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Dear ASFMRA Members and Friends of  Agriculture: 

The ASFMRA Editorial Committee is proud to present the Society’s 2018 Journal. This year, 13 papers 
were accepted for publication in the Journal. This collection of  papers provided our Committee with a wide 
assortment of  topics to review and evaluate for your reading pleasure.

You will find topics on most of  the appraisal, management, and agricultural consulting issues that we 
frequently see and/or experience in our respective professions. These papers include research and case 
studies illustrating new, reformed and/or revised ideas and techniques.

Examples of  the many topics included in the 2018 Journal of  ASFMRA are:

• Labor efficiency
• Profitability of  different enterprises
• Farmland values
• Financial stress
• Risk management

The 2018 Journal contains the most up-to-date collection of  rural appraisal, agricultural consulting and farm 
management topics available in the world. In the following pages you will find cutting-edge manuscripts 
documenting research, field studies, practices and methodologies proposed by the leading academic, appraisal, 
consulting and management leaders of  agriculture. This edition of  the Journal continues to provide our 
membership and the agri-business community with topics on newly evolved issues and concepts for your 
review and consideration.

The Editorial Committee worked with the authors to ensure that each article was informative, clear and 
precise in the presentation of  data and conclusions, and consistent with ASFMRA goals. We particularly 
worked to find articles that were more applied and less theoretical.

The Editorial Committee continues its challenge to all readers to join our highly acclaimed group of  
published authors. Share some of  your experiences and wisdom! Most of  us have encountered at least one 
unusual problem or situation that required original and innovative thinking to develop workable solutions. If  
it was new for you, chances are it will be interesting and usable by others.

The Editorial Committee thanks you for your continued interest in the ASFMRA, agriculture, and the entire 
agricultural community.

Dr. Gregory Ibendahl
Associate professor at Kansas State University and Editorial Committee Chair 
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Are Agricultural Professionals’ Farmland Value 
and Crop Price Forecasts Consistent?

By Wendong Zhang, Wei Zhang, & Chad Hart

ABSTRACT

Using agricultural professionals’ forecasts 

of  future farmland values and corn and 

soybean cash prices for their service 

area, we analyze whether their land and 

corresponding crop price expectations 

are consistent. We find that changes 

in expected land prices over time are 

positively correlated with expected 

crop price changes, suggesting these 

two forecasts are somewhat consistent. 

More importantly, we find that the 

linkage between these two forecasts is 

significantly stronger in the medium- 

and long-term as opposed to the short-

term, as well as a substantially stronger 

correlation for districts that have heavier 

reliance on crop production as a net farm 

income source.
Wendong Zhang is Assistant Professor, Department of  Economics 

and Center for Agricultural and Rural Development, Iowa State 

University. Wei Zhang is Assistant Professor of  Marketing, Iowa 

State University. Chad Hart is an Associate Professor, Department 

of  Economics and Center for Agricultural and Rural Development, 

Iowa State University.
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Expert opinion surveys are commonly used to forecast 

future events such as political election results or critical 

future market outcomes (oil and gas prices, inflation and 

interest rates, economic growth, and key commodity 

market fluctuations). With respect to agricultural 

markets, agricultural commodity futures and options 

markets are typically used to gauge critical movements in 

key markets, like corn or soybeans. On the other hand, 

there are few surveys that consistently and systematically 

solicit opinions of  agricultural professionals or 

producers regarding future farmland price changes.1 

One prominent example is the survey of  farm managers 

and rural appraisers at the annual Soil Management and 

Land Valuation (SMLV) conference organized by Iowa 

State University. In many of  these opinion surveys, 

respondents are expected to forecast both future land 

and crop prices (Federal Reserve Bank of  Chicago 2017, 

Purdue University and the CME Group 2017). However, 

as far as we know, the previous literature hasn’t closely 

examined the relationship between respondents’ land 

and crop price forecasts in these expert or producer 

opinion surveys.

Using individual responses from 162 agricultural 

professionals that attended the May 2016 SMLV 

conference, we examined the consistency between 

agricultural professionals’ land price forecasts with 

their corresponding corn and soybean price forecasts. 

We examined the consistency of  these price forecasts 

in three dimensions: first, we examined the temporal 

consistency of  price forecast within an individual market 

– corn, soybean, or land – over time. Second, using 

correlation statistics, we explored whether agricultural 

professionals’ price forecasts are consistent across 

agricultural commodity markets, and more importantly, 

whether they are consistent across crop and land markets. 

Third, we examined how the relationships between these 

expectations vary across the forecasting horizon (short- 

vs. medium-to-long-term) and reliance on crop income.

Data

Sponsored by Iowa State University College of  

Agriculture and Life Sciences and Iowa State University 

Extension and Outreach, the SMLV conference is 

regularly attended by farm managers, rural appraisers, 

real estate brokers, and others interested in the land 

market in Iowa and across the Midwest. This is the 

longest running conference at Iowa State – its ninetieth 

meeting was held in 2017. The SMLV conference has 

consistently received strong support from the Iowa 

Chapter of  American Society of  Farm Managers and 

Rural Appraisers throughout the years. Every year, the 

Iowa Appraiser Examining Board and Iowa Real Estate 

Commission approve the conference for six hours of  

continuing education credits for renewal of  real estate, 

appraiser, and broker licenses. At the conference, 

participants get an update on various current issues in 

farm management, rural property appraisal, and the 

agricultural sector in general. In addition, since 1964, 

every participant has an opportunity to “gaze into their 

crystal ball” and provide their estimates of  future corn 

and soybean prices and land values in Iowa. 

Figure 1 shows the half-page sheet presented to conference 

participants on site asking about their estimates of  future 

land values, as well as corn and soybean prices. At the May 

2016 conference, 186 out of  280 conference participants 

completed and returned their estimates, providing our 

study sample. We further deleted 24 observations with 

missing values on either land or crop forecasts. The final 

data consist of  162 observations. 
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We solicited participants’ opinion-based farmland 

price forecasts for five horizons, which is a mix of  

short-, medium-, and long-term forecasts. The short-

term forecast estimates land prices six months after 

the conference (November 2016). The medium-term 

forecasts explore land values in the two to five year range 

(November 2017 and November 2020). The long-term 

projections look 10 to 25 years out. In addition to land 

value questions, participants are also asked to predict 

corn and soybean cash prices for their service area in 

November 2016, 2017, and 2020. 

In this article, we were interested in the consistency of  

land and corn price forecasts from the SMLV conference. 

We were particularly interested in whether the land 

price implied in a respondent’s crop price forecast was 

consistent with the self-reported land price forecast for 

the same horizon. As a result, we mainly relied on the 

short- and medium-term land and crop price forecast 

questions in this article. We dropped the long-term 

forecast questions for 2025 and 2040 as there are no 

corresponding forecasted commodity prices. 

Results – Graphical Analysis

I. Time Consistency of  Expectations 

Table 1 summarizes- the data and Table 2 presents 

the correlation statistics between short-term (six-

month) expectations with medium-term (18-month and 

54-month) expectations for both crop and land prices. 

The three graphs shown in Figure 2 further provide 

graphical evidence of  consistency of  price forecasts 

over time for corn, soybean, and land prices. They clearly 

reveal a strong (greater than 0.8) correlation between 

agricultural professionals’ short-term, six-month 

expectation with their medium-term, 18-month price 

expectation in each of  the markets. This suggests that 

agricultural professionals who hold a more optimistic 

view of  near-term crop or land market values within 

six months tend to project higher 18-month corn prices 

than their peers—the corn price forecasts for 2016 and 

2017 are mostly clustered between $3.00/bushel and 

$4.00/bushel, or more specifically between $3.50/bushel 

to $4.00/bushel, with a few pessimistic agricultural 

professionals projecting a $2.00/bushel corn price. 

Similarly, those who reported much higher soybean or 

land price forecasts for 2016 compared to others tend 

to forecast higher prices for these markets for 2017 or 

2020 as well. 

As of  May 2016, the price estimate for November 2016 

seems to be less correlated with that of  November 

2020, when compared to the correlation between the 

November 2017 and November 2020 price expectations, 

suggesting that most agricultural professionals forecast 

a turnaround in the crop and land markets in late 2017 

and a transition from dwindling crop and land prices to 

a slow rebound. 

II. Cross-Market Consistency of  Expectations 

Cross-market correlation in forecasted prices

Next, we examined whether the reported price forecasts 

were consistent across different agricultural commodity 

groups, and more importantly, whether the commodity 

price forecast was consistent with land price forecast. 

First, Figure 3 shows the correlation between the corn 

and soybean price forecasts for both November 2016 

and November 2020. The strong correlation between 

corn and soybean price forecasts for both 2016 and 

2017 clearly shows that the participating agricultural 

professionals realize the interconnectedness across 

agricultural commodity markets and have a similar view 
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regarding the future trends for corn and soybean prices. 

It is also interesting to see that the crop price forecasts 

for 2020 are more dispersed compared to those for 2016, 

suggesting heterogeneous expectations regarding the 

future corn-to-soybean price ratios, which has significant 

implication of  crop rotation choices.

We further compared the reported corn price forecast 

by a respondent with their reported land price forecast 

for 2016 and 2020. Figure 4 shows a scatterplot of  

respondents’ corn price forecasts with same-year land 

price forecasts. A visual examination of  Figure 4 seems 

to suggest that there is no obvious correlation or clear 

trend between the corn price and land price forecasts. 

The lack of  correlation is true for both 2016 and 2020 

values. As discussed earlier, it seems that the participating 

agricultural professionals’ corn price forecasts are more 

clustered between $3.00/bushel and $4.00/bushel, 

however, their land price forecasts have a much larger 

variability, ranging from $4,000/acre to $10,000/acre.

Table 3 presents cross-market correlation statistics 

between the corn and soybean markets, as well as crop 

and land market price expectations. This table shows a 

similar pattern as in Figures 3 and 4 but it also investigates 

the correlation between soybean price forecasts and 

land price forecasts. While the correlations remain very 

consistent among the crop price projections over the 

various time periods, the correlations between the crop 

price and land value projections evolves over time with 

the higher correlations being observed as the time gap 

between the crop price and land value projection period 

grows.

It seems rational to suggest that agricultural professionals 

seem to rely on corn (soybean) futures prices when 

reporting corn (soybean) price forecasts, and thus report 

a fairly similar value. In contrast, these participants 

may rely more on the recent farmland transactions or 

appraisals in their local service areas as a reference for the 

future farmland market. As shown in Figure 1, we asked 

participants to forecast land prices for their service area 

(i.e., the area in which they provide professional service), 

which helps explain the wide range in their responses for 

the forecasted land prices. In other words, the agricultural 

professionals may rely on different information when 

forecasting crop and land prices – the crop futures market 

could easily be used as a benchmark when forecasting 

crop prices, however, land price is driven by a host of  

other characteristics beyond crop prices, including most 

notably land quality, crop yields, and crop-livestock mix, 

as well as local market characteristics like proximity to 

urban areas.

Cross-market correlation in forecasted price changes

Differences in information sources and systems resulted 

in the seemingly apparent lack of  correlation between 

forecasted crop prices and land prices. However, because 

the comparison in Table 3 is for price levels rather than 

changes in forecasted prices over time, this does not 

necessarily mean that they are inconsistent, as agricultural 

professionals’ expected land market fluctuations may still 

be correlated with expected crop market fluctuations. As 

the results in Table 3 showed, the correlation structure 

strengthens as the time gap between the forecast periods 

grows.

We examine whether there is a positive relationship 

between changes in their corn price forecasts from 2016 

to 2017 or from 2016 to 2020 and changes in land prices 

for the same time period. With USDA and the Federal 

Reserve frequently reporting changes in farm income and 
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asset values, it is possible that agricultural professionals 

are forecasting future market trends in percentage change 

terms. Figure 5 presents two scatterplots and the fitted 

linear regression line connecting percentage change in 

a respondent’s corn price forecast from 2016 to 2017 

with the percentage change in their land price forecast. It 

shows that there is a positive relationship between corn 

price changes and land price changes from 2016 to 2017.

 

Short-term vs. Long-term correlation

Economic theory of  land value argues that farmland 

market represents the net present value of  all future 

income streams, and farmland is often treated as a 

long-term investment. As a result, land price changes 

are not only linked with contemporaneous crop market 

fluctuations, but also reflect future crop market changes, 

in addition to other factors such as interest rates, land 

quality, urban influences, etc. Thus, we perceive a stronger 

correlation between crop price outlook with land price 

outlook in the longer term than that in the short-term, 

especially given that agricultural professionals seem to 

benchmark their crop price forecasts to prices from the 

futures markets.

The upper part of  Figure 5 focuses on the short-term 

expectation changes from 2016 to 2017, while the 

lower part shows the medium-to-long-term expectation 

changes from 2016 to 2020. This reveals that there is 

a positive relationship between corn price changes and 

land price change, and the positive correlation is stronger 

for the medium-term expectation changes than for the 

short-term. The fitted line suggests that a one-percent 

increase in expected corn price from 2016 to 2017 would 

lead to about a corresponding 0.2 percent expected rise in 

land value, while a one-percent increase in expected corn 

price from 2016 to 2020 would lead to a corresponding 

0.4 percent increase in expected land value. The higher 

magnitude suggests that the short-term land value 

expectations by agricultural professionals could be 

influenced by a host of  factors other than crop price 

fluctuations, however, their medium-to-long-term land 

value expectations are more aligned with fluctuations in 

underlying assets such as corn.

Table 4 offers additional insights on the pairwise 

correlation statistics between the percentage changes 

in expected crop prices with percentage change in 

expected land prices by analyzing the linkage between 

soybean price expectations with land price expectations. 

Interestingly, the correlation between soybean price 

changes with land price expectations for both short-term 

and medium-to-long-term is statistically higher than that 

between corn and land price expectations, this suggests 

agricultural professionals seem to place a higher weight 

on fluctuations in the soybean market than the corn 

market when forecasting future farmland prices. This 

could be a result of  growing significance of  soybean in 

the crop mix in Iowa and across the Midwest over the 

past century, especially over the last fifty years (USDA 

NASS 2017c). 

Correlation for crop-intensive vs. non-crop-intensive regions

The final aspect of  the cross-market correlation we 

examined is the difference resulting from the variation 

in crop-livestock mix and thus the varying degree of  

reliance on crop income. The capitalization model 

suggests that localized land market tends to result from 

localized farm income trends, and thus we argue that 

for regions that rely more heavily on crop production 

and crop income, the crop market movements would be 

more significantly capitalized and correspondingly we 

could expect to see a greater correlation in agricultural 



2018 JOURNAL OF THE ASFMRA

6

professionals’ crop price predictions with land price 

predictions for these crop-intensive regions. In light of  

this, we broke the nine crop reporting districts in Iowa 

into two distinct groups: crop-intensive districts in which 

crop production and crop income plays a relatively 

larger role in driving net income, including Northwest, 

North Central, West Central, and Central Iowa; and non-

crop-intensive districts in which crop income plays a 

relatively smaller role and other sources of  income, such 

as livestock income or pasture production, can provide 

more influence. Although this is a distinction between 

areas in Iowa, the logic that greater correlation between 

crop and land market movements for crop-intensive 

areas applies well beyond the state.

Table 5 replicates the correlation statistics shown in table 

4, but rather than pooling all observations, we separately 

correlate expected land price change with expected corn 

price change for crop-intensive districts and non-crop-

intensive districts. We reconfirm our findings earlier 

that there is a stronger link between expected crop price 

changes with expected land price changes in the medium-

to-long term as opposed to short-term, regardless of  crop 

intensity. More interestingly, our results reveal a much 

stronger correlation between crop market movements 

and land market fluctuations. In crop-intensive districts, 

a one-percent increase in expected corn prices from 

November 2016 to November 2017 would lead to a 0.25 

percent increase in the corresponding expected land 

prices, which is substantially higher than the average 

marginal effect for the non-crop-intensive districts.

Conclusions and Practical Implications

Using agricultural professionals of  forecasts of  

short- and medium-term farmland values and crop 

prices in the future for their service area at Iowa State 

University’s SMLV conference, we provided the first 

formal examination whether and how their land and 

corresponding corn and soybean price expectations 

are consistent. Our results demonstrate that a positive 

correlation between expected crop price changes and 

expected land price changes, suggesting that these two 

forecasts are consistent. More importantly, we found 

that while the correlation between the six-month, short-

term land, and crop price forecasts are relatively small, 

the medium-term land value forecast is more strongly 

associated with corresponding corn and soybean price 

forecasts. In addition, our results reveal much stronger 

correlation between these two forecasts for crop 

reporting districts with more intensive crop production 

and thus heavier reliance on crop income as a source 

for farm income. Finally, the preferences of  agricultural 

professionals are stable over time, with more optimistic 

professionals forecasting higher values for both short- 

and medium-term forecasts than their peers.

This paper has important practical implications for farm 

management and land investment and appraisals. First, 

our results show that experts’ opinion surveys’ land price 

expectations are somewhat rational in the sense that their 

movements are positively correlated with fluctuations 

in crop market fundamentals. Secondly, the medium-

term expectation is more closely tied with market 

fundamentals while short-term expectation is often in 

response to a host of  instantaneous factors that may not 

drive long-run land market movements. Finally, expected 

land prices for a local area are governed by factors that 

influence the net income in that area most, and factors 

other than crop prices, such as livestock market trends 

and recreation demand, are critical for land market trends 

in non-crop-intensive areas.
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Although this paper uses data from agricultural 

professionals based in Iowa, the results and implications 

are relevant for other Corn Belt states. We recognize that 

more work is needed to further examine the cross-market 

correlation between crop and land price forecasts, in 

particular a formal model to link crop prices and margins 

to land values over time. Currently, we are also examining 

the accuracy of  the crop and land price forecasts 

through comparison with the realized future values, and 

investigating how agricultural professionals form these 

short-term and long-term land price expectations.

Endnote

1 Federal Reserve Bank at Chicago’s Ag Credit Survey 

seeks ag lenders’ forecasts on future farmland value 

changes since early 1990s (Federal Reserve Bank of  

Chicago 2017), and USDA Economic Research Service 

used to survey producers regarding future farmland 

prices in the 1980s (USDA ERS 1985), and in 2016 

Purdue University started a monthly Ag Economy 

Barometer based on a nationwide sample of  producers 

which includes questions on directions of  future 

farmland value expectations (Purdue University and the 

CME Group 2017).
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Figure 1. Land and commodity price forecast sheet at the 2016 SMLV 
conference
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Figure 2. Scatterplot between 6-month vs. 18-month crop and land expectation
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Figure 3. Scatterplot between corn and soybean expected prices
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Figure 4. Scatterplot between corn and land expected prices
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Figure 5. Correlation between corn price changes with land price changes
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Table 1. Summary statistics of land and crop price expectations
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Table 2. Correlation between short-term and medium-term crop and land 
expectations

Table 3. Cross-market correlation between short-term and medium-term crop 
and land expectations
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Table 4. Correlation between expected crop price changes with expected land 
price changes

Table 5. Correlation between expected corn price changes with expected land 
price changes for crop-intensive and non-crop-intensive districts



Labor Efficiency and Productivity Benchmarks

By Michael R. Langemeier

Introduction

Most technology used in production agriculture is labor saving and 

capital intensive. As new technology is introduced, it is important to 

evaluate the efficiency of  asset use and labor. The efficiency of  asset 

use has been examined by Langemeier and Ibendahl (2014). Labor use 

is the focus of  this paper.

ABSTRACT

This paper examined labor efficiency 

and productivity benchmarks for a 

sample of  non-irrigated crop farms. 

Labor benchmarks varied widely among 

the farms. On average, labor efficiency 

(labor cost divided by value of  farm 

production) and labor productivity (value 

of  farm production per worker) averaged 

17.5 percent and $398,461, respectively. 

Labor efficiency and productivity were 

significantly correlated with farm size, 

profitability, financial efficiency, and crop 

machinery investment. Farms with below 

average labor efficiency and above average 

labor productivity had an average labor 

efficiency of  9.1 percent and an average 

labor productivity of  $650,116 per 

worker.

Michael R. Langemeier is a Professor with the 

Department of  Agricultural Economics at Purdue 

University.
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Labor productivity is linked to improved standards of  

living and employee compensation (Brill et al., 2017; 

Wolla, 2017). Changes in productivity are usually 

associated with one or more of  the following factors: 

increases in physical capital per worker; increases in 

human capital per worker; and/or technological change 

(Wolla, 2017). Increases in physical capital (e.g., machinery 

and equipment) and human capital (e.g., knowledge and 

skills) enables farms to produce more output per worker.  

Technological change or innovation allows farms to 

produce more output with same amount of  labor and 

physical capital. Mugera, Langemeier, and Featherstone 

(2012) document the large changes in labor productivity 

that have occurred in production agriculture over time. 

Output per worker increased five percent per year from 

1993 to 2007. Results indicated that labor productivity 

was primarily driven by factor intensity (physical capital 

per worker) and technological change.

In addition to improving standards of  living and 

compensation, labor productivity on farms is directly 

related to labor costs and profit margins. Employee labor 

costs are subtracted from value of  farm production in 

the computation of  net farm income. Operator and 

family labor costs are subtracted from net farm income 

plus interest in the derivation of  the operating profit 

margin ratio and the rate of  return on farm assets 

(Farm Financial Standards Council, 2017). If  a farm 

economizes on labor, holding everything else constant, 

their operating profit margin and rate of  return on assets 

increases.

Two commonly used labor benchmarks are labor 

efficiency and productivity (Langemeier, 2015). Labor 

efficiency is computed by dividing employee, operator, 

and family labor cost by value of  farm production. Labor 

productivity is computed by dividing the number of  

workers by value of  farm production where the number 

of  workers includes employees, operators, and family 

members.  This paper establishes labor efficiency and 

productivity benchmarks for non-irrigated crop farms.  

In addition, the relationships between labor efficiency 

and productivity and farm characteristics such as farm 

size, profitability, financial efficiency, and crop machinery 

investment and cost per acre are explored.

Methods

Benchmark definitions used by the Kansas Farm 

Management Association (KFMA) are used in this paper.  

Labor efficiency is measured by dividing total labor cost 

(unpaid operator and family labor plus hired labor cost) 

by value of  farm production. Labor productivity is 

measured by dividing value of  farm production by the 

number of  workers, which includes hired labor as well as 

operator and family labor.

The KFMA program computes operator labor using a 

standard operator cost per year. Operator wages paid 

by the corporation, which in many cases are based on 

tax policy, are excluded from the operator labor cost 

computations. Operator labor per full-time operator from 

2007 to 2016 ranged from $50,556 in 2007 to $74,447 

in 2014. Family labor is also included in the analysis to 

reflect the fact that in some operations, family members, 

other than the operator or operators, contribute to farm 

production.

The number of  workers is used to compute labor 

productivity. The number of  workers includes family 

members, operators, and hired employees. KFMA 

economists designate part-time family members, 

operators, and hired employees as working a fraction of  
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a year. For example, an operator that spends one-half  of  

his time working on the farm would reflect 0.5 workers.  

Similarly, an employee that helps for three months during 

the planting and harvesting seasons would reflect 0.25 

workers.

Correlation coefficients are used to explore the 

relationship between labor efficiency and productivity, 

and operator age, farm size, crop intensity, percent 

acres owned, profitability, financial efficiency, and crop 

machinery investment and cost per acre. Correlation is a 

statistical measure of  how variables move together and 

is bounded by -1.0 and 1.0. Values closer to the absolute 

value of  one signify higher correlation than values close 

to zero.

Farm size variables included in the correlation analysis 

were crop acres, harvested acres, total acres, and value 

of  farm production. Crop intensity was computed 

by dividing harvested acres by crop acres. A farm 

that fallows a portion of  their acres would have a 

cropping intensity index below 1.0 while a farm that 

utilizes double-cropping would have a crop intensity 

index above 1.0. Profitability was measured using the 

operating profit margin ratio and the rate of  return 

on assets. Financial efficiency was measured using the 

asset turnover ratio, interest expense ratio, depreciation 

expense ratio, operating expense ratio, total expense 

ratio, adjusted total expense ratio, and economic total 

expense ratio. All of  the financial performance variables 

except the adjusted total expense ratio and the economic 

total expense ratio were computed using the Financial 

Guidelines for Agricultural Producers (Farm Financial 

Standards Council, 2017). The adjusted total expense 

ratio and the economic total expense ratio included 

opportunity costs on unpaid operator and family labor, 

and unpaid operator and family labor and equity capital, 

respectively. The economic total expense ratio can be 

used to examine economies of  size and economic profit 

(Langemeier, 2013).

Data

Table 1 contains the average and standard deviation 

of  labor efficiency, labor productivity, and the farm 

characteristics that are related to the two benchmarks in 

the results below. Only KFMA farms designated as non-

irrigated crop farms with continuous data from 2007 to 

2016 were included in the analysis. Ten-year averages 

were used so that the farm characteristics related to 

profitability and financial efficiency depicted long-term 

measures.

The average labor efficiency and labor productivity 

values for the 272 farms in the sample were 17.5 percent 

and $398,461, respectively. Total acres and harvested 

acres averaged 1,980 and 1,681, respectively. The average 

crop intensity index was 1.023. The average value of  

farm production was $559,635. Approximately 23 and 

34 percent of  the farms had an average value of  farm 

production below $250,000 and from $250,000 to 

$500,000, respectively. The percentages of  farms with an 

average value of  farm production between $500,000 and 

$1,000,000 and above $1,000,000 were 33 and 10 percent, 

respectively. The average operating profit margin, asset 

turnover ratio, and rate of  return on assets was 0.100, 

0.342, and 0.026, respectively. The average total expense 

ratio, adjusted total expense ratio, and economic total 

expense ratio was 0.776, 0.932, and 1.133, respectively. 

The average adjusted total expense ratio indicates that 

on average the sample of  farms were covering unpaid 

operator and family labor. The average economic total 

expense ratio, on the other hand, indicates that on average 
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the farms were not covering all of  the opportunity costs 

associated with unpaid operator and family labor and 

equity ownership. Average crop machinery investment 

per acre was approximately $237.

Analysis of Benchmarks

Figure 1 illustrates the ten-year average labor efficiency 

measure for each farm in the sample. Labor efficiency 

varied widely among the farms. The top quartile in terms 

of  labor efficiency had an average labor efficiency value 

of  0.092 while the bottom quartile had an average labor 

efficiency index of  0.301. In other words, the average 

value of  labor efficiency for the bottom quartile was over 

three times that of  the top quartile. Not surprisingly, 

these large differences in labor efficiency had a large 

impact on the operating profit margin ratio and the rate 

of  return on assets. The average operating profit margin 

and rate of  return on assets for the top quartile was 

0.196 and 0.070, respectively. In contrast, the average 

operating profit margin and rate of  return on assets for 

the bottom quartile was -0.057 and -0.018, respectively.  

It is also worth noting that farms with a value of  farm 

production above $500,000 typically had below average 

labor efficiency values.

