to enjoy additional opportunities for hunting game animals since the converted land 
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can provide new habitats for game animals.  Others will benefit from cleaner water due to 

reduced runoff and increased animal and plant diversity.  

 In order to convince farmers to convert their land from agriculture to perennial 

crops, one method of doing so is to adequately compensate farmers and land owners.  

This requires that the income earned from harvesting perennials and from other payments 

due to the conversion, such as pollinator and carbon credits, must be greater than or equal 

to the income currently earned for a land's current use, in agriculture. 

1.2 Research Objectives 

 To determine whether the compensation a farmer or landowner might receive is 

enough to encourage the land-use change from agriculture to perennial crops, it is 

necessary to estimate the income farmers could possibly earn from the recreational 

services provided by the conversion.  The primary objective of this paper is to contribute 

to empirical knowledge of the value to society of perennial grass conversion.  This will 

be accomplished by administering a survey to selected households to determine if people 

from counties, fairly close to the area with perennial crops, are willing-to-pay (WTP) for 

the conversion of row crops to perennial crops.  The amount of other services from 

pollinator and carbon credits will also be estimated from the information collected from 

the residents in the area.  A secondary objective of this study seeks to identify the 

importance of environmental qualities that Minnesota residents value in the Minnesota 

River basin that should be enhanced as a result of the perennial crop conversion.  



3 

 

Chapter 2: Literature Review 

2.1 Background Information 

 This project is focusing on the Madelia area, which is located in South Central 

Minnesota.  Some background information about the processes of converting grassland 

and generating electricity from the biomass is necessary to understand what happens 

during a conversion and how the differences in willingness-to-pay are estimated.  The 

literature illustrates concepts and examples in general, with a specific focus on the 

Madelia area when data or case studies exist. 

2.11 Planting and Harvesting of Perennial Grasses 

Most of the rural landscape in South Central Minnesota is currently utilized for 

agricultural purposes.  The land quality varies from field to field depending on certain 

factors, such as slope, and amount of organic matter.  This land quality dictates what 

kinds of vegetation can thrive in the local soil. When considering biofuels, technology 

currently exists to convert perennial grasses and trees into electricity.  While trees could 

be used to accomplish the goal of producing electricity from biomass, the focus in the 

Madelia area is on utilizing perennial grasses.  Various grass species could be used in this 

conversion.  However, it is beneficial to utilize species native to the area since this will 

ensure genetic diversity within the grass population and reduce the risk of exposing the 

grasses to exotic diseases or pests (Tallgrass Ontario, 2001).  The tallgrass prairie 

prevails in the Madelia area (Krohn, 2009).  Grass species that exist in the tallgrass 

prairie include switchgrass (Panicum virgatum), cordgrass (Spartina pectinata), 

indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii), and prairie 

sandreed (Calamovilfa longifolia). 
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The land on which the perennial grass is grown makes a difference in 

environmental and soil attributes.  As mentioned in a later section, growing the perennial 

grass on marginal lands will produce little to no greenhouse gas emissions, in addition to 

sequestering more carbon than what is released through prairie grass combustion.  

Furthermore, Tilman et al. 2006 notes that the impact on agriculture is minimized using 

unproductive land. 

Harvesting the perennial grasses depends on what objective a landowner wishes 

to satisfy.  Ideally, the perennial grass should be left in the ground for about 3 years to 

maximize ecological benefits and energy output (Krohn, 2009).  However, those seeking 

to maximize profits will instead choose to harvest the grasses annually.  In addition, 

leaving the switchgrass harvesting until the spring can provide wildlife cover in addition 

to reduced mineral concentration (Adler, 2006). 

The harvesting process described above is in contrast to how the Conservation 

Resource Program (CRP) functions.  Instead of allowing the perennial grasses to be 

harvested for bio-fuels, the CRP land is simply taken out service, and the plant material 

grown on the retired land is not harvested.  Most environmental benefits realized under 

the CRP are similar to those for the harvesting of perennial grasses, such as reduced soil 

erosion and improvement in water quality.  One figure estimates that the CRP program 

will reduce soil erosion by 750 million tons per year on a 45 million acre CRP site 

(Ribaudo et al. 1990), or 16.7 tons per acre. 

Once the harvested biomass arrives at the processing facility, it is ready to be 

combusted to produce electricity or processed to biofuels.  Alternatively, it can be stored 

to be used later in the year. 



5 

 

2.12 Renewable Electricity Production from Perennial Grass Combustion 

 Since the primary purpose of the perennial grass conversion in the Madelia area is 

to generate electricity from a renewable source, it is helpful to describe the process by 

which electricity is produced. 

 One such technology to produce electricity from biomass is called the Biomass 

Integrated Gasification Combined Cycle (BIGCC) (Craig and Mann, 1996).  The system 

works by taking in the raw biomass and combusting it to generate heat.  This heat is then 

used to produce steam.  The steam is then compressed.  Moving the steam through steam 

turbines generates electricity. 

 Currently the market in the Madelia region where biomass can be used is the Xcel 

Energy facility at New Ulm, Minnesota that can generate electricity by combusting 

biomass, such as prairie grass (Krohn, 2009).  The plant owners are currently paying in 

the range of $30 - $90 per ton of perennial grass, or $33.1 - $99.2 per Mg of perennial 

grass (Koda Company, personal communication, June 30, 2010).  This compares to 

literature values of $44 per Mg (McLaughlin and Kszos, 2005), $50 per Mg (Fox et al., 

1999), $56 per Mg (Hallam et al., 2001), and $94 per Mg for switchgrass in its pelletized 

form (Samson et al., 2004).  In order for perennial grass to be competitive (in energy cost 

to consumers) against natural gas for electricity production, the cost for the dry material 

has to be less than or equal to $50-60 per ton, or $55.1 - $66.2 per Mg (Koda Company, 

personal communication, June 30, 2010) given the current low price for natural gas.  This 

facility provides a market for the landowners who are looking to sell their harvested 

biomass for electricity production.  In general, landowners do not typically want to 

transport their harvested biomass more than 50 miles without pre-processing the material. 
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(CMM Draft Business Plan, May 12, 2010).  Other such biomass processing facilities in 

Minnesota include the gasifier at the University of Minnesota – Morris campus, the Koda 

Energy burner in Shakopee, and the Minnesota Valley Alfalfa Produces Pelleting 

machine in Priam. 

2.2 Other Benefits Resulting from Cropland Conversion 

 Aside from generating electricity from renewable sources, conversion of 

marginally productive farmland to perennial grasses has other benefits.  These are 

described in the following subsections. 

2.21 Pollinator Habitats and Credits 

 One benefit from the conversion of row crops to perennial grasses is that these 

newly planted grasses can in turn provide new places for pollinator species such as 

hummingbirds and bees.  One consideration for improving pollinator species habitats is 

their importance in pollinating crops such as almonds and pumpkins grown in California 

and Minnesota, respectively.  A lack of these species means that the harvests of these 

crops are likely to result in underdeveloped fruit or vegetables in addition to reduced 

genetic diversity in plants (Memmott et al., 2004; Vamosi et al., 2006).   

 Anthropogenic forces are also contributing to the decline in pollinator species.  

One result is that formerly continuous land is now fragmented.  Fruit sets that grow on 

these fragmented lands have experienced declines of 81% in pollen tubes, 73% in fruit 

sets, and 79% in seed sets of Mimosoideae (Prosopis nigra), Caesalpinoideae (Cercidium 

australe), and Capparaceae (Atamisquea emarginata) (Aizen and Feinsinger, 1994; 

Cunningham, 2000).  The evidence shows that there clearly is a need to provide a habitat 

friendly to these pollinator species. 
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 There have not been many studies conducted to determine what people are 

willing-to-pay for the pollination service resulting from the perennial grass conversion.  

Some studies have estimated the economic impact of utilizing pollinators in non-

perennial grass conversion areas.  These studies, however, focus their attention on 

honeybees rather than other pollinator species (Ingraham and Foster, 2006).  Ricketts et 

al. 2004 documented how pollinator species on two plots of land of 46 ha and 111 ha or 

113.67 acres and 274.29 acres improved coffee yields by 20 percent and coffee quality by 

27%.  This translated into approximately $60,000 for the farm in the study, or $154.66 

per acre (Ricketts, et al., 2004).  In another case, pollination services in the Canadian 

prairies increased annual alfalfa production by approximately 35% or by $2 million 

Canadian dollars (Guidelines for estimating cost of production: alfalfa seed, Blawat and 

Fingler, 1994).  

2.22 Decreased Runoff and Improved Water Quality 

 A problem facing many rivers and lakes is that runoff and leeched nutrients 

pollute them.  A major cause of this soil erosion is annual cropping.  In fact, soil losses 

from annual crops are 70 times greater than those from perennial grasses (Shiflet and 

Darby, 1985).  This loss to erosion is greatest during torrential rains.  Annual row crops 

have lost more than 200 times the amount of soil lost from perennial grasses under these 

conditions (Browning, 1973).  In southeastern and south central Minnesota, most non-

flash flooding situations that have occurred in the spring are caused by inadequate 

cropping cover due to increased plantings of soybeans (Randall, 2003). 

 One study has estimated the economic cost of soil erosion.  Pimentel, et al. 1995 

estimated that $196 per hectare, $146 of which is at the original site and $50 off-site, is 
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lost due to water runoff, replacement of nutrients, and soil loss.  These figures assume 17 

tons per hectare per year wind and water erosion rates over 20 years. 

 The perennial grass cropping in Madelia functions in a way like that described in 

a Best Management Practice (BMP) situation.  Several markets are being proposed in the 

Minnesota River Basin to credit those who undertake these BMPs.  These credit 

generating programs include the Minnesota River Summer Low Flow Total Maximum 

Daily Load (TMDL), Lake Pepin Eutrophication and Turbidity Impairments TMDL, 

Minnesota River Turbidity TMDL, and Blue Earth River TMDL (CMM Draft Business 

Plan, 2010). 

 The Minnesota River Summer Low Flow TMDL and National Pollution 

Discharge Elimination System (NPDES) permits require all wastewater treatment plants 

to reduce phosphorous flows in their wastewater streams.  One method of accomplishing 

this is through employing point-to-point trading during the critical period, defined as May 

through September of each year.  The Lake Pepin Eutrophication and TMDL will allow 

for point and non-point source generated credits.  The Minnesota and Blue Earth River 

Turbidity TMDLs, currently under development, will likely employ flow trading for 

phosphorous since the maximum extent regulations by the United States Environmental 

Protection Agency (EPA) will make credit generation for phosphorous difficult.  The 

maximum extent regulations are caused by a policy called "Maximum Extent 

Practicable," which states that a pollution source must to treat its runoff to the highest 

level instead of being subjected to a limit on the effluent.  Minnesotans are WTP $201 

per household for the benefits realized from water quality improvement (Senjem, 2006).  
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Another study found that households are WTP $140 for similar benefits in the Minnesota 

River (Mathews et al., 2002) 

2.23 Increased Recreational Opportunities 

 The conversion to perennial grasses will present new habitats for animal and plant 

species.  In one case, Johnson and Schwartz noted that land converted from agricultural 

use to prairie grass in the Conservation Reserve Program (CRP) had notable numbers of 

breeding birds that were absent from non-CRP lands.  For instance, the Lark Bunting 

(Calamospiza melanocorys) density increased from 4.2 breeding pairs per 100 ha to 21.8 

breeding pairs per 100 ha (Johnson and Schwartz, 1993).  While species numbers might 

decline for those who thrive on agricultural lands, the overall population of species 

should increase since many plants and animals are better suited for native environments 

versus ones with an anthropogenic influence. 

 As a result of an increase in these habitats, hunters will be able to enjoy more 

opportunities in hunting game animals.  Several studies have estimated a hunter's WTP 

for hunting leases.  One study focusing on Alabama estimated that hunters were willing 

to pay $1.29 per acre (Zhang et al., 2004).  Another study estimated lease hunting 

contributed $0.29 to $292.50 per acre to a landowner's income depending on location 

(Porter et al. 1996).  In Wisconsin, lease fees for hunting in the 1980s ranged from $2.67 

to $4.52 per acre (Ruff and Isaac, 1987).  Factors that influence one's WTP for a hunting 

lease include a hunter's experience, household income, number of dependents, and lack of 

game quality at other areas throughout the region  (Zhang et al., 2004). 

 Within Minnesota, sportsman’s interest groups, such as Ducks Unlimited and 

Pheasants Forever, have vested interests in increased hunting areas (Krohn, 2009).  In 
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Minnesota, one study examined a policy option that sells tax-forfeited forest land (TFFL) 

used for hunting purposes to private owners.  This study estimated that $1,338 per acre of 

TFFL would need to be spent in order to replace hunting rights lost by selling TFFL land 

(Brown and Kilgore 7, 2008).  To use private TFFL land, hunters need to convince 

landowners to allow them to hunt on their properties, possibly through paying for land 

access.  97% of owners of former TFFL lands have never leased land for hunters at any 

point in the past and 47% will never give permission for hunters to use their land if 

currently asked (Brown and Kilgore 42, 2008). 

2.24 Lower Carbon Emissions 

 The major concern about sustainability concerns whether a practice is carbon-

neutral.  It is known that growing cover crops, such as alfalfa, and then plowing them has 

been known to release sequestered carbon into the atmosphere due to these cover crops' 

shallow roots.  However, the conversion of row crops to perennial crops will continually 

build up soil carbon if the above-ground crop is removed for energy production purposes.  

One study by Jannasch, et al. identifies growing perennial grasses for biofuel production 

as a closed looped carbon cycle since the carbon released through combustion is 

recaptured through photosynthesis in the grass the following spring, given that the 

cropping area does not change.  In addition, this kind of planting requires less fieldwork 

which reduces fossil fuel consumption (Jannasch et al., 2001).  In the end, planting 

perennial grasses has been shown to release fewer carbon atoms than its row crop cover 

plant counterparts.  

 To ensure that little carbon is lost to the atmosphere when harvesting these 

perennial grasses, it is important to know the conditions under which these carbon losses 
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are minimized.  Some studies, including Fargione, et al. 2008, Sanderson and Adler 2008, 

and Anderson-Teixeira et al. 2009, have shown that growing and harvesting perennial 

grass on marginal land has little effect on increasing the carbon debt.  The reduced carbon 

emissions (CO2) are especially notable when the land is being used for biofuel 

production.  Fargione, et al. 2008 notes that converting abandoned or marginal cropland 

for prairie biomass ethanol production adds little to the carbon debt.  Growing prairie 

biomass for ethanol production on abandoned cropland incurs a carbon debt of 6 Mg CO2 

per ha and the time needed to repay the biofuel carbon debt relative to the fossil fuels 

after conversion is 1 year.  For prairie biomass grown on marginal cropland, the carbon 

debt is 0 Mg CO2 per ha and there is no biofuel carbon debt relative to the fossil fuels 

after conversion. 

