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    Abstract
Conversion of grassland to cropland in the US Prairie Pothole Region is of longstanding concern. The region's grasslands are carbon (C) sinks and provide important breeding grounds for many migratory bird species. Crop production requires more input use, potentially increasing pollution in the greater Mississippi watershed. Previous analyses of land conversion in the Prairie Pothole Region generally invoke neoclassical economic models and typically use secondary data to assess conversion decisions. To more deeply investigate farmers' land use choices, we use data from focus group meetings to learn about their conversion decisions, conversion costs, and motives. Farmers mentioned profit-related factors frequently as a factor in their land use decisions. However, our respondents who converted to cropland report conversion costs to be well below estimated increases in land value. This suggests that those who choose not to convert land forego such gains, and thus financial motivations may be far from complete in explaining land conversion decisions. We found several quantitative indications that other factors might be crucial in preventing more grassland losses: (1) for those who converted from grass to crop, the gain in returns is so large that conversion costs could be recovered in one year; (2) for those who converted from crop to grass, the gain was negative; and (3) lifestyle choices and stewardship opinions were found to be statistically significant in land use decisions. Thus, nonmarket factors, including lifestyle choice and stewardship perspectives, may be important determinants of land use decisions and act to slow the rate of conversion to cropping.


Key words	behavioral anomalies
	conversion costs
	grasslands
	land management
	motives
	stewardship