As indicated in figure 2, average labor productivity 

also varied widely among the sample of  farms. Given 

the high absolute value of  the correlation coefficient 

between labor efficiency and labor productivity values 

(-0.742), this is not surprising. The top quartile in terms 

of  labor productivity had an average labor productivity 

value of  $638,900. The lowest average productivity value 

for this group was $477,976. This group had an average 

labor efficiency value of  0.095. For the bottom quartile, 

the average labor productivity value was $206,601. This 

group had an average labor efficiency value of  0.297.

Table 2 presents the correlation coefficients between 

labor efficiency and productivity, and operator age, farm 

size, crop intensity, percent acres owned, profitability, 

financial efficiency, and crop machinery investment and 

cost per acre. The significance level of  each correlation 

coefficient is also presented. A significance level below 

0.05 indicates that a particular variable is significant at 

the five percent level. A larger absolute value is indicative 

of  a relatively more significant relationship.

The results in table 2 indicate that older operators tend 

to have higher labor efficiency values and lower labor 

productivity values. The discussion below focuses on 

the variables that were significantly correlated with both 

labor benchmarks. Crop acres, harvested acres, total 

acres, and value of  farm production were significantly 

correlated with labor efficiency and productivity. The two 

profitability measures, the operating profit margin ratio 

and the rate of  return on assets, were also significantly 

correlated with labor efficiency and productivity. In 

addition, all the financial efficiency measures except for 

the asset turnover ratio and the interest expense ratio were 

significantly correlated with the two labor benchmarks. 

Finally, as expected, crop machinery investment per 

acre was significantly correlated with labor efficiency 

and productivity. Results suggest that crop machinery 

investment per acre contributed to lower labor efficiency 

and higher labor productivity. Given the significance 

of  the other variables, though important, higher crop 

machinery investment per acre is certainly not a panacea 

to achieving lower labor efficiency and higher labor 

productivity.

The relationships between labor efficiency and 

productivity and farm size were also explored using 

simple linear regressions. The regression results reveal 
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the impact of  an increase in farm size on labor efficiency 

and productivity. A 10 percent increase in farm size 

resulted in a 3.5 percent decrease in labor efficiency and 

3.1 percent increase in labor productivity.

To provide benchmark information, farm characteristics 

for farms with below average labor efficiency and 

above average labor productivity (above average group) 

were compared to farm characteristics for farms with 

above average labor efficiency and below average 

labor productivity (below average group). The results 

are depicted in table 3. T-tests were used to determine 

whether each farm characteristic was significantly 

different between the two groups of  farms. There were 

63 and 61 farms represented in the below average and 

above average groups, respectively.

The large differences in the average labor measures 

between the two groups in table 3 is noteworthy. The 

above average group had a labor efficiency measure of  

0.091 and a labor productivity measure of  $650,116. In 

contrast, the labor efficiency and productivity measures 

for the below average group were 0.306 and $202,808, 

respectively. Age of  operator, farm size, crop intensity, 

percent acres owned, operating profit margin rate of  

return on assets, the three total expense ratios, and crop 

machinery investment and cost per acre were significantly 

different between the two groups of  farms. The average 

operator age was lower for the above average group. On 

average, this group also operated larger farms, exhibited a 

higher level of  crop intensity (i.e., more double cropping), 

and owned a relatively smaller percentage of  total acres. 

The above average group had an average profit margin 

of  approximately 20 percent and an average return on 

assets of  6.3 percent, while the profit margin and rate 

of  return on assets were negative for the below average 

group. The total expense ratios were significantly lower 

for the above average group. The average economic total 

expense ratio for the above average group indicates that 

on average this group earned an economic profit during 

the ten-year period. Crop machinery investment and cost 

per acre were significantly higher for the above average 

group. This suggests that at least part of  the lower labor 

efficiency and higher labor productivity exhibited by the 

above average group was due to higher crop machinery 

investment per acre. However, this result needs to be 

qualified. The above average group had much higher 

levels of  profitability indicating that the higher machinery 

investment does not appear to be a limiting factor for the 

above average group. It is also important to note that 

the asset turnover ratio was not significantly different 

between the two groups of  farms. 

Concluding Comments

This paper examined labor efficiency and productivity 

benchmarks for a sample of  non-irrigated crop farms. 

Labor efficiency was measured by dividing total labor 

cost by value of  farm production. Labor productivity 

was measured by dividing value of  farm production by 

the number of  workers. Average values were 17.5 percent 

for labor efficiency and $398,461 for labor productivity. 

Labor efficiency and productivity were significantly 

correlated with operator age, farm size, crop intensity, 

profitability, financial efficiency, and crop machinery 

investment per acre.

Given the significant relationship between the labor 

efficiency and productivity, and profitability and financial 

efficiency, it is important for farms to benchmark their 

labor utilization. Using information for farms that had 

below average labor efficiency and above average labor 

productivity, benchmarks were developed for each 
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labor measure.  For labor efficiency, the benchmark 

is a measure that is less than 0.091 or 9.1 percent. For 

labor productivity, a farm should have a value of  farm 

production per worker that is greater than approximately 

$650,000.

It is important to note that labor efficiency and 

productivity benchmarks should not be evaluated in 

isolation. These benchmarks should be evaluated in 

conjunction with crop machinery investment and cost 

per acre, financial efficiency, and profitability. Changing 

one benchmark, such as labor efficiency or productivity, 

may have adverse effects on other benchmarks (e.g., the 

operating profit margin ratio.
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Figure 1. Labor efficiency (Total Labor Cost/Value of Farm Production) for a 
sample of non-irrigated crop farms, 2007-2016 data
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Figure 2. Labor productivity (Value of Farm Production per Worker) for a 
sample of non-irrigated crop farms, 2007-2016 Data.
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Table 1. Summary statistics for sample of non-irrigated Kansas crop farms
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Table 2. Correlation coefficients between labor benchmarks and farm 
characteristics
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Table 3. Comparison of labor benchmarks and farm characteristics for two 
groups of Kansas farms
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ABSTRACT

Privately negotiated sales are increasingly 

becoming important in today’s agricultural 

markets, but relatively little is known 

about agricultural managers’ outcomes 

when bargaining for more profitable 

prices. A sequence of  four focus groups 

was conducted to gather information 

from agricultural producers to better 

understand their experiences, strategies, 

and specific needs for developing skills 

in contract and price negotiation. Results 

indicate opportunities for education and 

training related to bargaining strategies 

focused on improving prices.
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Introduction

Many agricultural sectors increasingly rely on privately 

negotiated marketing and production contracts to 

coordinate linkages. Marketing contracts, which govern 

the terms of  product sale and delivery, and production 

contracts, which specify the production process, 

represent 52 percent of  all livestock and 35 percent 

of  all commodities as a share of  the total value of  US 

agricultural production (MacDonald 2015). In this 

market environment, producers may find themselves 

negotiating contracts as both buyers and sellers in input 

and commodity markets (Katchova 2013; Sexton 2013). 

As a result, US agricultural producers are increasingly 

asked to navigate a wide variety of  complex contracts 

and negotiate for prices as well as other terms of  trade. 

A recent survey conducted with grain producers by Farm 

Credit Services of  America (2017) found that 69 percent 

of  their respondents used some type of  cash forward 

contracts, but only one-third of  respondents were 

“mostly” or “completely” satisfied with their marketing 

practices. Overall, while producers are likely using more 

contracting, they may not always be highly satisfied with 

their marketing outcomes. Producers may therefore, 

want more information to help improve their marketing 

as private negotiation becomes more prevalent.

Research in agricultural markets offers insights into 

outcomes for agricultural producers in markets where 

more transactions are privately negotiated. Yet, the 

results of  these studies are inconclusive. Generally, 

markets for agricultural products are becoming thinner 

and more concentrated, that is, fewer firms with larger 

market shares are often the purchasers of  agricultural 

commodities (Adjemian et al., 2016). Research focused 

on the potential for larger firms to exercise market 

power in contract negotiations suggests that price levels 

in concentrated markets are not greatly different from 

competitive prices (Key 2011; Vukina, Shin, and Zheng 

2009; Muth et al., 2008). Further, research suggests that 

despite a lack of  price reporting and time spent by sellers 

on evaluating and negotiating market prices, marketing 

contracts can offer higher, more stable net prices 

than auction markets (Plain & Grimes, 2010). Overall, 

this research suggests that market prices will likely be 

impacted by supply and demand conditions, and the 

move to private negotiation alone is not expected to have 

a large decreasing effect on prices.

Laboratory market research tells a very different story. In 

experimental markets, sellers do best in English Auction 

institutions (for example, livestock auctions) and receive 

the lowest prices when trying to sell previously produced 

goods via private negotiation (Menkhaus et al., 2003). 

Further, experimental markets indicate that producers 

shut out of  forward contracting opportunities may 

be disadvantaged when trying to sell their product in 

privately negotiated transactions after production has 

occurred (Sabasi et al., 2013). The lack of  opportunities 

for sellers to match with buyers, together with the risk 

of  losing their cost of  production for unsold goods, puts 

sellers at a further bargaining disadvantage in privately 

negotiated sales. Therefore, experimental research 

suggests that private negotiation coupled with this 

advanced production risk (incurred production costs 

before marketing) decreases seller bargaining power, and 

results in lower prices.

As agricultural markets shift away from more competitive 

information-rich institutions, such as public auctions 

to private contracting, managers may find themselves 

interacting in markets with fewer buyers (Adjemian et 

al., 2016). Moreover, producers may be negotiating with 
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buyers that contract many transactions a year while 

they may only negotiate one or few. In addition, since 

these contracts are privately agreed on, price and other 

contract and market details are often not publically 

available. Based on this lack of  experience and potential 

lack of  information, coupled with advance production 

risk, sellers could be at a bargaining disadvantage. This 

producer bargaining disadvantage is supported by 

experimental market research (Menkhaus et al., 2003; 

Nagler et al., 2015). Yet, these experimental markets 

use college students as participants and not agricultural 

producers. There is no information about how producers 

negotiate and their related bargaining outcomes as a basis 

to determine if  producers are negatively impacted during 

privately negotiated contracts. Given the prevalence of  

contracting in US agriculture, such knowledge could 

improve general understanding of  agricultural markets 

and managers’ profitability in changing integrated supply 

chains.

To address this void, we conduct focus group interviews 

to gather information from agricultural producers to 

better understand their experiences, strategies, and 

specific needs for developing skills in contract and 

price negotiation. Our research focus is to understand 

strategies used by producers when negotiating for price. A 

sequence of  four producer focus groups was conducted. 

The sessions were designed to identify problems faced 

by agricultural producers regarding price and contract 

negotiation situations in their day-to-day operations. We 

summarize these findings in the results below, then offer 

conclusions regarding potential strategies and education 

needs that may be useful to agricultural managers as well 

as specialists trying to provide assistance to producers 

regarding their marketing management tasks.

Methods

Given the objective of  our exploratory research, a variety 

of  potential approaches exist for querying small groups 

for insights and analyses of  the resulting qualitative data 

(e.g., Lofland et al., 2006; Gladwin, 1989). The focus 

group method was chosen as our interview technique 

due to its capacity to create interaction and discussion 

from multiple respondents regarding the topic of  

interest (Morgan, 1988). In each focus group session, 

standardized open-ended questions were presented 

(Fern, 2001) following procedures described in Johnston 

et al. (1995). Language common to respondents was 

utilized to avoid translation bias and miscommunication. 

Focus group participants were questioned in a way that 

allowed them to explain their marketing experiences 

focusing particularly on privately negotiated transactions. 

Diversity of  expression regarding issues and experiences 

was encouraged throughout each session.

Four focus groups were held in 2016 with a total of  

21 participants at four different locations (Riverton, 

Wyoming, in conjunction with Farm and Ranch 

Days; Evanston, Wyoming, including an Agricultural 

Outlook presentation; Torrington, Wyoming; and 

Casper, Wyoming, in conjunction with the Wyoming 

Stockgrowers Association meetings). Each focus group 

consisted of  Wyoming producers representing an 

array of  crop and livestock operations and marketing 

experiences.1 The estimated age of  participants ranged 

from late 20s to early 70s, with the majority of  participants 

being in their late 50s. Approximately one-third of  the 

participants were women. Years in production ranged 

from life-long agriculturalists to relatively new producers. 

Respondents had varying degrees of  experience with 

privately negotiated contracts. Annual agricultural sales 

levels varied across respondents from less than $1,000 
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to over $500,000, with the median response being in 

the $100,000 to $249,999 range. This diversity amongst 

participants created compatible group members, but were 

not necessarily cohesive, following recommendations by 

Fern (2001) for exploratory research tasks.

A pre-questionnaire was given to participants prior to the 

start of  discussion to stimulate thoughts about marketing 

alternatives and their private negotiation and bargaining 

strategies. These questions asked about pricing methods 

used by a participant when selling commodities during 

the past year as well as for the participant’s level of  

agreement with a series of  statements regarding their 

marketing and price negotiation strategies. (Responses 

to pre-questionnaire questions are reported in tables 1 

and 2, respectively.) Moderators then led participants 

through a guided discussion following four focus group 

questions:

1. Describe what happened in your last market 

negotiation. We don’t need to know exact price levels, 

we are trying to understand the overall bargaining 

process for your last negotiated sale. Discuss how 

you negotiated a final price. For example, who made 

the initial offer? Was there a counteroffer prior to 

agreement? Who did what during the negotiation? 

Do you feel either you or the other party made an 

extreme offer to move price in a particular direction?

2. What factors or issues other than price did you 

negotiate on during your last sale?

3. How much time did you spend actually negotiating 

this transaction?

4. What would you like to learn about negotiating 

market transactions in the future?

Descriptive statistics from the pre-session questionnaire 

were compiled to understand the background of  the 

participants. Next, focus group audio recordings and 

notes from all researchers present at the sessions 

were transcribed. These electronic records were then 

used to identify issue categories by question, which 

ultimately resulted in descriptive codes (for example, 

“advance production risk is a problem,” “matching 

risk with buyers is important,” “strategy to improve 

net price,” etc.). These codes were then used to group 

responses. This process of  indexing issues by question is 

recommended as a systematic approach to compare and 

contrast data from focus groups (Krueger, 1998; Fern, 

2001). Notable quotes deemed demonstrative of  a coded 

issue were tagged in the transcripts for possible inclusion 

in reporting of  the data as recommended by Krueger 

(1998). The results reported in this manuscript were 

chosen based on their prevalence across respondents 

both within and across focus group sessions.

Results

Analysis of  the pre-questionnaire responses offers 

important insights into the focus group participants. 

First, while the majority of  participants (73%) used a 

public auction to sell some of  their product during the 

past year, a large proportion also used some type of  

negotiated contract in their marketing strategy (Table 1): 

nearly 45 percent indicated they used a contract sale with 

a privately negotiated price and 27 percent indicated they 

used a direct market sale with negotiated price. Other 

privately negotiated contract methods that relied on 

some type of  pricing mechanism to reduce the time spent 

negotiating price (for example, a price based on a formula 

or cost-plus pricing) were also utilized. These results 

suggest that focus group respondents seem to follow the  
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national trend, and privately negotiated contracts are an 

important part of  their marketing portfolio.

Responses to pre-questionnaire statements that delve 

further into participants’ bargaining behavior indicate 

that while over half  (55%) of  the participants like to 

bargain for price, nearly all (91%) feel that buyers have 

an advantage over sellers when negotiating prices (Table 

2). Only about one-third of  the participants (36%) felt 

they got the best price because of  their bargaining skills. 

When we examine the questions related to bargaining 

strategy, nearly half  (45%) of  the respondents indicate 

they do not spend much time bargaining for price, which 

is reinforced in the later focus group discussions. It is 

interesting to note that when in the seller role, nearly 

two-thirds (64%) of  the participants indicate they try to 

start the negotiation, but only about half  (55%) of  the 

respondents indicated they tried to start with an offer 

price higher than their target price. Alternatively, when 

the participants are acting as buyers in a negotiation, the 

vast majority (82%) say they wait for the sellers to start 

the negotiation process. As buyers, less than half  of  the 

respondents (45%) indicate they try to offer a bid price 

lower than their target price. Overall, these responses 

indicate that producers are perhaps less comfortable with 

an aggressive stance in trying to move the negotiations in 

their favor with starting bids or offers. Our focus group 

discussion results tend to support these results as well.

Several main themes emerge from analysis of  the group 

discussions for the first focus group question, “Describe 

what happened in your last market negotiation.” The 

first major result is that producers are generally not 

spending a lot of  time on the price negotiation itself. 

When asked to describe what happened during their last 

negotiation, most participants indicated they spent very 

little time giving counter-offers or trying to move price 

in their direction.

Producer 2 Evanston, Wyoming: I let them offer a bid price 

first. 

Facilitator: And then you’ll counter offer. 

Producer 2: Right. And usually try to get a bid from a couple 

different people first, or kind of  know where the market is, let them 

offer, and kind of  go back and forth just a little bit. I mean, they 

can only go so far and I can only push so far in those situations. 

Facilitator: So, when you negotiate, there is not a lot of  

negotiation on the price now? Producer 2 Casper, Wyoming: More 

on how many [cattle] he’ll take. 

Producer 4 Casper, Wyoming: Yeah, actually, we don’t negotiate 

directly with him on the price. 

Producer 1 Riverton, Wyoming: I just kind of  offered – tried to 

think what was fair for the two of  us – told them that was what 

I wanted. And when I tried to negotiate, I kind of  told them that 

I had already thought it out, so, you know, I was willing to move 

a little bit, but I priced it where I thought that we should end up 

anyway. Then just kind of  held on to my price. It was reasonable 

to start with.

Research related to bargaining suggests that agents can 

generally improve their outcomes by being patient and 

increasing the time spent bargaining for price (Gerace 

2017; Muthoo 1999; Phillips et al. 2014). Impatience, 

a desire to move the trade along, results in larger 

concessions during the price negotiation resulting in 

a less desirable price for the impatient party (Muthoo 

1999; Phillips et al. 2014). Additionally, the first offer 

in a negotiation can often act as an anchor, so when it 

is less advantageous to one party, the negotiation result 

can often be less desirable for that party (Galinsky and 

Mussweiler 2001; Krause and Terpend 2006; Ritov 

1996). Overall, results suggest that respondents may not 
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be improving their chances for a better price outcome 

with their general approach being used. 

A second emerging theme is that, as sellers, producers feel 

they don’t have much bargaining power. The comments 

relate to what is termed advance production risk and 

matching risk by Menkhaus et al. (2003; 2007) when 

trying sell in private negotiation. The authors explain 

these as losses to sellers’ bargaining power due to risk of  

losing production costs on unsold inventory and risk of  

not being able to match with a buyer willing to purchase 

their product when and where they need to sell it.

Producer 3 Casper, Wyoming: Well, two years ago we were able 

to name the price. I mean, we got lucky, but last year I was just 

happy to get what they would give me.

Producer 2 Evanston, Wyoming: Right. The calves were too big, 

or whatever, you know if  you had a contract they didn’t want them, 

if  they were too big, they didn’t want them. 

Producer 1 Evanston, Wyoming: You know, and some of  the 

pasture cattle we had too, the buyers knew exactly what was in 

that contract, you know, not one head more, and that was it. And 

normally they would take a lot more, on a more normal year.

Because producers feel they don’t have much bargaining 

power with buyers, they also don’t seem to have 

confidence they can change price greatly with added time 

spent bargaining.

Producer 1 Casper, Wyoming: Well, the negotiation – there’s not 

a negotiation. Well, like on a video auction, you put on there what 

slide2 you’ll accept. That’s what they take. So there’s no negotiating 

it. On that video, the negotiation is, if  they don’t like it they don’t 

have to bid on it. 

Producer 3 Evanston, Wyoming: And in the lamb market, we 

don’t have enough [bargaining power], we’re kind of  at the mercy 

of  whoever will take the few lambs that we have.

Responses to the third focus group question, “How 

much time did you spend actually negotiating this 

transaction?”, usually related to the fact producers didn’t 

engage in offers and counter-offers, and thus, did not 

spend much time bargaining. These results suggest 

that respondents are behaving as if  they have little to 

no bargaining power because they are fearful of  losing 

that sale (and potentially their cost of  production) and 

have no alternative (perhaps facing matching risk in 

finding another buyer) and are therefore, at a bargaining 

disadvantage (Menkhaus et al., 2003; 2007; Sabasi et al., 

2013).

When producers were asked to respond to Question 4, 

“What factors or issues other than price did you negotiate 

on your last sale?”, responses tended to focus on the 

importance of  negotiating factors that affected marketing 

costs such as shrink (weight loss during handling and 

transport), transportation costs, or additional production 

practices for livestock. The participants also made it 

clear that the quality of  their product, reputation of  

their product, and length of  relationship with the buyer 

were all believed to improve their bargaining outcomes. 

Additionally, the length of  relationship to the buyer 

created valued repeat sales and reduced costs looking for 

another buyer.

Producer 3 Evanston, Wyoming: We do contracts. I’ve been 

lucky the past two years and I’ve got the calves sold before they 

dropped. But we do a lot of  negotiation. Not so much on price, 

it’s more on how much you can have on your [price] slide, You 

know, the way I look at it is, they [buyers] know how much they’re 
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going to pay for a calf, I don’t care if  it’s a 500-pound calf  or a 

1,000-pound calf, they’re going to pay the same amount of  money. 

And so we negotiate slide and some of  those types of  things. And 

shrink. 

Producer 2 Evanston, Wyoming: On livestock, reputation 

means a lot. And as far as heifers, are they pasture bred or AI 

bred? synchronized to a short calving window? Because we calve in 

February and we like to shorten our time in the barn out there. So, 

yeah, there is negotiation there.

Producer 2 Casper, Wyoming: I think we had leverage as a 

seller because at that point in time we weren’t taking much shrink. 

The cattle would go from this [our] pen, across the scale, and into 

his [the buyer’s] pen, and he knew our cattle. He was willing to be 

close to what was the top market price. And there was only three 

percent shrink. So it was very satisfactory, with no cuts, so it was 

a great negotiated price.

Producer 2 Riverton, Wyoming: [Talking about selling hay.] 

Quality. Well, we try and tell them [buyers] that we’re a little 

bit better than the next guy; try and get a little more out of  them 

[based on quality]. 

Producer 1 Casper, Wyoming: The guy that bought the heaviest 

four loads of  our steers liked them so well he came back and 

wanted to know if  we had any more. And so, at that time the price 

had bottomed out, and I thought if  I can get what I got for those 

others in August I’d be good. So that was where I started to get my 

price point. He came back and said that would be fine but wanted 

them weaned. I said for how long? He said 30 days. So I agreed, 

I weaned them for 30 days, he sent me the vaccine and I vaccinated 

them for him, and he’s going to give me per head as much as I got 

for the heavy steers on these. But he knew what he was getting, so he 

was excited to get more of  them. Knowing what he knew, he liked 

them so well, he came to me. 

Producer 4 Casper, Wyoming: I think more so than just price 

we try to—this is just a factor, we sell everything on the ranch, 

but—shrink is a big deal. We’ve been selling to the same buyer 

for quite a few years, so you have an advantage. They know what 

they’re buying, but still, though, lining trucks up so we have calves 

ready to go, there are just other things beside the price. 

Facilitator: So how does that work? Do you guys negotiate 

shrink every year then? Producer 4: Basically, we talk about it. 

Some are one [percent], some are two percent. Depending on the 

way our cattle are handled.

Because producers are fearful that buyers may not 

purchase their product if  they are aggressive about moving 

price in their direction, these results suggest producers 

try to improve their outcome with non-price attributes 

in the negotiation. Shrink and other marketing costs 

can reduce the offer price by as much as five to fifteen 

percent and are very important to manage (Bastian et al., 

2017). It is interesting to note that producers feel they 

can be successful in gaining some control in negotiating 

these costs while mitigating the chance of  losing a sale.

When producers in the focus groups were asked “What 

would you like to learn about negotiating market 

transactions in the future?”, comments focused on 

better market information when going into negotiations. 

These comments point to concerns that sellers need 

to have more and better information on prices in their 

market. Several comments also indicated they would like 

information on how to negotiate better prices.

Producer 4 Riverton, Wyoming: Well, the more information you 

have, the better you can do. You need more information. You need 

more information out there.

Producer 2 Evanston, Wyoming: Well, you keep asking those 

two specific questions different ways; is it better to be the first [to] 

offer on a price? Or is it better to be second? Or… teach us!

Research indicates that improved information on 

marketing alternatives can improve producers’ outcome 
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by improving their reservation value during a negotiation 

(Subramanian 2010). This alternative value when there is 

no deal in the current negotiation, is often termed “Best 

Alternative to a Negotiated Agreement” or BATNA. An 

improved BATNA puts parties in stronger bargaining 

positions as it makes aggressive offers or counteroffers 

easier when a clear idea of  the best alternative to a 

failed deal is available. The above comments reflect 

that participants want better market information to 

clarify their BATNA and increase their bargaining 

position. Another important piece of  information for 

producers is to know their cost of  production going 

into a negotiation. Moreover, the final comment above 

indicates that information about negotiation strategies 

could be desirable.

Conclusions

While we cannot draw firm conclusions about all 

producers given the nature of  our sample, our results 

suggest that privately negotiated sales are an important 

part of  the marketing portfolio for the producers 

interviewed. The participants generally feel they do not 

have much bargaining power when it comes to price. 

Producers in the focus groups reported they do not feel 

comfortable spending much time on the negotiation. 

Overall, focus group results support research indicating 

factors such as advance production risk and matching 

risk negatively impact sellers in laboratory markets 

(Menkhaus et al., 2003; 2007) and are likely impacting 

these agricultural producers when they negotiate prices. 

Generally respondents negotiating a sales of  their 

product stated a weaker bargaining position because of  

this.

Focus group participants are more comfortable discussing 

the quality of  their product during negotiation and 

reported that reputation for a quality product positively 

impacted prices. While most producers did not report 

spending much time directly negotiating price, they were 

more willing to try to influence their share of  marketing 

costs such as slide, shrink, additional production 

practices, and transportation during their negotiations. 

These factors greatly influence net price after marketing 

and can be an important part of  the bargaining process.

Overall, participants indicated they felt they would do 

better if  they had more market information before 

entering into a negotiation, and when queried indicated 

that the information needed to be based on local 

negotiated prices. Such information is often difficult to 

obtain, as many producers, who make up local markets, 

are unwilling to share such information. However, the 

desire for this information likely indicates producers’ 

desire to improve their bargaining position by knowing 

about their best alternative or BATNA.

Participants also indicated a desire for training to improve 

their bargaining outcomes. While research regarding 

the success associated with training is limited, Movius 

(2008, 509) concludes, “While far less prevalent than one 

would wish, existing evidence suggests that negotiation 

training can have positive effects.” Zerres et al. (2014) 

conclude negotiation training is effective in reaching 

mutually beneficial outcomes if  the trained party is the 

seller. Interestingly, training did not have an impact on 

outcomes when the trained party is the buyer. The above 

research did not focus specifically on price negotiations, 

however. We believe training and education in price 

bargaining strategy is warranted.