 These figures are substantially better than for palm biodiesel grown in peatland 

rainforests and corn ethanol grown on central grassland.  The carbon debts and times to 

repay the carbon debt are 3,452 Mg CO2 per ha and 423 years and 134 Mg CO2 per ha 

and 93 years for crops grown in peatland rainforest and central grassland, respectively 

(Fargione et al. 2008).  The differences in carbon debts between growing perennial crops 

on marginal or abandoned cropland and currently productive cropland is due to the fact 

that these marginal and abandoned croplands do not have substantial amounts of carbon 

stores.  However, recropping abandoned land with cover crops, such as alfalfa, and 

plowing it for row crops will incur a biofuel carbon debt since the stored carbon will be 

released due to the shallow roots of these cover crops.  A 2009 study by Kulshreshtha and 

Kort determined that carbon sequestration benefits from 1981-2001 to be $72.6 million 

for 352,230 ha, or $83.42 per acre. 
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 Another study conducted by Anderson-Teixeria investigated the soil organic 

carbon for natural or agricultural land conversion to biofuel production with corn residue, 

sugarcane, switchgrass, Miscanthus x giganteus, and restored prairie crops.  Soil organic 

carbon accumulated in the top 30 cm below the surface for all four grasses while the corn 

residue lost 3-8 Mg ha-1.  Sugarcane demonstrated an initial loss of soil organic carbon of 

20 Mg C ha-1 in the top 15 cm of soil, but the soil organic carbon component has shown a 

recovery of 0.3-0.5 Mg ha-1 per year  (Anderson-Teixeria et al. 2009).  This means that 

the carbon loss could be repaid in a century. 

2.3 Economics of Contingent Valuation 

 Since pricing information is not readily available for the perennial grass 

conversion and the existence of significant non-market benefits indicate price is not a 

reliable way to fully gauge the value to society of the conversion, alternative techniques 

must be employed to obtain a better estimate of those values.  Two such methods exist to 

measure non-market values, implicit pricing and contingent valuation.  This report 

utilizes contingent valuation to analyze how much citizens are willing-to-pay for the 

conversion of row crops into perennial grasses for recreational purposes only. Even 

though the survey design can influence the results, empirical and theoretical evidence 

have shown this valuation technique to be "replicable and accurate within broad limits 

(Wilson and Peter, Peter 220, 1988).  Using this valuation technique will enable one to 

determine how much payments landowners might receive for different non-market 

benefits such as ecosystem services.  One concern is whether or not the payments from 

providing different ecological services can be added (stacked) to receive a larger 

payment.
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2.31 Credit Stacking 

 A farmer or landowner may receive a payment for providing a specific ecological 

service, such as increasing the population of an animal species.  As part of the agreement 

to increase the population in exchange for selling the credits, other services are often 

provided while complying with the agreement.  These services may be provided as a joint 

product with the service contracted to provide.  To improve a service, changes to the 

physical environment are often performed.  Examples of programs that offer payments 

for the ecological services that result from modifications of the physical environment 

include the Environmental Quality Incentives Program, Conservation Reserve Program, 

and the Climate Action Reserve (World Resources Institute, 2009). 

In most cases, changes to the physical environment often bring about 

improvements in other ecological services.  Proceeding with the conversion results in 

joint product production, or, in this case, joint services.  The problem arises when the 

landowner tries to claim a payment for the other services not originally negotiated.  If one 

decides to go above and beyond the requirement and to provide additional services, one 

solution termed credit stacking can avoid the joint production issue.  

 Credit stacking allows the landowner to receive payment for the multiple 

ecological services provided by the conversion.  An administrative issue with credit 

stacking arises when the land owner decides to claim more credits than to which he or she 

is entitled.  For instance, this can arise when one tries to sell carbon credits from planting 

trees, which were stipulated under a previous agreement to improve water quality.  This 

process is called double-dipping (Fox, 2008).  The drawback to double-dipping is that 
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landowners can gain more profit by not providing more environmental benefits than what 

was already stipulated in a previous contract. 

 From a societal standpoint, there is no problem with credit stacking.  Under this 

situation, one should sum the total benefits produced from the ecological services and 

compare these benefits to the total costs.  If the total benefits outweigh the costs, then the 

landowner should proceed with the conversion.  In fact, credit stacking provides 

maximizes the social welfare since everyone benefits from improved environmental 

qualities.  However, it is another issue of accounting when it comes to paying the 

landowners for the conversion.  This is due to the fact that programs often have a set 

budget each fiscal year.  When more payments are made to the same land, this can reduce 

the environmental benefits since the benefits are only realized in smaller areas instead of 

broader ones.  This is where the administrative issue arises with credit stacking. 

 From an administrative point of view, several solutions exist to resolve the 

double-stacking issue.  The first one deals with unbundling.  As stated by Fox, the 

ecological services that were previously stated under an agreement are now represented 

separately as discrete units.  The main issue with this solution is how to properly account 

the environmental services of each action.  Ecosystems are often intertwined in activities.  

For instance, planting trees to encourage species diversification can result in water 

quality improvement in an impaired river.  This interconnectedness makes it hard to 

accurately account for which improvement can be tied to the appropriate credit. 

 Another such approach called additionality may be easier than unbundling.  

Additionality considers only improvements that have been implemented beyond what 

was mandated in an original land management plan.  This approach avoids the double-
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stacking issue since credits for ecological services will not be awarded in multiple 

ecosystem markets for work done under a single management plan.  According to the 

World Resources Institute, projects can only be stacked if both payments are necessary to 

proceed with the change (World Resources Institute, 2009).  For instance, water quality 

and carbon payments paid individually are insufficient by themselves to encourage the 

change.  Development would proceed if the water quality and carbon payments are 

stacked, and if the combined payment exceeds the threshold level for action. 

 Even if a solution is possible, the major hurdle in allowing stacking is the 

logistical challenge of coordinating multiple regulatory agencies to approve the credits 

and to perform audits to prevent double-dipping.  It is already difficult to coordinate other 

such activities between two regulatory groups.  Even if there is extensive cooperation, it 

can take a long period of time before any such plan is approved.  Typical times can range 

from eight months to several years for an endangered species (Fox, 2008). 

 Another potential challenge, although smaller, is the issue of complexity in 

accounting for the various credits.  A landowner may have to perform a detailed analysis 

about which services can be included in a credit.  This process can consume a lot of time 

and money.  However, this may be beneficial to the ecosystem since the careful scrutiny 

of the provided ecological services occurs where it normally would not under a system 

with no stacking.  One possible solution to make it easier for landowners is to have the 

government or an outside agency do the study of what services can be accounted for in a 

credit.  This is only viable though if the problem of agency coordination can be is 

resolved.  One such effort is being started in the Madelia, Minnesota area. 
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 In the Madelia area, the Conversation Marketplace of Minnesota (CMM) is the 

organization responsible for connecting landowners (sellers of ecosystem services) to the 

buyers of these services.  The CMM's goal is to establish a voluntary marketplace for 

ecosystem services transactions of water quality trading, carbon credits, and habitat credit 

trading in the Greater Blue Earth, Lower Minnesota River, and Middle Minnesota River 

Watersheds located in southern Minnesota.  Stakeholders in this organization include 

credit generators, credit buyers, certified field representatives, regulatory authorities, 

committee members, and project partners.  As outlined by the CMM, this recognizes that 

the buyer is the driving force behind all credit transactions.  To assist the buyers and 

sellers of ecosystem service credits, the CMM, as stated in their business plan, will 

provide a system of check and balances and guarantees necessary site assessments, credit 

validation, record keeping, and reporting for clientele who voluntarily participate in 

trading.  Even though the CMM connects buyers to sellers, the CMM does not take on 

credit generation liability for contract default. 

2.32 Contingent Valuation Case Studies  

 There are a number of case studies that have used contingent valuation in their 

analysis.  One study conducted by Hite et al. 2008 explored whether consumers are 

willing to pay a surcharge for biopower.  The study asked each person in each focus 

group, with a total of four focus groups, for his or her WTP before and after listening to a 

presentation about factual information on energy use in Alabama and about the use and 

costs of green energy alternatives.   

 Using an ordinary least squares (OLS) regression model, the WTP from the pre- 

and post-group are $7.56 and $5.73, respectively.  The standard error in the WTP 
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decreased from $7.86 in the pre-focus group participants to $3.77 in the post-focus group 

participants.  This could indicate having more information can help respondents make 

better informed choices.  In addition, the independent variables that had a non-zero effect 

on the post-focus group WTP include retired individuals, individuals paying the 

household utility bill, whether individuals valued paying $6.00 for 6-7% of a household's 

total monthly electrical usage coming from green energy, and individuals who are aware 

of alternative energy programs.  The "worthiness" of paying an additional $6.00 on the 

electric bill to have 6-7% of the total household electricity come from renewable sources 

means that a respondent values green power such that one is willing to pay a surcharge to 

support its production.  The only variable that had a non-zero effect on WTP before 

listening to the presentation was whether one thought it was worth a $6.00 payment for a 

6-7% of a household's total monthly electrical usage from green energy (Hite et al., 

2008).  All listed variables that are significant in the pre- and post-group are dummy 

variables.  An interesting note in this analysis is that there is no different in WTP across 

socioeconomic groups. 

 A similar approach was used by Santagata and Signorello examined the WTP of 

Naples residents to maintain a cultural public good named "Napoli Musei Aperti" 

designed to allow people to visit cultural, historic, and artistic monuments and sites 

located in four central areas of the city.  The contingent valuation questionnaire elicited 

WTP by adopting a multilevel questioning strategy where the single bound discrete 

choice question was chosen as the primary valuation question.  A screening question 

ensured that protest zero values of WTP would not affect the final results.  If a 

respondent indicated a protest zero value, that respondent's answers were not included in 
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the rest of the data analysis.  Respondents were asked in the second stage a single 

bounded discrete choice valuation question with WTP amounts ranging from 5 to 100 

thousand Lire, with the exact amount being randomly drawn in accordance with the 

method described by Bishop and Heberlein in their 1979 paper.  The third question was 

open-ended and asked for the respondent's maximum WTP. 

    The single bounded discrete choice data was analyzed using a logit model while 

the open ended bid valuations were analyzed using a Tobit censored model.  The 

censoring point is at zero.  The logit model demonstrated that one's decision to pay or not 

to pay was higher for those who spend their income on cultural activities.  Age was 

negatively related to one's WTP suggesting that older persons are less likely to pay for a 

cultural public good.  The regression results for the Tobit model demonstrated that the 

variables had the same signs and significance as these estimated by the logit model.   

 A third study completed by Buzby, et al. utilized contingent valuation to 

determine the consumers' WTP for improved food safety in grapefruits.  This contingent 

valuation survey was unique in that it incorporated dichotomous choice and the payment 

card WTP elicitation methods.  Regression analysis was conducted between the WTP for 

improved food safety and demographic and attitudinal factors.  The variables gender, 

age, income, attitude1, attitude2, education, household, version, and race were used in 

two regressions.  The variable attitude1 represents the level of agreement, from 1 to 5 

with 1 representing strongly agree and 5 representing strongly disagree, with the 

statement "the current levels of pesticides in fresh fruits and vegetables are safe" and 

attitude2 represents "the government should ban all pesticides" with the same scale as 

used in attitude1.  The OLS model was used to estimate WTP based on the payment card 
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data while the logistic approach was used with the dichotomous choice data.  At the 1% 

level, age, education, attitude1, and attitude2 were significant in the OLS regression.  The 

variables attitude1 and attitude2 were significant at the 1% level for the logistic 

regression (Buzby, et al. 1995).  Overall, the study shows that many food consumers are 

WTP more than the purchase price to ensure a greater level of food safety through 

reduced pesticide usage. 

 Another case study by Choe et al. 1996 deals with improving water quality near 

their communities.  The study's authors utilized the contingent valuation method and 

travel cost model estimate the value people place on water quality of nearby sea and 

rivers.  Independent variables tested for the contingent valuation model are initial price, 

female, income, education, renters, squatter, flood, urban, coast, knowledge, quality, 

worry, use, and news.  The variables coast represents if a respondent lives in a barangay 

that is adjacent to the coast.  In the OLS regression model, income, education, and flood 

are significant at the 1 percent level, while urban is significant at the 5 percent level, and 

use is significant at the 10 percent level.   

 For the travel cost model, the variables round trip travel cost to the target site, 

water quality before and after the public health advisory, income, preferences and tastes 

of a household, and round-trip travel cost to an alternative site were regressed to 

determine the explanatory power for the number of annual visits made to a beach.  This 

model was estimated by using OLS and Tobit regression for the before and after cases of 

issuing a public health advisory.  The variables total travel cost to a beach is significant at 

the 1 percent level and income and total travel cost to an alternative site were significant 

at the 5 percent level for the OLS model before the health advisory.  The total travel cost 



20 

 

to the beach and the total travel cost to an alternative site are significant at the 1 percent 

level and income at the 5 percent level for the Tobit model before the advisory.  Income 

and education level are significant at the 1 percent level and total travel cost to the beach 

is significant at the 5 percent level for the OLS model after the health advisory.  Finally, 

income and travel costs are both significant at the 5 percent significance level for the 

Tobit model after the advisory. 

 A comparison of the WTP from the travel cost and contingent valuation models 

reveal similar amounts.  The WTP values from the contingent valuation models  are 51 

pesos and 30 pesos from the Hazard (Weibull distribution) and Probit models, 

respectively.  For the travel cost model, the WTP values are 51 pesos and 36 pesos for the 

Tobit and OLS models, respectively (Choe et al. 1996).  This reveals that the travel cost 

and contingent valuation methods provide quite similar valuations for environmental 

benefits. 

 For the issue concerning greenhouse gas emissions, one case study by Akter et al. 

2009 investigated air travelers' WTP to pay a carbon tax to offset carbon emissions.  In 

the Tobit model, the factors that positively influence one's WTP to offset carbon 

emissions include one's frequency of flying and the general disposition towards paying 

for the environment as a public good.  The Probit model found that attitudes toward 

paying the tax, feeling responsible for contributing towards climate change, the starting 

bid of the tax, and feeling that the tree planting program to offset the carbon emissions is 

effective to be significant variables in this model.  The WTP values are equal to 23 and 

43 Euros per flight for the double bounded and open-ended cases, respectively.  The 

study also reported that about a third of the respondents are not WTP for the carbon 
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offsets if it was voluntary (Akter et al. 2009).  This could imply that forcing people to pay 

for the changes may be the only effective way to collect payments for carbon offsets. 
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Chapter 3: Methodology 

3.1 Data Collection and Questionnaire Overview 

 The following subsections describe the selection criteria for the respondents, the 

types of questions asked, and the models used in the data analysis. 