Introduction
Land conversion in the Northern Great Plains Prairie Pothole Region has become a matter of much concern in recent years (Rashford et al. 2011; Wright and Wimberly 2013; Lark et al. 2015; Gage et al. 2016). Grassland, either native or previously cropped but in grass for many years, is being converted to corn (Zea mays L.), soybeans (Glycine max [L.] Merr.), and wheat (Triticum aestivum L.) production. Estimates of land conversion activity in the region vary but are consistently large. Claassen et al. (2011) have assessed that approximately 770,000 ac (311,600 ha) in the Northern Great Plains, which encompasses the Prairie Pothole Region, were converted from grassland to cropland between 1997 and 2007. Recent years have also seen a decline in land under Conservation Reserve Program (CRP) contracts, where much of the land has reverted to cropping (Morefield et al. 2016). Cropland Data Layer satellite information indicate net grassland decline of over 1.3 × 106 ac (530,000 ha) from 2006 to 2011 in the western Corn Belt (Wright and Wimberly 2013), an area that significantly overlaps with the Prairie Pothole Region. Much of this conversion occurred east of the Missouri River in North and South Dakota, which is our area of primary focus. Net grassland loss from 2006 to 2011 was estimated to be 220,000 ac (89,000 ha) in North Dakota and 450,000 ac (182,000 ha) in South Dakota (Wright and Wimberly 2013). Lark et al. (2015) estimated that net cropland acreage expanded by more than 200,000 (81,000 ha) in North Dakota and more than 500,000 (202,000 ha) in South Dakota during 2008 to 2012, while Nguyen et al. (2019) estimate an increase in cropland in South Dakota of over 1.3 × 106 ac (544,700 ha).
Significant features of this landscape change were an increase in soybean and, to a lesser extent, corn acres. In the Dakotas, corn acreage increased from approximately 4.3 × 106 (1.7 × 106 ha) during 1980 to 1999 to over 9.7 × 106 (3.9 × 106 ha) in 2012 (Johnston 2014). An average of 2.2 × 106 ac (890,000 ha) were planted to soybeans in the Dakotas from 1980 to 1997 while in 2012 soybean acres were roughly the same as corn (Johnston 2014). Seed, mechanical, and other technological advances have reduced costs and made crop production more feasible in the region (Johnston 2014) while higher crop prices between 2007 and 2014 increased profitability, leading to more rapid conversion rates in recent years (Wright and Wimberly 2013). Lower commodity prices since about 2014 may, however, have relieved economic pressures to convert (Wang et al. 2017, 2018).
Area grassland provides the most important North American breeding ground for many migratory waterfowl (Walker et al. 2013). The land being converted tends to be marginal for cropping (Drummond et al. 2012; Lark et al. 2015). Here, the term “marginal” is used to describe land that is at the economic margin between growing crops and grass production, which is how we interpret the use of the phrase in Drummond et al. (2012) and Lark et al. (2015). While land may be marginal for a variety of reasons, including its physical characteristics, such as slope and erodibility, its soil may also be of lower productive quality and may thus require more intensive input use to achieve desirable production levels, potentially contributing to lower water quality in the Greater Mississippi Watershed (Rabotyagov et al. 2014). Through change in pesticide load, habitat for butterflies, bees, and other insects may be affected (Thogmartin et al. 2017). Furthermore, plowing grassland releases large amounts of sequestered carbon (C) (Fargione et al. 2008; Lu et al. 2018) and potentially affects soil quality (Liu et al. 2016). Entities interested in averting conversion, primarily the United States Fish and Wildlife Service in concert with hunting and environmental organizations, have had difficulty in stretching available funds to secure protection through grassland and wetland easements, their primary management tools (Walker et al. 2013).
Classical economic theory predicts that farmers will choose the land use profile that yields the highest expected profit or risk-adjusted profit, often having sought to account for embedded real options from deferring decisions pending more information (Schatzki 2003; Song et al. 2011; Cohn et al. 2016). When studying grassland to cropland conversion in the western Corn Belt and Prairie Pothole Region, attention has been paid to profit factors including commodity prices (Lubowski et al. 2008; Rashford et al. 2011), crop insurance (Miao et al. 2014; Claassen et al. 2016; Claassen et al. 2018), biofuel policies (Arora et al. 2016; Wright et al. 2017), and recreational services markets (Macaulay 2016). While market prices and policies are undoubtedly important decision factors, converting land from one production system to another involves a wider set of issues. For example, as conversion costs are sunk, one-time investments, they are qualitatively distinct from annual production costs. Real options frameworks have been used to study such settings, where crop insurance and related subsidized risk management tools can mitigate the reluctance to incur conversion costs (Miao et al. 2014).
Several papers have emphasized the importance of nonmarket factors in rangeland conservation and conversion choices (Brunson and Huntsinger 2008; Hurst et al. 2017; Stroman et al. 2017), and also in forestland ownership transfer intentions (Markowski-Lindsay et al. 2017). This set of motive-focused papers did not provide concrete evidence on the extent to which economic returns are foregone in order to satisfy nonprofit goals. Changes in land values and market returns associated with each land use choice quantify what is given up to undergo conversion. As far as we know, conversion costs and foregone wealth/profit implications have not been considered in the existing literature.
More specific to motivations and behavioral factors in the context at hand, a survey of North and South Dakota land use choices (Wang et al. 2017) found that crop output and input prices dominate as motives over other expressly stated alternatives, but their survey did not solicit information on motives through free response queries. Furthermore, motivations and behavioral factors beyond economic considerations are seldom included in work examining farmers' land use decisions. Building on Wang et al. (2017), our paper explores farmers' land conversion decisions in the Prairie Pothole Region of the Dakotas. Our contributions to the literature are threefold. Our data were collected from farmers in a small focus group setting, allowing for a deeper investigation of their motivations for their land use decisions. We obtained estimates of land values before and after conversion unavailable from other sources, enabling us to more accurately estimate returns to land conversion. Additionally, we explore farmers' stated motivations for their land use decisions using responses from open-ended survey questions rather than relying on secondary data sources.
In our discussion we consider the implications of these findings for land use and land cover preservation in critical ecosystems, such as the Prairie Pothole Region. While corroborating previous research on the importance of pecuniary motives for land use determination, we point to the existence of other factors that, being sufficiently pervasive, merit serious consideration when seeking to influence the management of privately owned lands. Our analyses of financial data reported by respondents indicate that economic factors are far from complete in explaining land use decisions. In particular, landowners who have converted land report conversion costs to be much smaller than the increases in expected annual per-acre returns so that the investment can be recouped in one year. On the other hand, those who converted from crop to grass reported similar conversion costs but a decline in annual per-acre returns. Finally, our analysis of comments given by landowners provides strong evidence that lifestyle choices and stewardship were important considerations in land use decisions.