The education and training most likely to benefit 

agricultural producers regarding  bargaining power 
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and the prices they receive may need to focus on 

improvements in negotiation behavior and strategies. 

Specifically, training sellers to gather information on their 

alternatives prior to negotiating, making a strong initial 

bid during negotiations with buyers, and being patient 

by making more counteroffers during negotiation may 

increase the prices they receive. 

Previous research shows that the individual making 

the first bid or offer tends to achieve better market 

outcomes (Galinsky & Mussweiler, 2001). In addition 

the value of  that initial bid influences the negotiated 

price, as it creates a strong anchoring effect (Galinsky 

and Mussweiler, 2001; Ritov, 1996; Krause & Terpend 

2006). As a result, education and training for sellers that 

focus on making more aggressive opening bids may help 

move negotiations in their favor, thereby increasing the 

prices they receive.

The negotiation strategy chosen by sellers impacts how 

much negotiation power they have over the settlement 

price (Krause & Terpend, 2006). Making extreme first 

offers and minimal concessions has been found to 

lead to better market outcomes (Huffmeier & Freund, 

2011). This type of  behavior is consistent with a more 

patient negotiation strategy – more emphasis placed on 

maximizing the amount of  profit per unit traded through 

multiple offers and bids than on increasing the overall 

quantity sold. As a result of  this patient behavior, the 

time spent in price negotiations is extended. This strategy 

has been shown to lead to the highest profit in laboratory 

markets (Gerace, 2017). Yet producers in these focus 

groups seem to shy away from this strategy likely due 

to concerns related to potential loss of  sales. Moreover, 

information about cost of  production, alternatives, and 

market prices could improve bargaining outcomes as 

well (Muthoo, 1999; Phillips et al., 2014; Subramanian, 

2010). Therefore, fostering a more patient strategy 

during private negotiations and gathering information 

about alternatives prior to negotiations are additional 

focuses of  training and education.

Our results from these focus group interviews suggest 

that as more agricultural managers face opportunities to 

sell products privately, while focusing on quality and other 

facets of  the negotiation are important, opportunities 

for better market outcomes may also involve education 

and training related to bargaining strategies focused on 

improving prices.

Endnotes

1 While respondents indicated they marketed crops, 

livestock, or both, most participants focused on 

livestock sales during focus group questions. We 

attribute this to most Wyoming producers having 

both livestock and commodity crops grown as feed 

for livestock operations, and if  sold, crops are often 

sold to elevators rather than via private treaty.
2 Since sellers can never be certain what the actual 

weight of  their cattle will be at delivery, a mechanism 

called a price slide allows for an adjustment in 

price if  the seller’s estimate is wrong. For example, 

if  calves were contracted for an expected average 

weight of  525 pounds with a slide of  $0.15/cwt for 

every pound over an average weight of  540, price 

will be discounted by this amount if  cattle are over 

540 pounds. 
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Table 1. Frequencies associated with pricing methods reported by focus group 
participants in their operations when selling commodities during the past year
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Table 2. Frequencies associated with focus group participants’ agreement with 
the statements from the questionnaire (percent of respondents indicating they 
agreed or strongly agreed with the statement). A five point scale presented 
options from strongly disagree through strongly agree.
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This study evaluated no-tillage 

management systems for soybeans and 
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FGD gypsum treatments. Replicated field 

experiments were conducted in Ohio (two 
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2012-2016. This article addresses yield 

and profitability consequences of  these 

systems. Results provided no evidence 

of  yield change associated with gypsum 

application. There were significant 

differences in yield at all four sites for 

plots with cover crops (three positive and 

one negative). Profitability was negatively 

impacted by gypsum application at all 

four sites, while cover crop impacts 
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(negative) for only one site.
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Introduction and Literature Review

Farmers and agricultural scientists are continuously 

in search of  improved production methods: means to 

achieve not only greater farm profitability but also to 

reduce negative environmental impacts and to make our 

system of  agriculture more sustainable. Previously used 

production practices gaining increased scrutiny include 

the use of  gypsum as a soil amendment and greater 

usage of  winter cover crops.

Sulfur is a nutrient necessary for crop growth. In the past, 

sulfur deficiencies have not been typical in many eastern 

U.S. soils due to atmospheric deposits of  sulfur from 

the burning of  coal for power generation. However, soil 

sulfur levels are on the decline due to requirements of  

the Clean Air Act Amendments of  1990 that required 

coal power plants to remove sulfur dioxide from their 

emissions. This, combined with crop removal of  sulfur, 

has resulted in declining soil sulfur inventories. Kost, 

Chen, and Dick (2008) evaluated 1,473 soil samples 

representing 443 of  475 soil series in Ohio. They found 

that for a crop that required 15 kg/hectare sulfur (13.4 

pounds/acre), most (62.6%) Ohio soils were classified as 

variably deficient. This implies that in these soils, for crops 

such as corn and soybeans, the production response to 

sulfur is variable but often is positive. Although similar 

studies have not been done in other states, we anticipate 

that as time passes increasing percentages of  US soils will 

benefit from sulfur supplementation as sulfur continues 

to be drawn down through crop removal.

Sawyer, et al. (2012) reported that sulfur fertilization 

studies on small plots in Iowa show significant, but 

inconsistent, corn yield response to sulfur application. 

Sixty percent of  the plots had statistically significant 

yield increases to applied sulfur fertilizer. Soil types 

affected yield response: 68 percent of  sites with loam, silt 

loam, fine sandy loam, loamy fine sand, and sandy loam 

textural classes had statistically significant yield increases; 

however, only 14 percent of  sites with silty clay loam or 

clay loam textural classes had statistically significant yield 

increases. The across-site yield increases averaged 19 bu/

acre for the responsive sites.

In Minnesota, Rehm (2002) found that gypsum had a 

positive effect on crop yields on sandy textured soils 

deficient in sulfur. Wolkowski, et al. (2010) reported 

several studies conducted in Wisconsin in 2010 to evaluate 

the efficacy of  relatively high rates of  gypsum. None of  

the studies demonstrated substantial yield effects, but 

they did observe that gypsum’s effects on crop yields 

were strongly influenced by soil characteristics.

Soil structure influences many soil processes including 

water and chemical transport, soil aeration, wind and 

water erosion, seed germination, and root penetration 

(Chen & Dick, 2011). They observed that gypsum 

can improve soil physical properties by reducing soil 

dispersion and promoting flocculation. This helps reduce 

soil crust formation which improves seed emergence and 

plant establishment. It also improves surface infiltration 

rates and water movement though the soil. This impact 

may be especially beneficial with clay loam or silty clay 

loam soils (Chen & Dick, 2011; Zoca & Chen, 2017; 

Wang & Yang, 2017).

Batte and Forster (2015) surveyed farmers experienced 

with flue gas desulfurization (FGD) gypsum applications.  

These farmers perceived several benefits of  gypsum 

usage. The most frequently cited benefit was improved 

crop yields. More than 84 percent of  farmers indicated 

gypsum related yield improvement, and 77 percent rated 
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these benefits as moderately to extremely important.  

Long-term users of  gypsum (five years or more) 

perceived greater benefits than did shorter-term users.

Batte and Forster also asked farmers to estimate the 

private economic benefits of  their usage of  gypsum.  

Specifically, they asked questions to derive an estimate of  

the private benefit to cost (B/C) ratio for gypsum use on 

that farm. The mean B/C ratio for all respondents was 

1.68 (i.e., each dollar of  expenditure for gypsum resulted 

in $1.68 of  benefits). The median gypsum user cited 

a B/C ratio of  1.5. Nearly one-half  of  gypsum users 

reported a B/C in the range of  1.0-2.0, and 15 percent 

estimated a B/C of  2.0-3.0. Just 2.5% reported the B/C 

to exceed 4.0. One-third of  gypsum users reported a 

B/C ratio less than 1.0, suggesting that gypsum usage 

was not profitable on these farms.

Myers and Watts (2015) reported a survey of  farmers 

experiences with cover crops. In each of  the three years 

(2012-2014), corn and soybean producers who had fields 

with and without cover crops were asked to give yield 

data for fields with comparable management practices 

(e.g., variety, planting date, and soil type). In each 

year they found statistically significant yield increases 

associated with cover crop usage. Yield increases were 

largest in 2012, a year of  widespread drought, when 

farmers reported yield increases associated with cover 

crop usage of  9.6 percent for corn and 11.6 percent for 

soybeans.  In 2013 and 2014, under more typical rainfall, 

farmers reported yield advantages with cover crops of  

3.1 percent and 2.1 percent for corn, and 4.3 percent and 

4.2 percent for soybeans for the two years, respectively.

Marcillo and Miguez (2017) reported a meta-analysis 

of  winter cover crop studies on corn yield. They found 

that on average grass cover crops neither increased nor 

decreased corn yields. However, legume cover crop 

species resulted in subsequent higher corn yields, on 

average approaching 30-33 percent improvement. Cover 

crop mixtures of  grass and legume also were associated 

with increased corn yields. Their results also suggested 

no corn yield penalties due to cover crops if  managed 

properly.

Externalities associated with agricultural production 

also are of  concern to broader society. For instance, in 

Ohio toxic algae growth in Grand Lake St. Mary’s and 

the western portion of  Lake Erie have been a problem 

in recent years, due largely to off-site movement 

of  phosphorus. Application of  gypsum or other 

amendments containing calcium is a potential method to 

mitigate phosphorus and nitrogen losses through runoff.  

Gypsum application to soils increases ionic strength and 

calcium concentration in the soil solution, and as a result, 

adsorption of  phosphate (PO4) becomes stronger. Also, 

solubility of  organic phosphorus is decreased. Endale 

et al. (2014) and Torbert and Watts (2014) evaluated 

the effects of  using FGD gypsum to reduce P loss and 

increase water infiltration under simulated rainfall events.  

They found significant increases in water infiltration 

for soils treated with gypsum, and up to a 61 percent 

reduction in soluble reactive P concentration in runoff  

water. Erosion also decreases due to improved water 

infiltration caused by change in the physical condition of  

the soil (Ekholm et al., 2012; Murphy & Stevens, 2010). 

The combined effect is less phosphorus and nitrogen 

moving off-site with ground water or attached to eroded 

soil particles. Winter cover crops also may reduce offsite 

impacts of  fertilizer nutrients, both by reducing soil 

erosion and through plant uptake of  soil nutrients.
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Methodology

This article reports results of  a research project 

designed and conducted to evaluate the potential crop 

yield and profitability benefits of  an innovative, holistic 

soybean and corn farming system incorporating no-

till practices with cover crops and applications of  flue 

gas desulfurization (FGD) gypsum soil amendments. 

Replicated field experiments were conducted in Ohio (2 

locations), Indiana, and Alabama during a five-year period 

(2012-2016 crop years) to encompass a range of  soil, 

climate, and weather conditions. Treatments consisted 

of  three levels of  annual gypsum application (0, 1,000 

and 2,000 lbs/ac), each with and without cover crops, 

and with two crop rotations considered (corn-soybeans 

and continuous soybeans). The cover crop employed was 

cereal rye. Two soybean varieties also were planted each 

year at most sites.

There were widespread drought conditions that impacted 

the entire study region in 2012. Hoytville, Ohio was least 

impacted by this drought and displayed yields that were 

not substantially different than during the remainder of  

the study. The Piketon, Ohio, and Randolph County, 

Indiana plot sites were most impacted, with Piketon 

averaging just over 12 bushels per acre (bu/ac) of  soybean 

yields that year. Another drought year was observed in 

2016, this one primarily impacting crop growth at the 

Macon County, Alabama site. Average yields for all plot 

sites and years are presented in Table 1.

Profitability was modeled for each of  the systems at each 

site. Variable costs of  production were derived from 

soybean and corn enterprise budgets developed by each 

State’s Agricultural Extension Service for a soybean/

corn rotation employing a no-till farming practice. 

Fertilizer, weed, disease and pest control applications 

recommended by each state were incorporated to reflect 

pest, disease, and soil conditions common to that state. 

Fixed costs are comprised of  operator labor, machinery 

ownership costs, and land costs (cash rental rate). The 

machinery complement employed was standardized 

across the four sites and was sized to be appropriate for 

a 2,000-acre production system. Costs of  owning and 

operating this machinery complement were estimated 

using information from the University of  Minnesota 

Machinery Cost Estimates (Lazarus, 2012). Labor per 

acre was standardized across the study sites (2 hours 

per acre of  soybeans, 3 hours per corn acre) and was 

valued at $13.50/hour (rising to $15/hour in 2016). Cash 

rental rates for the state and county of  each study site 

reflected opportunity costs for land at that site (National 

Agricultural Statistical Service, Cash Rents Survey, 

various years).

Table 2 summarizes the variable, fixed and total costs for 

the base production scenario by year and location. Total 

fixed costs increased in the second year due to increases 

observed in farmland rental rates, but then flattened 

and actually decreased in the latter years of  the study, 

again due primarily to decreases in farmland rental rates 

resulting from lower commodity prices and decreased 

farm profitability. Variable costs were somewhat higher 

for Alabama due to greater fertilizer and agrochemical 

requirements. Total costs were lowest for Alabama, 

primarily due to lower cash rental rates for farmland, and 

were largest for Indiana due mainly to greater cash rental 

rates for farmland.

This profitability calculation was modified for gypsum 

application, cover crops, and continuous soybeans by 

adding or subtracting costs reflective of  the changed 

practice. For gypsum application, we assumed that the 
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gypsum material could be purchased (delivered to the 

farm) for $40 per ton, with an additional $10 per acre 

application fee.1 No other input costs changed under this 

scenario. For cover crops, the cost of  cereal rye seed was 

included at the seeding rate employed at each site plus 

$10.80 per acre for a single pass with a no-till seeder, the 

lower range estimate for no-till seeding in the 2012 Ohio 

Farm Custom Rate survey. For continuous soybeans, fixed 

costs of  machinery were reduced by $10.60 per acre to 

reflect lower investment in corn-specific equipment (e.g., 

a corn head for the combine), again, based on Minnesota 

Machine Cost estimates. Two soybean varieties were 

planted in most years and sites, but no costs differences 

were modeled for these varieties.

Revenue was modeled using the actual yield for each 

plot multiplied by the season average crop price.  Annual 

soybean prices used in profit calculations were $14.63, 

$13.03, $10.17, $9.09, and $9.73 per bushel for the five 

years 2012-2016, respectively (USDA, Crop Values 

Summary, various years). These represent averages for 

the states of  Ohio, Indiana, and Alabama. Corn prices 

over this period were $7.17, $4.53, $3.76, $3.85, and $3.55 

per bushel, respectively. Farm program impacts were not 

included. Per acre profitability (return to management) 

is then the difference in these revenues and the costs 

described above.

The purpose of  this article is to report the impacts 

of  cover crops and soil-applied gypsum at four test 

plot locations over a five-year study period. Multiple 

regression models were formulated to sort out the 

individual impacts of  the studied treatments and to allow 

tests of  significance of  yield and profitability differences 

by treatment. Because soil and weather events differ 

among the four locations, yield and profit regression 

models are estimated for each production site and year 

as well as for the combined five years at each site. In 

preliminary analyses, gypsum and gypsum-squared 

variables were included to test for a nonlinear response 

of  crop yield to gypsum application levels. In no case 

was the squared term significant. Explanatory variables 

also were included in the preliminary models to test for 

interactions of  gypsum application levels with presence/

absence of  cover crops, high oil varieties, and continuous 

soybean rotations as well as interaction of  cover crops 

and continuous soybeans. Regression coefficients for 

these interaction variables were not statistically significant 

(P≤0.10) and lowered the adjusted R-Squared statistic, 

and were excluded from the final models reported. Thus, 

the annual models for soybean yield (and profit) were:

(1) Yield = B
0
 + B1 Gypsum + B2 CoverCrop + B3 

High_Oil + B4 Cont_Beans + ei 

and

(2) Profit = B
0
 + B1 Gypsum + B2 CoverCrop + B3 

High_Oil + B4 Cont_Beans + ei

Where:

Yield is the plot soybean yield measured in bushels per 

acre (average for four replicates).

Profit is return to management ($/acre) calculated for 

each plot reflecting the various practices employed 

on that plot and the actual yield observed for that 

plot.

Gypsum is the pounds of  gypsum material applied per 

acre (0, 1,000, 2,000).

CoverCrop is 1 if  a cover crop precedes the soybean 

crop and is zero otherwise.

High_Oil is 1 if  a high-oil soybean variety is planted and 

is zero otherwise.
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Cont_Beans is 1 if  the plot is continuously planted in 

soybeans and is zero if  it follows a soybean/corn 

rotation.

ei is a random error term with mean zero.

We also estimated a five-year combined model for each of  

the four study sites. These models are the same as in (1) 

and (2) above, with the addition of  four binary variables, 

YEAR 2013 – YEAR2015, where YEAR201X=1 if  

year=201X and is 0 otherwise. Year=2012 is excluded 

to prevent collinearity in the model. These variables are 

included to control for systematic differences in yields 

(and profits) due to variations in annual environmental 

factors such as weather, pest and disease pressure, and, 

for profitability, annual variation in soybean, fuel and 

other prices and farmland rental rates. Each annual 

binary variable reflects the difference in average yields 

(profits) for that year relative to 2012, the excluded year.

Tables 3-6 provide regression results for the soybean yield 

and profitability models for each of  the four study sites.  

Sensitivity analyses for soybean price and gypsum costs 

are reported in Table 7. Corn crop regression results of  

yield and profitability for the combined five-year period 

are reported in Table 8.

Results

Hoytville, Ohio

Table 3 provides regression estimates for the Hoytville, 

Ohio test site. The top panel of  Table 3 provides 

estimates for crop yields. The adjusted R-squared 

statistics for individual years range from 0.28 to 0.74 and 

indicate the proportion of  total yield variation in each 

year that is explained by the model. The model F-statistic 

is a joint test that all regression coefficients are zero. The 

F-statistic is significant (P≤0.05) in all models.

For the Hoytville site, the regression coefficient for 

gypsum application is not significantly different from 

zero in any of  the five annual regression models. With 

the impact of  all other plot treatments controlled, there 

was no statistically significant evidence of  a yield impact 

for increased gypsum application: that is, we cannot 

reject the null hypothesis that gypsum application has no 

effect on crop yield.

The regression coefficient for the presence of  a cover 

crop was significantly different from zero and negative in 

sign in four of  the five years.  With all other explanatory 

variables controlled, soybean yields for plots with cover 

crops were 9.67 bu/ac lower (P≤0.01) than for soybeans 

not following a cover crop in 2012. Soybean yields 

with cover crops were 2.4 bu/ac less (P≤0.05) in 2014, 

11.5 bu/ac less (P≤0.01) in 2015, and 2.4 bu/ac lower 

(P≤0.05) in 2016.

Two soybean varieties were planted for each treatment 

regime at Hoytville. One was a high-oil yield variety and 

the other a standard oil content variety. With all other 

treatment variables held constant, the high oil variety 

produced significantly greater yields (P≤0.05) in four of  

the five years studied. The yield advantages for the high 

oil variety ranged from zero in 2015 to 10.8 bu/ac in 

2012.2

Finally, the regression coefficients for continuous 

soybeans indicates the yield benefits or penalties for 

continuous soybeans relative to soybeans following corn. 

This variable was significant in two of  the five years at the 

Hoytville site. With all other treatments held constant, 

continuous soybean plot yields were 4.9 bu/ac larger 

(P≤0.05) in 2015 but were 3.1 bu/ac lower (P≤0.01) in 

2016.
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The right-most columns of  Table 3 represent an analysis 

of  the combined five years of  yield data for Hoytville.  

Four binary variables are included to control for 

systematic variation in yields due to annual environmental 

factors, all measured relative to 2012, the excluded year. 

For example, the regression coefficients for Year2013 

and Year2014 are not statistically significant (P≤0.10), 

suggesting that there were no significant differences in 

average yield for these two growing seasons as compared 

to 2012. However, regression coefficients for Year2015 

and Year2016 are statistically significant: for Year2015, 

the regression coefficient of  -11.8 suggests that all plots 

averaged 11.8 bu/ac less in 2015 than the average of  all 

plots in 2012. To verify this, the yield for all plots in 2015 

at Hoytville (Table 1) is 47.1. This is 11.8 bu/ac less than 

the 58.9 bu/ac yield in 2012. By controlling this systematic 

year to year variation, the estimated coefficients for other 

explanatory variables will be reflective of  their individual 

contributions to yield.

For the five-year combined model, the regression 

coefficient for gypsum application level is not 

significantly different from zero (P≤0.10), thus there is 

no evidence over the five-year period of  changes in yield 

due strictly to gypsum application level. The regression 

coefficient for cover crops, with all other variables held 

constant, was -5.12 (significant at P≤0.01), indicating 

that for Hoytville the average impact of  cover crops was 

a 5.12 bu/ac yield reduction. The regression coefficient 

for the high oil variety was 4.13 (significant at P≤0.01), 

indicating that for the five-year period the high oil variety 

produced an added 4.13 bu/ac, with all else controlled.  

The continuous soybean variable was not significantly 

different from zero (P≤0.10), suggesting equal yields for 

continuous soybeans and soybeans following corn over 

this five-year period.

The bottom panel of  Table 3 includes results of  the 

profitability models. The dependent variable in these 

analyses is per acre profitability (return to management) 

and reflects all costs and returns for the various production 

practices of  each test plot. The explanatory variables are 

identical to those included in the yield model. Adjusted 

R-square statistics indicate that 68 to 78 percent of  the 

variation in annual profitability estimates is explained by 

the model. The F-statistics are highly significant (P≤0.01) 

for each model.

The regression coefficients for gypsum application are 

statistically significant (P≤0.10) for all years and display 

a negative sign in each year. The gypsum regression 

coefficient for the 2012-2016 combined model is -0.025 

(significant at P≤0.01). Because gypsum application is 

measured in pounds per acre, this estimated coefficient 

indicates that an additional pound of  gypsum applied 

per acre results in a reduction of  profitability of  $0.025 

per acre for the five-year combined model, or $50 per 

acre for a 2,000-pound application. For Hoytville, the 

yield model results suggested no change in yield due to 

gypsum application. However, gypsum was applied at a 

cost of  $40/ton plus $10/acre application fee.

The regression coefficients for the presence of  cover 

crop at Hoytville are all negatively signed and statistically 

significant (P≤0.05). Again, this is not surprising because 

yields at Hoytville were smaller for plots with cover crops 

in four of  the five years and there were additional costs 

of  establishing the cover crop. The estimated regression 

coefficient for cover crops at Hoytville for the 2012-2016 

combined model was -78.68, indicating that cover crops 

reduced profitability by nearly $79 per acre relative to no 

cover crops, with all other treatment effects controlled.
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The regression coefficients for the high-oil soybean 

variety were positive in sign and statistically significant 

(P≤0.05) in four individual years and in the five-year 

combined model. This result occurred because the high-

oil variety tested was higher yielding, and we modeled no 

increase in cost for this variety. The regression coefficient 

in the five-year combined model showed an increased 

profit for the high oil variety of  $53.60 per acre. This 

estimate suggests, that for the Hoytville site with all else 

equal, farmers could pay up to $53.60 per acre more to 

seed the higher yielding soybean variety and earn equal 

or higher profits.

The binary variable indicating continuous soybeans was 

statistically significant (P≤0.05) in only two years: The 

estimated coefficient was positive (indicating higher 

profitability) in 2015, but negative in 2016. This estimated 

coefficient was not statistically different from zero in 

the five-year combined model, suggesting essentially 

a breakeven between corn/soybean and continuous 

soybean rotations over the five years at Hoytville.

Finally, for the five-year combined model, the binary 

variables for year are included to control for systematic 

annual events which, for the profitability dependent 

variable, includes variation in soybean and other prices 

as well as annual weather induced yield variability. All 

four annual control variables were statistically significant 

(P≤0.01) and negative in sign. For Hoytville, the base 

year (2012) was a year of  above average yields and 

high soybean prices. Profits in 2013 were $130.92 less 

per acre than in 2012. For our purposes here, these 

coefficient estimates are not particularly interesting, 

but are important to control for these annual events, 

providing more accurate estimates of  the impact of  the 

experimental variables on profitability.

Piketon, Ohio

Table 4 provides regression estimates for the Piketon, 

Ohio test site. The results are reported in an identical 

format as for the Hoytville site. Although the results are 

presented for individual years, we will limit discussion 

largely to the 2012-2016 combined model results. The 

five-year yield model was highly significant (P≤0.01) 

as indicated by the model F-statistic. The adjusted 

R-squared statistic suggests that the five-year model 

explains about 88 percent of  the variation in soybean 

yields. The production year control variables all were 

significant (P≤0.01), indicating greater yields in the last 

four years relative to 2012, the severe drought year at 

Piketon.

The estimated regression coefficient for gypsum 

application was not statistically significant (P≤0.10) in 

the five-year combined model, providing no evidence of  

a yield impact from gypsum application. This variable 

was significant in only the 2012 production year: there, a 

one-pound increase in gypsum application was associated 

with a 0.001 bu/ac increase in yields, or about 2 bu/ac 

for a one ton application of  gypsum.

The presence of  a cover crop prior to soybeans was 

statistically significant (P≤0.10) and positive, suggesting 

that over the five-year period the presence of  a cover 

crop was associated with a 2.21 bu/ac increase in yield.  

This was true despite the fact that this variable was not 

statistically significant in any individual year.

The high oil variety and continuous soybean variables 

were not statistically significant (P≤0.10) in the five-

year models. The continuous soybeans variable was 

statistically significant (P≤0.05) in two individual year 

models. The estimated coefficient suggests an increase 
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of  8.55 bu/ac over the corn/soybeans rotation in 2012, 

however in 2015 continuous soybeans yielded 6.25 bu/

ac less than soybeans following corn. This may suggest 

an important interaction between weather, insect, or 

disease pressures or other environmental variables with 

continuous soybean yields.

The bottom panel of  Table 4 provides model estimates 

for per acre profitability at Piketon. The five-year model 

F-statistic was highly significant (P≤0.01). The adjusted 

R-squared for the model was 0.87. Again, the annual 

control variables were all highly significant, showing a 

substantial increase in profitability for the named years 

relative to the 2012 drought year.

For the five-year model, the gypsum application variable 

was statistically significant (P≤0.05) and suggested that 

each additional pound of  gypsum applied reduced 

per acre profits by $0.021, or about $42/acre for a 

2,000-pound application. Again, with no demonstrated 

yield improvement, this amount is roughly equivalent to 

the cost of  the applied gypsum.

The estimated regression coefficients for presence 

of  cover crop, the high-oil variety, and a continuous 

soybean rotation were not significantly different from 

zero (P≤0.10) in the five-year combined model, again 

suggesting essentially a breakeven for each relative 

to the base case of  no cover crop, typical variety, and 

corn/soybean rotation. Results for individual years 

indicated a mixture of  positive and negative regression 

estimates, suggesting much variability in these variables 

due to annual weather and commodity price events. The 

most notable individual year estimate was the $136/

acre advantage for continuous soybeans in 2012. This 

coefficient is large in part because the 8.55-bushel yield 

advantage occurred in the high price year ($14.63/bu), 

resulting in a $125/ac boost in total revenue.