3.11 Selection of Respondents 

 A list of eligible households was obtained from Survey Sampling International 

(SSI).  SSI only included households in their stratified sampling list whose respondents 

were 18 years of age or older as of the year 2009.   SSI generates their samples using 

stratified sampling procedures.  Household lists are compiled by InfoUSA from telephone 

directories along with secondary sources, such as birth records, voter registration, and 

real estate transactions.  The eligibility criteria for inclusion in the sample is that the  

household is located in one of three Minnesota counties: Carver, Scott, and Dakota.  The 

reason for this is that the study seeks to explore the valuation of respondents who do not 

live nearby the Madelia area, but instead who live in a larger population area, such as the 

seven-country Twin Cities Metropolitan area.  The general accuracy for a deliverable 

mail sample within the specified target population, such as ones based on zip code, is 80-

85 % (SSI Directory-Listed Household and Mail Sample Flyer).  Additional checks were 

performed on the household zip codes since some households on the list were not located 

within one of the three specified counties.  The final stratified sample list included 2,500 

respondents from these three counties.  Respondents completing and returning the survey 

were offered the chance to find out the survey's results by e-mail. 

 Although the mail survey format has been a mainstay of survey methods, 

technology has influenced the way people respond to surveys and the types of people 
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who respond to a survey.  However, Kaplowitz et al. 2004 studied the difference between 

response rates of mail- and web-based surveys.  This study concluded that there is no 

difference between the response rates using the mail or web as long as an advanced mail 

notification was sent in advance.  Recently, the internet has proven successful amongst 

younger respondents while this has not been the case with older respondents.  One such 

study detailed that the average age of a respondent to the web-based surveys is 24.14 

years old while the average age of a mail respondent is 30.55 years old.  This was 

determined to be significant at the 0.05 significance level (Kaplowitz et al. 2004).  Other 

studies have confirmed the findings that there is no mode effect between web-based 

surveys and mail-based surveys (Denscombe 2006; Best et al., 2001; McCabe et al., 

2002; Stangl, 2004; Yun & Trumbo, 2000). 

3.12 Questionnaire Design 

 A draft questionnaire was designed in consultation with the ECoPayPack team.    

From July 6 to 17, 2009, Rural Advantage contacted 14 stakeholders and asked them to 

fill out a preliminary questionnaire by mail.  Further revisions were conducted based on 

the feedback received from the pretest.  The final version of the questionnaire was mailed 

on July 31, 2009, and the returned questionnaires were collected during the period of July 

31 through October 1, 2009.  Although the researcher and other University of Minnesota 

stakeholders were able to provide input to the process, Rural Advantage had the final 

decision over the questionnaire's content and the wording of the questions. 

 Various authors have discussed how to elicit high-response rates from the target 

population.  Dillman (2007) outlines the Tailored Design Method for survey research.  
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The basis of this method is based upon social exchange, or how to increase one's 

perceived reward while decreasing that person's cost.   

 To encourage a high response rate, most of the questions asked the respondent to 

circle a letter or number.  Other such response types, such as writing out the nearest 

recreational area to a respondent's household and the activities done at that recreational 

area, were minimized.  At the end of the questionnaire, the respondent had a chance to 

make any suggestions.  The number of mailings sent to each household similarly 

followed Dillman's Tailored Design Method.  This method consists of five parts: a 

respondent-friendly questionnaire, up to five contacts with the respondent, using self-

stamped envelopes, personalized correspondence, and a token financial incentive sent 

with the survey (Dillman 2007). 

 The respondent-friendly questionnaire encompasses several aspects: physical 

shape of questionnaire, the order in which questions should be asked, and the front and 

back pages of the questionnaire. 

 The physical layout of the questionnaire is important to ensuring that the 

respondent has an easy time in answering the right sets of questions in the correct order.  

Unusual shapes or folding patterns have confused respondents as they try to answer the 

questions (Dillman, Reynolds, and Rockwood, 1991; Dillman and Allen, 1995).  Reading 

long lines of text on a whole sheet of paper in a landscape or portrait setup also 

encourages the reader to haphazardly read the printed information (Dillman, 2007).  The 

recommended layout is to utilize a booklet format.  The questionnaire was constructed 

using two legal sized, 14 by 8.5 inches sheets folded together to create an 8.5 inch by 7 
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inch questionnaire.  Microsoft Publisher 2007 was used to design the layout of the survey 

packet.   

 Question ordering is another issue that warrants attention.  The most salient 

questions were placed at the beginning of the questionnaire to draw in the respondent's 

attention.  It has been shown that a study's response rate is related to the salience of a 

questionnaire's topic (Heberlein and Baumgartner, 1978).  Questions that ask personally 

revealing information, such as income and employment status, were at the end of the 

questionnaire.  Questions that utilized the same type of answers, such as interest in a 

recreational activity, were grouped together to ensure the respondent retained the same 

thought process.  The effect of questionnaire covers is still being debated.  In any case, 

the survey should be distinguishable from other ones.  This was accomplished by placing 

on the front cover the Rural Advantage and University of Minnesota logos and the 

survey's title. In addition, questions were not placed on the last page since this might 

increase non-response rates (Dillman, 1978). 

 Under the social exchange theory, respondents would need to receive a different 

kind of contact to catch their attention.  The initial contact contained the package which 

included a cover letter, an sheet with descriptions of key terms, pictures of the before and 

after conversion from row crops to perennial grasses, and a map showing where Madelia 

is geographically situated, the questionnaire, and a postage-paid return envelope.  The 

follow-up contact was a postcard which reminded respondents to complete the 

questionnaire if they have not done so, and thanked those who already have.  The final 

contact, with those who had not already responded to the survey, was to mail them 

another survey package. 
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 Another component in Dillman's Tailored Design Method deals with the postage 

used in mailing items to a respondent.   Studies have shown that placing stamps on the 

return envelope can influence response rates (Armstrong and Luske, 1987; Dillman, 

1991).  In accordance, stamps were used on all the mailings sent to each respondent.  In 

this case, stamps were also used to emphasize the personalization that went into preparing 

each respondent's mailing packet. 

 In addition to utilizing postage stamps on the correspondence, personalization was 

used in the information each respondent received.  The cover letter contained the logos of 

the University of Minnesota and Rural Advantage along with the signatures of the 

President of Rural Advantage and the  point-of-contact researcher at the University of 

Minnesota.  The respondent's name and address appear on the cover letter.  In addition, 

the respondent's name also appears on the follow-up post card and second package 

mailing, if applicable.  Personalization has proven to be an effective way of increasing 

response rates from 5 to 11 percent from surveys conducted in Idaho, Oregon, 

Pennsylvania, and Washington (Dillman et al. 1999). 

 The final part of the Tailored Design Method is to include a token financial 

incentive.  Research has shown that giving out incentives to respondents with the survey 

mailing has increased survey response rates (James and Bolstein, 1990, 1992; Church, 

1993) while promising to send money does not have the same effect (James and Bolstein, 

1992; Johnson and McLaughlin 1990).  Since it was desired to minimize the financial 

costs, a compromise token incentive program was developed.  The respondent had the 

chance to learn about the survey results if he or she indicated yes on the questionnaire 

and provided a valid electronic mail address. 
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 The questionnaire was divided into two sections named Benefit Valuation and 

Demographic Information.  The purpose of the benefit valuation section is to measure 

how a respondent values recreational services, how each person ranks environmental 

services provided by the perennial grass conversion, the WTP as an entrance fee, number 

of visits, and the duration of a visit for a site near Madelia, MN before and after the 

conversion, and the percentage of a sales tax that should be used to improve the Madelia 

area.  The sales tax funding would come from the Clean Water, Land and Legacy 

Amendment constitutional amendment to increase the general sales and use tax by 

0.375% from 6.5% to 6.875% percent to protect, enhance, and restore habitat for game, 

wildlife, and fish, to enhance water quality and to protect drinking water, to support parks 

and trails, and to fund the arts, arts education, and to preserve Minnesota's history and 

cultural heritage (Minnesota Department of Natural Resources Website). 

 The second part of the questionnaire deals with demographic information.  

Participants were reminded that their responses to the data in this section are confidential 

and that they will not be disclosed to anyone else.  The demographic data collected in this 

section included numerical values for year born, highest level of education completed, 

number of people living in the household, 2008 total household income before taxes, 

fraction of income from farming in 2008, and the value of residence based on 2008 

property tax statement or amount of rent paid.  The other variables, such as marital status, 

employment situation, and sex were treated as dummy variables.  Although it was not 

specifically asked on the questionnaire, each respondent's household geographical 

distance from Madelia was also determined.  The zip codes for the respondents was 

provided by Survey Sampling International, and the zip code for Madelia, MN is 56062.  
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The zip codes were then determined by using the MelissaData website to obtain an 

approximate geographical distance. 

 Since the research objectives measured only the willingness-to-pay of residents, 

all respondents filled out the same questionnaire compared to filling out questionnaires 

with different values for the WTP.  A copy of the questionnaire is shown in Appendix A.  

3.13 Questionnaire Answer Coding 

 A general outline of the coding procedures for a question's answer is listed here.  

Microsoft Excel was used to record each respondent's question answers.  The techniques 

listed in Alreck and Settle 2004 are used to minimize spreadsheet data entry errors.  

Specific coding values for each question are listed in Appendix B.  Questions that utilized 

the Likert scale for ranking environmental services utilized a simple 1 to 5 coding 

scheme, with 1 denoting not very interested to 5 denoting extremely interested.  Answer 

choices for each question were coded to represent their actual, or typically associated 

with the general population, values when possible.  For instance, the question that asked 

for a respondent's education had six possible responses: some high school, high school 

diploma, some college, Associate's degree, Bachelor's degree, and graduate degree.  Each 

response had a letter choice, a through f.  However, the coding sheet represented these a-f 

choices as actual years of education, in this case 8, 12, 13, 14, 16, and 19 years of 

education for answer choices a-f, respectively, for analysis purposes. 

3.2 Model Specification and Variable Definitions 

 Two models, contingent valuation and hypothetical trip cost, are used to 

determine the factors influencing WTP and the number of visits to a recreational area 
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before and after the perennial grass conversion.  The following variables listed in Table 

3.2A are used as explanatory variables in the OLS and Tobit regressions.   

Table 3.2A: List of Independent Variables and their Hypothesized Signs on WTP 

Variable Description of Variable Name Unit 
Predicted 
Sign of 

Coefficient 

Age Respondent's Age Years - 

Educ Respondent's Level of Formal Education Years + 

NumHH Number of People Living in a Respondent's 
Household People + 

Inc Household's 2008 Gross Annual Income Dollars + 

Sex Identifies Respondent as Male or Female N/A - 

Distance Household's Geographical Distance from Madelia Miles - 

AvgQ1 The average (arithmetic mean) of a respondent's 
interest in recreational services in Question 1 N/A + 

Q2f The respondent's rank of Global Climate Change 
Mitigation in Question 2 N/A + 

Q2g The respondent's rank of Increased Green/Open Space 
in Question 2 N/A + 

Time 
The change in the length of a respondent's visit or stay  

to a recreational area near Madelia given by the 
difference between Questions 11 and 12 

Days + 

 

 In Table 3.2A, a respondent's average rank of recreational services is calculated.  

Each recreational service listed in (see Table 4.1A) receives a score from 0 to 4 indicating 

an interest level.  The scores are summed across all recreational services and the resulting 

sum is divided by 11 to obtain the average score, or average interest in all recreational 
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activities.  The variables Q2f through Q2g represent the environmental services that 

appeared in order in the questionnaire (see Appendix A for the order in which 

environmental services were placed).  For instance Q2f represents a respondent's interest 

in Global Climate Change mitigation.  These variables represent the environmental 

services. (see Table 4.1C).  Instead of summing the ranks and taking an average, each 

individual rank is used directly in the regression due to the different ranking system used 

by respondents (see Section 4.33 for more details). 

 In general, an older respondent is likely to negatively influence WTP and the 

number of visits since mobility and hence enjoyment of physically demanding activities 

decreases as a person ages (Santagata and Signorello 2000).  Education should have a 

positive influence since those with more years of education are more likely to realize the 

importance of improved environmental qualities and services (Hite et al. 2007).  Those 

with higher incomes are more likely to spend and visit more since they have they have 

more financial resources to do so (Choe et al., 1996).  If a respondent is located further 

from a place or area, there is a higher cost to visit the place and therefore a respondent is 

less likely to travel to that place (Hussain et al., 2003).  Those respondents who live with 

more people are more likely to invest in less expensive activities that everyone can enjoy 

(Hite et al., 2007).  Respondents who value recreational and environmental services are 

more likely to pay and to visit after the conversion since the conversion will improve 

these respondents' utility levels to a greater extent than those who do not greatly value 

these services (Santagata and Signorello, 2000).  In summary, all of the variables are 

expected to positively influence the changes in WTP and the number of visits except for 

the variables age, sex, and distance. 
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3.21 Contingent Valuation Model 

 To satisfy consumer demands for recreational activities as well as to provide an 

energy source for renewable electricity production, various payment vehicles can be used 

to fund the conversion to perennial crops.  One payment vehicle for the WTP is an 

entrance fee charged per person per visit for a wildlife area near Madelia.  An alternative 

payment vehicle includes levying a new tax or adding a surcharge onto consumers' 

energy, electric or natural gas, bills.  Although it is not used in this survey, another 

possible elicitation method is called the checklist method.  This is where respondents 

indicate in which payment range their WTP falls (Mitchell and Carson, 1989).  In other 

words, WTP is treated as a grouped variable during data collection.  The checklist 

method is similar to the payment card method described by Mitchell and Carson (1981, 

1984).  For comparison purposes, the hypothetical trip cost method is also employed. 

 There are many possible ways to express the function form for the relationship 

between WTP and the explanatory variables.  Six possible functional forms for the WTP, 

listed below in Equations (1) to (6), were estimated with the survey data to determine the 

best relationship between the dependent and explanatory variables. 

 1
0

i 1

β1  = β + + ε
WTP x

 (1) 

 1
i 0

1

βln WTP  = β + +ε
x

 (2) 

 i 0 1 1ln WTP  = β +β x +ε  (3) 

 i 0 1 1ln WTP  = β + β  ln x + ε  (4) 

 i 0 1 1WTP  = β +β  ln x +ε  (5) 
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 i 0 1 1WTP  = β +β x +ε  (6) 

x1 represents a respondent's recreational values, environmental service values, and 

demographic information and ε denotes the error term for variables not accounted for in 

the model.  To conserve paper space, the variables are not written out in expanded form.  

The change in WTP was determined by taking the difference between the pre- and post-

conversion values.  Equation (1) describes the inverse-inverse function form.  

Wooldridge describes Equations (6), (5), (3), and (4) as the level-level, level-log, log-

level, and log-log functional forms (Wooldridge, 2009).  Equation (2) is called the log-

inverse function form.   

 The Tobit model has been used in various situations dealing with corner solutions.  