Materials and Methods
Participant Descriptions and Representativeness. Data were collected through meetings with farmers in North and South Dakota in March of 2016. Survey Sampling International provided a random list of addresses for 300 corn and soybean producers in the area. These farmers were sent an advance letter five weeks prior to the scheduled session and were then phoned by Iowa State University's Center for Survey Statistics and Methodology (CSSM). Open invitations were also placed in local news outlets. Farmers were asked to participate in a meeting within a 90-minute drive from their home. All locations were along the James River Valley, in areas of high recent grassland to cropland conversion (Wright and Wimberly 2013; Lark et al. 2015). Within a week of recruitment, CSSM sent recruits a confirmation letter with session details. One week before the session, CSSM sent a reminder postcard. A meal was served during the meeting, and each participant was compensated with a cash payment ranging from US$50 to US$80. Cash payments were linked to an economic experiment not relevant to the research at hand. In total, 76 farmers were convened at four locations representing 21 counties where our sample size was limited due to our meeting format and the time commitment asked of the farmers. Figure 1 shows the locations and participant numbers at each of the four meetings.
Meetings were scheduled for approximately three hours, during which participants were asked to complete questionnaires about their farm, farming practices, and land conversion history in the preceding decade (i.e., since 2006). Meeting with farmers allowed us to collect (1) information on land returns before and after conversion, (2) conversion costs estimates, and (3) direct information on why they made their land allocations. The questionnaire asked farmers about land conversion undertaken on their farms in four conversion categories: cropland to grassland, cropland to CRP, CRP to cropland, and cropland to grassland. In this paper we focus on conversion between grassland and cropland, for reasons discussed below.
For each conversion category, farmers were asked about acreage converted, conversion costs, and the impact of conversion

on land value, rental value, and net returns. Farmers also reported land characteristics, duration in prior use, subsequent use, yield, and their views on converting back to its original use. Those who had not converted land in a particular category were asked to estimate conversion costs for land that they would be most likely to convert. A final query solicited open-ended responses about how they approach land use decisions.
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Figure 1 Meeting locations and number of focus group participants attending.