Randolph County, Indiana

Table 5 provides results for the soybean yield and 

profitability models for the Indiana test site. The soybean 

yield model for the combined five-year period was highly 

significant (P≤0.01) and explained about 45 percent of  

the variation in soybean yields. The individual year control 

variables were all significant (P≤0.01) and positive in sign, 

indicating that average yields were higher in the last four 

years of  the study relative to the 2012 drought year. Note 

that Indiana did not include the high oil variety in the last 

three years of  the study. For this reason, this variable is 

not included in the five-year model and high oil variety 

observations for the first two years were excluded in the 

estimation of  the five-year model.

As with the previous two sites, the regression coefficient 

for gypsum application level was not statistically different 

from zero (P≤0.10), suggesting no yield impact from 

gypsum application. The presence of  a cover crop prior 

to the soybean crop displayed a significant (P≤0.05) 

positive regression coefficient estimate. The model 

suggest that the presence of  a cover crop was associated 

with a 2.6 bu/ac yield advantage for cover crop practices. 

Note that this variable was significant and positive in 

two of  the five individual years, suggesting a four to five 

bushel yield improvement in those years, but was not 

significantly different from zero in the other three years.  

The continuous soybeans regression coefficient was not 

statistically different from zero (P≤0.10), suggesting 

no difference in yields of  the continuous soybeans 

and soybeans following corn rotations. For individual 

years, continuous soybeans were estimated to produce 

14.4 bu/ac greater yields than soybeans following 
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corn in 2015, but 7.4, 7.1, and 3.7 bu/ac lower yields 

than soybeans following corn in 2013, 2014, and 2016, 

respectively. Again, this suggests significant interaction 

of  this practice with environmental events of  weather, 

pests and/or disease.

The lower panel of  Table 5 shows profitability model 

results for the Indiana site. The model F-statistic was 

highly significant, and model explained about 74 percent 

of  the variation in profitability estimates. Three of  

the four annual control variables were significant and 

negative, reflecting the negative impact of  declining 

soybean prices relative to 2012 which more than offset 

the higher yields in those years.

Even though gypsum did not influence soybean yields, 

it had a significant (P≤0.01) negative influence on 

soybean profitability because of  added gypsum costs. 

Each additional pound of  gypsum applied was estimated 

to reduce profitability by $0.035, or about $70 per acre 

for a one-ton application. The presence of  cover crops 

and continuous soybean production did not result in 

significant differences in profitability (five-year model) 

relative to the base case of  no cover crops and soybeans 

following corn. However, both variables displayed a 

mixture of  statistically significant positive and negative 

regression coefficient estimates in individual years, 

driven almost entirely by the impact of  yield changes in 

these years. 

Macon County, Alabama

Soybean yield and profitability model results for the 

Alabama site are reported in Table 6. The five-year 

model F-statistic for the yield model is highly significant 

(P≤0.01). The combined model explains 80 percent 

of  the variation in soybean yields. Soybean yields were 

significantly larger in 2013 and 2014, and significantly 

lower in 2016 (a drought year for Alabama), relative to 

the 2012 base year.

For the five-year model, gypsum application was not 

significantly (P≤0.10) different from zero, suggesting no 

impact of  gypsum application level on soybean yields at 

the Alabama site. The gypsum application variable was 

statistically different from zero in two years: in 2012, 

each additional pound of  gypsum was associated with 

a 0.002 bu/ac increase in yield, and in 2015 each added 

pound of  gypsum applied was associated with a 0.001 

bu/ac decrease in soybean yield.

The regression coefficient for the presence of  a cover 

crop prior to soybeans was significant (P≤0.01) and 

positive for the five-year combined model. For Alabama, 

with all other variables controlled, the presence of  a 

cover crop was associated with a nearly 3 bu/ac increase 

in soybean yields. This variable was significant and 

positive in four of  the five individual year models.

The estimated coefficient for the high oil soybean variety 

was statistically significant (P≤0.01) and positive in sign 

in the combined model. In Alabama, the high oil variety 

yielded 5.36 bu/ac more than the traditional variety. 

Four of  the five individual year regression coefficient 

estimates for this variable were significant and positive, 

with one year (2016, a drought year) significant and 

negatively signed.

Finally, the regression coefficient for continuous 

soybean production was statistically significant (P≤0.01) 

and negative in sign in the five-year model. With all 

other variables controlled, continuous soybeans were 

associated with just over 4 bu/ac lower yields than 
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soybeans following corn. This variable displayed a 

mixture of  significant positive and negative regression 

coefficients in individual years, again underscoring a 

strong interaction of  this variable with environmental 

factors.

For the profitability models (lower panel of  Table 6), 

the combined model displays a significant F-statistic 

(P≤0.01) and explains about 85 percent of  the variation 

in enterprise profitability. All four annual control 

variables were statistically significant (P≤0.01): 2013 was 

more profitable than 2012 due to the higher yields, but 

2014 and 2015 were lower in profitability primarily due to 

reduced soybean prices. The 2016 season was lowest in 

profitability for Alabama due to a combination of  lower 

soybean prices and a nearly 14 bu/ac yield reduction 

relative to 2012.

The regression coefficient for gypsum application was 

significant (P≤0.01) and negative in sign, suggesting that 

each additional pound of  gypsum applied decreased 

profits by $0.021, or $42/acre for a one-ton application.  

Four of  the five individual year coefficients for this 

variable were significant and negative in sign.

The regression coefficient for the high oil soybean 

variety was significant (P≤0.01) and positive, suggesting 

just over $62 per acre improvement in soybean profits 

relative to the traditional variety. The coefficient estimate 

for continuous soybeans was significant (P≤0.01) and 

negative, suggesting a nearly $33 decrease in per acre 

profits relative to soybeans following corn. The presence 

of  a cover crop prior to the soybean crop did not 

significantly impact soybean profitability in the five-year 

combined model. However, this variable was statistically 

significant (P≤0.10) in two years, suggesting that the 

presence of  a cover crop decreased profits by $25.65 per 

acre in 2014, but increasing profitability by $16.80 per 

acre in 2015.

Sensitivity analysis on soybean price and 

gypsum cost

In order to explore the impact of  soybean prices on 

these experimental results, profitability analyses were 

repeated with soybean prices that were 20 percent above 

and below the base prices. Results for the five-year 

combined models are shown in Table 7. For Hoytville, 

a 20 percent increase (decrease) in soybean prices results 

in the constant term increasing (decreasing) by about 

$173 per acre, demonstrating the change in profits in the 

base year (2012) not attributable to other explanatory 

variables. Likewise, the binary variables associated 

with annual variations in yields and prices all increase 

(decrease) in absolute value relative to the base model, 

reflecting that annual variation in yields are now valued at 

the higher (lower) soybean prices and thus have greater 

(lesser) impact on profitability. The regression coefficient 

estimate for gypsum is essentially unchanged from the 

base model, but the standard error of  the estimate has 

increased with higher soybean prices and decreased with 

lower prices. The regression coefficient for cover crop 

decreases (increases) by nearly $12 per acre, reflecting 

the fact that the yield change associated with cover crops 

at Hoytville now has a greater (lesser) monetary value 

due to higher (lower) soybean prices. Similarly, the yield 

advantage of  the high oil variety grown at Hoytville 

now has higher (lower) value due to the price increase 

(decrease), resulting in nearly $11/acre of  additional 

(reduced) value. Although the regression coefficient 

associated with continuous soybeans increases with 

higher prices, that coefficient estimate is not statistically 

different from zero at the P≤0.10 level. 
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Similar results can be observed for the remaining three 

production sites (Table 7). It is interesting to note that in 

no case is a 20 percent change in soybean price sufficient 

to change the sign of  estimated regression coefficients 

for the four studied parameters relative to the base 

model. That is, a 20 percent commodity price increase 

does not make, say gypsum usage, profitable when it was 

unprofitable at the lower price.

We also considered the sensitivity of  the base model 

results to a change in the cost of  gypsum material.  

The base model includes gypsum cost at $40 per ton 

delivered to the farm, plus a $10 per acre application fee.  

The rightmost two groups of  columns in Table 7 show 

the impact of  a $60 and $20 per ton cost of  gypsum 

delivered to the farm. The $10 per acre application fee 

remains constant in these analyses.

Because the change in per acre gypsum cost is only a 

function of  quantity applied and gypsum cost, the only 

regression coefficients that change in these sensitivity 

analyses, relative to the base model, are those for gypsum 

application level. For $60/ton gypsum cost at the Hoytville 

location, the regression coefficient of  -0.035 suggests 

that each pound of  gypsum applied reduces profits by 

3.5 cents, or $70 per acre for a one-ton application. At a 

$20/ton cost of  gypsum, that profit penalty is reduced 

to 1.5 cents per pound of  gypsum, or about $30 per acre. 

Similar results can be observed for the other three test 

plot locations. In no case is the 50 percent reduction in 

gypsum cost sufficient to change gypsum application 

from a negative to a positive influence on profitability.

As suggested in our literature review, gypsum application 

may be useful to reduce the level of  phosphorus in water 

runoff  from a crop field and to reduce soil erosion with 

attached fertilizer nutrients. Society may value improved 

water quality from lessened nutrient pollution, and may 

be willing to pay to encourage such practices.3 The fact 

that only the gypsum regression coefficient changes 

in response to the cost of  gypsum applied allows us 

to calculate the magnitude of  subsidy that would be 

required if  policy makers wished to encourage gypsum 

application but to leave farm profitability unchanged 

relative to no gypsum application. For the base analysis 

with gypsum cost at $40 per ton, the breakeven subsidy 

at Hoytville would be $0.025 X 2,000 = $50 per acre of  

soybeans for a one ton per acre application.4 That is, if  

the farmer pays $40 per ton of  gypsum material and $10 

per acre to apply the material, receives no yield benefit 

from this application, but receives a subsidy payment of  

$50 per treated acre, profits would be equal for treated 

and untreated acres. This breakeven subsidy level for our 

experimental results would be $42, $70, and $42 per acre 

for Piketon, Indiana, and Alabama, respectively.

Corn Enterprise Yields and Profitability  

This study was funded primarily by a grant from the 

United Soybean Board. For this reason the primary 

focus was on the impact of  the studied management 

systems on the soybean crop. However, one of  the 

practices examined was a soybean following corn versus 

continuous soybean cropping sequence. Hence, we have 

186 site-year observations for corn crop performance as 

impacted by gypsum treatment and for the presence or 

absence of  a preceding cover crop. Table 8 reports the 

results of  the combined five-year regression models for 

corn yields and profitability. Because of  small sample 

sizes, individual year regressions are not reported for 

corn.

The top panel of  Table 8 provides the regression model 

results for the five-year combined regression models 

on corn yields. The models are highly significant and 
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explain 74 to 92 percent of  the variation in corn yields 

across the four sites. Binary variables for year, included 

to control for systematic variations in corn yields due to 

annual weather events (relative to the 2012 base year), 

were significant for most years and sites.

The impact of  gypsum application level on corn 

yields was significantly different from zero only at the 

Hoytville, Ohio site. Although the regression coefficient 

for Hoytville was significant (P≤0.05) the magnitude of  

that impact was relatively small: a one-pound increase in 

gypsum application was associated with only a 0.005 bu/

ac increase in corn yield, or about 10 bu/ac for a 2,000 

pound application of  gypsum.

Similarly, the estimated impact of  cover crops suggested 

little impact on corn yields. Hoytville, just as was the 

case for soybeans, saw a significant (P≤0.01) decrease 

in corn yields (13.4 bu/ac) for plots with cover crop 

relative to corn plots without a preceding cover crop.  

The estimated regression coefficients for presence of  a 

cover crop were not statistically different from zero for 

the other three sites, suggesting no difference in yields 

due to the presence of  a cover crop.

The bottom panel of  Table 8 provides the regression 

estimates for the profitability models. Adjusted 

R-squared measures of  goodness of  fit ranged from 

0.83 to 0.98. Regression coefficient estimates for gypsum 

application were significant (P≤0.01) and negative for 

two sites: per acre profits for a one-ton application were 

reduced by an estimated $63 and $41 per acre for Indiana 

and Alabama, respectively. For the other two sites, the 

estimated coefficients were not statistically different 

from zero, suggesting a near breakeven result for gypsum 

application. For the presence of  a cover crop preceding 

corn, two sites display significant (P≤0.01) negative 

regression coefficient estimates. Hoytville estimates 

suggested an average $77.23 per acre reduction in profits 

for the five-year model, and Alabama a $37.01 reduction 

in profits associated with cover crop usage. Although 

the regression coefficients for Piketon and Indiana were 

negatively signed, neither was found to be statistically 

different from zero (P≤0.10).

Discussion and Conclusions

Although previous studies have suggested that gypsum 

applications and cover crops can increase crop yields and 

profitability, our study of  soybean and corn production 

at four sites in three states found no supporting evidence 

of  increased profitability of  either practice. For gypsum, 

there was no statistically significant evidence that gypsum 

increased soybean crop yields at any site, and corn yields 

showed a significant increase only at the Hoytville site. 

The soil at the Hoytville site is a clay loam or silty clay 

loam. Gypsum is often applied to such soils to improve 

aggregation, water infiltration and aeration (Chen & 

Dick, 2011). It is somewhat surprising that a significant 

increase in corn yields due to gypsum application was 

observed for this site, but there was no indication of  a 

yield impact for the soybean crop.

Results were more mixed and site specific for cover 

crop impacts on soybean yields, with a statistically 

significant negative effect at Hoytville, but significant 

positive impacts at the Piketon, Indiana and Alabama 

sites. Hoytville, is the northernmost site in this study 

and cover crop growth after soybean or corn harvest is 

more difficult in the more northern environments of  

the United States. The soybean yield improvement at the 

Piketon, Indiana, and Alabama sites was not sufficient 

to more than cover the cost of  the cover crop practice, 
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essentially resulting in a breakeven outcome for the 

practice at these sites. For corn, both Hoytville and 

Alabama showed significant decreases in profitability 

due to cover crop usage.

Although our results suggest little evidence of  direct 

economic benefit to farmers of  gypsum application and 

cover crop usage, there are limitations to our study that 

should be noted. Foremost, our study is limited to four 

specific sites and the soils that are located there. These 

are research sites for which the soils have typically been 

well maintained in terms of  soil fertility, soil pH, and 

other soil maintenance practices. Previous research 

has suggested that gypsum applications may be most 

beneficial for soils that exhibit specific problems or 

structural characteristics. Had the experiment been 

conducted on such soils, a greater impact might have 

been observed.

Sulfur deficient soils also can benefit from gypsum 

application due to its high sulfur content (18.6%). For 

much of  the last century, soil sulfur levels in the eastern 

US were sufficient for most crops. However, since the 

imposition of  sulfur emissions standards on power plants, 

sulfur levels in soils have been drawn down through crop 

removal. If  the soils at the study locations still retain a 

sufficient level of  available sulfur for soybeans and corn 

crops, then the potential yield increases from gypsum 

may be muted. This may change over time as soil sulfur 

inventories are drawn down.

Another characteristic of  our study may also discount 

potential economic benefits of  gypsum applications. 

Our test plot research, as is typical, controls for as many 

variables as possible. Planting dates, fertility applications, 

pest treatments, and other management practices were 

identical for all plots at a given location. However, if  

gypsum applications improve water infiltration and 

drainage, then farmers on such soils may be able to plant 

earlier, perhaps capturing yield advantages of  a longer 

growing season or of  longer season varieties. Similarly, 

if  gypsum allows greater retention or availability of  soil 

nutrients, then fertility decisions might be altered for 

these circumstances, perhaps lowering fertility costs. Any 

such advantage of  gypsum application is not captured 

in our study due to the standardization of  management 

practices and planting dates across plots.

One other difference between our study and some actual 

on-farm gypsum practices is that producers often only 

apply 1-2 tons/acre of  gypsum every 2-3 years, instead 

of  every year. In the case of  this economic study less 

frequent applications would decrease the FGD gypsum 

treatments costs and increase overall profitability.

Another potential limitation of  the study concerns the 

cover crop component. Our study considers only the 

presence or absence of  a cover crop of  cereal rye. No 

other cover crop species or mixtures of  species were 

studied. It is possible that other cover crop practices 

might have been more impactful on crop yields as 

suggested by the meta-analysis of  corn yield response 

reported by Marcillo and Miguez (2017).

The economic analysis reported in this manuscript 

considers only private economic costs and benefits – that 

is the farmer’s profit. However, there often are external 

costs or benefits of  decisions taken – for instance, the 

costs to downstream residents of  polluted waters, algae 

growth, increased water treatment costs, dredging of  

soil sedimentation, etc. To the extent that cover crops 

or gypsum application may reduce soil erosion, off-site 
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movement of  soil nutrients, or reduction in some other 

externality, then these practices have value to society 

beyond the farm owner. Estimation of  these external 

costs and benefits was beyond the scope of  our study.

Our study was performed assuming the farmer bore the 

full cost of  gypsum or cover crop practices. However, 

to the extent that these practices positively impact 

environmental outcomes, society may have an interest 

in encouraging their adoption. The Natural Resources 

Conservation Service (NRCS) promotes the combined 

use of  cover crops and gypsum in conservation tillage 

systems for the production of  crops. Because of  minimal 

crop residue left after harvest, and hence increased 

erosion hazard, soybean producers are targeted to 

increase the use of  cover crops. Gypsum has also been 

approved as a best management practice and some states 

are cost sharing with farmers to apply gypsum to their 

fields. Our results suggest that the subsidy to encourage 

gypsum application would need to be in the range of  

$44 to $68 per acre for each 1 ton gypsum application if  

the goal is to leave farm profits unchanged. This subsidy 

would, however, reduce environmental costs and benefit 

society at large.

Endnotes

1. Because gypsum is a bulky product, transportation 

cost can be a significant portion of  the cost of  

gypsum. This suggests that farmers will face varying 

costs for gypsum due to differences in farm proximity 

to the gypsum distribution center. In 2012, FGD 

gypsum was $28.50 per ton at the Hicksville, Ohio 

distribution point with delivery at $3.75 per loaded 

mile in truckload units of  20 tons. Thus, gypsum 

purchase and delivered in a radius of  60 miles costs 

39.75 per ton. We have used $40 per ton delivered to 

the farm as our base scenario. Later, we will perform 

sensitivity analyses for this price.

2. The yield differential for the high oil variety was not 

necessarily due to the high oil trait of  the variety 

studied, but more likely is due to other genetic 

differences associated with the variety.

3. Several states offer a cost sharing or subsidy to 

encourage gypsum usage.  For instance, a cost 

share for gypsum application is available in select 

watersheds in Indiana to improve water quality. Also, 

the USDA National Resources Conservation Service 

offers a cost-share program for land application 

of  gypsum products used to alter the physical or 

chemical characteristics of  the soil to improve 

soil health and reduce the surface transport of  

phosphorus and other contaminants for soils that 

meet specific requirements.  

4. This is the decrease in profits per pound of  gypsum 

applied (the regression coefficient for gypsum) 

multiplied by the number of  pounds of  gypsum 

applied per acre.
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Table 1. Average soybean and corn yields by test location and year

c

a There was a widespread drought that impacted all study sites to varying degrees in 2012.
b Macon County, Alabama experience another significant drought year in 2016.
c Treatments for all plots were identical except for gypsum application (3 levels), presence or absence of  a preceding 

cover crop, rotation (continuous soybeans or soybeans following corn), and two varieties (traditional oil content 

versus a high-oil variety).
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Table 2. Summary of base-case enterprise budgets for 4 locations, 2012-2016a

a Base-case costs represent a corn/soybean crop rotation using no-till methods and exclude costs of  gypsum 

treatments and cover crops.
b Variable costs of  production for the base case are derived from each state’s extension enterprise budgets. Fixed 

costs are modeled with machinery and labor costs per acre consistent with a 2000 acre production unit.  Identical 

machinery and labor costs are used for each site and are based on University of  Minnesota Machinery Cost 

Estimates (Lazazus, 2012). Land rental rates for the appropriate county of  each state are used.
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Table 3. Regression of soybean yield and profitability, Hoytville, Ohio, by year

* One, two and three asterisks indicate significance at the 0.10, 0.05, and 0.01 probability levels, respectively.
a Gypsum is applied at the rate of  0, 1,000 or 2,000 pounds per acre.
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Table 4. Regression of soybean yield and profitability, Piketon, Ohio, by year

* One, two and three asterisks indicate significance at the 0.10, 0.05, and 0.01 probability levels, respectively.
a Gypsum is applied at the rate of  0, 1,000 or 2,000 pounds per acre.
b Piketon reported data only for a single soybean variety under the soybean/corn treatment in 2012.
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Table 5. Regression of soybean yield  and profitability, Randolph County, 
Indiana, by year

* One, two and three asterisks indicate significance at the 0.10, 0.05, and 0.01 probability levels, respectively.
a Gypsum is applied at the rate of  0, 1,000 or 2,000 pounds per acre.
b Due to an interuption in funding in  2014, Indiana dropped the high-oil variety in 2014 and subsequent years.  The 

five-year model also excludes the high-oil varieties in years 2012 and 2013.
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Table 6. Regression of soybean yield  and profitability, Macon County, 
Alabama, by year

* One, two and three asterisks indicate significance at the 0.10, 0.05, and 0.01 probability levels, respectively.
a Gypsum is applied at the rate of  0, 1,000 or 2,000 pounds per acre.
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Table 7. Sensitivity of regression of soybean crop profitability to soybean and 
gypsum prices

* One, two and three asterisks indicate significance at the 0.10, 0.05, and 0.01 probability levels, respectively.
a Gypsum is applied at the rate of  0, 1,000 or 2,000 pounds per acre.
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Table 8. Corn enterprise yields and profitability

* One, two and three asterisks indicate significance at the 0.10, 0.05, and 0.01 probability levels, respectively.
a Gypsum is applied at the rate of  0, 1,000 or 2,000 pounds per acre.
b Hoytville reported corn yields following both soybean varieties. Alabama reported corn yields following both 

soybean varieties except for 2012.  Indiana report corn yields for both varieties only in 2012, and Piketon only in 

2015.
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Introduction

As technology continues to advance and individuals look for readily 

available decision aids, it is a challenge for farm managers to keep 

pace. Traditional tools such as paper and pencil for doing a break-even 

analysis or a spreadsheet tool to conduct an investment analysis are still 

relevant for some farm management decisions. 
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However, other farm management decisions are 

challenging to address because of  the dynamics involved, 

such as location and time. Developing mobile apps is 

one way to address farm management decisions that 

are dynamic and require geo-referencing capabilities.  

Providing clientele with new innovative tools such as 

mobile apps to make informed decisions will differentiate 

businesses from the competition and be a marketing tool 

to attract new clients. The objective of  this paper is to 

describe a case study regarding the process of  developing 

an app to solve a specific farm management decision and 

the lessons learned from a first-time developer with the 

goal to encourage future app development to address 

similar decisions faced by farm managers.

Trends in Internet and Mobile App Usage

In 2016, there were 3.4 billion internet users globally at 

a penetration rate of  46 percent according to Meeker 

(2017).  In the U.S., 88 percent of  adults over the age 

of  18 use the internet and 67 percent of  adults in rural 

communities own a smartphone (Pew Research Center, 

2017a and 2017b).  Use in rural communities is not 

due to a lack of  coverage and is expected to increase 

in the next few years.  Only three percent of  the (rural) 

US is not covered by at least one of  the major cellular 

providers (Mark et al., 2017; Mark et al., 2016).  Meeker 

(2017) reports that in 2016, adults over the age of  18 

spend 5.6 hours per day with digital media.  Of  that, 3.1 

hours are spent per day on mobile devices (smartphone 

or tablet) compared to 2.2 hours per day on a desktop or 

laptop.  Since 2013, the total digital time has grown 53 

percent, for which mobile apps contributed 80 percent 

to this growth (Lella and Lipsman, 2017).  Also, Lella and 

Lipsman (2017) reports that while younger consumers 

spend more overall time on smartphone apps, the largest 

annual growth increase in monthly hours spent per 

smartphone app was between the ages of  55 – 64.  The 

monthly hours spent per smartphone app for this age 

group was up 37 percent from June 2015 to June 2016.  

The average age of  a U.S. producer (principle operator) in 

2012 was 58 years old (USDA NASS, 2017).  In addition, 

43 percent of  individuals between the ages of  55 – 64 

spend their internet time on smartphone apps compared 

to 35 percent of  their time on desktop computers (12% 

tablet app, 6% smartphone web, and 3% tablet web).  

Furthermore, 51 percent of  all smartphone users over 

the age of  18 download one or more apps per month 

(Lella and Lipsman, 2017).  While there are a host of  

apps available for agriculture, few, if  any, currently focus 

on economic decision-making and solving specific farm 

management problems (University of  Illinois, 2017).

Farm Management Problem

Most grain producers in the US have multiple potential 

markets available for the delivery of  grain, however, 

determining which one is the most profitable is a 

complex decision.  Kentucky grain markets are no 

different (Figure 1).  If  a farm was located at the red dot 

and the yellow pins are potential grain markets, how does 

a producer decide which market will provide the highest 

profit?  The market offering the highest price may not 

be the most profitable.  There is a tradeoff  between 

maximizing the price per bushel received from the buyer 

and minimizing transportation cost.  Many factors will 

influence the transportation cost of  grain and determine 

the most profitable market.  These factors are dynamic 

and include grain price and moisture, distance, fuel price, 

wait time, quality discounts, labor, and truck capacity.  It 

is common for producers to make their market decision 

based solely on one or two of  these factors when the most 

profitable option requires simultaneous consideration of  

all factors. 
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Balancing transportation costs and offering prices is 

indeed a difficult challenge, but it becomes even more 

complicated by the fact that producers cannot easily 

determine the true prices offered by different buyers 

for a particular load of  grain.  While buyers do provide 

producers with a base market price, many buyers utilize 

different discount schedules to adjust the final offered 

price for that grain.  Discounts are levied for a variety of  

factors, but perhaps the most important is the discount 

for high moisture levels since many producers elect to 

harvest their grain before it has completely dried in 

the field. Grain buyers employ a variety of  techniques 

to discount high moisture grain – from a percentage 

discount to a flat dollar discount, or even both methods 

together.  The penalties can be constant as moisture 

increases or based on a sliding scale.  The moisture at 

which penalties begins can even vary. While producers 

know the moisture level of  the grain they are harvesting, 

it becomes a complex math problem to determine the 

price they would receive from each buyer.  Hence, a 

spreadsheet tool or marketing app would be highly useful 

to quickly determine the most profitable market.

Kentucky producers can determine the most profitable 

market to sell grain utilizing two “traditional” tools.  