This survey falls into that category since the change in WTP to visit a recreational area 

near Madelia for the pre- and post-conversion cases is zero for more than half of the 

respondents.  The Tobit model follows the functional forms given by Equations (1) - (6).  

However, the difference with the Tobit model is that some observations are censored 

according to the researcher's criteria.  For this study, it is desired to know the attributes 

that contribute to a positive change in WTP value, as calculated taking the difference in 

the WTP after and before values.  Since taking natural logs or the inverse of a value of 

zero for WTP does not return a number, the censoring point for the Tobit model for 

Equations (1) through (6) are as given: 

 
* *
i i

i
WTP if WTP  > 0

WTP  = 
0 otherwise





 (7) 

where *
iWTP represents the functional form given by Equations (1) though (7). 
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3.22  Hypothetical Trip Cost Model 

 It is desired to compare how well the contingent valuation model fit the data.  

Therefore, another model, called the Hypothetical Trip Cost Model, is employed to 

provide a comparison.  The functional forms used for this method are: 

 0 1
i 1

1 1 = β + β + ε
NumVisits x

 (8) 

 1
i 0

1

βln NumVisits  = β + +ε
x

 (9) 

 i 0 1 1ln NumVisits  = β +β x +ε  (10) 

 i 0 1 1ln NumVisits  = β + β  ln x + ε  (11) 

 i 0 1 1NumVisits  = β +β  ln x +ε  (12) 

 i 0 1 1NumVisits  = β +β x +ε  (13) 

where x1 and ε represent have the same definition as stated in Section 3.21 and 

NumVisitsi represents the number of visits made to a site near Madelia before or after the 

perennial grass conversion.  These functional forms in Equations (8) through (13) are the 

same as those listed in Equations (1) through (6).  This hypothetical trip cost model is 

adapted from another model developed in the paper by Choe et al. 1996.  The number of 

annual visits to Time Beach in Choe's model is the dependent variable while the 

explanatory variables are the round-trip travel cost, perceived water quality at Time 

Beach before and after a public health advisory, annual household income, preferences 

and tastes of a household, and round-trip travel cost to an alternative site. 
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3.3 Data Analysis 

 Questionnaire pre-coding took place after the final version of the questionnaire 

was created.  A questionnaire was considered a non-response if the respondent did not 

answer any question whose data is used in the regression analysis.  In the non-response 

case, the answers the respondent gave are disregarded in the data analysis.  Comments 

were dealt with on a case-by-case basis.  When a respondent listed two choices for the 

WTP, the higher value was used as the respondents answer to that question.  Other non-

standard marks, such as question marks, to a response were treated as an empty response 

if there was no way to clearly determine the answer to a question. 

 In some cases, it is possible to estimate a household's annual income or residence 

property value even though the respondent did not answer a specific question.  For this to 

work, the respondent must answer at least one question, household income or its property 

value.  A regression was performed of the property value on the household income to 

determine the approximate relationship between the two values.  Inserting the responded 

value of either the household income or property value allowed the other missing value to 

be approximately determined. 

 Once the raw questionnaire data was transformed into a set of uniform values, the 

data was imported into the Stata statistical software package for data analysis.  The 

destring command was used to convert the imported data into a form recognizable by 

Stata.  The commands tobit and regress were used for the Tobit and OLS regressions, 

respectively.  The robust option was used for the error option in the Tobit regressions 

since it is possible that some respondents may have collaborated with others who have 
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answered the questionnaire.  The robust option in these regressions is invoked by adding 

the option vce(robust) in the command line for the regression being performed. 

 In addition, regressions were also performed on the transformed dependent 

variables.  These variables, in this case the change in WTP and number of visits before 

and after the perennial grass conversion, were transformed by adding 1 to all of the 

variables.  Then, the inverse or natural logarithm was taken.  This was done to ensure that 

as many observations would be included in the regressions.  A study by Osgood does this 

to avoid the problem of taking a natural logarithm of zero.  The study also mentions that 

adding one is arbitrary.  In fact, adding an arbitrary constant changes the estimated 

regression coefficients, but does not significantly affect any significance testing (Osgood 

2000). 

 In analyzing the data from Questions 1 and 2, the ordinal data collected was 

treated as interval ones for statistical analysis.  There is an ongoing debate whether 

analyzing ordinal data as interval data is acceptable.  Several studies by Allan (1976), 

Borgatta (1968), Kim (1975, 1978), Labovitz (1967, 1970), and O'Brien (1979) advocate 

this practice since the bias in the estimators is overshadowed by the gain in data analysis.  

However, other articles by Hawkes (1971), Morris (1970), O'Brien (1982), Reynolds 

(1973), Somers (1974), and Smith (1974) argue that the coefficient bias merits other 

statistical analysis for ordinal variables.  This study treats the ordinal variables in 

Questions 1 and 2 as interval data for the gain in analytic power. 
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Chapter 4: Results and Discussion 

4.1  Question Response Statistics 

 Out of a total of 2,500 mailed surveys, 725 were returned, for a response rate of 

29 percent.  Table 4.1A shows the distribution of respondent answers along with the total 

number of responses for each question.  Not all of the numbers shown in each table 

below add to 725 due to non-response of some questions.   

Table 4.1A: Number of Respondents Selecting for Recreational Activity Interest 

 Answer Choice  

Recreational 
Activity 

Not 
Interested 

Not Very 
Interested 

No 
Opinion 

Somewhat 
Interested 

Extremely 
Interested 

Total 
Responses 

Hunting 370 69 57 112 90 698 

Biking 170 69 60 271 129 699 

Picnics 144 76 97 295 86 698 

Hiking 127 60 54 283 172 696 

Bird Watching 178 92 127 214 88 699 

Photography 194 100 126 188 85 693 

Nature Walks 121 57 61 280 181 700 

Wildlife 
Viewing 116 40 72 290 181 699 

Camping/ 
Overnight 

Stays 
223 101 98 184 91 697 

Horseback 
Riding 314 114 134 104 32 698 

Nature 
Viewing 145 43 75 282 151 696 

 



37 

 

Table 4.1B: 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 4.1B (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).  See Appendix B for a full explanation of the questionnaire 

coding scheme. 

 As seen from Table 4.1B, the average respondent has some interest in 6 of the 11 

recreational activities, biking, picnics, hiking, nature walks, wildlife viewing, and nature 

viewing, since the average interest across the 725 observations is between "2" and "3" on 

the scale provided by the survey.  One recreational interest variables, nature walks, might 

be considered to be more somewhat interested since it is closer to "3" rather than "2." On 

the other hand, 5 of the 11 recreational activities had recreational interest scores between 

"1" and "2", which indicated that the average respondent is not very interested in these 

activities  The only recreational activities that truly indicate a strong disinterest are 

hunting and horseback riding since these average interest values are closer to 1, while 

bird watching, photography , and camping are closer to 2. 
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 Table 4.1C shows the respondents' rankings of environmental services provided 

by the perennial grass conversion. The highest valued environmental service provided by 

the perennial grass conversion is the provision of providing more potable water.  This 

service is followed by clean water for recreation, reduced flooding/high flows, increased 

green/open space, global climate change mitigation, increased animal biodiversity, and 

finally increased plant biodiversity.  Roughly, the water services are valued the highest, 

followed by the space/air changes, and finally the biodiversity factors.   

Table 4.1C: Number of Respondents Selecting for Recreational Activity Interest 

Environmental 
Service Rank Average 

Rank 
Total 

Responses 

 1 2 3 4 5 6 7   

Clean Water for 
Recreation 120 193 121 53 45 59 91 3.37 698 

Safe Water for 
Drinking 487 62 34 24 19 10 53 1.94 699 

Reduced 
Flooding/High 
Flows 

85 116 128 102 86 71 91 3.83 698 

Increased Plant 
Biodiversity 58 57 72 123 163 112 90 4.5 696 

Increased Animal 
Biodiversity 68 56 93 117 141 109 88 4.32 699 

Global Climate 
Change Mitigation 98 102 88 73 69 58 190 4.25 693 

Increased 
Green/Open Space 97 70 112 100 76 113 107 4.12 700 

Note: The ranking scale for all environmental services is from 1 (Most Important) to 7 

(Least Important).  
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 Table 4.1D shows the WTP amounts before and after the perennial grass 

conversion as an entrance fee to a recreational area near Madelia.  There are non-trivial 

amounts of respondents who indicate that they are not WTP to visit a recreational area 

near Madelia.  However, there are more people who are WTP to visit a recreational area 

after the perennial grass conversion since the average WTP value rose from $0.85 to 

$2.43.  This indicates that people value the improvements to the former row crop area.   

 A similar trend is observed in Tables 4.1E and 4.1F for the number of visits and 

the duration of each visit before and after the perennial grass conversion.  The average 

number of visits increases from 0.133 to 0.694 after the conversion has been made.  For 

the duration of visit, this increased from 0.106 to 0.360 days.  The data indicates people 

are also willing to visit an area more and for longer periods of time that has been 

improved from its former state. 

Table 4.1D:  WTP Values Before and After the Perennial Grass Conversion 

Answer Choice Before Conversion After Conversion 

$0.00 569 361 

$1.00 to $5.99 96 243 

$6.00 to $9.99 17 64 

$10.00 to $14.99 2 16 

$15.00 and higher 6 8 

Total Respondents 690 692 

Average Value $0.85 $2.43 
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Table 4.1E:  Number of Visits Before and After the Perennial Grass Conversion 

Answer Choice Before Conversion After Conversion 

No visits 657 452 

1-2 visits 41 208 

3-4 visits 5 33 

5 or more visits 3 12 

Total Respondents 706 705 

Average Value 0.133 visits 0.694 visits 

 
Table 4.1F:  Duration of Visit Before and After the Perennial Grass Conversion 

Answer Choice Before Conversion After Conversion 

No days 642 455 

1/2 day 23 101 

1 day 21 101 

2 days or more 17 44 

Other 3 5 

Total Respondents 706 706 

Average Value 0.106 days 0.360 days 

 
 Table 4.1G lists the mean, range, and standard deviation for the questions 

contained in the demographic section. 
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Table 4.1G: Average Values and Ranges of Demographic Variables 

 Age Education Household 
Size Income Sex 

Distance 
From 

Madelia 

Average 
Value 

56.2 
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 

Standard 
Deviation 13.95 2.63 1.49 $37,400 N/A 8.47 

 
Table 4.1G (continued) 

 Property 
Value Rent Marriage 

Status Employment Farmland 
Ownership 

Farming 
Income 

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% 
Unemployed, 

31.47% 
Retired 

93.98% 
None, 

2.58% Own 
and 

Operate,  
3.01% Own 

and Rent 
Out, 0.43% 

Lease 

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, 

Unemployed, 
Retired 

None, Own 
and 

Operate,  
Own and 
Rent Out, 

Lease 

0%-
100% 

Standard 
Deviation $154,194 $488.09 N/A N/A N/A 5.93% 
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 It was also desired to determine whether or not the distance a respondent lives 

from a recreational area, as given by the respondent in Question 3, influenced how much 

he or she was WTP to access that area. 

Table 4.1H: WTP to Gain Access to a Recreational Area Near a Respondent's Household 

Answer Choice Number of Respondents Choosing Answer 

$0.00 258 

$0.01 to $1.00 72 

$1.00 to $5.99 237 

$6.00 to $9.99 61 

$10.00 to $14.99 19 

$15.00 and higher 22 

Total 669 

Average $2.94 

 

 As seen from Table 4.1H, there are two answers which received nearly the same 

number of responses.  There are those who are not WTP anything to visit this recreational 

area, and there those respondents who are WTP to visit this recreational area.  The 

percent of respondents that chose $0.00 and $1.00 to $5.99 are 38.6 and 34.5 percent, 

respectively.  This data in this question differ from the data in Questions 7 and 8 since 

only 38.6 percent are not WTP to visit a recreational area close to the respondent's 

household, while Questions 7 and 8 had 82.4 and 52.2 percent, respectively, who would 

not visit a recreational area near Madelia. 
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4.2  Regression Analysis 

 It was desired to find the best functional form for the equations that represent 

WTP and the number of visits to a recreational area before and after the perennial grass 

conversion.  Tables 4.2A through 4.2D show the results of testing these various 

functional forms for WTP determined by the contingent valuation method while Tables 

4.2G through 4.2J show the results for the number of visits determined by the 

hypothetical trip cost method.   Regressions were performed for the original data and for 

the transformed data.  The transformed data had one added onto the dependent variables 

to avoid taking the natural logarithm or inverse of zero, which gives an undefined value.  

The results, which used the transformed data, used the given data instead of subtracting 

one to compensate for adding one before running the regressions. 

Table 4.2A: OLS Statistical Information for Equations (1) - (6) about the Change in WTP 

After the Perennial Grass Conversion for the Non-Transformed Dependent Variable 

 Equation 

 1 2 3 4 5 6 

N 154 152 220 151 188 585 

F-Statistic 1.95 1.51 1.71 1.18 2.27 27.82 

R2 0.1202 0.0968 0.0756 0.0774 0.1139 0.3265 

Adjusted 
R2 0.0587 0.0328 0.0313 0.0115 0.0638 0.3147 
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Table 4.2B: Tobit Statistical Information for Equations (1) - (6) about the Change in 

WTP After the Perennial Grass Conversion for the Non-Transformed Dependent Variable 

 Equation 

 1 2 3 4 5 6 

N 154 152 220 151 188 585 

F-Statistic 2.51 2.15 1.62 1.56 2.50 19.42 

Pseudo R2 -0.0587 0.0857 0.0818 0.0703 0.0282 0.1275 

Log 
Likelihood 170.02 -82.57 -97.07 -80.44 -444.93 -804.88 

Number of 
Censored 

Observations 
2 0 0 0 37 365 

Number of 
Uncensored 
Observations 

152 152 220 151 151 220 

 
 Table 4.2C: OLS Statistical Information for Equations (1) - (6) about the Change in 

WTP After the Perennial Grass Conversion for the Transformed Dependent Variable 

 Equation 

 1 2 3 4 5 6 

N 533 531 582 530 530 585 

F-Statistic 21.87 23.70 32.90 34.85 29.67 27.82 

R2 0.2952 0.3131 0.3656 0.4017 0.3637 0.3265 

Adjusted 
R2 0.2817 0.2999 0.3544 0.3902 0.3515 0.3147 
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Table 4.2D: Tobit Statistical Information for Equations (1) - (6) about the Change in 