Summary Statistics. Table 1 presents summary statistics for farmers' personal and land characteristics. Farmers who attended the meetings had been farming for at least 10 years with an average of over 37 years and expected to continue doing so for another 14.5 years. Almost 75% expected that a family member would take over their operation upon retirement. Farm size varied, with an average of over 2,000 ac (809 ha) farmed by those in our sample. The majority of this land was in cropland, followed by pasture/rangeland, and land under easement or land retired under CRP.
Table 2 presents an analysis of farm representativeness. Average reported farm size and farm sales revenue among respondents are larger than typical for farms in the area but land productivity, as measured by crop yields, is comparable with typical farms in the area as reported in USDA surveys. We do not find discrepancies in scale of operation to be surprising because many of the operations in the area are farmed in formal and informal family partnerships where formal ownership of some land may reside with the older generation no longer making operation decisions. If it is indeed the case that our sample overrepresents larger operations, findings in Wimberly et al. (2017) suggest that the incidence of grassland conversion to cropland may be overrepresented.
We asked each participant about land conversion undertaken on their farms among our four categories of conversion. Summary statistics for conversion choices during the preceding 10 years (2006 to 2015) are presented in table 3. Most (45 of 76) had converted some land in the previous 10 years in any of the four conversion categories, while over one quarter (21 of 76) had converted grassland to cropland, our main conversion category of interest. The proportion of landowners who had converted grass to crop corroborates the general concern that the region has incurred substantial grassland losses. In what follows, we focus on conversion between grassland and cropland. While CRP is an important land use category in terms of conservation, those with land in CRP are bound by the terms of the contract, which typically stipulates that the land cannot be used for cropping for at least 10 years. CRP payments are also dictated by the program, and as such, landowners are not subjected to typical market fluctuations while enrolled in the program.
Previously cropped land that was converted from grass to crop over the decade had been in grass for an average of 29 years. A further six instances of native grass conversion were recorded. These data suggest that the lost grassland had been long-term grassland, critical for such ecosystem functions as wildlife habitat and C sequestration. The average size of the land converted from grass to cropland was larger than the land converted into grassland (237 ac [96 ha], compared to an average of 115 ac [47 ha] converted to grassland). Consistent with other examinations of land conversion in the Prairie Pothole Region (Rashford et al. 2011; Wright and Wimberly 2013; Lark et al. 2015), converted land is found to have lower yield potential than farm averages (see supplementary table A1).
Participants who had converted land were asked how likely they would be to convert it back to its original use within 10 years, from 0% to 100% likely. As shown in table 3, those who converted to cropland from grassland reported being less likely to convert back than those who converted in the opposite direction (i.e., to grassland from cropland). Thus, both the net flow of conversions and the sentiment attached to this flow suggest a shift toward more cropping in the area. Figure 2 plots the difference between average corn/soybean yield and yield on converted land (i.e., average yield minus yield on land converted from grass) as well as farmers' reported likelihood of converting this land back to grass. The figure suggests that as the yield difference increases, such that their yield on newly converted land is lower than the yield on the rest of their land in production, farmers are more likely to convert this land back to grass. While the number of observations included is relatively low, the figure provides evidence that when land marginal for cropping is converted for crop production its use is likely to change frequently thereafter. This is consistent with the conclusions made elsewhere (Drummond et al. 2012) that use


changes comparatively more frequently on economically marginal land.
View this table:	View inline
	View popup
	Download powerpoint



Table 1 Farmer and farm characteristics summary.
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Table 2 Comparison of mean farm statistics with county and state level averages.



The data discussed above suggest that grass to cropland conversions were more frequent on larger tracts, and that grass to cropland conversions were less likely to see conversion back than were other types of land use change. In addition, more productive land was less likely to be converted back to grass. These data provide support for the importance of pecuniary motives in conversion to cropland but do not indicate the strength of pecuniary motives as perceived by landowners. In what follows, we query farmers directly about their views on the money metric profitability of conversion by eliciting self-reported costs and rent or asset value benefits to conversion.
Conversion Costs and Returns to Conversion. We asked participants about the changes to land value, rental value, and average net returns on land they had converted on their farms. The term definitions that we provided to respondents were (a) “Land value (US$ ac−1) is your assessment of the market value of a parcel of land if it were to be put on the land market today”; (b) “Rental value (US$ ac−1) is the value that you consider a parcel of land would earn if it were to be rented out today”; and (c) “Average annual net return from all sources (US$ ac−1) is all of the return that you could obtain from operating/owning the land, including all easement payments and revenue from the government, after you have subtracted all operating costs. If you rent in the land, please report the value before you subtract the rental costs.”
Theory holds that these three land value measures should be linked. Agricultural land asset value is usually modelled by present valuation methods, using rental rate or net returns as the stream of values received from the land (Lence 2014). In practice, however, land values often differ from the discounted expected present value of future returns (Falk 1991) while the ratio of farmland price to rents varies inversely with net rates of return (Lence 2014). In the present analysis it is important to capture changes in all three measures as farmers' economic gains or losses from conversion may be from a variety of sources.
For each land conversion category (crop to grass and grass to crop), farmers who had made that conversion in the previous 10 years were asked to report, as best they could assess, land value, rental rate, and average net return measures of market valuation both before and after the conversion. As shown in table 4, there are no statistically significant differences between reported land value, rental rate, or average net returns before and after conversion for land converted from cropland to grassland. By contrast, all three reported economic measures are significantly higher postconversion for conversions from grassland to cropland. Reported average estimates of per-acre increases for land converted from grassland to cropland were land value, US$1,254 (US$3,099 ha−1); rental rate, US$79 (US$195 ha−1); net returns, US$120 (US$297 ha−1). These numbers are internally consistent in the sense that the discounted present value of a US$79 (US$120) increase in annual rent at the rate 6.3% (9.6%) per annum supports an US$1,254 increase in