The first was an extension publication by Shockley 

(2016) describing the ownership and operating costs of  

transporting grain along with a worksheet where producers 

can calculate the net price received from a potential grain 

buyer (Figure 2).  Shockley et al. (2016) also developed 

an electronic spreadsheet tool that users can download 

onto their PC, laptop or tablet and compare multiple 

grain buyers to determine which offers the greatest net 

price (Figure 3).  Other similar spreadsheet tools are also 

available for Tennessee, Indiana and Iowa (Smith, 2013; 

Edwards, 2008; Indiana Soybean Alliance, 2008).  While 

useful, these tools are not as conducive to this particular, 

dynamic farm management decision.  Key factors in 

determining the net price received (moisture content, 

field location, pricing) are dynamic and will change 

daily and even hourly.  Having to solve this problem 

numerous times throughout the day using a worksheet 

or spreadsheet tool is not desirable, especially when 

hauling grain is time sensitive.  Therefore, developing a 

mobile app was deemed most appropriate and a superior 

decision tool to address the most profitable grain delivery 

decision.

App Development Process

In 2016, funding was secured to develop a mobile app to 

address the most profitable grain delivery decision from 

the Kentucky Soybean Promotion Board.  Thus, the 

mobile app presently only addresses the transportation 

of  soybeans to market.  A total of  $14,000 was awarded 

for one year to fund the development, equipment, and 

testing of  the mobile app.  Table 1 provides a detailed 

breakdown of  budgeted costs.  The capability to develop 

the app in-house allowed costs to be low.  If  a third party 

were to develop the app, it would cost $7,000 - $10,000 

if  no modifications were expected.

Kentucky producers own several different brands of  

mobile devices, so the app was developed for both 

major app providers (Apple’s App Store and Google’s 

Play Store) simultaneously. This was accomplished by 

using a cross-platform development framework (Ionic®). 

Using this framework, the desired functionality of  the 

final app was created in a web page first. This web-

based application was then converted into native apps 

for each platform using the Cordova® development tool. 

This cross platform approach restricts the use of  certain 

features in the app, but it does provide a simple way to 
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create identical apps for all the mobile device platforms 

used by producers.

Soybean producers across Kentucky also provided input 

during the development process.  Beta versions of  the app 

were tested with individuals who have different distance 

and concentrations to markets (ex. producer with three 

markets, each 70 miles apart and a producer with five 

markets each five miles apart).  Detailed information 

was collected via face-to-face interviews and surveys 

regarding design, functionality, usability and, future use 

of  the app.  The producer survey used is shown in the 

Appendix.

These interviews, surveys, and tests with the beta app 

provided several important pieces of  information 

that directed the development of  released app. One 

very important conclusion was that producers would 

generally appreciate if  the app automatically updated 

market prices for each delivery point in real-time, but this 

feature was not necessary for the app to be useful. Some 

producers even commented that the posted market price 

was actually of  very limited value given volume bonuses 

and other incentives. Supporting real-time market pricing 

would require integration with a market data service, 

so determining that this feature was unnecessary was 

valuable. On the other hand, producers indicated that 

discount schedules had to be automatically updated for 

the app to be useful. Fortunately, the surveys indicated 

that these updates would only be required once or 

twice per year. Also, unlike prices, producers said these 

discounts were predictable and consistent. Producers 

found the beta app easy to use and the interviews only 

indicated a few minor changes to the interface were 

necessary.  All producers were “likely” or “very likely” 

to recommend the app to friends. These surveys were 

only used on the beta version of  the app. Producers were 

happy with basic app functionality and ease of  use of  the 

beta app, so similar follow-up testing with the final app 

was deemed unnecessary. While the interface questions 

were settled with the beta app, the process did identify 

several operational changes that did need to be made 

before releasing the final version of  the app.

One of  the biggest challenges in developing the app was 

defining exactly how it should work. The beta app process 

and producer interviews helped significantly in this effort. 

The initial beta app enabled calculating net price with 

linear discount schedules and transportation costs based 

on fuel and labor costs. However, the producer interviews 

revealed that many producers already used different 

methods to account for transportation costs within 

their enterprise and that the app would need to support 

several methods of  transportation cost calculations. 

This created significant changes to the cost calculation 

and producer information sections of  the application.  

Another significant change to the app was forced by the 

difficulty in recording certain complex, multiple-factor, 

sliding-scale discount schedules.  Until encountering this 

type of  discount schedule, it had been possible to express 

the discounts using a linear equation.  The complexity 

of  the step-wise discount schedule meant that the initial 

method used to enter and record discount schedules had 

to be rebuilt to support a table-based discount schedule 

entry.  The beta app was necessary to demonstrate to 

producers how the app would work and to test discount 

schedule entry; however, the information learned in this 

process required a complete rewriting of  all the major 

back-end portions of  the app.
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Features of the App 

The economic spreadsheet tool discussed above 

underpins the calculations for the app to determine 

the most profitable market to sell soybeans.  Unlike the 

spreadsheet tool, georeferencing and mapping software 

calculate haul distance.  The app can locate the haul 

truck and determine the distance and time required to 

drive to each market that accepts wet soybean delivery.  

Each market is preloaded into the app along with 

their respective discount schedule.  Discount schedule 

updates can be handled by a yearly app update. Table 2 

outlines the producer operational information required 

for calculations that the user must enter once annually 

or if  it changes throughout the year.  With minimal user 

input for each load (moisture content, market prices, and 

wait times), the app determines the net price received 

for each desired market and sorts by the highest net 

price received. The user can view only markets within 

the desired haul distance (< 50 miles, < 100 miles, and < 

200 miles) or customize to select only those that are of  

interest.  For each elevator, the app provides the following 

critical information to the user: the net price of  a load 

of  soybeans, cycle/turn-around time, moisture discount 

costs, fuel costs, labor costs, operating costs, and discount 

schedules.  Figures 4 – 7 illustrate the contents of  the 

app (Note: actual names of  soybean markets are used in 

the app).  With this information readily available, users 

can make informed decisions on where to sell soybeans.   

App Release Discussion

The app was released in mid-October 2017 and within 

two months there were over 100 downloads.  Of  those, 80 

percent were on the Apple platform.  This is impressive 

given the limited marketing efforts to promote the app.  

A large marketing push will occur this winter when 

numerous producer/extension meetings, trade shows, 

and farmer demos are scheduled.  In addition, an online 

tutorial was developed on how to use the app.  In the 

first two months, there were 175 views of  the tutorial.    

Similar to most new technologies in agriculture, anecdotal 

evidence suggests the more progressive soybean 

producers and those directly involved with the Kentucky 

Soybean Promotion Board are the first adopters.  

However, this is expected to broaden once marketing 

efforts and educational efforts increase.  In addition, it is 

anticipated that the individual(s) in charge of  marketing 

grain will be downloading and using the app.  This may 

impact the overall downloads of  the app but would not 

impact the value that it provides to soybean producers.  

The value of  the app is perceived to be large by potential 

users.  A survey was conducted during a recent field 

day where 57 percent of  the producers indicated they 

could gain $10 per load of  soybeans using the app.  

This is equivalent to saving $0.01/bu on a semi-truck 

of  soybeans.  At this savings, it would take 28,000 acres 

of  soybeans in Kentucky at 50 bushels per acre or 1.5 

percent of  the soybean acres in Kentucky to recoup the 

development cost of  $14,000.  In addition, 10 percent of  

the producers indicated they could gain over $50 per load 

of  soybeans or $0.05/bu using the app. At this savings, 

it would only take 5600 acres of  soybeans in Kentucky 

(1.5% of  the 2016 crop using average state yields) to 

recoup the development cost.     

Lessons Learned

As a first-time app developer, there were many lessons 

learned from the yearlong process.  First, plan for more 

versions of  the app in the development stages than 

expected (time and expenses).  If  starting from scratch, 

budget enough time and money to build the app at least 

twice.  Also, have a plan and budget post development to 
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maintain and update the app.  Developers must maintain 

active accounts with Google and Apple to keep their apps 

in the app stores and at least Apple requires payment of  

an annual fee for that privilege. To keep development 

costs at a minimum, get feedback early and often from 

producers and markets.  Furthermore, when it comes to 

apps, simple is key.  Limiting inputs required from the 

user and keeping the app aesthetically pleasing to the 

user was important.  Finally, consult legal counsel for 

appropriate disclaimers.  For example, this app does not 

guarantee the estimated net price received is the actual 

price received upon delivery; therefore, appropriate 

disclaimers were required. 

Conclusion     

Utilizing mobile apps in everyday decision-making has 

increased recently and will continue at a more rapid pace.  

As such, apps can be a great tool for farm management 

companies to incorporate into their customer offering 

portfolio to differentiate their business from the 

competition.  While this app was produced by a 

Land Grant University to fill a void identified across 

Kentucky, it is anticipated that the private sector would 

have a comparative advantage in customizing the app 

to meet the needs of  their clients.  However, not all 

farm management problems are appropriate to solve 

through mobile apps.  How often does the decision need 

to be made throughout the year?  Is there a dynamic 

component to solving the farm management problem 

where an app can help? Considering these questions will 

determine if  an app is more appropriate to spend the 

time and money developing.   If  developing an app from 

scratch, budget accordingly to develop 2-3 iterations. 

Include feedback from producers through beta tests to 

optimize design, functionality and what is to be displayed 

to enhance usability.  Ultimately, farm managers must 

provide clientele with information and problem-solving 

tools made readily available similar to the case study 

herein.



2018 JOURNAL OF THE ASFMRA

74

References

Edwards, William. 2008. “Grain Transportation Cost Calculator”. Iowa State University. https://www.extension.

iastate.edu/agdm/crops/xls/a3-29graintransportation.xls

Indiana Soybean Alliance. 2008. “Calculator: Where should I sell my soybeans and grain?” http://www.

soytransportation.org/calculator/ 

Lella, A. and A Lipsman. 2017. “The 2016 U.S. Mobile App Report.” comScore. https://www.comscore.com/

layout/set/popup/Request/Presentations/2016/The-2016-US-Mobile-App-Report.

Mark, Tyler, T. Griffin, G. Kim, and L. Powers. 2017. “Mobile Broadband Coverage in the United States: Its 

Implications for Telematics and Big Data Adoption.” Poster presentation at European Conference of  Precision 

Agriculture.  Edinburgh, Scotland.  July 2-7.

Mark, Tyler, T. Griffin, and B. Whitacre. 2016. “The Role of  Wireless Broadband Connectivity on ‘Big Data’ and the 

Agricultural Industry in the United States and Australia.” International Food and Agribusiness Management Review. 19(A). 

43-56.

Meeker, Mary. 2017. Internet Trends 2017-Code Conference. Kleiner Perkins. http://www.kpcb.com/internet-

trends  

Pew Research Center. 2017a. Internet/Broadband Fact Sheet. Pew Internet. http://www.pewinternet.org/fact-

sheet/internet-broadband/ 

Pew Research Center. 2017b. Mobile Fact Sheet. Pew Internet. http://www.pewinternet.org/fact-sheet/mobile/ 

Shockley, Jordan. 2017. Kentucky Grain Markets Map. University of  Kentucky. https://drive.google.com/

open?id=1nUoO2dd8NCFtNLAlz4QXZoh_mnQ&usp=sharing 

Shockley, Jordan. 2016. Post-Harvest Management: The Economics of  Grain Transportation. Publication No. 

AEC-101. University of  Kentucky. http://www2.ca.uky.edu/agcomm/pubs/AEC/AEC100/AEC100.pdf  

Shockley, Jordan, S. McNeill and J. Dvorak. 2016. Grain Hauling Decision Guide. Publication No. AEC 2016-11. 

University of  Kentucky. http://www.uky.edu/Ag/AgEcon/pubs/extGrainHaul36.xlsx  



2018 JOURNAL OF THE ASFMRA

75

Smith, Aaron. 2013. Grain Hauling Cost Calculator. University of  Tennessee. https://ag.tennessee.edu/arec/Pages/

decisionaidtools.aspx 

U.S. Department of  Agriculture-National Agricultural Statistics Service. 2012 Census of  Agriculture. Washington, 

DC: USDA, 2017. 

University of  Illinois. 2017. Apps for Agriculture. Southern Risk Management Education Center.  http://aged.

illinois.edu/sites/aged.illinois.edu/files/resources/Apps-for-Ag-Revised.pdf  



2018 JOURNAL OF THE ASFMRA

7676

Figure 1. Map of grain markets (yellow pins) in Western Kentucky with sample 
farm location (red dot)



2018 JOURNAL OF THE ASFMRA

7777

Figure 2. Worksheet to calculate the net price received by a potential grain 
buyer
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Figure 3. Spreadsheet tool to compare the net price received by multiple 
potential grain buyers



2018 JOURNAL OF THE ASFMRA

7979

Figure 4. Producer specific information to calculate the net price received from 
each potential soybean market
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Figure 5. Example of an elevator information required to calculate net price 
received and discount schedule
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Figure 6. Example of the app results after calculating the net price received for 
each potential market and sorting by greatest price
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Figure 7. Example of the detailed calculations for an individual elevator
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Table 1. Breakdown of budgeted costs for the development of a mobile app
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Table 2. Data entry required by the user to enter annually or as they change 
throughout the year
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APPENDIX:  Survey for beta testing the app during the development process.



2018 JOURNAL OF THE ASFMRA

8686



2018 JOURNAL OF THE ASFMRA

8787



2018 JOURNAL OF THE ASFMRA

8888



2018 JOURNAL OF THE ASFMRA

8989



Partial Budgets for Cover Crops in Midwest Row 
Crop Farming
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ABSTRACT

This study uses partial budgets to assess 

the annual net private economic returns 

to cover crop use in Midwest row crop 

farms. Data were compiled through an 

online survey to farm operators that 

manage production systems with and 

without cover crops. The average net 

returns to cover crops terminated with 

herbicides followed by corn was negative, 

but the average net return to cover crops 

terminated with herbicides followed 

by soybeans was positive. Cost-share 

payments tend to be insufficient to cover 

all private costs associated with cover crop 

use, but are a critical incentive to support 

this practice.
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Row crop farming in the Midwest has been increasingly 

singled out as a major non-point source of  nitrate 

pollution in waterways, putting pressure on farmers to 

adopt conservation practices. One of  the promising 

conservation practices is the use of  cover crops, which 

is known to promote many aspects of  soil and water 

sustainability (Kaspar & Singer, 2011; Chatterjee, 2013). 

For instance, preliminary results from simulations based 

on a long-term cover crop study in Iowa suggest that 

nitrate concentration in tile drainage can be reduced by 

54 percent when a winter rye cover crop is added to 

corn-soybean acres (Miguez, Basche, and Archontoulis, 

2013). Moreover, the Iowa Nutrient Reduction Strategy 

(2014), Illinois Nutrient Loss Reduction Strategy (2015), 

and Minnesota Nutrient Reduction Strategy (2014) all 

list cover crops as one of  the practices with the greatest 

potential for nitrate-N reduction. However, despite the 

considerable benefits the cropping systems can accrue, 

adoption of  cover crops is very low in the Midwest. 

Singer, Nusser, and Alf  (2007) found that in 2006, 

only 11 percent of  farmers surveyed in Illinois, Iowa, 

Minnesota, and Indiana had grown a cover crop within 

the previous five years. An analysis by the National 

Wildlife Federation of  seed dealer data calculated that in 

2011, less than two percent of  the total cropland acreage 

in the Mississippi River Basin was planted to cover 

crops (Bryant, Stockwell, and White, 2013). Rundquist 

and Carlson (2017), using satellite imagery, report that 

in 2015 cover crops were incorporated into corn and 

soybean rotations in 2.3 percent of  Illinois cropland, 7.1 

percent of  Indiana cropland, and 2.65 percent of  Iowa 

cropland.

It has long been recognized that lack of  familiarity with 

novel approaches in agriculture can inhibit adoption of  

conservation practices (Nassauer, et al. 2011). The top 

cover crop challenges farmers reported across four annual 

cover crop surveys (Watts & Myers 2013, 2014, 2015, 

and 2016) were establishment, time or labor required and 

increased management, and species selection. Farmers’ 

perceptions that cover crops are costly is also found 

to be a major barrier to their adoption: 74 percent of  

the respondents to the Iowa farm and Rural Life Poll 

(Arbuckle, 2015) report that potential economic impacts 

have moderate to very strong influence on changes in 

their management practices, and 57 percent agree with 

the statement that “pressure to make profit margins 

makes it difficult to invest in conservation practices”. 

During the 2014 National Conference on Cover Crops 

and Soil Health, participants highlighted the need for 

economic analyses to document short- and long-term 

impacts of  cover crops (Sustainable Agriculture Research 

and Education, 2014). Roesch-McNally, et al. (2017) 

found that despite having successfully planted cover 

crops, farmers tended to believe that greater economic 

incentives would be needed to spur more widespread 

adoption of  the practice. The U.S Department of  

Agriculture Natural Resource Conservation Service 

(2017) estimated that Iowa farmers planted more than 

353,000 acres of  cover crops with financial assistance 

from the Iowa Department of  Agriculture and Land 

Stewardship (through the Iowa Water Quality Initiative, 

state cost-share, and local watershed project) and federal 

conservation programs (through the Environmental 

Quality Incentives Program (EQIP), Conservation 

Stewardship Program (CSP), and Regional Conservation 

Partnership Program (RCPP)) in the fall of  2016 – nearly 

18 percent more than the previous year.

Science-based information on the potential return on 

investment at the farm-level associated with the use 

of  cover crops by Midwest farmers is very limited. A 
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handful of  papers evaluate the economic impact of  cover 

crops on different cash crops, including Reddy (2009) 

with soybeans in Mississippi; Mahama, et al. (2016) with 

corn in Kansas; and Roberts, et al. (1998) with no-till 

corn in Tennessee. However, those studies are based on 

field experiments set up to evaluate agronomic factors, 

and the resulting estimates of  economic returns might 

not apply to real farms where management practices do 

not follow an experimental design. Roberts and Swinton 

(1995), using actual data from 15 farms growing corn 

in Michigan in 1994 to explore the relationship between 

operating costs and crop diversity, concluded that 

cover crops reduce non-point source pollution without 

significantly reducing net returns. However, the small 

sample size limits the robustness of  the results. Snapp, et 

al. (2005) provided a summary of  the potential benefits 

and costs from the cover crops, both external and internal 

to the farm, and report qualitative findings from focus 

group discussions with eight Michigan potato farmers.

There is a gap in the literature on the actual changes 

in economic costs and revenues faced by farmers who 

choose to use cover crops in their corn-soybean rotations 

in the Midwest. This paper aims to bridge that gap by 

providing partial budgets for cover crops based on a 

regional online survey of  farm operators. Partial budgets 

capture the net annual private economic benefit or loss 

associated with the use of  cover crops by identifying 

and monetizing the differences in management practices 

across production systems with and without cover crops. 

The next section discusses the methods used to develop 

and implement the survey instrument, and to analyze the 

data. Partial budgets are presented in the following section, 

with detailed analysis of  the drivers of  net economic 

benefits or losses associated with cover crop use. The 

concluding section briefly discusses the implications of  

the findings for farm operators and policy makers.

Online Survey

Survey Questionnaire

The survey instrument was designed based on extensive 

interaction with farmers with at least three years of  

experience with cover crops. To cover a wide range of  

different management practices and soil and weather 

conditions, 16 farmers were recruited from Iowa, 

Minnesota, and Illinois by Practical Farmers of  Iowa 

(PFI) based on their years of  experience with cover 

crops, species of  cover crop used, type of  crop rotation 

used, interest in better understanding cover crop return 

on investment, and availability. The focus group sessions 

were conducted in December 2015.

Figure 1 summarizes the potential linkages between 

changes in practices associated with the use of  cover 

crops and changes in revenues and costs identified during 

the focus group sessions (Plastina & Liu 2016). Note that 

while for some farmers cover crop use is associated with 

lower input costs for the following cash crop or higher 

yields, for some other farmers the effect is the exact 

opposite.

A pilot survey based on the main topics highlighted in 

Figure 1 was implemented in March 2016 among the same 

focus group participants. After completing the survey, 

respondents were interviewed via teleconference to 

obtain feedback on the pilot survey questionnaire. After 

several rounds of  revision, the final survey questionnaire 

consisted of  192 questions, organized in seven sections: 

basic farm information, cover crop planting, cover 

crop termination, revenues and costs, tillage, previous 

rotation, and perceptions about cover crops.
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The strategy to identify differences across production 

systems with and without cover crops was to ask 

respondents to characterize the production practices 

implemented in their production system with cover crops 

first, and then to ask them whether such characteristics 

also applied to their production system without cover 

crops. Such strategy is deemed better than the traditional 

way of  asking farmers about the dollar values of  their 

perceived changes in costs and revenues associated with 

cover crops, because (1) all respondents are exposed to 

the same exhaustive list of  possible changes in practices 

(instead of  just a few broad categories that can be 

interpreted by different respondents to include fewer or 

more concepts), and (2) their attention is directed toward 

both practices that generate changes in cash flows and 

opportunity costs (instead of  only the former).

Cash costs (including seed costs, fertilizer costs, herbicide 

costs, and custom hired work) and revenues (cost-

share payment received through local, state, or federal 

programs such as EQIP, CSP, or RCPP) were directly 

identified through questions that asked producers to 

enter dollar values. To identify own machinery costs, 

the survey asked about the type of  machinery used, and 

associated costs were derived from a budgeting tool 

developed specifically for cover crops by Cartwright and 

Kirwan (2014).

To estimate the opportunity costs of  added management 

due to the use of  cover crops, the survey asked for an 

estimate of  additional management hours, assigned an 

hourly rate of  $15 (Plastina, 2017) and divided that total 

by the total cover crop acres planted in 2015. To estimate 

changes in revenue due to yield differences across fields 

with and without cover crops for the same farmer, prices 

of  $3.35 per bushel of  corn and $9.55 per bushel of  

soybeans were used in the calculations.

Farmers’ experience with cover crops was measured 

by the number of  years planting cover crops and the 

cumulative cover crop acreage until 2016.

Survey Results

The survey was implemented online with Qualtrics®, and 

the display of  questions was designed to be conditional 

upon previous answers where possible, minimizing 

the total number of  questions asked. On average, 

respondents spent about half  an hour to complete the 

online survey.

Electronic invitations to participate in the survey were 

sent to more than 20,000 farmers, including members 

of  PFI, the Midwest Cover Crops Council, National 

Wildlife Federations’ Cover Crops Champions Program, 

and the American Society of  Agronomy, among other 

regional associations. More than 300 responses were 

received, but only 79 responses were used in the budgets 

presented in this paper, after excluding responses from: 

(1) farmers who were interested in cover crops but had 

no hands-on experience; (2) farmers that did not plant 

cover crops in 2015; (3) farmers that planted cover crops 

in 2015 on all their acres; (4) farmers that in 2016 planted 

a different cash crop on acres following cover crops than 

on acres left fallow during winter; and (5) incomplete 

responses. This selection process reduces the sample 

size, but improves the validity of  the results by focusing 

on the changes in costs and revenues associated with 

cover crop use controlling for the farm manager effect 

and the macroeconomic conditions prevalent in 2015-

2016.
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This study suffers from several limitations related to the 

self-selection bias of  survey respondents, the potential 

unrepresentativeness of  the sample, and the limited 

number of  responses included in the partial budgets. 

However, it is the first study to attempt to generate partial 

budgets using field data (instead of  experimental plots) 

from farmers that manage row crop production on acres 

with cover crops and on acres with no cover crops. The 

partial budgets presented below are the best available 

estimates of  net returns to cover crop users, because the 

data were collected following a scientific method across 

the largest number of  farms included in any cover crop 

study available to date.

More than two-thirds of  the respondents operated farms 

in Minnesota, Iowa, or Illinois, and nearly 80 percent of  

the farms were larger than 500 acres in size (Table 1). The 

single most frequently used cover crop species among 

survey respondents was cereal rye, but nearly half  of  the 

respondents used cover crop mixes composed of  three 

or more cover crop seeds. The most commonly used 

planting method was drilling, followed by aerial seeding.

 

The average number of  farmers’ years of  experience with 

cover crops was 3.94 years, and the range of  responses 

went from 0.2 to 15 years, with a median of  4 years 

(Table 2). The average cumulative cover crop acreage per 

farmer was 1,483 acres, but the median was 540 acres, 

indicating that the distribution of  responses was skewed.

Partial Budgets

Results are organized into four partial budgets: (1) for 

cover crops terminated with herbicides followed by corn 

for grain; (2) for cover crops terminated with herbicides 

followed by soybeans; (3) an annual average for cover 

crops terminated with herbicides in a corn-soybean 

rotation; and (4) a partial budget for winter-kill cover 

crops.

In order to obtain robust estimates of  each of  the 

items included in the partial budgets, all valid responses 

were used in the calculation of  the reported summary 

statistics: mean, first quartile, median, and third quartile. 

The downside to this approach is that the summary 

statistics do not reflect the actual net returns for any 

particular producer, but instead reflect the probabilities 

that a producer would obtain the reported net returns. 

The probability of  farmers obtaining a net return lower 

than the first quartile and median are, respectively, 25 

and 50 percent. The probability of  farmers obtaining a 

net return higher than the median and third quartile are, 

respectively, 50 and 25 percent.

A quick comparison of  the mean changes in revenues, 

costs and profits per acre across the four partial budgets 

(Table 3) suggests that cover crops induce net losses 

in the absence of  cost-share programs; and only cover 

crops winterkilled, or terminated with herbicides before 

planting soybeans tend to break even after accounting 

for cost-share payments.

Cover crops followed by corn

The partial budget for cover crops terminated with 

herbicides followed by corn for grain indicates that, on 

average, the use of  cover crops generated a net economic 

loss of  $20.76 per acre (Table 4). However, there is great 

variability around that average loss. There is a 25 percent 

chance that farmers derive net economic losses from 

cover crop use of  at least $65.15 per acre (first quartile). 

There is a 50 percent chance that farmers derive net 

economic losses of  at least $5.90 per acre (median). 
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Finally, there is a 25 percent chance that farmers obtain 

net economic profits of  at least $19.59 per acre (third 

quartile).

The largest cost drivers are cover crop seeds and planting 

costs. It is important to note that the median additional 

herbicide costs on top of  the regular weed control 

program due to cover crop use was null, suggesting that 

at least half  the respondents applied the same weed 

control program to corn fields with and without cover 

crops.

The cost-share program was used by 6 out of  21 farmers, 

and cost-share payments accounted for the largest 

increase in revenue associated with cover crops followed 

by corn. Without the cost share program, the average 

and median net economic losses amounted to $46.09 

and $30.90 per acre, respectively.

Corn yields in acres with cover crops were, on average, 

2.7 bushels per acre lower than corn yields in acres 

without cover crops, resulting in an average reduction in 

crop revenues of  $9.18 per acre. However, half  of  the 

respondents indicated differences in corn yields ranging 

from minus 10 bushels per acre to plus 5.5 bushels per 

acre, with a median of  zero.

Cover crops followed by soybeans

The partial budget for cover crops terminated with 

herbicides followed by soybeans indicates that, on 

average, the use of  cover crops generated a net economic 

profit of  $25.13 per acre (Table 5). However, there is 

great variability around that average loss. There is a 25 

percent chance that farmers derive net economic losses 

from cover crop use of  at least $22.86 per acre (first 

quartile). There is a 50 percent chance that farmers derive 

net economic losses of  at least $4.31 per acre (median). 