WTP After the Perennial Grass Conversion for the Transformed Dependent Variable 

 Equation 

 1 2 3 4 5 6 

N 533 531 582 530 530 585 

F-Statistic 10.36 11.26 27.26 30.94 19.38 19.42 

Pseudo R2 0.1857 0.1516 0.1792 0.1895 0.1384 0.1275 

Log 
Likelihood -390.01 -540.21 -553.16 -515.61 -755.80 -804.88 

Number of 
Censored 

Observations 
316 316 362 315 315 365 

Number of 
Uncensored 
Observations 

217 215 220 215 215 220 

 
 From Tables 4.2C and 4.2D, the log-log functional form, Equation (4), for the 

transformed data best explains the data since this equation produces the greatest R2 or 

psuedo-R2 and highest F-statistic.  For the non-transformed data, Equation (6) gives the 

best result.  Since more observations are utilized in the regressions of the transformed 

data, this study will utilize the transformed data instead of the non-transformed ones.  The 

information from the regression of Equation (4) is used to describe the rest of the 

regression data of the parameters.  Tables 4.2E and 4.2F list the full statistical results for 

this OLS and Tobit regressions for Equation (4). 
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Table 4.2E: OLS Parameter Estimates for the change in WTP After the Perennial Grass 

Conversion for Equation 4 

Independent Variable Parameter 
Value 

Standard 
Error 

t-
Statistic 

95% 
Confidence 

Interval 
Lower 
Bound 

95% 
Confidence 

Interval 
Upper 
Bound 

Age 0.071 0.137 0.52 -0.198 0.339 

Educ 0.432*** 0.190 2.27 0.059 0.806 

NumHH 0.024 0.067 0.35 -0.108 0.155 

Inc 0.062 0.058 1.06 -0.053 0.177 

Sex -0.125** 0.068 -1.84 -0.257 0.008 

Distance 0.103 0.251 0.41 -0.389 0.596 

AvgQ1 0.224**** 0.055 4.04 0.115 0.333 

Q2f 0.123**** 0.041 3 0.042 0.204 

Q2g 0.071 0.048 1.5 -0.022 0.165 

Time 1.308**** 0.092 14.24 1.128 1.489 

Intercept -2.516** 1.446 -1.74 -5.357 0.325 

Note: ****, ***, and ** denote significance at the 0.01, 0.05, and 0.10 significance 

levels, respectively. 
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Table 4.2F: Tobit Parameter Estimates for the change in WTP After the Perennial Grass 

Conversion for Equation 4 

Independent Variable Parameter 
Value 

Standard 
Error 

t-
Statistic 

95% 
Confidence 

Interval 
Lower 
Bound 

95% 
Confidence 

Interval 
Upper 
Bound 

Age -0.053 0.328 -0.16 -0.696 0.591 

Educ 0.997*** 0.460 2.17 0.094 1.900 

NumHH 0.023 0.160 0.14 -0.292 0.338 

Inc 0.122 0.148 0.83 -0.168 0.413 

Sex -0.232 0.158 -1.47 -0.543 0.078 

Distance 0.176 0.563 0.31 -0.930 1.283 

AvgQ1 0.884**** 0.219 4.04 0.454 1.313 

Q2f 0.301**** 0.104 2.9 0.097 0.505 

Q2g 0.215** 0.119 1.82 -0.018 0.448 

Time 2.291**** 0.196 11.72 1.907 2.675 

Intercept -6.374** 3.376 -1.89 -13.006 0.258 

Note: ****, ***, and ** denote significance at the 0.01, 0.05, and 0.10 significance 

levels, respectively. 

 A set of similar results is presented for the hypothetical trip cost method.  These 

results include the comparison of the transformed and untransformed dependent 

variables, the comparison of the overall model statistical information, and the parameter 

statistics for the model that best fits the data. 
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Table 4.2G: OLS Statistical Information for Equations (8) - (13) about the Change in 

Number of Visits After the Perennial Grass Conversion for the Non-Transformed 

Dependent Variable 

 Equation 

 8 9 10 11 12 13 

N 206 201 203 201 549 602 

F-Statistic 0.49 0.32 0.55 0.37 6.55 11.82 

R2 0.0220 0.0148 0.0252 0.0169 0.0985 0.1523 

Adjusted 
R2 -0.0229 -0.0316 -0.0202 -0.0294 0.0835 0.1394 

 
Table 4.2H: Tobit Statistical Information for Equations (8) - (13) about the Change in 

Number of Visits After the Perennial Grass Conversion for the Non-Transformed 

Dependent Variable 

 Equation 

 8 9 10 11 12 13 

N 206 201 203 201 549 602 

F-Statistic 0.48 0.36 0.62 0.41 8.88 17.15 

Pseudo R2 -0.0342 0.0211 0.0365 0.0242 0.0896 0.1174 

Log 
Likelihood 57.03 -69.56 -68.37 -69.34 -601.49 -607.94 

Number of 
Censored 

Observations 
5 0 0 0 348 399 

Number of 
Uncensored 
Observations 

201 201 203 201 201 203 



49 

 

Table 4.2I: OLS Statistical Information for Equations (8) - (13) about the Change in 

Number of Visits After the Perennial Grass Conversion for the Transformed Dependent 

Variable 

 Equation 

 8 9 10 11 12 13 

N 549 544 596 544 549 602 

F-Statistic 4.16 4.87 17.32 10.51 6.55 11.82 

R2 0.0649 0.0759 0.2101 0.1504 0.0985 0.1523 

Adjusted 
R2 0.0493 0.0603 0.1980 0.1361 0.0835 0.1394 

 
Table 4.2J: Tobit Statistical Information for Equations (8) - (13) about the Change in 

Number of Visits After the Perennial Grass Conversion for the Transformed Dependent 

Variable 

 Equation 

 8 9 10 11 12 13 

N 549 544 596 544 549 602 

F-Statistic 4.99 5.16 23.05 10.91 8.88 17.15 

Pseudo R2 0.1137 0.1017 0.1551 0.1224 0.0896 0.1174 

Log 
Likelihood -400.44 -470.64 -466.10 -459.81 -601.49 -607.94 

Number of 
Censored 

Observations 
343 343 393 343 348 399 

Number of 
Uncensored 
Observations 

206 201 203 201 201 203 
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 From Tables 4.2I and 4.2J, the log-level functional form, Equation (10), for the 

transformed data best explains the data since this equation produces the greatest R2 or 

psuedo-R2 and highest F-statistic.  For the non-transformed data, Equation (13) gives the 

best result.  For the same reason described in the contingent valuation section, the 

transformed data is used instead of the non-transformed data.  Tables 4.2K and 4.2L list 

the full statistical results for the OLS and Tobit regressions for Equation (10). 

Table 4.2K: OLS Parameter Estimates for the change in Number of Visits after the 

Perennial Grass Conversion for Equation 10 

Independent Variable Parameter 
Value 

Standard 
Error 

t-
Statistic 

95% 
Confidence 

Interval 
Lower 
Bound 

95% 
Confidence 

Interval 
Upper 
Bound 

Age -0.001 0.002 -0.71 -0.005 0.002 

Educ 0.017*** 0.008 2.03 0.001 0.033 

NumHH 0.020 0.016 1.28 -0.011 0.051 

Inc 0.000 0.000 -1.14 0.000 0.000 

Sex 0.060 0.042 1.43 -0.023 0.144 

Distance 0.001 0.002 0.51 -0.003 0.005 

AvgQ1 0.198**** 0.020 10.14 0.160 0.237 

Q2f 0.029**** 0.009 3.13 0.011 0.047 

Q2g 0.012 0.010 1.24 -0.007 0.032 

Intercept -0.526*** 0.250 -2.1 -1.018 -0.034 

Note: ****, ***, and ** denote significance at the 0.01, 0.05, and 0.10 significance 

levels, respectively. 
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Table 4.2L: Tobit Parameter Estimates for the change in Number of Visits after the 

Perennial Grass Conversion for Equation 10 

Independent Variable Parameter 
Value 

Standard 
Error 

t-
Statistic 

95% 
Confidence 

Interval 
Lower 
Bound 

95% 
Confidence 

Interval 
Upper 
Bound 

Age -0.005 0.005 -1.06 -0.014 0.004 

Educ 0.051*** 0.022 2.3 0.007 0.095 

NumHH 0.069 0.045 1.52 -0.020 0.157 

Inc 0.000 0.000 -1.16 0.000 0.000 

Sex 0.216** 0.121 1.78 -0.022 0.453 

Distance 0.003 0.006 0.56 -0.008 0.015 

AvgQ1 0.698**** 0.069 10.12 0.563 0.834 

Q2f 0.089**** 0.026 3.35 0.037 0.141 

Q2g 0.051** 0.028 1.81 -0.005 0.107 

Intercept -3.338**** 0.707 -4.72 -4.727 -1.949 

Note: ****, ***, and ** denote significance at the 0.01, 0.05, and 0.10 significance 

levels, respectively. 

 The reader should see Appendix C if he or she desires to see the regression data 

for the transformed and non-transformed variables with all of the recreational services 

included. 
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4.3 Discussion of Results 

 The discussion of the numbers for the demographic variables, ranking of 

environmental services, and the recreational preferences is presented below.  In addition, 

the relationships between the change in pre- and post-WTP and the demographic 

variables and the change in pre- and post-number of visits and the demographic variables 

are discussed.  Sources of error in the questionnaire and the regression are also address.  

Finally, an analysis is conducted with the predicted WTP values and the literature values 

for the environmental services to determine if the benefits from respondents' WTP and 

the provided environmental services meets or exceeds the price from agricultural use. 

4.31 Questionnaire Statistics 

 As one expects, a greater interest in recreational services should positively 

influence one's WTP and the number of visits a person makes to such an area with those 

recreational services.  As seen from Tables 4.2E, 4.2F, 4.2K, and 4.2L, the average 

interest in recreational services is significant at the 1 percent significance level.  An 

explanation is that people who are very interested in such services are more likely to pay 

to ensure that these services are preserved.  Similarly, one expects that people who enjoy 

a higher number of recreational services improved by the perennial grass conversion 

would be willing to make more visits to an improved area. 

 It is interesting to note the average rankings for each environmental service in 

Table 4.1C.  The environmental services concerning drinking water received the highest 

priority.  One explanation for this ranking is the importance of clean water.  Respondents 

value clean water since drinking contaminated water would cause health problems from 

increased disease transmission.  From a recreational standpoint, more runoff from farms 
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will flow into lakes and rivers and pollute them so that people will no longer be able to 

enjoy water activities on these impaired waters.  The interesting result is that the 

environmental service for providing safe water for drinking negatively influenced the 

change in WTP (see Appendix C for regression results). 

 One would also expect the global climate change answer to receive a high 

response.  However, the survey respondents thought this was only a moderately high 

priority.  An explanation for this would be the current skepticism that some respondents 

have regarding climate change.  Even though some people, most notably Al Gore and 

Michael Mann, believe that anthropogenic forces are causing global warming, others 

have argued that humans are not the primary cause of this change.  Most notably, Stephen 

McIntyre and Ross McKitrick in their 2004 paper dispute the hockey stick image in 

Mann et al. 1998 that shows the rise in temperature over time, especially the rise within 

the last 60 years.  Four respondents commented in Question 25 that the global warming 

crisis is essentially fabricated by a few people to gain attention.  However, this is not 

relatively important point of view since 4 out of 725 respondents feel this way. 

 The biodiversity environmental services received the lowest rankings from 

respondents.  This is partly due to the lack of emphasis on species diversity within the 

general public.  For instance, the bee population is currently declining due to current 

practices that are not bee friendly, such as applying harmful pesticides, planting flowers 

and plants that bees do not readily for nectar, and not providing enough nectar sources 

year-round.  Popular culture has also contributed to the decline in bee population by 

propagating the myth that all bees are aggressive like those from the killer bees (hybrid 

strain of Apis mellifera). 
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 Even though more people were WTP to visit a recreational area created by the 

perennial grass change, a significant majority still were not WTP more after the 

conversion.  No variables were significant in this study that could intuitively explain a 

zero WTP value.  However, some frequently used explanatory factors in other studies are 

a person's age and his or her geographical location from the area in question.  Another 

cause is the free rider problem.  This is caused by the inability to segregate those who are 

WTP for services from those who are not WTP for services, such as improved water 

quality, from converting row crops to perennial grasses.  Some respondents feel that they 

do not need to pay for these changes if someone else will pick up the bill. 

 Another concern listed in the comments section of Question 25 that caused some 

respondents to list a zero value for WTP deals with the issue of food security.  It is 

believed that taking cropland out of production will reduce the food supply since less 

land is available to grow crops.  In addition to a reduced food supply, food prices will 

rise.  Raneses et al. 1998 identified for the first billion dollar increase for switchgrass will 

increase the food cost to consumers, given by the consumer price index (CPI), by 0.26%.  

For the two, three, and four billion dollar increase in demand, the CPI increases by 0.6%, 

1.0%, and 1.5%, respectively.  A counter argument to the reduced food supply and 

increased food prices is that the land under consideration for conversion is already 

considered marginal.  This conversion program would not remove any highly productive 

farmland from production.  Growing food crops on these marginal lands is not the best 

case either.  Tilman et al. (2002) identifies that all of the best farmland is already being 

used to grow food,  growing crops on marginal lands is not likely to sustain high yields, 

and is likely to cause land degradation. 
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   In this study, there are more people WTP after the conversion, but fewer would 

visit for a long time.  As noted by some respondents in the comments section, these 

people are WTP to support a worthwhile cause, the perennial grass conversion, but would 

not visit since the area is too far from their residences, and that there are plenty of areas 

nearby their houses that can fulfill the same purpose of enjoying nature.  The number of 

visits can also be tied to one's WTP.  Those who are WTP to visit the area are more likely 

to make visits to the area.   

4.32 Regression Results 

 A variety of functional forms were postulated to fit the data.  Tables 4.2A through 

4.2D and 4.2G through 4.2K show the results from regressing all equations with the data.  

To determine the best functional forms to explain the changes in the WTP and number of 

visits before and after the perennial grass conversion, all functional forms were regressed 

with the Tobit and OLS models. 

 Performing the transformations by adding 1 to the change in WTP values for all 

observations made a significant difference in how many observations were seen included 

in each regression.  About half of the regressions where the transformations were not 

performed had approximately 155 observations for Equations (2) through (7) and for (9) 

through (14) where the inverse or natural logarithm of the change in WTP or number of 

visits was taken.  This was not the case for the transformed variables, as each functional 

form had around 535 observations.  For the Tobit regressions, hardly any of the 

functional forms for the inverse or natural logarithm of the dependent variables for the 

non-transformed variables had any censored observations while the transformed variables 

had observations that were censored.  The Tobit regression only does its job when it can 
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censor data points.  Therefore, the regressions with the transformed variables were 

considered as possible candidates to best represent the change in WTP or in the number 

of visits before and after the perennial grass conversion. 

 A noticeable trend in all regressions for the non-transformed variables is that the 

correlation coefficient, R2, or psuedo-R2 is close to zero for the non-transformed 

dependent variables.  This implies that there are other variables not accounted for in the 

predicted model that affect the change in WTP and in the number the visits.  In addition, 

this could also be due to the large number of dropped observations as a result of data 

transformation.  As a result, the models are not statistically significant as indicated by the 

low F-statistics.  For these reasons, the preferred choice is to utilize the transformed data 

to minimize these problems. 