land value, where a rate of 6.3% (9.6%) is a reasonable rate given the risk exposure of grass beef production.
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Table 3 Conversion history summary, by conversion category.



Conversion costs are likely to depend on land characteristics, such as the presence of rocks and trees, land slope and erodibility, and duration in its prior state. To obtain conversion cost estimates, farmers were asked to report the cost of converting their land for all categories in which they had converted. Farmers who had not converted land in a particular category were asked to estimate costs for land on their farm that they would be most likely to convert. It is possible that those who chose to convert their land faced lower conversion costs than those who did not convert. To investigate this, we compared the reported costs and cost estimates of converters and nonconverters. As shown in table 5, there was little variation among cost estimates in the two categories. Similarly, little variation was reported in the breakdown of conversion costs (see table A2 in the supplemental information). Mean per-acre cost for converting from crop to grassland and from grassland to crop was approximately US$86. Converters of cropland to grassland provided higher average conversion costs than did nonconverters, though the differences were generally not large. The 20 converters who reported costs provided median and mean cost per acre of US$8.50 (US$21 ha−1) more and US$4.00 (US$9.88 ha−1) less, respectively, than did nonconverters. There was no statistically significant difference in the reported and estimated grass-to-crop conversion costs among those who had and had not converted land in this category.
The contrast between benefits, as measured by increases in asset value and annual revenue, and the conversion costs needed to unlock these benefits supports the claim that landowners consciously forego profits from conversion. For example, the average increases in annual rental rate and annual net return for grassland to cropland conversion


were, respectively, US$79 ac−1(US$195 ha−1) and US$120 ac−1 (US$297 ha−1). Average conversion cost was US$86 ac−1 (US$213 ha−1). The comparison is striking. The one-time capital investment in conversion costs would generate a flow of additional returns over many years but the cost could be recovered from just the first year of additional returns. In light of the abnormally high reported rate of return on investment, we conclude that the conversion decision often places weight on nonpecuniary factors.
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Figure 2 Relationship between percentage difference in (a) corn and (b) soybean yields on farm and land converted from grass, and the likelihood of converting back to grass.



View this table:	View inline
	View popup
	Download powerpoint



Table 4 Difference in per-acre land value, rental value, and net returns after conversion, by conversion category.