Finally, there is a 25 percent chance that farmers obtain 

net economic profits of  at least $60.15 per acre (third 

quartile).

As is the case with corn, the largest cost drivers for 

cover crops followed by soybeans are cover crop seeds 

and planting costs. For most respondents, the additional 

herbicide costs on top of  the regular weed control 

program due to cover crops were null, indicating that 

the same weed control program was typically applied to 

soybean fields with and without cover crops.

The cost-share program was used by 14 out of  34 

farmers, and cost-share payments averaged $28.07 per 

acre. Without the cost share program, the average and 

the median net economic losses amounted to $46.09 and 

$30.90 per acre, respectively.

Soybean yields on acres with cover crops were, on 

average, 3.32 bushels per acre higher than soybean yields 

on acres without cover crops, resulting in an average 

increase in crop revenues of  $31.74 per acre. Half  of  

the respondents indicated differences in soybean yields 

ranging from zero to 6 extra bushels per acre, with a 

median of  0.50 bushels per acre.

Cover crops on a corn-soybean rotation

The annual average partial budget for cover crops 

terminated with herbicides on a 50-50 corn-soybean 

rotation (Table 6) was created by weighting operators’ 

responses so that each line of  the partial budget considers 

an equal number of  corn and soybean producers. Since 

more operators in the sample planted soybeans than 

corn, corn producers’ responses are given a higher weight 

than are soybean producers’ in calculating the descriptive 

statistics.
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Table 6 indicates that the use of  cover crops on a corn-

soybean rotation generated an average net economic loss 

of  $11.78 per acre. There is a 25 percent chance that 

farmers derive net economic losses from cover crop use 

of  at least $56.19 per acre (first quartile). There is a 50 

percent chance that farmers derive net economic losses 

of  at least $6.81 per acre (median). Finally, there is a 25 

percent chance that farmers obtain net economic profits 

of  at least $25.33 per acre (third quartile).

 

Winter-kill cover crops

Since only 11 corn producers and 13 soybean producers 

among the respondents planted a winter-kill cover crop, 

Table 7 reports a combined partial budget for cover 

crops across soybean and corn producers (not in rotation 

similar to Table 6). The use of  winter-kill cover crops 

generated an average net economic profit of  $6.43 per 

acre. There is a 25 percent chance that farmers derive net 

economic losses from cover crop use of  at least $21.39 

per acre (first quartile). There is a 50 percent chance that 

farmers derive net economic profits of  at least $17.05 per 

acre (median). Finally, there is a 25 percent chance that 

farmers obtain net economic profits of  at least $28.31 

per acre (third quartile).

Concluding remarks

The partial budgets presented in this article serve as an 

assessment of  the annual net private economic return to 

cover crop use in Midwest row crop farms. The average 

net returns to cover crops terminated with herbicides 

followed by corn was negative, but the average net return 

to cover crops terminated with herbicides followed by 

soybeans was positive. There is substantial variability in 

the net returns to cover crops, driven by the difference 

in yields obtained in fields with and without cover crops, 

planting costs, and cost-share program payments. For 

the most farmers, cost-share payments are insufficient to 

cover all private costs associated with cover crop use, but 

are a critical incentive to support this practice.

The present findings are expected to serve as regional 

benchmarks, inform the policy debate on how to 

implement nutrient reduction strategies, and spur further 

research on the long-term private and social benefits of  

cover crops.
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Figure 1. Potential changes in revenues and costs associated with cover crops
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Table 1. Farm characteristics
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Table 2. Farmers’ experience with cover crops

Table 3. Summary of Results: Mean changes in revenues, costs and profits
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Table 4. Partial budget for cover crops terminated with herbicides followed by 
corn for grain
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Table 5. Partial budget for cover crops terminated with herbicides followed by 
soybeans
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Table 6. Annual average partial budget for cover crops terminated with 
herbicides in corn-soybean rotation
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Table 7. Partial budget for cover crops winterkilled followed by corn or 
soybeans



Grazing Fee Policy Changes Impact Sheep 
Producer’s Profitability

By Ryan Larsen & Ryan Feuz

Introduction

The US sheep and wool industry has experienced many changes over 

the past century. Dramatic changes in US inventory, world production 

changes, changing demand, and policy changes have contributed to 

additional risk for sheep producers. Input and output price volatility 

have led to fluctuations in profitability. Western producers rely heavily 

on public grazing to maintain a positive profit margin. Understanding 

the implications of  changing the permit fee aids both producers and 

policy makers. This research provides an analysis of  those permit fee 

changes to profitability and an overview of  the US sheep industry.

ABSTRACT

Throughout the western United States, 

many sheep producers utilize public 

range lands as a source of  grazing for 

their herds. Thus, the public grazing fee 

associated with grazing on these lands is 

a cost in the production of  many sheep 

operations in the western states and is 

expected to be influential in determining 

the level of  profitability within the 

industry. Policy makers continue to debate 

the appropriate level of  the public grazing 

fee. This article is about the impacts of  

various public grazing fee policies on 

the probability of  profitability for sheep 

producers within Utah. These results can 

be applied to many western states that 

utilize public lands for grazing.
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Since the mid-1940s the industry has witnessed dramatic 

annual declines in sheep inventories. From its climax in 

1942 when total sheep inventory in the country was over 

56 million head, it has now fallen to under 9.25 percent 

of  that value with only 5.20 million head in 2017 (US 

Sheep Inventory, 2017). Figure 1 depicts the dramatic 

decline within the US sheep industry between 1942 and 

the present by graphing the total US sheep inventory 

over that time period.

Many factors have contributed, including declining 

consumption of  lamb and mutton, the growth in 

manmade fiber use, scarcity of  labor, and predator losses. 

Beginning in the mid-1940s, the industry first started to 

experience a decline as WWII came to an end, resulting 

in a large decrease in demand for wool used for the 

military (Jones, 2004). Throughout the 1960s and into 

the 1970s many synthetic fibers were developed and grew 

in prominence and a wide spread consumer preference 

change occurred as more consumers demanded 

synthetic fiber blends over wool as they preferred the 

appearance as well as the favorable price (Jones, 2004). 

While the industry may have weathered the storm from 

the decrease in wool demand, compounding those 

effects was the simultaneous decline in lamb and sheep 

meat consumption. Ever since sheep were domesticated 

nearly 10,000 years ago in central Asia, the industry has 

revolved around the joint products of  wool and meat. 

As the wool industry contracted in the US, a shift to a 

greater focus toward meat production would have been 

expected. However, just as wool and fiber preferences 

changed so too did the meat consumption preferences 

of  consumers. Annual per capita retail consumption of  

sheep fell from 4.2 lbs. in 1961 to 1 lb. in 2016. During 

the same time period, per capita consumption of  

chicken rose from 27.8 lbs. to just over 90 lbs. (Supply 

& Utilization, 2017). Additionally, the scarcity of  labor 

available to tend sheep as well as predator losses have 

been suggested as contributors to the decline (Jones, 

2004). All of  these factors have combined to create the 

perfect storm of  conditions to render the US sheep 

market nearly insignificant within the world economy.

The United States has a very small presence in the overall 

global sheep market. The US sheep inventory accounts 

for less than 0.5 percent of  the total global sheep 

inventory. Within the United States, sheep production 

takes place in all 50 states, however, the vast majority of  

production is concentrated in Texas and the mountain 

west states. In table 1, the top ten sheep inventory states 

can be seen, making it very evident that the distribution 

of  sheep production within the country is uneven with 

the vast majority of  production taking place in the 

western states.

The United States has vast quantities of  public land, 

especially within these same western states, that is utilized 

for grazing of  livestock every year. Public-land grazing 

is an important element within the sheep industry with 

many sheep producers utilizing the resources available 

through public-land grazing. Within grazing, the standard 

unit used to measure grazing allotments is the animal unit 

month (AUM). By definition, the AUM is the amount 

of  forage needed by an “animal unit” (AU) grazing for 

one month. The quantity of  forage needed is based on 

a cow’s metabolic weight, and the animal unit is defined 

as one mature 1,000 pound cow and her suckling calf. 

In 2004, ten federal agencies collectively managed more 

than 22.6 million AUMs on about 235 million acres of  

federal lands for private grazing and land management. 

Of  this total, the Bureau of  Land Management (BLM) 

and United States Forest Service (USFS) managed 21.9 
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million AUMs on almost 231 million acres or more than 

98 percent of  the federal lands used for grazing (United 

States Government Accountability Office, 2005). Both 

the BLM and USFS charge a grazing fee to producers on 

a per AUM basis established annually through the use of  

a government formula known as the Public Rangelands 

Improvement Act (PRIA) grazing fee formula. As this 

public grazing fee represents a cost in the production of  

sheep, it is expected to be influential in determining the 

level of  profitability within the industry. The level of  the 

public grazing fee is currently widely debated, with some 

making the case that the fee should be raised substantially 

to coincide with private grazing fees determined by the 

market, such as Halladay (2015). Others, such as Rimbey 

and Torell (2011), show support for the fee being 

lowered to help stabilize livestock industries as well as 

provide access to public lands for more producers. As 

policy decisions concerning the public grazing fee are 

made moving forward, it will be imperative to have a 

better understanding of  what impacts potential policies 

may have on the profitability of  sheep producers 

utilizing public grazing lands. If  raising the level of  the 

fee is shown to substantially decrease the probability of  

profitability or inversely if  a lowered fee is shown to help 

substantially increase the probability of  profitability, then 

this evidence could be instrumental in providing support 

for the direction which policy makers should pursue in 

setting the public grazing fee. Research of  this kind is 

larger than simply informing policy makers as it may have 

a direct effect on the livelihood of  sheep producers as 

well as other livestock producers throughout the country.

As mentioned, the PRIA grazing fee is an ongoing source 

of  debate with opposing sides taking various stances on 

public grazing fee policy. There are some policy makers 

who believe the current PRIA grazing fee formula does 

not do an adequate job of  establishing a fee with some 

in support of  raising the fee to be more in line with 

private grazing rates. In fact, for Fiscal Year 2014 the 

Obama administration originally purposed a budget, 

that later would be revised, which would have added 

$2.50/AUM administrative fee to the current public 

grazing rate (Halladay, 2015). The main argument cited 

in support of  this view is that current expenses for both 

the BLM and USFS far exceed receipts from grazing 

permits. For Fiscal Year 2014 the total inflation-adjusted 

appropriations for BLM and USFS were $143.6 million 

while grazing receipts amounted to only $18.5 million, 

or 13 percent of  the appropriations (Glaser, Romaniello, 

and Moskowitz, 2015). A similar relationship can be 

seen throughout all receipt years. Figure 2 summarizes 

total inflation adjusted grazing appropriations for both 

BLM and USFS as compared to total inflation adjusted 

grazing receipts. These appropriations and receipts are 

only those connected with grazing activity and do not 

represent total appropriations and receipts for other 

activities within the BLM and USFS.

Understanding the importance of  grazing appropriations 

is vital when analyzing sheep profitability in the western 

United States. A cost of  production study done by the 

American Sheep Industry found that sheep producers 

lost money 50 percent of  the time in the western study 

region. This highlights the profitability risk faced by 

sheep producers in the west. This same study found that 

feed related costs accounted for close to 25 percent of  

total operating costs. Any changes to feed costs could 

have measurable impacts on profitability. The majority 

of  western states have published production budgets for 

sheep production. These provide a framework to begin 

analyzing potential scenarios faced by a sheep producer.  

This research fills in the gap by analyzing the impact of  
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grazing fee changes on sheep profitability. This research 

uses a Utah-based production budget but the results can 

be applied to any state that utilizes public grazing. This 

research does not attempt to provide support for any one 

stance within the range of  views concerning the current 

PRIA grazing rate system, but rather to demonstrate the 

effects on expected profitability within the Utah sheep 

industry after increasing or decreasing the public grazing 

fee. The results will help policy makers that rely on public 

grazing to weigh all arguments within the context of  the 

public grazing fee debate and make appropriate policy 

decisions in the future. No attempt is made to formulate 

the details of  possible new public grazing fee policy but 

instead the effects on the probability of  profitability are 

evaluated. 

Methodology

To evaluate the effects of  public grazing fee policy 

change on the profitability of  the Utah sheep industry, 

a Utah range sheep enterprise budget was developed 

and used. The Utah budget was created by adapting 

a Wyoming region enterprise budget developed by a 

Livestock Marketing Information Center work group in 

conjunction with a cost of  production model developed 

for the American Sheep Industry Association (ASI) 

(U.S. Baseline Lamb Cost of  Production Model, 2016). 

Among other things, the goal of  the work group was 

to develop four regional sheep enterprise budgets and 

then combine the regional budgets to create a national 

lamb cost of  production model that could be updated 

annually. This national budget then provides ASI with 

baseline estimates regarding the on-farm/ranch costs 

of  producing lambs. The Wyoming regional budget 

encompassed the traditionally known western states of  

Colorado, Wyoming, Montana, Idaho, Utah, Arizona, 

Nevada, Oregon, Washington, and California. In order 

to create a budget that represents solely the Utah costs of  

production, the Wyoming regional budget was used as a 

template with key parameters updated with Utah figures 

(see Table 2 for detailed Utah budget). The adjusted 

parameters included lamb price, cull ewe price, wool-ewe 

price, alfalfa hay price, feed price, lambing percentage, 

and mature ewe death loss rate. Data for these parameters 

was collected from the United States Department of  

Agriculture’s National Agricultural Statistics Service, the 

Livestock Marketing Information Center, and the Chicago 

Mercantile Exchange. These parameters are considered 

to have some of  the largest effects on estimated returns. 

To incorporate risk within the Utah budget, the data for 

these parameters is fitted to distributions using Palisade’s 

@Risk and then the parameters within the budget are 

replaced with stochastic values.(Palisades Decision Tool 

Suite, Version 7.5) and then the parameters within the 

budget are replaced with stochastic values. @Risk is a 

stochastic simulation software. It provides a method to 

incorporate risk into a production budget. The key inputs 

into the stochastic simulation are the defined stochastic 

variables. The stochastic variables for this analysis 

are lamb price, cull ewe-price, wool-ewe price, alfalfa 

hay price, feed price, lambing percentage, and mature 

ewe death loss rate.  Historical data for the individual 

variables were used to define the stochastic parameters 

of  the variables. A simulation of  returns per ewe to 

land, risk, and management is then run within @Risk 

with 10,000 iterations taken. The 10,000 iterations can be 

viewed as 10,000 different scenarios with the associated 

profitability under each scenario. The result is a baseline 

budget calculation which can provide probabilities of  

profitability. In order to evaluate the effects of  grazing 

fee policy change to the probabilities of  profitability 

within the Utah sheep industry the public grazing fee is 

then increased and decreased to represent three various 
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grazing fee policy scenarios. Under each scenario only 

the grazing fee amount is allowed to vary while all other 

variables are held constant. This means that while the 

grazing cost may increase or decrease under the various 

scenarios, the number of  AUMs is treated as constant. 

The public grazing fee is an input cost in the production 

system. If  the fee is increased it is reasonable to assume 

that unless a cheaper alternative exists then producers 

would hold constant there consumption (number of  

AUMs).

Scenario 1 represents an abolishment of  the public 

grazing fee or in essence a $0/AUM fee. Scenario 2 

represents an increase of  $2.50 to the current 2016 grazing 

fee of  $2.11/AUM for a total fee of  $4.61/AUM. This 

scenario is selected as it represents a likely hypothetical 

policy which was proposed as recently as 2014 when 

the Obama administration proposed that a flat tax of  

$2.50/AUM be added to the annually calculated PRIA 

grazing fee. Though this policy was not implemented, it 

nevertheless represents a likely policy alternative which 

could be purposed again. For the third scenario the public 

grazing fee is raised dramatically to coincide with the 

current Utah average private grazing rate of  $15/AUM. 

This, of  course, represents an unlikely policy alternative; 

however, important implications can still be drawn from 

the results of  the simulated returns under such a policy. 

The Stoplight chart in figure 4 compares the resulting 

probabilities of  returns to land, risk, and management 

per ewe of  the three simulated scenarios along with the 

baseline. A stoplight chart is a variation of  a stacked bar 

chart and provides a means of  showing status of  risks 

using color displays. Typically, red, green, and yellow 

(stoplight) colors are used to indicate mitigation action 

status or risk impacts, depending on items defined 

by the project. Figure 4 displays the probabilities of  

profitability per ewe of  Utah sheep producers for 

each scenario previously described. The probabilities 

are displayed by scenario of  Utah sheep producers 

showing negative returns per ewe in red, the probability 

of  returns between $0 and $10 per ewe in yellow, and 

the probability of  returns over $10 per ewe in green. 

Figure 5 shows the distribution of  profitability levels for 

each of  the three scenarios. The different distributions 

highlight the decreased probability of  profits because 

of  the increasing grazing fees. For example, the average 

profitability for scenario 2 ($4.61 grazing fee) is $5,978 

while for scenario 3 ($15 grazing fee) it is -$9,606.

Results and Implications

The baseline results help tell the story of  the current 

conditions of  the Utah sheep industry. Figure 4 shows 

that Utah sheep producers could expect to achieve 

positive returns to land, risk, and management 60 

percent of  time leaving negative returns to be expected 

40 percent of  the time. This depicts an industry that has 

a significant amount of  risk in which many producers 

would struggle to achieve positive returns. These results 

are in line with what would be expected as Utah sheep 

inventories have been declining historically, similar to the 

rest of  the nation, indicating that it has been a difficult 

industry for producers to survive and remain profitable. 

By comparing the results of  each scenario to the baseline 

the effects of  each scenario’s respective public grazing 

fee policy can be evaluated. Under the scenario 1 policy 

of  removing the public grazing fee, the probability of  

returns per ewe being less than $0 decreases by 5.1 

percent from the baseline of  40.0 percent to only 34.9 

percent. Naturally, from a producer’s perspective this 

would appear as a highly attractive scenario. Downside 

risk decreases while upside risk increases indicating that 

range sheep producers could expect to be profitable 
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approximately 65.1 percent of  the time under a $0/

AUM public grazing environment as compared to the 

current baseline scenario of  only 60 percent expected 

positive returns. However, this type of  scenario may 

not be very practical, especially considering the historic 

nature of  the fee. The PRIA grazing fee system has been 

in place since 1966 and even before its implementation, 

various levels of  fees were still charged to graze public 

lands; the values were simply less consistent throughout 

the different agencies managing the lands. Even if  fees 

were removed, there would need to be some system put 

in place to manage the public grazing resources and 

allocate the use of  the public lands fairly and in a way 

that they could be used sustainably for years to come.  

Nearly every system imaginable would likely incur some 

cost to producers utilizing the grazing resources and this 

would surely offset the removal of  the PRIA grazing fee 

at least to some degree. Additionally, with the removal 

of  the PRIA grazing fee it is important to recognize that 

while producers may benefit as indicated by a greater 

probability for profitability, the revenue of  the agencies 

managing the public grazing lands would decrease. The 

disparity between grazing fee receipts and the agencies’ 

expenses would widen and thus this cost would eventually 

be passed onto tax payers as these agencies would require 

additional funds to continue to manage the public lands 

appropriately.

Under scenario 2 when $2.50/AUM is added to the 

calculated PRIA grazing fee, the results of  the simulated 

budget indicate that the Utah sheep industry could 

expect increased probability of  negative returns per ewe 

compared to the baseline. Total downside risk increases 

by 3.7 percent leaving 56.3 percent probability of  

positive returns. However, this increase in downside risk 

to producers must be weighed against the simultaneous 

increase in expected revenue generated by the BLM and 

USFS due to the increased grazing permit fee. Under 

this scenario the 2015 PRIA grazing fee of  $1.65/AUM 

would have been increased to $4.15/AUM. According 

to the BLM, for Fiscal Year 2015 they were allocated 

$79 million for the rangeland management program. Of  

that figure, $36.2 million was spent on livestock grazing 

administration while only $14.5 million was collected 

from grazing fee revenue (Gorey, 2016). The increased 

fee under scenario 2 would have increased the revenue 

generated from grazing permits in 2015 by the BLM 

from $14.5 million to approximately $36.4 million or 

just over the $36.2million spent on livestock grazing 

administration for the year. A similar increase in revenue 

also would be expected within the USFS.

Under the third scenario, the public grazing fee would be 

increased to coincide with average private grazing rates 

in Utah. The resulting probabilities of  returns per ewe 

indicate that downside risk, or risk of  negative returns 

per ewe, would be greatly increased compared to the 

baseline. The probability of  negative returns per ewe 

under scenario 3 would be 63.4 percent representing 

an increase of  23.4 percent from the baseline. With a 

probability of  negative returns of  this level the Utah 

sheep industry would certainly struggle. With no other 

changes made to help ensure greater probabilities of  

positive returns a policy of  this nature would likely fatally 

cripple the industry in the region.

Although, the sheep and wool industry is by no means a 

large or vital part of  the US economy, it has a unique and 

important history and is vital to those within the industry. 

As is demonstrated by the Utah sheep enterprise budget 

analysis, policy increasing or decreasing the public 

grazing fee would undoubtedly have an impact on the 
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bottom line or profitability of  the sheep producers within 

the region. Although this study focuses on Utah, the 

results can be applied to many western states that utilize 

public lands for grazing. Great care and consideration 

must be taken as policy makers attempt to address the 

public grazing fee concerns. As is the case with all policy 

changes, there are winners and losers. It is important to 

recognize not only the impacts to the sheep industry but 

also the simultaneous impacts to the agencies managing 

the public rangelands.

While grazing fee policy is sure to affect many livestock 

industries throughout the country, due to the current 

drastically weakened state of  the sheep and wool industry 

perhaps greater consideration is needed in evaluating 

effects of  new public grazing fee policy on this industry. 
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Figure 1: Total US sheep inventory
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Figure 2. Total BLM and USFS direct grazing appropriations vs. receipts, 2002-
2014. Source: Glaser, Romaniello, and Moskowitz, 2015.
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Figure 3. Public PRIA grazing fee compared to private grazing rates. Source: 
Glaser, Romaniello, and Moskowitz, 2015.
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Figure 4. Stoplight chart of probabilities of returns per ewe of less than $0.00 
and greater than $10.00 under four scenarios
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Figure 5. Profitability distribution of sheep production under 4 different 
grazing fee scenarios
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Table 1. 2016 US sheep and lamb inventory: Top ten states
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Table 2. Utah representative sheep production budget
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ABSTRACT

Forage and cattle performance 

relationships with spring precipitation, 

combined with cattle price variability, 

were incorporated into a ranch level 

model to determine if  addition of  a 

yearling enterprise to the base cow-calf  

herd would improve profitability given 

a 25 percent increase in variability and 

50 percent increase in variability over 

observed (1975-2009) spring precipitation. 

Our results indicate profitability can be 

improved by nearly 35 percent through 

addition of  a yearling enterprise to a 

base cow-calf  herd, at the two levels 

of  increased variability in spring 

precipitation. This adaptive strategy can 

also stabilize cow numbers across years, 

thus enhancing long-term sustainability of  

herd genetics.
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Introduction

Ranching is a dynamic business in which short-term 

(annual) profitability is highly variable as it is impacted 

by: 1) changing weather and climatic conditions which 

influence annual variation in forage production; and 

2) cyclical market prices. These independent, yet often 

interacting conditions provide substantial challenges 

for ranchers trying to make sound decisions for their 

business. For example, when forage supplies are reduced 

should herd numbers be reduced, and if  so, by how 

much, and what are the economic ramifications given the 

current market prices? When forage supplies rebound, 

should more replacement heifers be retained or breeding 

livestock purchased (Bastian et al., 2009; Torell et al., 

2010)? Collectively, the suite of  herd liquidation and 

restocking decisions during and after drought events can 

greatly impact the economic viability of  cow-calf  ranches 

(Thomas et al., 2015). Projected increasing variability 

in seasonal precipitation is likely to result in increased 

frequency and severity of  droughts. Such events will 

likely lead to greater occurrences of  herd reductions to 

match animal demand with forage availability and most 

often selling at low prices due to greater numbers of  

animals being sold, negatively impacting the profitability 

and financial health of  cow-calf  operations (Ritten 

et al., 2010a; Ritten et al., 2010b). Therefore, livestock 

producers need alternative strategies that can help them 

reduce risks and increase economic returns despite 

weather and climatic variability coupled with dynamic 

market prices.

Adaptive management strategies for drought (e.g., Derner 

& Augustine, 2016) can aid ranchers applying science-

informed decision-making when facing both variable 

precipitation and variable market prices. Although 

ranchers have a number of  strategies in their toolbox 

to address forage shortages associated with drought 

(Karchergis et al 2014), the most common strategies are 

partial herd liquidation and the purchase of  additional 

feed (Bastian et al., 2006). When these strategies are 

analyzed in ranch-level models coupled with price cycle 

dynamics, partial herd liquidation has the lowest risk 

when cattle prices are falling, whereas purchasing feed 

is  profitable when cattle prices are rising (Bastian et al., 

2009). Long-term analyses (time horizons of  35 years) 

indicate that purchasing feed during drought periods 

can improve long-term profits because added calf  

sales overcome incurred feed costs compared to herd 

liquidation and associated costly time lags to rebuild the 

herd (Ritten et al., 2010c). Ranchers that add a yearling 

enterprise to the cow-calf  enterprise can improve long-

term profitability in extended drought events (Ritten et 

al., 2010b). Although light (conservative) stocking rates 

can improve individual calf  performance and profits 

under variable forage production from droughts due to 

less destocking during drought events (Thomas et al., 

2015), incorporating a yearling enterprise while reducing 

the base cow herd number provides more flexibility to 

match animal demand with forage availability resulting in 

higher profitability than light stocking rates (Torell et al., 

2010). Reductions in profits for cow-calf  only operations 

during dry/drought years due to low forage production 

and reduced calf  gains are not compensated by positive 

returns during wet years (Hamilton et al., 2016). Thus 

ranchers need to consider alternative enterprises to 

mitigate risk associated with precipitation variability.

The strategy of  flexible stocking from adding a yearling 

enterprise to cow-calf  operations offers additional 

opportunities for ranchers in highly variable precipitation 

environments (Ritten et al., 2010b; Torell et al., 2010). 

However, the question remains as to whether this added 
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flexibility can overcome both the negative impacts on 

forage production and cattle performance from increased 

variability in precipitation. Here, we utilize existing 

forage production and cattle performance relationships 

associated with spring precipitation (Derner & Hart, 

2007; Derner et al., 2008) in a ranch-level model which 

also incorporates market price variability and cycles to 

analyze whether adding a yearling enterprise to the base 

cow-calf  operation can improve profitability and reduce 

risks under three levels of  spring precipitation variability 

(historical precipitation, 25% variability increase, and 

50% variability increase).