 Since the correlation coefficients in Tables 4.2C and 4.2I is moderately high for 

the transformed variables in the OLS and Tobit regressions, it follows that quite a few 

explanatory variables would be statistically significant.  Table 4.2E shows that 5 out of 

the 11 coefficients, excluding the intercept, are significant.  Likewise, Tables 4.2F, 4.2K, 

and 4.2L have 5, 3, and 5 significant coefficients, respectively excluding the intercept. 

 It is also interesting that age, distance, and income were insignificant in all 

regressions.  It was expected that older respondents would be likely to pay less and to 

visit this recreational area fewer times due to their limited mobility.  However, some 

people were interested in paying and visiting such that no general conclusions can be 

made from this sample.  For distance, most respondents live relatively far from Madelia, 

at an average distance of 77.54 miles.  Since the standard deviation for the distances is 

small at 8.47 miles, the majority of respondents are clustered in one spot.  Therefore, 
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most respondents would face a similar driving times and hypothetical trip costs to get to 

the recreational area.  Respondents with higher income levels should have been WTP 

higher values and to make more visits since they have the means to do so. However, this 

probably was not the case since the cost of travel to the Madelia area is not very much, 

and the fee to use the site would also be small. 

 As seen in Tables 4.2E, 4.2F, 4.2K, and 4.2L, the average ranking of recreational 

services and the individual ranking of the Global Climate Change Mitigation 

environmental service positively contributed towards the changes in WTP and in the 

number of visits.  However, more of the  environmental services should have been 

significant, since most of the environmental service variables were omitted from the final 

regression equation (see Appendix C for the regression results with all environmental 

services included) and that the forced ranking scale limited a respondent's ability to 

identify as many issues he or she believes is significant.  For instance, the respondent 

could only give a ranking of 1 for only one environmental service when that respondent 

wanted to indicate 1 for three environmental services.   

 Quite possibly, this insignificance of environmental services is due to the 

selection of the sample population.  If the sample population was not the cause of the 

fewer significant recreational and environmental services variables, then this possibly 

implies that the anyone in the general population does not value these services, contrary 

to what some people list.  For instance, the environmental service clean water for 

recreation was ranked the second highest in Table 4.1C, but would be discounted as an 

important variable in influencing change in WTP or change in the number of visits if a 
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researcher is trying to predict WTP or visits (see Appendix C for significance results of 

variables). 

 Originally, the other variables that represented environmental services were 

included in the regressions.  However, these variables were omitted due to unexpected 

behavior or insignificance in the regressions.  For instance, even though the 

environmental service "clean water for recreation" is the second highest ranked service in 

Table 4.1C, regression analyses for the OLS and Tobit cases for the contingent valuation 

and hypothetical trip cost models reveal that this environmental service contributes 

negatively towards the WTP and Number of Visits after the perennial grass conversion.  

Only the variables representing "global climate change mitigation" and "increased 

green/open space" had any positive significance in explaining WTP and the number of 

visits after the perennial grass conversion.  Omitting the other insignificant environmental 

service variables helps to increase a model's significance, as noted by its adjusted F-

statistic.  Most of the models including all of the environmental services had lower 

adjusted F-statistic values compared to the models where only a select few significant 

environmental service variables were included.  The reader should refer to Appendix C if 

he or she wishes to see the model with all of the environmental service variables. 

 The hypothetical trip cost and contingent valuation models were regressed and 

compared to determine if there are any similarities in the statistical significance of 

variables and the expected signs.  One expects this relationship since the change in the 

number of visits is correlated with the change in WTP to visit.  The correlation 

coefficient between the changes in the number of visits and the WTP is 0.567, which 

indicates that there is some correlation between these variables.   This also indicates that 
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both models can predict one's WTP or number of visits.  For instance, one is often WTP a 

high amount if he or she frequently uses or visits an area.  This was the case since both 

models contained the same statistically significant variables, such as Educ, AvgQ1, Q2f, 

and Q2g, and time in the contingent valuation model. 

4.33 Sources of Error 

 There are several sources of error which have affected the survey's results.  One 

issue with the questionnaire results deals with the possible bias in  selecting the 

respondents and which respondents answered the questionnaire.  According to Table 

4.1G, the average respondent age is 58.8 years old with a standard deviation of 13.95 

years.  A possible response bias existed since older respondents feel more comfortable 

answering by surveys sent by mail while younger respondents are comfortable with 

answering internet- or electronic mail-based surveys.  Another possible respondent error 

has to do with those who enjoy answering questionnaires.  These people might also 

influence the results in a positive way.   In addition, the respondents who were chosen 

from Survey Sampling International may not be truly representative of the entire 

population in the three-county area surveyed.  According to the 2000 U.S. Census, the 

average ages in Carver, Dakota, and Scott Counties are 32.2, 32.9, and 31.4 years old 

(U.S. Census Bureau, 2000).  Compared to the average respondent age of 58.8 years old, 

there is a difference of about 26 years in average ages, and therefore one can conclude 

that the sample is not truly representative of the population in terms of age.  In addition, 

this study's response rate, 29%, is low compared to other studies by Mathews et al. 1999, 

Choe et. al 1996, and Santagata and Signorello 2000 who reported response rates of 

44.1%, 65%, and 75%, respectively.   
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 Other issues also arise with the survey responses.  Some of these factors are 

identified by Bishop and Heberlein in their 1979 paper.  Respondents have been known 

to answer a WTP question with a protest zero WTP value if they do not believe in the 

cause.  This questionnaire lacked a question that asked if a respondent selected zero due 

to his or her belief against paying for the conversion.  Conversely, respondents might 

engage in strategic answering by providing positive responses, such as high values of 

WTP, number of visits, and duration of visits, after the perennial grass conversion to 

convince policymakers to pursue perennial grass conversion as an option.  However, 

based on the low response rate, strategic answering would not have a huge influence on 

the final results. 

 Another source of error is through the improper wording of the questions.  Several 

respondents have noted on their questionnaires that wording of certain questions is not 

clear.  For instance, respondents were asked to rank their interest in the list of 

environmental services in Question 2.  However, the instructions did not specify whether 

to rank each environmental service against each other or to rank each one individually.  

The original intent was to have each respondent provide a ranking of each environmental 

service, using each rank only once.  While some respondents followed this original 

ranking idea, others did not.  For instance, some respondents used the same rank twice 

when it was originally intended for them to use one rank per environmental service.  For 

this study, the regressions used the values people indicated even though it was not the 

desired plan.  Instead, the ranking scale used in Question 1 should be used in Question 2 

for each environmental service to avoid the issues described above. 



61 

 

 Another problematic question was number 13, the question which asked 

respondents to specify a fraction or percentage of the newly enacted sales tax should go 

towards supporting perennial crops that would improve water quality and provide other 

environmental services.  Several respondents left this question blank or placed a question 

mark in the response blank.  Others provided answers inconsistent with previous answer 

choices.  For example, several respondents indicated that they were not WTP to visit a 

recreational area before or after the perennial grass conversion but indicated that 100 

percent of the newly created sales tax should go towards supporting perennial crops.  

This is due to the fact that respondents care that an effort is being undertaken to help the 

environment, and it is not the case that respondents would actually care to use it.  Several 

respondents made a note of this in the comment section. 

 Along the same lines, questions 3-6 asked the respondent about the recreational 

area closest to the respondent's household.  These questions were intended to gain a sense 

of whether distance was a factor in one's WTP to utilize a recreational area.  A problem in 

these questions is that some respondents could not recall the name of the nearest 

recreational area.  This led to difficulties in estimating how far each respondent had to 

travel to reach that recreational area.  Despite this problem, the respondents indicated that 

they were WTP some amount to visit this area.  From Table 4.1H, 38.6% of the 

respondents indicated a zero WTP compared to 52.1% for the Madelia recreational area 

after the conversion.  As previously mentioned distance and lack of unique recreational 

opportunities available are some reasons why the WTP values before and after the 

perennial grass conversion are not similar. 
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 The previous three paragraphs unite around one common theme that the 

questionnaire contains multiple flaws in wording the questions and its responses.  

Another flaw is in Question 6 about the phrasing of the answer choices. These answer 

choices listed intervals which are not of the same dollar amount.  For instance, answer 

choice B has an interval range of $0.99 while answer choice C has an interval range of 

$4.99.  As previously mentioned, Rural Advantage had the final decision on the 

questionnaire's content while the stakeholders at the University of Minnesota could only 

give suggestions.  Although Dillman's method was followed by the University of 

Minnesota researchers, the same cannot be assumed for the stakeholder's other members. 

4.4 Economic Viability of Perennial Grass Conversion 

 One goal of this study is to determine whether or not it is currently feasible for 

landowners in the Madelia area to convert row crops to perennial crops.  This can be 

accomplished by seeing if the sum of the respondents' WTP, the profit from harvesting 

perennial grasses, and the payments from providing various environmental services meets 

or exceeds those earned by harvesting corn or soybean crops.  Table 4.4A summarizes the 

values of various ecosystem services.  These calculations assume that the perennial crop 

being harvested is switchgrass, and conversion costs from the current corn or soybean 

crop to the perennial grass crop are not accounted for in these calculations. 
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Table 4.4A: Values of Various Ecosystem and Recreational Services 

Name of Ecosystem Service Value Source 

Reduced Carbon Emissions €12.22 to €16.42* ($15.66 
to $21.04) per tonne of CO2 

European Climate 
Exchange 2010 Historical 
Data 

Pollination $37.44 to $64.39 per acre Ricketts et al. 2004 

Reduced 
Runoff/Sedimentation $8.07 per acre Taylor et al. 1992 

Estimated WTP for 
Recreational Services $0.62 per visit per person 

This Study (estimated by 
using the estimated 
parameters for Equation 3 
in Section 3.21 and taking 
the average of the WTP 
values for all respondents) 

*1 USD = €0.781 (XE.com as of August 19, 2010) 

 The estimated WTP per person of $0.62 per person per visit is lower than $1.58 

per person per visit, which is obtained by taking the difference in average WTP before 

and after the perennial grass conversion, as shown in Table 4.1D.  This is the case since 

the predicted WTP of $0.62 is obtained by using Equation 4 in Section 3.21, and the 

values obtained in Table 4.2E which accounts for the other recreational, environmental, 

and demographic variables in estimating a respondent's WTP.  The $1.58 per person per 

visit figure obtained from Table 4.1D does not account for these other recreational, 

environmental, and demographic variables.  In other words, the $0.62 is an predicted 

average of what respondents are WTP while the $1.58 is the actual average of what 

respondents are WTP. 

 The 2010 net returns, accounting for the difference between revenues and costs, 

of corn, soybean, and switchgrass crops in south-central Minnesota is $54 per acre, $51 
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per acre, and $4 per acre, respectively (Lazarus and Goodkind 2010).  The prices of corn, 

soybean, and switchgrass used in this analysis are $3.60 per bushel, $9.00 per bushel, and 

$60.00 per ton, respectively (Ibid).  The yields of corn, soybean, and switchgrass are 172 

bushels per acre, 47.2 bushels per acre, and 3.4 tons per acre, respectively (Ibid).  The 

production costs of Corn, Soybean, and Switchgrass is shown in Table 4.4B. 

Table 4.4B: 2010 Corn, Soybean, and Switchgrass Production Costs 

Crop Cost ($/acre) Source 

Corn 627 
Minnesota Crop Cost & 
Return Guide for 2010 
Table 5 

Soybean 410 
Minnesota Crop Cost & 
Return Guide for 2010 
Table 6 

Switchgrass 191 
Minnesota Crop Cost & 
Return Guide for 2010 
Table 4 

 

 The total number of visitors to the Minnesota Department of Natural Resources 

State Park System is 8,375,506 in 2008 (Minnesota Department of Natural Resources), 

and the total number of recreational sites in the park system is equal to 147, including 

state parks and recreation areas, waysides, and state forest campgrounds and day-use 

areas. Excluding the 5 sites with the highest attendance, the total number of visitors is 

equal to 5,828,535.  Therefore, the average number of visitors per recreational area, 

excluding the 5 sites with the highest attendance, is equal to 41,046 visitors per 

recreational site.  Assuming that credit stacking is allowed, 1,000 acres are converted, an 

average value of 0.561 visits per person as a result of the change (determined from the 
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respondent data), carbon sequestration is the only environmental service benefit that 

allows for a payment from improved environmental conditions, an average carbon 

sequestration price worth $18.35 per metric tonne, and a median price of $60 paid per ton 

of perennial grass harvested, the total benefits that would accumulate to a landowner by 

converting to perennial grass is: 

Total Revenue = Net Return of Switchgrass + Users' WTP + Carbon Sequestion Payment
$4 $0.62                        = ×1,000 acres +  ×0.561 vists × 41,046 people 

acre visit×person

                         1 ha 2.25 t $18.35  + 1,000 acres× × ×
2.47 acres ha t

                        = $4,000 + $19,817.39 + $14,276.63
                        = $38,094.02

 

The total revenue made from growing corn and soybean on 1,000 acres is equal to: 

 $54Corn: ×1,000 acres = $54,000
acre

 

 $51Soybean: ×1,000 acres = $51,000
acre

 

This scenario assumes that credit stacking is not allowed.  In other words, the landowner 

can only receive one environmental service payment even though other benefits are likely 

to result from the conversion.  These calculations indicate that corn and soybean farms 

would not earn more money converting the land for renewable electricity generation and 

recreational benefits, and therefore should keep on planting corn.   

 It is also desired to conduct a sensitivity analysis on the above calculations since 

prices for corn, soybean, and the perennial grass are always changing.  Several variables 

are considered for changes to determine if a corn or soybean farmer should convert his or 

her land to perennial grass.  Throughout this analysis, the ceteris paribus assumption 
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holds to determine a casual relationship.  However, it is important to realize that this is 

not often the case in real life where multiple variables change simultaneously. 