Farmers' Motivations for Land Conversion Decisions. Empirical inquiries into land conversion decisions typically assume that economic concerns are paramount. To learn directly from farmers, Wang et al. (2017) conducted a survey of North and South Dakota farmers which asked about the importance of particular farm-related issues in their land use decisions. Among the delineated factors, crop prices and improved crop yields were most often listed as having highest impact, with approximately half stating that crop prices had quite a bit or a great impact on agricultural land use changes. In contrast, environmental concerns were most often listed as having a low impact, with fewer than 10% of respondents reporting that improving wildlife habitat had significantly impacted their decisions. Almost 68% said that improving wildlife habitat had no or slight impact on their land use decisions (Wang et al. 2017).
In our farmer meetings and survey, rather than requesting rankings of various factors, we solicited comments about how they approach land use decisions on their land. Specifically, farmers were asked “For the land use decisions that you made in the last 10 years, regardless of whether your decision was to make a change or not to make a change, please describe three thoughts that have influenced your decisions,” after which farmers were presented with space for three comments. We categorized these comments into ten general themes, relating to (1) profit or other economic factors; (2) land characteristics and use suitability; (3) needs of the entire farm operation, e.g., needing to produce animal feed; (4) stewardship, e.g., making decisions that preserve farmland for future generations; (5) lifestyle concerns, e.g., considerations of the workload and retirement plans; (6) soil quality consequences of alternative uses; (7) risk; (8) landlord requirements; (9) wildlife preservation concerns; and (10) other comments. Supplementary table A3 provides a comment classification rubric as well as example comments in each category.
Table 6 summarizes the frequency of comments in each of the above categories. Of the 202 comments made, the largest set (63, almost one-third of all comments) mentioned profit and other economic factors with 65% (49 of 76 participants) listing economic factors at least once as a consideration in their land use choices. Other comment categories that featured prominently were land characteristics, farm operation needs, stewardship, lifestyle considerations, and soil quality issues. Risk, wildlife concerns, and landlord-related comments each made up less than 5% of total comments. Weather was mentioned in only 3 of 202 farmer comments obtained, which is consistent with earlier findings (Wang et al. 2017). By contrast, changing weather patterns and changing yield responsiveness to weather that make the region more suitable for row crop production have been cited as land use change drivers in the Prairie Pothole Region (Rietsma et al. 2015; Zipper et al. 2016; Wienhold et al. 2018).
Table 7 compares the comment count in each category by farmers who had and had not converted land on their farm. There was no significant difference in the frequency of profit-related comments between farmers who had and had not converted land from crop to grass. However, farmers who converted from grass to crop provided comparatively more profit-related comments than those who did not, with respective averages of 1.1 and 0.73 per respondent. Farmers who converted from grassland to cropland were comparatively less likely than those who did not to cite land characteristics as factors in their land use decisions, with respective means of 0.33 and 0.76 comments per respondent.
These comments were further aggregated into those that either directly or indirectly related to pecuniary and nonpecuniary factors. This aggregation was done to account for comments that may not have mentioned profit or other economic factors directly, but



still took the profit-generating potential of the land into account. From the previous 10 comment categories, those related to profit and economic factors, land characteristics and suitability, the needs of the farm operation, and soil quality were classified as pecuniary, while those related to stewardship and lifestyle considerations were classified as nonpecuniary.
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Table 5 Mean and median per-acre conversion costs by conversion category, and conversion costs by converters (Yes) and nonconverters (No).
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Table 6 Frequency of comments made in 10 categories.
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Table 7 Frequency of comments, by conversion category. “Yes” denotes farmers who have converted land in that particular category; “No” indicates farmers who have not.



As shown in table 7, a comparison of pecuniary and nonpecuniary comment frequency indicates that those who converted cropland to grassland made more comments about nonpecuniary matters than those who did not convert land in this category (the difference in comment frequencies was significant at the 10% level). There was no significant difference in the frequency of nonpecuniary comments among those who had and had not converted grassland to cropland. Similarly, there was no statistically significant difference in comments relating to pecuniary matters among converters and nonconverters of grassland to cropland.
In addition to comparing comment frequency, we investigated farmer and farm characteristics associated with the likelihood of undertaking land conversion in both conversion categories (conversion of grassland to cropland and conversion of cropland to grassland). Univariate probit regressions were estimated on the probability that a farmer had converted any of their land in each of the two main conversion categories of interest, crop to grass and grass to crop, during the 2006 to 2015 interval. The probability of converting land in conversion category i is as modeled in equation 1, where vector X includes farm-specific characteristics, vector Y contains farmer-specific characteristics, vector C captures comment frequencies, and Φ(·) denotes the standard normal cumulative distribution function (CDF) while α, β, and γ are parameters to be estimated. Variables included in X and Y are described in table 8. Equation 1 states:





1

Probit average partial effects are shown in table 9. Farmers with larger operations were more likely to convert land in both categories, perhaps because their operation's larger footprint covers a greater variety of land. This finding is consistent with observations made elsewhere about land conversion choices in the area (Wimberly et al. 2017). In a similar vein, gross farm sales proved to be correlated with conversion choices, where sales are associated with lower crop to grass conversion. On the whole, operator characteristics had little impact on land conversion decisions. Those with more farming experience and a higher level of education were less likely to convert land from grass to cropland; no significant relationship was found between these two variables and the probability of converting land to grassland. Beliefs about succession had little bearing on choices made. Participants were asked the extent to which nonprofit-related factors, such as family, lifestyle considerations, and attitudes towards grassland conservation, affect their land use decisions; their responses were uncorrelated with their conversion choices. We included a variable to indicate whether farmers operated in South Dakota or North Dakota. Farm location had no impact on the probability of converting cropland to grassland, but farmers in South Dakota were more likely to convert grassland to cropland than those in North Dakota.
To estimate the relationship between respondents' comments and conversion probabilities, we included as regressors the frequencies of comments in all the main categories, as well as aggregated pecuniary and nonpecuniary comments as defined above. While we are unable to weight the relative importance of these factors, we believe the frequency with which farmers mention factors that influence their land use decisions provides insight into their significance in determining land use.
Results suggest that farmers who make different types of land conversion have different motives. Profit-related comments had no statistically significant impact on the probability of converting from crop to grass or from grass to crop. Comments made about land characteristics (e.g., erosion susceptibility) proved to be significant, with those making comments in this category less likely to convert land to cropland. Cropping exposes land to erosion risks, and eroded land will eventually have poor productivity. Thus, it is not surprising that comments made about land physical characteristics related negatively with converting from grass to cropping.
In addition, land stewardship comments had intuitive associations, with farmers making comments relating to land stewardship less likely to convert grassland to cropland; comments in this category had no impact on the probability of converting cropland to grassland. Farmers who made comments relating to lifestyle concerns were more likely to have converted land from crop to grass, while comments in this category had no impact on grass-to-crop conversion. This suggests that conversion of land to grassland may be motivated by a desire to spend less time farming (as lifestyle comments often included references to workload and family considerations).
It may be that, perhaps due to differences between respondents in approaches to communication, wording used by respondents masks the general thrust of a comment. Comments may provide more coherence when aggregated. We ran the probit regression, including aggregated comments on pecuniary and nonpecuniary matters. We find no relationship between pecuniary or nonpecuniary comment frequency and conversion from cropland to grassland. We observe that comments related to both pecuniary and nonpecuniary matters were negatively associated with conversion to cropland. This may be due to the contribution of comments in the disaggregated categories (i.e., the importance of land quality or stewardship motivations in deciding not to undertake grass to crop conversion),

or reflect that those more likely to comment on their land use choices in general were less likely to convert grassland to cropland.
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Table 8 Variable description for Probit model of land use changes.



It is important to recognize that while these two land conversion categories are in opposite directions, they may not be motivated equally by opposite forces. All farmers in our sample are corn and soybean producers, relying on row crop production and ranching for their livelihoods. Some may have stronger stewardship-related concerns and motivations, while others are motivated more strongly by economic factors. This is not to say that the former are unconcerned with economics and the latter pay no attention to the health and viability of their land and surrounding ecosystems. These results do, however, point to the different ways in which farmers approach their operations and land use decisions.

Summary and Conclusions
There are at least two reasons why those concerned with the provision of public goods tied to land use should understand the factors landowners consider when making land use decisions, and how they compare with more general conceptions of these factors. First, program design is likely to be more effective when it adequately addresses the costs and constraints that landowners face when deciding to enroll in agro-environmental land use curtailment contracts. Second, those promoting such contract opportunities will be better able to reach and persuade landowners when there is a common understanding of what the landowner values, and how their values and beliefs guide land use decisions. By appealing to landowners' values and understanding their constraints, such programs will be more likely to successfully promote grassland conservation and to achieve the environmental benefits associated with it (such as reductions in greenhouse gas emissions, preservation of wildlife habitat, and reduced fertilizer runoff).
This work investigates landowners' motivations for their land use and land conversion decisions, incorporating both quantitative and qualitative data. Our small focus group meetings allowed us to investigate farmers' land use decisions more thoroughly. We were able to obtain conversion cost and related data unavailable from other sources, enabling us to more accurately estimate returns to land conversion. We used these data to examine returns to conversion of land between cropland and grassland in the Prairie Pothole Region of the Dakotas. We also explored the factors that influenced farmers' land allocations, using their motivations expressed in open-ended comments. One of our most important findings is that farmers who converted land to cropping reported a dramatic improvement in pecuniary metrics. Return on investment considerations hold conversion to cropland to be so profitable that the costs of conversion could be recovered from rent or net returns within one year. Further, increases in land value due to conversion to cropland could potentially increase an operator's