Methods

We develop a multi-period, linear programming 

model of  a case ranch based on characteristics of  

operations found in southeastern Wyoming. This model 

incorporates relationships between spring precipitation, 

forage production, cattle performance, and price cycle 

dynamics to estimate long term profitability for the case 

ranch given different precipitation profiles (average spring 

precipitation, historical precipitation, 25% increase in 

precipitation variability, and 50% increase in precipitation 

variability). We utilize data related to precipitation, forage 

production, and cattle performance from research 

conducted at the US Department of  Agriculture 

(USDA) – Agricultural Research Service (ARS), High 

Plains Grasslands Research Station (HPGRS) located in 

Laramie County in southeastern Wyoming. Given the 

relationships estimated from the USDA ARS data, we 

analyze the impact of  adding a yearling enterprise to the 

base cow-calf  ranch given the different precipitation 

profiles coupled with 100 iterations of  different cattle 

price conditions for each profile. See the appendix 

at the end of  the article titled “Model Specifics” for 

more technical details about model development, land 

characteristics of  the ranch, estimated precipitation 

profiles, precipitation impacts on forage, precipitation 

impacts on cattle performance, and the incorporation of  

cattle price dynamics into the analysis.

We first estimate the model across the three precipitation 

profiles (historical, 25% increase, and 50% increase) and 

price observations (100 iterations of  the Monte Carlo 

simulations for each 35 year precipitation profile) for 

the cow-calf  only operation. Then, we estimate the 

model assuming the ranch can decide to retain calves 

for a yearling enterprise given the precipitation and price 

iterations previously described. To fully understand 

the impact of  spring precipitation variability alone, we 

run these same operation types (cow-calf  only versus 

cow-calf-yearling) assuming average precipitation for 

the study period occurs every year, i.e., no variability 

in precipitation as every year the ranch is assumed to 

receive average precipitation in the spring, but allow 

prices to vary in the same way as before. We analyze 

these data from the model runs (average precipitation, 

historical precipitation, 25% increase, and 50% increase) 

to achieve our research objective.

Results

Model results reveal that profitability for the case 

ranch with cow-calf  herd only is  45 percent less with 

historical precipitation than if  the ranch received 

average precipitation each year (Figure 3). What causes 

this? Destocking during dry years, when prices are 

unfavorable, coupled with the production lag associated 

with rebuilding the cow herd through greater heifer 

numbers retention, has a very negative impact on ranch 

profitability. Dry years hurt profitably by liquidating 

breeding stock (or purchasing additional feed), and the 

ranch can lose out on sales in subsequent years as it tries 
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to build herd numbers through retaining more heifer 

calves rather than selling them. Ranches also can lose 

out in wet years due to the inability to rapidly increase 

cow numbers to take advantage of  additional forage 

production.

If  steer calves are retained as a separate yearling enterprise 

to provide flexibility in stocking for the operation, then 

ranch-level profitability is increased. Added flexibility 

from utilizing yearlings to match animal demand with 

forage availability improves long-term profitability by 

over 23 percent, compared to the case ranch with cow-

calf  herd only. Even though profitability is improved 

long-term, it is important to note that not every year is 

profitable, regardless of  strategy. For example, cattle price 

cycles independently without the influence of  weather 

and climatic variability caused roughly eight percent 

of  years to be unprofitable for the cow-calf  operation.  

Addition of  the variability in historical precipitation 

compared to just using average spring precipitation 

nearly doubles the probability of  negative profits to 15.7 

percent for the cow-calf  operation, and the percentage is 

only slightly less for the cow-calf  plus yearling operation 

at 13.7 percent (Table 1). This suggests the variability 

in spring precipitation compounds the price variability 

impacts on ranch-level profit variability.

The impact on profitability associated with flexible 

stocking from the yearling enterprise becomes even 

more pronounced with increasing variability in spring 

precipitation. For example, increasing spring precipitation 

variability by 25 percent results in decreasing cow-

calf  only profits by an additional 19 percent compared 

to historical precipitation variation (Table 2), but the 

addition of  a yearling operation to the cow-calf  ranch in 

this precipitation profile increases long-term profitability 

by 35 percent compared to cow-calf  only operations.  

This percentage increase in profitability for the cow-

calf  plus yearling operation compared to cow-calf  

alone is consistent for the 50 percent increase in spring 

precipitation variability as well, even though net present 

value of  profits drops by an additional 4 percent when 

the variability doubles.

Matching animal demand to forage availability with the 

flexible stocking offered by adding a yearling enterprise 

to the cow-calf  herd operation is the primary reason for 

increased profitability compared to traditional cow-calf  

operations only. For example, optimal cowherd numbers 

(represented by Animal Unit Years in Figure 4) decrease 

by 50 percent when historical spring season precipitation 

is used in the model over the 35 years compared to the 

scenario using the average spring precipitation value 

across all years (Figure 4). This decrease in optimal 

cow numbers occurs as replacement only occurs from 

within the herd through retaining replacement heifers, 

and cow numbers rarely have time to fully recover to 

pre-drought numbers before liquidation begins again in 

response to the next drought or extended dry period.  

Using yearlings as a “flex” strategy provides more timely 

responses to effectively match forage availability with 

animal demand. Yearlings can be moved to feedlots or 

other geographic areas, or sold during dry periods, with 

the base cow herd still producing a stable number of  

calves for sale or retainment of  heifers for replacement.  

Therefore, the addition of  a yearling enterprise to the 

cow-calf  only operation will result in a smaller base herd 

of  cows compared to the cow-calf  only operation, but 

this cowherd is more stable over time thereby lessening 

impacts of  liquidating valuable individual herd genetics.  

This stability in breeding livestock, coupled with the 

flexibility to increase or decrease numbers of  yearlings 
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more quickly than calf  numbers, results in a 23 percent 

increase in total animal units supported by the ranch 

compared to the cow-calf  only operation facing historical 

variability in spring precipitation (Figure 4).

It is interesting to note, that while profitability is 

increased with adding a yearling enterprise to a cow-calf  

only operation with more variable spring precipitation, 

our results do not suggest a decrease in profit variability 

(Table 2). Standard deviations are higher for the cow-calf  

plus yearling operation compared to the cow-calf  only 

operation across all three precipitation profiles, although 

standard deviations are relative to the mean, and the means 

are substantially higher for the cow-calf  plus yearling 

operations. Coefficients of  variation indicate slightly less 

variability for the cow-calf-yearling operation compared 

to the cow-calf  operation for the historical precipitation 

profile (0.093 versus 0.117), but this relationship is 

reversed, i.e., higher variability for the cow-calf-yearling 

operation, for the 25 percent and 50 percent increase 

profiles. These results do not demonstrate reductions in 

risk for ranchers, as measured by profit variability, for the 

cow-calf  plus yearling operation compared to the cow-

calf  only operation when influenced by increased spring 

precipitation variability.

Conclusions

We utilize existing forage and cattle performance 

relationships associated with spring precipitation in 

a ranch-level model combined with incorporation of  

cattle market price variability. Our analysis of  adding a 

yearling enterprise to a cow-calf  only ranch operation 

suggests that profitability can be improved by nearly 

35 percent with increased levels of  spring precipitation 

variability (25% and 50% increase in standard deviation).  

Adding yearlings enables more effective matching of  

forage availability to animal demand which provides 

opportunities to utilize “extra” forage produced in 

above-average years while minimizing overutilization in 

below-average years. The second benefit of  including 

yearlings into a cow-calf  only operation is that the ranch 

has a more stable, albeit smaller, number of  base cows.  

This benefits ranchers by not having to liquidate valuable 

individual herd genetics in dry/drought years.

Understanding the variable nature of  both cattle market 

prices and forage production is important for ranchers 

regarding science-informed decision-making for long-

term economic sustainability. Increasing long-term 

profitability through adding yearlings to the traditional 

cow-calf  only ranch enterprise is achieved through more  

effectively matching available forage with animal demand 

as the yearlings provide flexibility on the demand side. It 

is important to note that although profitability over the 

long-term is markedly enhanced with adding yearlings to 

a cow-calf  operation, risk to the rancher is not reduced 

as profit variability among years remains similar and the 

likelihood of  negative returns in any given year is only 

slightly lower. In addition to greater profitability potential 

over the long-term, adding yearlings to a cow-calf  only 

operation results in the base cow herd being smaller, 

but more stable with time thereby enhancing long-term 

sustainability of  individual herd genetics.

Endnotes

1.  Bastian et al. (2005) indicate that while variations across 

counties do exist, this region is relatively homogeneous 

in terms of  livestock production, average productivity 

of  range resources, and average ranch carrying capacity.  

Average carrying capacity of  ranches sold (n=147) in 
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these counties for this region ranged between 159 and 

162 Animal Units during their study period of  2002-

2004 while our case ranch has range forage production 

to carry about 150 AU not including hay production 

(Bastian et al,. 2005). While the average operations across 

the counties are similar, as expected, heterogeneity does 

exist. For example, operations ranged from 1 to 19 head 

per operation for 2012 to operations with over 500 head 

in the counties for the study area for our analysis (NASS 

2012). However, given the objective of  the study, we 

model our case ranch based on average characteristics 

for the region of  interest which results in an operation 

that has a relatively representative carrying capacity.

2. Costs per ton of  alfalfa hay produced, using Hewlett 

and Bastian (1992) ($127/ton), are similar to costs per 

ton estimated for Nebraska for 2014 ($126/ton) (Klein 

et al., 2014a; Klein et al., 2014b).
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Figure 1. Conceptualizaion of multi-period linear programming model (Torell et 
al., 2013)
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Figure 2. Precipitation data profiles used in analysis



2018 JOURNAL OF THE ASFMRA

133133

Figure 3. Distribution of net present value from ranching operations over a 35-
year horizon across 100 price scenario iterations
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Figure 4. Distribution of Animal Unit Years (AUYs) from ranching operations 
over a 35-year horizon across 100 price scenario iterations
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Table 1. Probability of annual returns less than $0

Table 2. Estimated net present values across precipitation profiles by operation 
type
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APPENDIX: Model Specifics

Ranch Characteristics, Production Costs, and Prices 

Land resources for the case ranch are based on data from 

a six-county region (Albany, Converse, Goshen, Laramie, 

Niobrara, and Platte Counties). The total number of  acres 

for each land type by county (BLM, 2014), coupled with 

the total number of  operators in each county according 

to Wyoming 2012 Agricultural Statistics, were utilized 

to simulate average land resources for an operation in 

the region of  interest (NASS, 2012). Non-private lands 

included in the representative ranch include state-owned, 

and federal lands of  the Bureau of  Land Management 

(BLM) and United States Forest Service (USFS). The 

operation consists of  2,827 acres of  deeded rangeland, 

308 acres of  state land, 205 acres of  BLM, 139 acres 

of  USFS, and 205 acres of  privately leased pasture. The 

number of  animal unit months (AUMs) available for 

grazing are 1,385 AUMs from deeded rangeland, 150 

AUMs from state-owned land, 100 AUMs from BLM, 68 

AUMs from USFS, and 100 AUMs from privately leased 

lands. The representative ranch also consists of  172 acres 

of  irrigated alfalfa hay land and 225 acres of  irrigated 

meadow hay land. These hayed lands also are assumed 

to offer the potential for grazing after harvest occurs 

and provide an additional 410 AUMs of  grazing for the 

case ranch (Strauch 2008). While many operations in the 

region also have other enterprises such as crops from 

farming, we focus only on range livestock production 

and the ability to produce hay for winter feeding in the 

model to address our research objective.

We base our operation practices and related costs of  

production for the case ranch on data available from 

existing budgets and input prices relevant to the study 

area. Costs of  production for meadow hay came from 

western Nebraska budgets close to the study region 

(Klein et al., 2014). Costs of  production for irrigated 

alfalfa hay came from Hewlett and Bastian (1992 a,b) as 

these budgets were developed from producer interviews 

in the study area which were adjusted to  2012 dollars.  

Federal and state rangeland grazing costs came from 

Eisele et al. (2011) and Strauch (2008).1  Cattle production 

costs including brood cow, cull cow, replacement heifer, 

salt/mineral, protein supplement, veterinary, labor, 

transportation and marketing came from Eisele et al. 

(2011). Yearling costs were updated from Ritten et al. 

2010b. Fixed ranch expenses of  $45,000 include facility 

maintenance, equipment maintenance, depreciation, 

insurance, taxes, and professional services (Eisele et al. 

2011). All costs are deflated to 2012 dollars using the 

Producer Price Index.

Livestock price series used in analyses are calculated 

using a Monte Carlo simulation developed by Torell et 

al. (2013). This allowed us to incorporate the effects of  

price variability on ranch profitability and management 

strategies.  Prices from the simulation were generated for 

35 year time horizons across 100 iterations. This forced 

the model to be solved over a suite of  cattle price levels 

representing a number of  potential cattle cycle dynamics.  

Prices were normalized so that the mean real 2012 

adjusted (deflated using PPI) price for each livestock 

class (weight and sex), during the appropriate month of  

sale, was equal to the 1980-2012 mean real price recorded 

by CattleFax (Torell et al. 2013).

Ranch level model

We incorporate the above data in a multi-period, linear 

programming model (see Figure 1) similar to that 

reported in previous research (see Bastian et al., 2009; 

Ritten et al., 2010 b,c; Torell et al., 2010). We altered 
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the model to represent the case ranch using the land 

resources, representative costs, and prices described 

above. We solved the model using the MINOS solver 

in the Generalized Algebraic Modeling System (GAMS) 

software (Rosenthal, 2008).

The model maximizes the net present value of  profits 

over a T year planning horizon (in our case we use a 35 

year planning horizon for each suite of  prices and spring 

precipitation scenarios which corresponds to available 

precipitation and production data from the USDA ARS 

HPGRS site used for this research).  The objective 

function includes a terminal value that takes into account 

the value of  cows after the 35 year planning horizon is 

completed. If  the terminal value was not included, the 

model would sell all livestock the last year in order to 

maximize the objective function.  This objective function 

is subject to constraints defining the ranch resources and 

transfers resources from one year to the next during the 

T year planning horizon (for example under livestock, 

heifers moving to cows). The decision variables under the 

rancher’s control include number of  animals (liquidation 

of  animals versus restocking of  animals) and amount 

and timing of  forage use by land type and season.

Major constraints in the model include animal production 

limitations (including conception/weaning rates, 

required bull/cow ratios, inter-year transfers) and forage 

supply (total supply of  forage in a year and seasonal use 

restrictions). The model forage constraints consist of  

six seasons determined by the ranch activities and land 

availability (for example federal land permits restrict use 

to appropriate seasons of  use). Aftermath grazing of  

hay is not available until after harvesting the hay. Forage 

demand is flexible subject to land class availability. 

Seasonal forage availability cannot be exceeded by forage 

demand. Hay is fed when deemed economically feasible 

by the model but can only be fed November through 

April. Previous work by Ritten et al. (2010c) and Bastian 

et al. (2009) suggest providing hay in other seasons 

as a drought reaction strategy can create short-term 

financial issues for the ranch that may put it at greater 

risk of  financial loss depending on the price conditions.  

Therefore, we limit hay feeding to the season that is 

common for the study area. Additionally, the operation 

is required to maintain a minimum cash reserve of  $500, 

and the operation has the ability to save cash and transfer 

it from one year to the next as well as borrow operating 

funds if  needed. All borrowing of  short-term funds is 

required to be paid back during the following year, as is 

common with operating loans. As costs and prices are in 

real terms, all debt is also in 2012 dollars. We use a nine 

percent interest rate on short-term funds which is higher 

than the discount rate of  seven percent (4% real rate 

plus a 3% risk premium) used to calculate NPV over the 

planning horizon. These rates are consistent with data 

from the study period and Hamilton et al. (2016).

Precipitation Variability and Production Relationships Used in 

the Model

We incorporate spring precipitation variability into 

the model based on research conducted at the USDA 

ARS HPGRS. Their research investigates the impact of  

spring precipitation on both forage productivity and also 

cattle performance. Derner and Hart (2007) reported 

on the relationship between spring precipitation and 

forage production, and the relationship between cattle 

performance (gain per animal for the grazing season) 

and spring precipitation was reported by Derner et al. 

(2008). Here, we update the relationships using their 

data plus more recent data.  Peak standing forage for 

the case ranch is based on the following estimated (via 
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regression) relationship (R2 = 0.44), Yt = [3501.8*Pt/

(304.2 + Pt)], where Yt is peak standing crop in kilograms 

per hectare (Kg/ha) and Pt is the sum of  April, May, and 

June precipitation in year t, reported in millimeters. We 

estimate the historical forage production for the ranch 

based on observed precipitation at the USDA HPGRS 

for the years 1975-2009 and convert it to pounds per 

acre. We assume a 35 percent utilization rate (based 

on data from the ARS) of  total forage available which 

represents a light to moderate stocking rate for the area.  

The available forage for grazing in a given year then 

impacts the AUMs available for grazing per unit of  land 

for each land type. This defines the model constraints 

for grazing on an annual basis. In this way the model 

incorporates forage production variability expected from 

spring precipitation variability.

Reliable forecasts for changes in spring precipitation 

specific to the study area are not available. So we model 

increased variability in precipitation based on observed 

precipitation (labeled as historical precipitation) from 

1975-2009. Using this historical spring precipitation data 

for the study area, simulated increases in precipitation 

variation are estimated by keeping the mean precipitation 

constant but increasing the standard deviation around 

the mean by 25 percent and 50 percent, following the 

procedure used in Hamilton et al. (2016), resulting 

in three precipitation profiles: 1) historical spring 

precipitation, 25 percent increase in standard deviation of  

spring precipitation, and 50 percent increase in standard 

deviation of  spring precipitation. These precipitation 

profiles, graphed in figure 2, are then used to estimate 

forage yields and  incorporated into the model as 

previously explained. This variability is well within what 

has been observed for the area based on climatological 

studies using tree rings. Gray et al (2004) find annual  

 

precipitation has varied by more than one full standard 

deviation since 1260 A. D. in Wyoming.

Spring precipitation impacts on cattle productivity were 

analyzed based on USDA HPGRS data as well. The 

impacts of  April through June precipitation on calf  

gains also were estimated via regression for the summer 

grazing season (approximately 125 days) following the 

prior work of  Derner et al. (2008). As was the case with 

forage production a hyperbolic relationship is found.  The 

estimated relationship is Gt = [179* Pt /( 11.56 + Pt)] (R
2 

= 0.65).  Gt is annual calf  gains per head in kilograms, 

and Pt is again the sum of  precipitation reported in 

millimeters observed at the study area in April, May, and 

June each year. Resulting weights are then converted to 

pounds. Weaning weights are impacted by calf  gains 

and this is incorporated into the model via sales weight, 

which in turn affects revenues via livestock sales. The 

same precipitation data and two increased variation 

profiles were used to estimate calf  gains and resulting 

sales weights.

Finally, we incorporate spring precipitation variability 

on weight gains for retained calves used in the yearling 

enterprise. Unfortunately, calves were not retained in 

the studies used for this analysis at the USDA. Rather, 

lighter weight animals were purchased and then grazed 

to heavier weights. Specifically, assumptions were made 

about winter gains for the retained calves in our analysis, 

and then we utilized the available yearling data from 

the USDA to estimate gains during the summer given 

observed precipitation. We added winter gains based on 

Volesky et al. (2002) who found an average of  0.315 kg 

gain/day over a 182 day winter feeding period, and added 

that to the prior year’s ending calf  weights. Yearling gains, 

as a function of  growing  season precipition, were then 

added to these weights to get final yearling sale weights.
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We account for marginal changes in prices as weights 

change within a weight category in the Monte Carlo price 

simulation described previously. A price slide regression 

was used to adjust prices according to the differences in 

weights as dictated by spring precipitation in a given year.  

The regression was estimated by Ritten et al. (2010a) and 

calculates price as a function of  weight and corn prices 

(mean deflated corn prices in 2012 dollars is used to 

remove impact from varying corn prices). The price slide 

adjusted prices from the Monte Carlo simulation for the 

differing livestock categories. Lighter animals received a 

higher price per cwt and heavier animals received lower 

prices per cwt. The impact of  differences in sale weights 

from precipitation may also be impacted by a slide in the 

price per cwt as well. In this way, gross revenues in the 

model account for both altered sale weights and related 

price effects.
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Introduction

Significant financial changes have been underway in the 

US agricultural system. After a decade of  increases in 

crop and livestock prices mirrored by corresponding 

increases in expenses, prices began declining dramatically 

in 2014 (Figure 1; USDA, NASS, 2017). Within sectors, 

crop producers experienced strong prices from 2011 

to 2013 followed by sharp declines beginning in 2014, 

while livestock producers experienced a strong upswing 

in prices through the end of  2014 followed by sharp 

declines in 2015. Expenses have been slow to adjust 

to the recent price declines and this has had a dramatic 

impact on net farm income. Figure 2 shows yearly net 

farm income for Nebraska crop and livestock producers 

from 2000 to 2015 (USDA, ERS). Three (2011-2013) 

high income years have now been followed by a marked 

decrease in profitability for most farmers and ranchers. As 

producers entered 2016, they were faced with declining 

year over year net incomes. According to the May 2016 

Federal Reserve Bank of  Kansas City’s Ag Credit Survey, 

bankers in Nebraska were concerned with the agricultural 

economy as carry-over debt was increasing along with 

demand for loans and an expectation of  declining farm 

income (Cowley & Clark, 2016).

Because producers are unique in their production costs, 

yields, prices, capital allocation, location, etc., identifying 

the demographic and financial characteristics that are 

contributing to financial stress is important to gain a 

deeper understanding of  the problem. With this in mind, 

a survey of  Nebraska agricultural crop and livestock 

producers was conducted in the summer of  2016 with 

the overall goal of  evaluating financial stress. While 

identifying stress is useful, identifying actions producers 

intend to take to help ensure farm survival are equally 

important. Using the same demographic and financial 

characteristics used in the stress model, we evaluate the 

characteristics contributing to producers: (1) focusing on 

increasing revenue and/or (2) lowering costs. The goal 

of  this paper is to identify the demographic and financial 

characteristics leading to stress as well as how producers 

are responding to stress – increasing revenue and/or 

lowering costs. Identifying demographic and financial 

characteristics leading to stress can provide University 

Extension and research guidance on where to focus 

educational programs.

Model Development, Data and Methods

To guide the selection of  the variables (or characteristics) 

evaluated in our model, we reviewed previous research 

focusing on characteristics that contribute to stress. 

Additionally, the model relies on a stated preference 

of  whether respondents feel financially stressed. Our 

approach of  evaluating stated preferences differs from 

other approaches that evaluate stress by inspecting 

financial ratios and implying stress through those ratios.  

It is possible that a poor financial ratio may not contribute 

to stress because the producer may be uninformed about 

the ratio.

Eberhardt and Pooyan (1990) developed a farm stress 

survey indicating that farm stress comes from five 

dimensions: economics, geographic isolation, time 

pressure, climatic conditions, and hazardous working 

conditions.  According to Eberhardt and Pooyan 

(1990), the economics dimension is related to items 

such as loan payments, market prices, and government 

intervention. Geographic isolation represented the lack 

of  close neighbors and/or limited social interaction 

opportunities. Time pressure was related to having too 

much to do or too little time in which to do it. Climatic 

conditions related to items influencing yield such as 
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drought or hail. Hazardous working conditions related 

to the handling of  agricultural chemicals and operating 

machinery. The current model was built based on these 

insights. Economics were captured by questions related 

to the level of  ‘owner’s equity’ and whether producers 

‘self-finance’. Geographic isolation is represented by the 

number of  farms per square mile based on the survey 

respondents’ base county. For time pressure, we asked 

respondents whether or not they have an off-farm job 

and if  they plan to expand their land base in the future.  

For climatic conditions we used the survey respondents’ 

regional location to account for differences in climate 

conditions across Nebraska. Both farms and ranches 

are hazardous to work on so we did not include any 

questions on working conditions.  

An Economic Research Service (ERS) report by Petrulis 

et al., (1987) examined how farm financial stress is 

affecting rural America and whether off-farm income 

could provide a stress safety net. They reported that 

distress was caused by low capital, specialization, and 

location. While variables in the current research were 

already included to capture owners’ equity and off-

farm income, another variable to capture specialization 

between crops and livestock was also added.

Based on Katchova (2010) findings that personal 

characteristics such as age, number of  years farming and 

education significantly affect the likelihood of  stress, 

similar variables were included in the current model.  

Finally, a variable was included in regard to producer’s 

expectations for 2017 to determine if  expectations about 

the future were impacting their current financial stress 

level.

Data

In July 2016, surveys were mailed to livestock and 

crop producers across the state of  Nebraska regarding 

their farm financial health. An online survey was also 

available and publicized by the Nebraska Department of  

Agriculture through news releases and radio interviews as 

well as through Nebraska Commodity Boards. A total of  

1,000 surveys were returned with a total of  758 thoroughly 

completed and used in the analysis. District representation 

of  the survey participants is presented in figure 3. Over 

60 percent of  the participants were located in the eastern 

three districts. Survey response percentages by district 

are comparable to the 2012 Census of  Agriculture except 

for the north and east districts (USDA NASS, 2012). The 

north district was slightly underrepresented compared to 

the U.S. Agricultural Census, with only 4.1 percent of  

the participants from that region while the east district 

was slightly overrepresented. On average, there is 

approximately 1.05 farmers per square mile across the 

state of  Nebraska (USDA NASS, 2012).

A description of  the characteristics evaluated in the 

analysis and their summary statistics are reported in 

table 1. For demographic characteristics, the average age 

of  producers that completed the survey was 62.6 years 

which is older than the average age of  a Nebraska farmer 

of  54.3 years (U.S. Census Bureau, 2012). We categorize 

age into four distinct categories using quantiles. The 

age1 category represents ages 24 to 42, age2 represents 

ages 43 to 61, age3 represents ages 62 to 80, and age4 

represents ages 81 to 98. The overall average number of  

years managing a farming or ranching operation was 31.7 

years. Management years were also categorized into four 

distinct categories as can be seen in table 1. As age and 

management years were highly correlated, only age was 

used in the analysis. For education, we identified four 
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categories based upon achieved education level of  High 

School or less (HSless), associate’s degree (assocdeg), 

bachelor’s degree (bachdeg), or post graduate degree 

(postdegree). Only 27 percent of  those surveyed were in 

the category with a High School Degree or less, and 34 

percent had at least a bachelor’s degree and 10 percent 

with post-graduate work.  Thirty-seven percent reported 

having an off-farm job. 

 

In addition to demographic characteristics, several 

questions were asked in regard to operation and financing.  

On average, 82 percent of  a participant’s income came 

from cropping operations. Four categories were created 

to distinguish majority crop from majority livestock 

operations. The cropinc represents 95 percent or more 

of  income is from crops, maincrop represents income 

between 63 percent and 95 percent from crops, evenmix 

represents income between 32 percent and 62 percent 

from crops and mainlive represents 0 to 31 percent 

income from crops. A majority of  the respondents 

(61%) had 95 percent or more of  their income from 

crops while only 10 percent of  the respondents had a 

majority of  their income from livestock. These numbers 

are not out of  line considering the majority of  survey 

participants were located in the heavy crop districts in 

the eastern half  of  the state.