 The first variation is that the net return of corn increases or decreases.  The same 

net return increase or decrease scenario can also be calculated for soybean.  For corn, 

suppose that the net return increases by 25 percent from the base case number to $67.50 

per acre due to an increase in the price or increase in the yield.  Conversely, suppose that 

the net return of corn decreases by 25 percent from the base case number to $40.50 per 

acre as a result of a falling corn price or declining yield.  The net returns for corn 

assuming the same 25 percent increase and decrease are $63.75 per acre and $38.25 per 

acre, respectively.  Using the same value for switchgrass revenue of $38,094.02 as 

calculated in the base case, the total revenue made from growing corn with rotation on 

1,000 acres is equal to: 

 $40.50Low End Price of Corn:  ×1,000 acres = $40,500
acre

 

 $67.50High End Price of Corn:  ×1,000 acres = $67,500
acre

 

The total revenue made from growing soybean with rotation on 1,000 acres is equal to: 

 $38.25Low End Price of Soybean: ×1,000 acres = $38,250
acre

 

 $63.75High End Price of Soybean: ×1,000 acres = $63,750
acre

 

These calculations indicate that a landowner who has a corn and/or soybean farm should 

observe the current net returns and wisely predict the future net returns before converting 

the land into perennial grass.  Converting the land for renewable electricity generation at 
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the lower net return values for corn and soybean would earn more money whereas this 

would not be feasible at the upper net return boundaries of corn and soybeans.  The net 

return at which landowners should convert their corn or soybean crops to switchgrass is 

equal to: 

 
X ×1,000 acres = $38,094.02

acre
X = $38.10 per bushel of corn or soybean

 

 The second variation is that more or fewer people visit the recreational area.  Now 

assume that 25 percent more people compared to the base care now visit the recreational 

area since a review article written in a newspaper highlights the expanse recreational 

opportunities available at the recreational area.  Conversely, suppose that bad weather has 

kept the suppressed the number of visitors away by 25 percent.  The new total revenues 

for each scenario are: 

( )

Total Revenue = Net Return of Switchgrass + Users' WTP + Carbon Sequestion Payment
$4 $0.62fewer visitors = ×1,000 acres +  ×0.561 vists × 30,784 people 

acre visit×person

                           + 1,000 1 ha 2.25 t $18.35acres× × ×
2.47 acres ha t

                        = $4,000 + $10,707.29 + $16,715.59
                        = $31,422.88

 

( )

Total Revenue = Net Return of Switchgrass + Users' WTP + Carbon Sequestion Payment
$4 $0.62more visitors = ×1,000 acres +  ×0.561 vists × 51,307 people 

acre visit×person

                           + 1,000 a 1 ha 2.25 t $18.35cres× × ×
2.47 acres ha t

                        = $4,000 + $17,845.60 + $16,715.59
                        = $38,561.19
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The total revenues made from growing corn and soybean on 1,000 acres, as calculated in 

the base case, is equal to $54,000 and $51,000, respectively.  These calculations show 

that the total revenue earned by converting to switchgrass crops is less than those earned 

by growing and harvesting corn and soybean crops.  Therefore, the farmer will not 

choose to convert to switchgrass crops. 

 The third variation considers the extreme high and low prices paid for 

switchgrass.  For a range, assume a 25 percent increase and decrease in switchgrass net 

returns from the base case price of $4 per acre to give $5 per acre and $3 per acre, 

respectively.  The total revenue to landowners under these price changes are: 

( )

Total Revenue = Net Return of Switchgrass + Users' WTP + Carbon Sequestion Payment
$3 $0.62lower return  = ×1,000 acres +  ×0.561 vists × 41,046 people 

acre visit×person

                           + 1,000 a 1 ha 2.25 t $18.35cres× × ×
2.47 acres ha t

                        = $3,000 + $14,276.62 + $16,715.59
                        = $33,992.21

 

( )

Total Revenue = Net Return of Switchgrass + Users' WTP + Carbon Sequestion Payment
$5 $0.62higher return = ×1,000 acres +  ×0.561 vists × 41,046 people 

acre visit×person

                           + 1,000 a 1 ha 2.25 t $18.35cres× × ×
2.47 acres ha t

                        = $5,000 + $14,276.62 + $16,715.59
                        = $35,992.21

 

The revenue made from growing corn and soybean on 1,000 acres, as calculated in the 

base case, is equal to $54,000 and $51,000, respectively.  These calculations indicate that 

it is not profitable to convert the land from growing corn or soybean to switchgrass.   
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 Finally, the case of additionality is considered.  Suppose that the government 

allows credit stacking to occur on an unlimited basis.  The environmental services with 

multiple values or ranges are reduced carbon emissions (carbon sequestration) and 

pollination.  Using the average values for the additional environmental services, the total 

benefits earned from the perennial grass conversion is now: 

 

Total Benefits = Price of Perennial Grass + Users WTP + Environmental Services
$4 $0.62                       = ×1,000 acres +  ×0.561 vists × 41,046 people 

acre visit×person

                           + 1

∑

Pollinator ServiceCarbon Sequestration

Reduced Runoff/Sedime

1 ha 2.25 t $18.35 $50.92,000 acres× × × +1,000 acres×
2.47 acres ha t acre

$8.07                           + 1,000 acres×
acre



ntation

                       = $4,000 + $14,276.62 + $16,715.59 + $50,920 + $8,070
                       = $93,982.21



 

The same calculations using the extreme high and low ends of the additional 

environmental services give: 

 

( )

Total Benefits = Price of Perennial Grass + Users WTP + Environmental Services
$4 $0.62   Low End  = ×1,000 acres +  ×0.561 vists × 41,046 people

acre visit×person
1                            + 1,000 acres×

∑

Pollinator ServiceCarbon Sequestration

Reduced Runoff/Sedimentation

ha 2.25 t $15.66 $37.44× × +1,000 acres×
2.47 acres ha t acre

$8.07                           + 1,000 acres×
acre



 

                       = $4,000 + $14,276.62 + $14,265.18 + $37,440 + $8,070
                       = $78,051.80
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( )

Total Benefits = Price of Perennial Grass + Users WTP + Environmental Services
$4 $0.62  High End   = ×1,000 acres +  ×0.561 vists × 41,046 people

acre visit×person
1                           + 1,000 acres×

∑

Pollinator ServiceCarbon Sequestration

Reduced Runoff/Sedimentation

 ha 2.25 t $21.04 $64.39× × +1,000 acres×
2.47 acres ha t acre

$8.07                           + 1,000 acres×
acre





                       = $4,000 + $14,276.62 + $19,165.99 + $64,390 + $8,070
                       = $109,902.61



 

The revenue made from growing corn and soybean on 1,000 acres is equal to $54,000 

and $51,000, respectively.  These numbers show that corn and soybean farmers should 

convert their lands to perennial grasses under a policy that allows for unlimited credit 

stacking.  The total amount of payments under different pricing schemes is represented in 

Figure 4.4A.  The pricing scenarios are listed in Table 4.4C. 
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Table 4.4C: Legend to Cases in Figure 4.4A. 

Name Sensitivity Analysis Represented 

Baseline Case Original Calculation 

Case 1A Lower Net Returns of Corn and Soybean 

Case 1B Higher Net Returns of Corn and Soybean 

Case 2A Fewer People Visiting Recreational Area 

Case 2B More People Visiting Recreational Area 

Case 3A Lower Switchgrass Net Return 

Case 3B Higher Switchgrass Net Return 

Case 4A Unlimited Credit Stacking Allowed; Lower Prices for 
Environmental Services Used 

Case 4B Unlimited Credit Stacking Allowed; Higher Prices for 
Environmental Services Used 

 

 In Figure 4.4A, the first two bars in the series of bars represent the revenue 

received from harvesting corn and soybean crops.  The third bar represents the revenue 

earned from converting a corn or soybean crop to perennial grasses.  If the either the first 

or second bar is greater than the third bar, then it is not profitable to convert the corn or 

soybean crop to perennial grass.  However, the opposite case is true if the third bar is 

greater than either the first or second one.  As seen in Figure 4.4A, it is not feasible for 

the farmer or landowner to convert the corn or soybean crop to perennial grass under 

most cases.  In the last two cases, it is profitable for the farmer to convert to perennial 

grass crops if unlimited credit stacking is allowed.  One way these cases might occur is if 
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the government allocates funding for the ecosystem services payments to encourage 

farmers to convert corn and soybean crops to perennial grass.   

 This could possibly be explained the types of land that are used for harvesting the 

row crops.  In general, the crops with higher yields are grown on more productive land.  

This means that corn is likely to be grown on the more fertile soil while the lower 

yielding crops, such as soybeans, are relegated to the more marignal lands.  Under 

different pricing scenarios, the only land suitable for conversion are the more marginal 

ones with a lower net return, such as soybean, since the revenue earned from the 

perennial grass conversion is greater than those received by soybean crops on marginal 

lands, but not enough to equal those received from harvesting crops on fertile lands. 

 Using different figures for the net returns would also make a slight difference.  

Some values, such as one's WTP for the conversion does not depend on the acreage 

involved in the conversion.  Updating these figures would allow the benefits to be 

calculated in a more robust way by having the numbers take into account the different 

factors in pricing.  Finally, the reader should note that the number of visitors to a 

converted recreational area near Madelia of 41,046 is on the high-end since this area is 

located in a non-traditional recreational area, and there are no major sources of recreation 

that currently or might exist as a result of the perennial grass cropping change, such as 

fishing. 

  



73 

 

Chapter 5: Recommendations and Conclusions 

5.1 Recommendations for Future Work 

 This study explored whether or not respondents of Carver, Scott, and Dakota 

Counties would be willing to pay for the perennial grass conversion at a site in the 

Madelia area.  This helps to generates estimates of the environmental benefits for the 

perennial grass crop.  The study also explored various scenarios where farmers would be 

willing to grow and harvest perennial grasses instead of traditional row crops. 

 It might also be helpful to obtain a similar WTP data set from nearby area 

residents.  This would ensure that distance would not be a factor in deciding whether one 

wants to visit the area.  It would also be helpful to collect the data over a set of years to 

determine if economic conditions would influence the WTP and number of visits.  As of 

this writing in 2010, there have been signs of economic recovery, but it is moving at a 

slow pace and people are still facing problems with unemployment. 

 As seen in Figure 4.4A, perennial crops cannot compete with corn crops with 

rotation.  However, perennial crops can easily compete against soybean crops grown on 

marginal lands in most cases.  To carry this out on a larger scale at the county or state 

level, policy makers will need to work with the necessary stakeholders, such as electric 

companies and landowners, to develop guidelines for a program to assist landowners with 

this conversion process.  No matter what policy analysis is used, any programs or policies 

developed need to be targeted to specific areas since only marginal lands are viable for 

the perennial grass conversion. 

 Some existing policy programs exist for targeting current marginal agricultural 

land for conversion to perennial crops for growing bioenergy crops from renewable 
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sources.  One such program is the Reinvest in Minnesota (RIM) Reserve - Clean Energy.  

This program enrolls privately-owned land in targeted areas for bioenergy crop 

production, develops a tiered payment system for the RIM easements, and ensures that 

public benefits are secured along with bioenergy crop production (Minnesota Board of 

Water & Soil Resources 2008).  Another program is the Minnesota Energy Renewable 

Goal which mandates that utility companies have to product 25 percent of the state's 

energy from renewable sources by 2025 (Minnesota Office of the Revisor of Statues 

2009).   On the federal level, the Energy Independence and Security Act of 2007 

mandates that 16 percent of cellulosic-based sources by the year 2022 (U.S. Department 

of Energy 2009). 

 In addition to structuring a new policy program in the Madelia area based upon 

existing programs, an educational component should also be explored.  Some respondents 

do not realize the full benefits that result from converting to perennial grass, and instead 

focus on only the negative aspects, such as increased taxes and loss of food-producing 

land.  Therefore, an educational program for the general population describing the 

benefits and myths of growing bioenergy crops should be created.  After 5 years, another 

survey which covers the same material contained in this study's questionnaire should be 

conducted to determine whether the educational program is effective in changing the 

public's opinion of growing bioenergy crops. 

5.2 Conclusions 

 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 
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electricity.  While providing electricity, growing the perennial grass will produce 

recreational benefits and other environmental services that will help improve the quality 

of life.   

 To evaluate the recreational and environmental benefits, two models, the 

hypothetical trip cost and contingent valuation, were utilized.   A few explanatory 

variables, from rankings of recreational and environmental services to demographic data, 

were used to determine how much each person was WTP or how many times a person 

would visit a converted area for recreational purposes.  Furthermore, 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. 

 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 
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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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Appendix B: Specific Questionnaire Coding Values 

 The following procedure was used to estimate the approximate 2008 gross 

household income, 2008 value of a residence, or the monthly amount paid for rent if a 

respondent responded to either the 2008 gross household income or 2008 value of a 

residence/monthly rent paid, but not to both.  An OLS regression was conducted between 

a respondent's 2008 household gross income and 2008 property value of the residence if 

the respondent owned a residence for respondents that have supplied both responses.  A 

similar regression was conducted between household gross income and the amount of 

rent paid each month.  The predicted OLS regression equations for each regression are: 

 Income = 0.076422 HHvalue + 51,672.34×  B.1 

 Income = 15.4873 Rent + 40,724.53×  B.2 

Using the information the respondent supplied, the necessary values were substituted into 

the appropriate equation and the other missing value was estimated. 

 Another coding issue relates to the use of grouped variables for the independent 

variables of income and dependent variables of WTP to visit before and after the 

perennial grass conversion.  To obtain the values for the grouped responses for most 

answer choices, the midpoint of the response interval was used.  For the open ended 

interval response, such as $15.00 and higher, the following procedure was used to 

determine the specific coding value.  A gamma distribution was fit to the data.   The 

shape and scale parameters were estimated using the method of moments.  In general, this 

method is only effective when the data distribution resembles that of a Normal 

Distribution (Fisher 1922).  However, only a rough approximation is desired in this case.  

Hence, the method of moments will suffice for parameter estimation. 
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 From there, the cumulative area under the estimated gamma function of the 

distribution was found for the upper bound of each interval.  This area was subtracted 

from the previous area for the next lowest upper bound, or zero for the first two answer 

choices to obtain the difference.  This difference was then multiplied in half and added 

onto the area from the upper bound of the previous answer choice to get the new 

predicted area at the halfway point.  Using the cumulative area under the gamma 

distribution at this point, the corresponding values were estimated. 

 One issue arose when coding the interval data for the regression analysis.  Even 

though the data was collected in interval form, a way was devised to transform the data 

into a form usable in regression analysis.  Two options exist to deal with this situation: 

use the midpoints of the intervals or employ maximum likelihood estimation techniques.  

Some studies have utilized the midpoint value option to analyze interval data (Binkley 

and Hanemann 1978; Hammack and Brown 1974; Cameron and Huppert 1987; Mathews 

et al. 1999).  There is no problem with the grouping the independent variables since the 

estimators are unbiased and efficient (Hannan and Burstein 1973).  Although it is simpler 

to use the midpoint of the interval as a proxy for a respondent's true value, this can pose 

some issues in the estimated parameters.  One problem is that the estimated parameters 

can be unbiased, but inefficient (Cramer 1964). 

 Table B.A shows a list of the coding values used for each question. 
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Table B.A: Coding Values for All Questions 

Question Answer Choice on 
Questionnaire Coding Value Justification 

1a-l 0 0 

These coding values 
are used to represent 
ordinal preferences. 

 1 1 

 2 2 

 3 3 

 4 4 

2a 1 1 

These numbers are 
also used to indicate 

preferences. 