borrowing capacity, providing more access to operating capital. Put simply, were profitability the sole determinant of land conversion choices in the area then the data collected suggest that much more land would have been converted into crop production.
View this table:	View inline
	View popup
	Download powerpoint



Table 9 Probit regression average partial effects model land conversion in the two conversion categories. Standard errors clustered at the county level. Standard errors in parentheses.



One might ask whether markets would allow so large a gap to occur. Our results seem to suggest that markets do not guide resources to their best available use. It is possible that the situation is an instance of anomalous behavior in asset markets, of which formal evidence has grown over the years (Lamont and Thaler 2003). In thickly traded financial markets with high asset turnover, economic theory holds that assets should flow to owners willing to use them most profitably, as these owners can bid more for the assets. However, there are several problems with this line of reasoning as it concerns agricultural land use. Land asset and rental markets are differentiated by location, and so markets for comparable land are not thickly traded. Furthermore, our participants appear to have been fully aware of what they were giving up by not converting to cropland. In addition, land assets may be viewed by owners as providing services as well as providing inputs for production.
Our reading of landowner' responses, when placed in combination with the larger body of evidence on the topic, is that while economic factors dominate land use choices in the area, other factors play a role in their land use decisions. As indicated by our results, those who listed stewardship and lifestyle considerations as motivation for their land use decisions were less likely to have converted grassland to cropland.
This consideration of nonpecuniary factors, such as concerns about soil and environmental health, the ability of future generations to continue farming the land, and lifestyle preferences, among others, may in part produce a land use pattern different from that which would be observed if pecuniary motives were the exclusive determinant of land use choices. Included in lifestyle comments are those related to retirement and a willingness to reduce the farm-related workload, which may become more prevalent with the aging American farm population. The importance of these factors, and how they influence current and future land use decisions, present several avenues for further research.
While tenancy status disposes a land operator toward pecuniary motives (Wang et al. 2017), there is a growing literature to suggest that many farmers have the means to accommodate preferences that compromise profit goals, often with conservation and stewardship in mind (Key 2005; Chouinard et al. 2008; Greiner and Gregg 2008; Howley 2015; Howley and Ocean 2019). The questions for parties interested in preserving privately owned land under certain uses in areas where such a gap arises are then two-fold. What creates the gap, and how can it be managed to achieve conservation of natural resources? There is a need for solutions-oriented interdisciplinary human subjects research on the matter.
Stewardship is an emotion-laden term, is subjectively understood, and may shift when an attempt is made to appeal to related concerns when guiding land use decisions. Those seeking to encourage certain land uses are often keenly aware of nonpecuniary motives and the care needed when availing of them. Even so, land use program managers could benefit from further considering ways to foster stewardship and related constructs. Awareness of a family's or region's collective heritage may impact farmers' land use choices, which may in turn nurture community identity around that heritage. Signals that governments send may also matter if the goal is to foster a common vision. Federal and state administrative structures charged with managing grassland promotion programs seldom distinguish grassland from forestland, and do not convey the sense that grasslands are distinctive ecosystems, have particular needs, or provide unique public goods. Administrative realignments or a refocusing of public outreach messaging might be alternative approaches to promoting grassland conservation.
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