2b 2 2 

2c 3 3 

2d 4 4 

2e 5 5 

2f 6 6 

2g 7 7 

3 Fill in the blank No Specific Coding 
Value 

Free Response 
Question 

4 Fill in the blank No Specific Coding 
Value 

Free Response 
Question 

5 Fill in the blank No Specific Coding 
Value 

Free Response 
Question 
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Table B.A (continued) 

Question Answer Choice on 
Questionnaire Coding Value Justification 

6 A 0 

Median values of 
intervals. Last value 

determined by 
method listed 

described in this 
section. 

 B 0.5 

 C 3.5 

 D 8 

 E 12.5 

 F 17.36629 

7 and 8 A 0 
Median values of 

intervals. Last 
answer choice used 
lower bound since 

not many 
respondents chose 

the last answer. 

 B 3.5 

 C 8 

 D 12.5 

 E 15 

9 and 10 A 0 Median values of 
intervals. Last 

answer choice used 
lower bound since 

not many 
respondents chose 

the last answer. 

 B 1.5 

 C 3.5 

 D 5 

11 and 12 A 0 

Actual values of 
length of stay. 

 B 0.5 

 C 1 

 D 2 

 Other 3 
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Table B.A (continued) 

Question Answer Choice on 
Questionnaire Coding Value Justification 

13 Fill in the blank 0-100% Various according 
to respondent 

14 Fill in the blank Year of Birth 

This year was 
subtracted from 
2009 to give the 
respondent's age 

15 A 8 

Typical values 
associated with a 
certain level of 

education. 

 B 12 

 C 13 

 D 14 

 E 16 

 F 19 

16 Various Various Used as reported. 

17 A 10000 

Median values of 
intervals. Last value 

determined by 
method listed 

described in this 
section. 

 B 30000 

 C 50000 

 D 70000 

 E 90000 

 F 122175 

18 A 1 
Dummy variables 
representing farm 
land ownership 

status. 

 B 2 

 C 3 

 D 4 
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Table B.A (continued) 

Question Answer Choice on 
Questionnaire Coding Value Justification 

19 A 0 

Median values of 
intervals. 

 B 12 

 C 38 

 D 63 

 E 88 

20 A 50000 

Median values of 
intervals. Last value 

determined by 
method listed 

described in this 
section. 

 B 200000 

 C 400000 

 D 600000 

 E 800000 

 F 1062672 

 G X 

21 A 150 

Median values of 
intervals. Last value 

determined by 
method listed 

described in this 
section. 

 B 450 

 C 750 

 D 1050 

 E 1350 

 F 1796.7 

 G X 
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Question Answer Choice on 
Questionnaire Coding Value Justification 

22 A 1 
These are dummy 

variables 
representing one's 

marital status 

 B 2 

 C 3 

 D 4 

23 A 1 
These are dummy 

variables 
representing one's 
employment status 

 B 2 

 C 3 

 D 4 

24 Male 1 Dummy variables 
representing sex  Female 0 

25 Yes 1 Yes or No for 
survey results  No 0 

26 Comment Section Answers Vary Respondent 
Comments 
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Appendix C: Regression Data with All Environmental Service Variables 

 Shown below are the data tables for the OLS and Tobit models for the Contingent 

Valuation and hypothetical trip cost models with all of the environmental service 

variables included in the OLS and Tobit regressions for the contingent valuation and 

hypothetical trip cost models.  Equation numbers mentioned in this section refer to the 

equation numbers listed in Sections 3.21 and 3.22. 

Table C.A: OLS Statistical Information for Equations (1) - (6) about the Change in WTP 

After the Perennial Grass Conversion for the Non-Transformed Dependent Variable 

 Equation 

 1 2 3 4 5 6 

N 154 152 220 151 188 585 

F-Statistic 1.45 1.09 1.27 0.83 1.91 19.24 

R2 0.1361 0.1077 0.0855 0.0847 0.1429 0.3365 

Adjusted 
R2 0.0422 0.0093 0.0183 -0.0170 0.0681 0.3190 

 



109 

 

Table C.B: Tobit Statistical Information for Equations (1) - (6) about the Change in WTP 

After the Perennial Grass Conversion for the Non-Transformed Dependent Variable 

 Equation 

 1 2 3 4 5 6 

N 154 152 220 151 188 585 

F-Statistic 1.79 1.49 1.37 1.19 2.22 13.65 

Pseudo R2 -0.0656 0.0959 0.0930 0.0772 0.0368 0.1304 

Log 
Likelihood 171.13 -81.65 -95.88 -79.84 -441.00 -802.22 

Number of 
Censored 

Observations 
2 0 0 0 37 365 

Number of 
Uncensored 
Observations 

152 152 220 151 151 220 

 
 Table C.C: OLS Statistical Information for Equations (1) - (6) about the Change in WTP 

After the Perennial Grass Conversion for the Transformed Dependent Variable 

 Equation 

 1 2 3 4 5 6 

N 533 531 582 530 530 585 

F-Statistic 15.73 16.90 22.45 23.91 20.41 19.24 

R2 0.3133 0.3298 0.3730 0.4110 0.3733 0.3365 

Adjusted 
R2 0.2934 0.3103 0.3564 0.3938 0.3550 0.3190 
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Table C.D: Tobit Statistical Information for Equations (1) - (6) about the Change in WTP 

After the Perennial Grass Conversion for the Transformed Dependent Variable 

 Equation 

 1 2 3 4 5 6 

N 533 531 582 530 530 585 

F-Statistic 9.75 9.80 19.60 22.21 13.72 13.65 

Pseudo R2 0.1969 0.1585 0.1831 0.1947 0.1426 0.1304 

Log 
Likelihood -384.66 -535.84 -550.54 -512.30 -752.13 -802.22 

Number of 
Censored 

Observations 
316 316 362 315 315 365 

Number of 
Uncensored 
Observations 

217 215 220 215 215 220 

 
 From Tables C.C and C.D, the log-log functional form, Equation (4), for the 

transformed data best explains the data since this equation produces the greatest R2 or 

psuedo-R2 and highest F-statistic.  The information from the regression of Equation (4) is 

used to describe the rest of the regression data of the parameters.  Tables C.E and C.F list 

the full statistical results for the OLS and Tobit regressions for Equation (4). 
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Table C.E: OLS Parameter Estimates for the change in WTP After the Perennial Grass 

Conversion for Equation 4 

Independent Variable Parameter 
Value 

Standard 
Error 

t-
Statistic 

95% 
Confidence 

Interval 
Lower 
Bound 

95% 
Confidence 

Interval 
Upper 
Bound 

Age 0.089 0.138 0.65 -0.181 0.360 

Educ 0.411*** 0.193 2.13 0.031 0.791 

numHH 0.023 0.067 0.34 -0.109 0.154 

Inc 0.052 0.059 0.88 -0.063 0.167 

Sex -0.106 0.068 -1.55 -0.240 0.028 

Distance 0.051 0.251 0.2 -0.442 0.544 

AvgQ1 0.208**** 0.056 3.72 0.098 0.318 

Q2a -0.143**** 0.054 -2.65 -0.250 -0.037 

Q2b 0.069 0.063 1.09 -0.055 0.192 

Q2c -0.044 0.052 -0.84 -0.146 0.059 

Q2d -0.007 0.062 -0.12 -0.130 0.115 

Q2e 0.032 0.061 0.52 -0.089 0.152 

Q2f 0.100*** 0.042 2.39 0.018 0.183 

Q2g 0.099*** 0.049 2.02 0.003 0.196 

Time 1.296**** 0.092 14.07 1.115 1.477 

Intercept -2.088 1.474 -1.42 -4.984 0.807 

Note: ****, ***, and ** denote significance at the 0.01, 0.05, and 0.10 significance 

levels, respectively. 
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Table C.F: Tobit Parameter Estimates for the change in WTP After the Perennial Grass 

Conversion for Equation 4 

Independent Variable Parameter 
Value 

Standard 
Error 

t-
Statistic 

95% 
Confidence 

Interval 
Lower 
Bound 

95% 
Confidence 

Interval 
Upper 
Bound 

Age 0.009 0.335 0.03 -0.650 0.667 

Educ 0.967*** 0.463 2.09 0.057 1.878 

numHH 0.025 0.160 0.16 -0.289 0.339 

Inc 0.094 0.147 0.63 -0.196 0.383 

Sex -0.184 0.161 -1.14 -0.499 0.132 

Distance 0.079 0.555 0.14 -1.010 1.169 

AvgQ1 0.862**** 0.220 3.93 0.431 1.294 

Q2a -0.287*** 0.120 -2.39 -0.522 -0.051 

Q2b 0.116 0.142 0.81 -0.164 0.396 

Q2c -0.081 0.106 -0.77 -0.289 0.126 

Q2d -0.025 0.160 -0.16 -0.340 0.289 

Q2e 0.106 0.152 0.7 -0.191 0.404 

Q2f 0.247*** 0.105 2.35 0.041 0.452 

Q2g 0.270*** 0.125 2.15 0.024 0.516 

Time 2.257**** 0.194 11.64 1.877 2.638 

Intercept -5.604** 3.379 -1.66 -12.241 1.034 

Note: ****, ***, and ** denote significance at the 0.01, 0.05, and 0.10 significance 

levels, respectively. 
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 A set of similar results is presented for the hypothetical trip cost method.  These 

results include the comparison of the transformed and untransformed dependent 

variables, the comparison of the overall model statistical information, and the parameter 

statistics for the model that best fits the data. 

Table C.G: OLS Statistical Information for Equations (8) - (13) about the Change in 

Number of Visits After the Perennial Grass Conversion for the Non-Transformed 

Dependent Variable 

 Equation 

 8 9 10 11 12 13 

N 206 201 203 201 549 602 

F-Statistic 0.94 0.66 0.86 0.74 5.02 8.38 

R2 0.0646 0.0474 0.0603 0.0529 0.1163 0.1666 

Adjusted 
R2 -0.0040 -0.0243 -0.0097 -0.0183 0.0931 0.1467 
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Table C.H: Tobit Statistical Information for Equations (8) - (13) about the Change in 

Number of Visits After the Conversion for the Non-Transformed Dependent Variable 

 Equation 

 8 9 10 11 12 13 

N 206 201 203 201 549 602 

F-Statistic 1.61 1.30 1.48 1.37 7.52 11.70 

Pseudo R2 -0.1253 0.0686 0.0889 0.0769 0.0971 0.1251 

Log 
Likelihood 62.05 -66.18 -64.65 -65.59 -596.53 -602.61 

Number of 
Censored 

Observations 
5 0 0 0 348 399 

Number of 
Uncensored 
Observations 

201 201 203 201 201 203 

 

Table C.I: OLS Statistical Information for Equations (8) - (13) about the Change in 

Number of Visits After the Conversion for the Transformed Dependent Variable 

 Equation 

 8 9 10 11 12 13 

N 549 544 596 544 549 602 

F-Statistic 3.31 4.16 11.90 7.53 5.02 8.38 

R2 0.0799 0.0993 0.2229 0.1662 0.1163 0.1666 

Adjusted 
R2 0.0558 0.0754 0.2042 0.1442 0.0931 0.1467 
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Table C.J: Tobit Statistical Information for Equations (8) - (13) about the Change in 

Number of Visits After the Perennial Grass Conversion for the Transformed Dependent 

Variable 

 Equation 

 8 9 10 11 12 13 

N 549 544 596 544 549 602 

F-Statistic 4.99 5.56 15.86 9.20 7.52 11.69 

Pseudo R2 0.1228 0.1116 0.1651 0.1325 0.0971 0.1251 

Log 
Likelihood -396.32 -465.45 -460.56 -454.51 -596.53 -602.61 

Number of 
Censored 

Observations 
343 343 393 343 348 399 

Number of 
Uncensored 
Observations 

206 201 203 201 201 203 

  
 From Tables C.I and C.J, the log-level functional form, Equation (10), for the 

transformed data best explains the data since this equation produces the greatest R2 or 

psuedo-R2 and highest F-statistic.  The information from the regression of Equation (10) 

is used to describe the rest of the regression data of the parameters.  Tables C.K and C.L 

list the full statistical results for the OLS and Tobit regressions for Equation (10). 
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Table C.K: OLS Parameter Estimates for the change in Number of Visits after the 

Perennial Grass Conversion for Equation 10 

Independent Variable Parameter 
Value 

Standard 
Error 

t-
Statistic 

95% 
Confidence 

Interval 
Lower 
Bound 

95% 
Confidence 

Interval 
Upper 
Bound 

Age -0.001 0.002 -0.51 -0.004 0.002 

Educ 0.017*** 0.008 2.02 0.000 0.034 

numHH 0.019 0.016 1.21 -0.012 0.050 

Inc 0.000 0.000 -1.42 0.000 0.000 

Sex 0.065 0.043 1.51 -0.019 0.149 

Distance 0.000 0.002 0.18 -0.004 0.005 

AvgQ1 0.192**** 0.020 9.68 0.153 0.231 

Q2a -0.024*** 0.011 -2.1 -0.046 -0.002 

Q2b 0.006 0.012 0.52 -0.017 0.030 

Q2c -0.020** 0.011 -1.76 -0.042 0.002 

Q2d 0.013 0.015 0.83 -0.017 0.043 

Q2e 0.003 0.014 0.22 -0.025 0.031 

Q2f 0.023*** 0.010 2.38 0.004 0.042 

Q2g 0.019** 0.011 1.8 -0.002 0.040 

Intercept -0.369 0.264 -1.4 -0.887 0.150 

Note: ****, ***, and ** denote significance at the 0.01, 0.05, and 0.10 significance 

levels, respectively. 
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Table C.L: Tobit Parameter Estimates for the change in Number of Visits after the 

Perennial Grass Conversion for Equation 10 

Independent Variable Parameter 
Value 

Standard 
Error 

t-
Statistic 

95% 
Confidence 

Interval 
Lower 
Bound 

95% 
Confidence 

Interval 
Upper 
Bound 

Age -0.003 0.005 -0.72 -0.013 0.006 

Educ 0.050*** 0.022 2.29 0.007 0.093 

numHH 0.072 0.046 1.56 -0.019 0.162 

Inc 0.000 0.000 -1.54 0.000 0.000 

Sex 0.244*** 0.123 1.98 0.002 0.486 

Distance 0.001 0.006 0.14 -0.011 0.012 

AvgQ1 0.682**** 0.070 9.7 0.544 0.820 

Q2a -0.076**** 0.030 -2.58 -0.134 -0.018 

Q2b 0.008 0.033 0.23 -0.058 0.073 

Q2c -0.050 0.031 -1.6 -0.111 0.011 

Q2d 0.024 0.042 0.59 -0.057 0.106 

Q2e 0.003 0.039 0.07 -0.074 0.080 

Q2f 0.075**** 0.027 2.76 0.022 0.129 

Q2g 0.078*** 0.031 2.5 0.017 0.140 

Intercept -2.795**** 0.731 -3.82 -4.230 -1.359 

Note: ****, ***, and ** denote significance at the 0.01, 0.05, and 0.10 significance 

levels, respectively. 