Participants responded to a question in regard to what 

percentage of  the sales price would be considered 

owner’s equity if  they sold their farming operation today. 

Four categories were constructed to evaluate owners’ 

equity.  The eqvlow represents 0 to 20 percent owner’s 

equity, eqlow represents 21 to 50 percent owners’ equity, 

eqhigh represents 51 to 80 percent owner’s equity and 

eqvhigh represents 81 to 100 percent owner’s equity. 

Over 78% of  the respondents reported that if  they sold 

their operation today, at least 50 percent of  the sales 

price would be owner’s equity. In addition, 52 percent of  

the respondents also indicated that at least 80 percent of  

their operating capital was self-financed. There is strong 

indication that producers are not considering expansion 

of  their operation, at least in the immediate future. 

Only 25 percent of  respondents agreed or strongly 

agreed to the statement “during the next two years, I 

plan on expanding my land base to prepare for future 

opportunities,” while 75 percent disagreed or strongly 

disagreed to that statement.

Questions were asked to gauge producer confidence 

in future financial conditions as well as their current 

stress levels. When asked about their expectations for 

their overall financial conditions in 2017, 46 percent 

of  respondents indicated no change from their current 

financial state, while 45 percent felt their overall financial 

condition would be lower in 2017. Over 50 percent of  

respondents agreed or strongly agreed that they were 

currently experiencing a great amount of  financial stress. 

As seen in Figure 3, the percent of  respondents within 

a district that agreed to being financially stressed varied 

from a high of  71 percent in the Southwest district to a 

low of  38 percent in Southeast district. 

Table 2 presents summary statistics on questions related 

to actions producers were taking this year to reduce 

operating costs or to increase income. Producers were 

asked to indicate actions they would be taking to increase 

income this year and could choose more than one or 

none (see table 2 for complete list). There were 46.7 

percent of  the producers surveyed that indicated they 

were not taking any actions to increase their income. 

However, 32.2 percent of  the producers indicated 

they would pursue off-farm income and 14.8 percent 
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indicated they were engaged in custom operations to 

increase income. Similarly, producers were asked if  they 

would take any actions to reduce operating costs on their 

livestock or cropping operation. Twenty-one percent of  

the producers indicated they would not take any action 

to reduce operating costs from either a livestock or 

cropping operation (see table 2 for a complete list of  the 

available actions). Of  cropping operations, 45 percent 

indicated they were deferring machinery replacement 

and 43 percent indicated they were reducing family 

living expenses to reduce this year’s operating costs. 

For livestock operations, over 17 percent of  the survey 

participants indicated they would reduce family living 

expenses and/or defer machinery replacement.

Model

Given the dichotomous nature of  the dependent variable, 

binary logit models were used to estimate the likelihood 

a producer with given demographic characteristics 

agreed to being (1) financially stressed, (2) indicated they 

were completing at least one action to reduce this year’s 

operating costs and (3) indicated they were completing 

at least one action to increase income.  Following 

Wooldridge (2006) the generalized model is as follows: 

where (y=1) is the probability the respondent i agrees 

or strongly agrees to the statement “I am currently 

experiencing a great amount of  financial stress”, checked 

at least one action they were taking to reduce operating 

costs, or checked at least one action they were taking to 

increase income.  We estimate the following equation:

   (2)

where Xi represents the independent variables, bi 

represents parameters to be estimated and e represents 

the error term. The independent variables included in 

the model and their descriptions can be found in table 1.  

All independent variables except the number of  farms 

per square mile were dummy variables. As a result, one 

category was removed out of  each variable to avoid the 

dummy variable trap. The constant represents someone 

who is in the southeast district, in the age4 category, 

postdeg education category, income from mainlive, 

eqvhigh owners’ equity, does not want to expand land, 

does not have an off-farm job, is not self-financed, and 

believes that the overall financial conditions will be 

lower in 2017. The southeast district was selected to be 

in the baseline for comparison because it represents the 

area with the lowest production risk.1 The remaining 

categories in the constant represent the extreme category 

for the variable in question. For example, the age4 

category, representing respondents between 81 and 98 

years of  age, was chosen as the comparison baseline for 

all age categories because this age group was expected to 

be the most experienced.

Identifying significant differences in odds would result 

in accepting our hypothesis that stress is not uniform 

between demographic and financial characteristics and 

that producers will respond differently to increasing 

income or reducing costs.

Results

The binary logit model results are presented in table 3.  

The signs of  the estimated coefficients are important, as 

a negative sign indicates the likelihood of  the dependent 

variable being zero (for example not experiencing a great 

amount of  financial stress) and a positive sign indicates 

the likelihood of  the dependent variable being one 
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(for example experiencing a great amount of  financial 

stress). While the signs of  the estimated coefficients 

are important, the coefficients themselves represent the 

change in the natural log of  the cumulative probability 

for the dependent variable and therefore are difficult 

to interpret directly. As a result, we report the odds 

ratio which represents the odds that the producer is 

experiencing a great amount of  financial stress given 

the independent variable. Odds ratios will be used to 

interpret the results of  the analysis along with the sign of  

the coefficient. With so many categories it is possible to 

have multicollinearity.  We inspected the variance inflation 

factor (VIF) and found no presence of  multicollinearity.

Agree Financially Stressed

The likelihood that one would agree that they were 

experiencing financial stress was significantly higher 

for those in the Northwest, Southwest, South, Central, 

and East compared to the Southeast. The Southwest 

and the Northwest had the greatest odds of  a producer 

experiencing financial stress at 5.94 times and 4.19 times, 

respectively, as large as the odds of  a producer in the 

Southeast experiencing financial stress. Odds ratios 

were calculated comparing other district categories to 

each other than to just the baseline. We found that the 

Northwest was significantly higher in the likelihood 

they would agree to being stressed compared to the 

North (2.73), the Northeast (4.48), Central (2.18), and 

the East (2.54). The Southwest district had greater odds 

of  a producer being financially stressed compared to all 

districts except the Northwest. The Northeast district 

was less likely to be stressed compared to the Northwest 

and Southwest, but also compared to the Central, East, 

and South Districts. This result suggests financial stress 

is not uniform across districts with the Northwest and 

Southwest districts appearing to have the most financial 

stress.

Results indicate that age was a factor that impacted stress 

levels of  producers. The odds of  producers between 24 

to 42 years old and producers 43 to 61 years old being 

financially stressed are 3.11 and 2.42, respectively, times 

as large as the odds of  producers 81 and older being 

financially stressed. No other comparisons across the age 

categories were significant.

Results indicate that education level, particularly high 

school or less and associates degree, impacted financial 

stress levels of  producers. Those producers with a high 

school degree or less were 2.77 times more likely to 

be experiencing financial stress than those with a post 

graduate degree. Producers with associate degrees or 

some college were 2.77 times more likely to be stressed 

compared to producers with post-graduate work. Odds 

ratios were also calculated for comparison across other 

education categories. Producers with a high school degree 

or less and those with an associated degree or some 

college were also more likely to be experiencing financial 

stress than those with at least a bachelor’s degree.

Producers with an off-farm job were found to not be any 

more stressed than those without an off-farm job. The 

type of  operation, however, impacted the stress level of  

the producers. Producers with 69 percent or more of  

their income coming from livestock (0 to 31% of  income 

from crops) were classified as mainly livestock producers 

and used as a baseline. The results indicate that those 

with more crop income compared to more livestock 

income were more likely to be stressed. Producers with 

at least 95 percent or more income from crops were 2.17 

times more likely to be stressed than those that were 

mainly livestock producers. Producers that had between 

63 percent and 94 percent of  their income from crops 

and those with between 32 percent and 62 percent 

of  their income from crops were 2.80 and 2.15 times, 
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respectively, more likely to be stressed than the mainly 

livestock producers in the baseline group. These results 

are not surprising given the more recent downturn in 

livestock prices compared to crops.

The lesser the amount of  owner’s equity in the operation 

the more likely the respondent agreed with the statement 

they were experiencing financial stress. Producers with 

more than 80 percent owner’s equity were classified as 

having very high equity and used as a baseline group. 

Respondents with 20 percent or less owner’s equity in the 

operation were 3.96 times more likely to be financially 

stressed than the very high equity baseline group. 

Producers with 21-50 percent owner’s equity in the 

operation were 3.39 times and those with 51-80 percent 

equity were 1.85 times more likely to be financially 

stressed than the very high equity baseline group. The 

odds of  feeling financially stressed was 0.54 times less for 

a producer that had at least 80 percent of  their operating 

capital self-financed than the odds of  a producer with 

less than 80 percent of  their operating capital being self-

financed. Producer indications of  expanding land in 

the future as well as the farms per square mile in their 

county, did not significantly impact their agreement to 

being financially stressed or not. 

Finally, expectations for overall financial conditions in 

2017 had an impact on the producers agreeing to the 

statement that they were currently experiencing financial 

stress. Those producers that have a positive outlook 

for future financial conditions or that feel financial 

conditions will be the same are 0.25 and 0.17 less likely 

to feel financially stressed compared to those that have a 

negative expectation for the overall financial conditions 

in 2017.

Actions to Increase Income

The likelihood that one would agree that they are taking 

action to increase income was significantly higher in the 

Northwest and East compared to the Southeast.  The 

size of  the effect differed between both locations with 

the Northwest 2.86 times more likely and the East 1.97 

times more likely to have indicated doing something to 

increase income.  A respondent from the Northwest was 

also more likely to agree to be taking action to increase 

income compared to the North, Northeast and Central 

districts.  The East district was also more likely to take 

action to increase income compared to the Northeast.  

This result indicates producers in different districts do 

not act similarly in their beliefs about taking action to 

increase income to combat financial stress. 

  

Young producers (age1) were significantly more likely to 

indicate they were doing something to increase income 

compared to older producers (age4). Having off-farm 

income also significantly increased the odds of  trying to 

increase income by 4.0 times compared to those without 

off-farm income. This is an indication that those that 

are already increasing income through off-farm income 

are also attempting to find other ways to increase farm 

income. Results indicate that farms with mainly crops 

(between 63% and 95% of  income from crops) were 2.126 

times more likely to indicate they were doing something 

to increase income over those with primarily livestock 

operations (over 69% of  income from livestock).  

Amount of  owner’s equity and being more self-financed 

impacted the likelihood of  doing something to increase 

income, while expanding land and the number of  farms 

per square mile were not indicators that producers were 

more likely to be actively trying to increase income.  

Producers with less than 50 percent owner’s equity 
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were more likely to indicate they were doing something 

to increase income compared to those with over 80% 

owner’s equity. Those with owner’s equity between 0-20 

percent were 2.21 times more likely and those with 21-50 

percent were 2.58 times more likely to do something to 

increase income compared to those with over 80 percent 

owner’s equity. Results also indicated that those that were 

not self-financed were almost two times more likely to be 

doing something to increase income compared to those 

who are self-financed. Finally, those producers who felt 

that financial conditions were not going to change in 

2017, were 0.70 times less likely to change something 

to increase income than those who felt conditions were 

declining. 

Actions to Reduce Operating Costs

The likelihood that one would agree that they are doing 

something to decrease costs was not significantly higher 

in any of  the districts. This suggests that districts are no 

different in reducing costs. Similarly, off-farm income, 

source of  farm income, amount of  owner’s equity, 

expectations of  expanding land in the future and the 

farms per square mile in the county were not found to 

change the odds among producers in indicating their 

attempts to reduce operating costs.

We found significant evidence that young producers were 

more likely than older producers to be doing something 

to lower operating costs with the three younger age 

groups; having higher odds by 6.13, 2.50, and 1.66, 

respectively, than the oldest age group. Participants that 

had a high school degree or less education were 1.91 

times more likely to indicate changing things in order to 

reduce operating costs compared to those with a post 

graduate degree. Those not self-financed were more 

likely to reduce operating costs than participants that 

were self-financed with an odds ratio of  0.48.  Finally, 

those producers that felt that financial conditions were 

going to decline in 2017 were two times more likely to 

reduce operating costs in at least one way compared to 

those that thought financial conditions were not going 

to change.

 

Overall Results

Comparing the three logistic regressions, variables that 

impact producer odds of  agreeing to being financially 

stressed are different than the variables that impact the 

odds of  taking action to increase income or decrease 

operating costs.  Across districts, five were more likely 

to indicate being stressed than the Southeast district, 

but only two of  those districts were more likely to be 

actively trying to increase income and none of  the 

districts were more likely to be actively decreasing costs.  

The Northwest district appears to be the most financially 

stressed and trying to increase income compared to all 

other districts.   This suggests that, at the district level, the 

financial response of  increasing revenue or decreasing 

costs to having stress varies. 

Younger age groups were more likely to be stressed, 

more likely to be trying to increase income and much 

more likely to be attempting to decrease operating 

costs. Education level also impacted one’s odds of  

being financially stressed and the odds of  attempting to 

decrease operating costs, but had no impact on the odds 

of  attempting to increase income. Those with a high 

school degree or less were more likely to be financially 

stressed and attempting to decrease operating costs 

compared to those with a post doctorate degree.

While the likelihood one would be financially stressed was 

higher if  they had more than 31 percent of  their income 
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from crops compared to the mainly livestock group, 

only those producers with 63 percent to 94 percent of  

their income from crops had an increased likelihood of  

actively trying to increase income. While crop producers 

were more likely to be stressed than livestock producers, 

no differences were seen in likelihood the groups would 

be decreasing operating costs.  

Producers that had lower levels of  owner’s equity were 

more likely to be financially stressed and more likely 

attempting to increase income but were not different in 

the likelihood of  trying to decrease costs. This shows that 

producers with lower equity built up in their operations 

feel stressed and are trying to find ways to increase 

income outside their current farming operation.  

Results indicate that being self-financed (over 80% of  

operating capital is self-financed) reduced the odds of  

being financially stressed, attempting to increase income, 

and attempting to decrease costs compared to those that 

are not self-financed (less than 80% of  operating capital 

self-financed). This result indicates that having working 

capital to operate lowered stress among producers while 

also lowering their odds of  both increasing revenue and 

lowering operating costs over those who were not self-

financed.

A producer’s intention to expand land and the farms per 

square mile in the county, had no impact on the odds 

of  the producer being financially stressed, attempting 

to increase income, or attempting to decrease operating 

costs. Finally, expectations for overall financial conditions 

had an impact across the three regressions. Producers 

with the expectation that financial conditions would 

be the same in 2017 were less likely to be stressed, less 

likely to attempt to increase income, and less likely to 

attempt to decrease operating costs compared to those 

who felt that financial conditions would be declining in 

2017. This result suggests that producers with a negative 

expectation for financial conditions were more stressed 

and more likely attempting to increase income and 

decrease operating costs to account for the weakening 

financial conditions.

Conclusions

Of  Nebraska producers surveyed in July of  2016, 52 

percent agreed that they were currently experiencing 

a great amount of  financial stress. Using a binary logit 

model, several factors were identified to be impacting 

producers stress levels. Stress levels varied across 

Nebraska. Younger producers as well as those with 

less education were found to have higher probabilities 

of  being stressed compared to older producers and 

those with higher levels of  education. The amount of  

income coming from crop production versus livestock 

production also impacted the stress levels. Producers 

with less owner’s equity in the operation were more likely 

to be stressed than those with higher levels of  owner’s 

equity. Producers self-financing more than 80 percent of  

their operating costs are also less likely to be stressed.

While understanding who is stressed is important, 

understanding how those that are stressed are changing 

their operation is just as important. Two additional 

binary logit models, using the same variables from the 

stress model, were used to identify factors impacting 

a producer’s likelihood to attempt to increase income 

or attempt to decrease operating costs. Differences 

were found in the variables that would increase the 

likelihood a producer was stressed and the variables that 

would increase the likelihood they were attempting to 

increase income or decrease operating costs. Differences 
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across district existed in stress levels and likelihood of  

attempting to increase income but not in the likelihood 

of  decreasing costs. Younger producers were more likely 

to be experiencing stress and trying to decrease operating 

costs but not more likely to be trying to increase 

income. Less educated producers were more likely to 

be experiencing financial stress and trying to decrease 

operating costs, but education level had no effect on the 

likelihood of  trying to increase income. Having an off-

farm job, increased the likelihood of  trying to increase 

income but had no effect on financial stress or attempts 

to decrease costs. Crop producers were more likely 

than livestock producers to be experiencing financial 

stress and trying to increase income but the likelihood 

of  trying to decrease costs was unaffected by producer 

production type. Likewise, producers with low equity 

were more likely to be experiencing financial stress and 

trying to increase income but not more likely to be trying 

to decrease costs. Respondents who thought financial 

conditions would improve in 2017 were less likely to 

be experiencing financial stress but not different in the 

likelihood of  trying to increase income or decrease costs. 

Self-financed producers and those expecting financial 

conditions to be about the same in the coming year were 

less likely to be experiencing stress or trying to increase 

income or reduce costs. 

As extension programs are designed and implemented 

across Nebraska, attention needs to be paid to where 

the financially stressed producers might be located and 

factors that may be contributing to the stress levels as 

well as what currently stressed producers are doing 

to increase income or decrease operating costs. This 

will impact programming approaches and delivery 

mechanisms in order to best serve the needs of  the 

state. Future research needs to be developed further to 

identify stressors among producers and actions that help 

to relieve stress across different producer groups.

Endnote

1  Comparisons with other districts are presented in the 

discussion.
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Figure 1. Received and paid indexes, annual average – US: 2011 = 100. Source: 
USDA, NASS

Figure 2. Nebraska net farm income (2000-2015). Source: USDA, ERS
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Figure 3: District representation of survey participants (3a) and agreement to 
being financially stressed (3b)
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Table 1. Characteristics of survey participants (n= 758)
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Table 2. Summary statistics on increasing income and reducing operating 
costsa
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Table 3. Logistic regression results for factors affecting stress levels of 
farmers and likelihood to increase income or decrease operating costs (n=758)
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Table 3 (cont’d.)



Simulating the Value of Crop Insurance and Pre-
Harvest Marketing

By Todd D. Davis, Tyler B. Mark, and Jonathan Shepherd

Introduction

Managers have the challenge of  making multiple business decisions 

daily that may affect the business over several years.  Some decisions 

are made using science-based agronomic research like the choice of  

seed, fertilizer and chemical packages that will deliver the best yield 

for the cost. Other decisions, like marketing and risk management, are 

subjective and rooted in expectations about uncertain prices and yields. 

The decision of  choosing crop insurance coverage levels or making 

pre-harvest marketing decisions are only evaluated after the fact given 

the harvested yield and realized price. The multiple-year impact of  the 

risk management decisions is difficult to measure as a risk management 

decision might be viewed as a failure if  there is not a revenue loss at 

harvest and the risk product was not triggered. Only when there is a 

revenue loss is the value of  crop insurance or forward pricing grain 

measurable.

ABSTRACT

Annualized net return over variable 

costs, land, and business growth are 

simulated for a Western Kentucky grain 

farm for a five-year period. The model 

incorporates yield, cash price, and forward 

contract price variability. Risk reduction 

provided by a pre-harvest marketing plan 

and by crop insurance is evaluated by 

simulating price and yield combinations 

500 times per year. Production not priced 

before harvest is sold in equal shares 

from January through May. The results 

illustrate that risk management practices 

can improve average farm profitability 

and reduce the risk of  being unprofitable 

when analyzed over multiple years.

Todd D. Davis is an Assistant Extension Professor, 

Tyler B. Mark is an Assistant Professor, and Jonathan 

Shepherd is a KFBM Specialist, all with the University of  

Kentucky, Lexington, Kentucky.

2018 JOURNAL OF THE ASFMRA

157



2018 JOURNAL OF THE ASFMRA

158

An important part of  the management process 

is evaluating the plan’s outcomes and considering 

adjustments to the risk management plan for the next 

year. Managers that started growing corn and soybeans 

during the export-biofuel “boom” from 2006-2013 may 

have formed price and profitability management plans 

that are not sustainable in the current market price and 

cost-structure reality. During the “boom” period, market 

prices were trending higher with little financial motivation 

to price before harvest to protect against the risk of  

lower harvest-time prices. Similarly, revenue protection 

(RP) insurance protected revenue levels that may have 

locked in a guaranteed return over production cost and 

land costs. The grain and oilseed market’s adjustment to 

lower price levels have squeezed profit margins and have 

motivated the need for managers to incorporate risk 

management practices like combining crop insurance 

with pre-harvest marketing into marketing plans.

Making decisions given price and yield uncertainty forces 

managers to consider the variability of  potential yields 

and prices and to consider the financial impact of  realizing 

a below-average price or yield. This paper uses crop 

enterprise budgets to develop an expected return over 

input costs, land costs, overhead, and return to business 

growth (which may be a proxy for family living expense 

for the business owner) for 500 combinations of  price 

and yield for a five-year period. A manager could do this 

analysis in an Excel spreadsheet by randomly changing 

yield and harvest-time prices to gauge the impact on 

profitability. Simulation is a tool assisting managers 

in defining the impact of  yield and price variability on 

profitability by using historical price and yield variability 

over many growing seasons.

This paper simulates the annual return over input costs, 

land rent, overhead expense and business growth for a 

2100-acre grain farm in Western Kentucky. The analysis 

is for a five-year period where the annual returns for each 

year are discounted to a present value and then amortized 

to an annual payment on a per-acre basis.  Each year of  

the simulation draws 500 yields and harvest-time prices 

using the manager’s expectations of  the variability 

associated with each variable to help in understanding 

the likelihood of  having a financial loss and the expected 

value of  the loss due to lower prices or below-average 

yields.

This simulation process will help managers understand 

the multiple-year impact of  using risk management 

practices like increasing the RP crop insurance coverage 

levels from 60 percent to 80 percent. This increased 

coverage comes with a more expensive insurance 

premium but may provide better protection against 

extreme revenue loss. While many farmers used the 

proceeds from the profitable years to increase on-farm 

storage capacity, there are still farmers at Extension 

meetings that state that they lack on-farm storage. This 

simulation model can measure the value of  changing 

marketing from selling all of  the production at harvest 

to selling 100 percent post-harvest. While that radical 

change in marketing is not entirely realistic, another 

management strategy is to forward price a percentage 

of  expected production at marketing targets based on 

the farm’s cost structure. Extension economists continue 

to educate managers on the importance of  having a 

marketing plan to develop pricing objectives and to use 

this plan without defaulting to the raw emotion of  daily 

price movements in the commodity futures market. This 

spreadsheet model provides the emotionless marketing 

evaluation as the model prices production when the 
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pricing objective is reached regardless of  the potential 

for even higher prices.

The objective of  this paper is to help managers evaluate 

the impact of  using risk management practices of  

increased RP insurance coverage levels and forward 

pricing of  planned production on a grain farm’s 

profitability for multiple year periods for various price 

and yield outcomes. 

Data and Methods

The simulation model is based on an enterprise budget 

for corn and soybeans for Western Kentucky (Halich, 

2017). The crop enterprise budget is developed by 

Extension to help managers define the per acre cost of  

inputs, land, and overhead expense for a defined level 

(yield) of  corn and soybean production. These budgets 

are based on agronomic research of  the best production 

practices to produce the expected yield of  170-bushel 

corn and 55-bushel full-season soybeans.

The University of  Kentucky is fortunate to have 

farm-level financial data for over 220-grain farms that 

participate in the Kentucky Farm Business Management 

(KFBM) program. KFBM has helped Kentucky farmers 

with improved farm financial management practices for 

over 50 years. Specialists from KFBM have noticed that 

the machinery depreciation estimates used in Extension 

budgets tend to undervalue the cost of  machinery on 

grain farms. Managers used the proceeds from profitable 

years to expand machinery capacity and to capture 

income tax benefits. The growth in machinery capacity 

is often more than the increase in acres farmed leading 

to the growth in machinery overhead costs. KFBM 

specialists remind farmers that their machinery overhead 

is about $30/acre above the budgeted value for corn and 

$25/acre larger than the budgeted value for soybeans 

(Shepherd). The simulation model increases the 

machinery depreciation in the crop enterprise budgets 

based on KFBM recommendations.

KFBM specialists have also noticed the sharp increase 

in family living expense for grain farms, and it has been 

a trend at the national level as well (Powers & Martin, 

2014; Hoppe, 2014). The amount spent on family living 

is highly variable with young and beginning farmers 

likely to spend more than the “empty nest” farmers 

that do not have the expenses associated with a growing 

family (clothing, medicine, education) that cannot be 

economized. Kentucky grain farms, on average, have 

increased family living expense from $58,000 in 1999 

to over $105,000 in 2016. Family living and machinery 

depreciation are costs that adjust slowly and have a 

multi-year impact on the business. The simulation 

model provides pre-harvest pricing targets that include 

the family living expense, or business growth, pricing 

objective to help the farm sell at levels that cover this 

substantial cost for the farm family.

The corn and soybean budgeted costs are listed in Table 

1. These budgets are constant for each simulation year 

and are not adjusted for expected inflation. The budgeted 

yields are slightly lower than the expected yield of  

170-bushel corn, and 55-bushel soybeans as Extension 

agents in this region indicated best management practices 

typically result in these yields (Hardy). The business 

growth expense is budgeted at $85,000 for a 2100-acre 

grain farm based on the KFBM family living data. This 

business growth expense is distributed equally between 

the corn and soybean enterprise at $40 per acre.
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Pre-harvest pricing objectives are developed from the 

enterprise budgets in Table 1. The pre-harvest marketing 

plan has five price target levels with 10 percent of  planned 

production priced at each target level. The plan is to use 

cash forward contract to manage price risk without the 

challenge of  matching planned production to the futures 

contract specification of  5,000-bushel contracts. The use 

of  forward contracts also eliminates basis risk and any 

cash flow issues associated with paying margin calls on 

futures contracts.

The pre-harvest marketing plan’s first pricing target 

is $3.84 and $9.16 for corn and soybeans, respectively 

(Table 2). These prices are the budgeted break-even 

price to pay for total variable costs, land, and overhead 

expense (Halich, 2017). The second target is set at the 

break-even to cover budgeted business growth. Targets 

3 to 5 allows for pricing in markets that are providing 

profit opportunities. Target 3 assumes an additional 10 

percent of  planned production is contracted at a price 

10% above target 2. Target 4 and Target 5 assumes an 

additional 10% of  planned production is contracted at 

each level when the market is 15 percent higher than 

Target 4 and Target 5, respectively (Table 2).

If  the five pricing targets are realized, the farm will 

have priced 50 percent of  budgeted corn and soybean 

production (Table 2). This plan is a conservative 

approach to marketing as the targets are budgeted using 

a slightly reduced expected yield and quantities marketed 

below the bushels guaranteed by RP crop insurance. If  

all targets are realized, the average pre-harvest price is 

planned at $4.71/bushel and $11.45/bushel for corn and 

soybeans, respectively (Table 2).

Bushels not priced before harvest are assumed to be 

stored on-farm at the cost of  $0.15/bushel for corn and 

soybeans based on a decision aid developed by Edwards 

(2015). Stored bushels are priced in equal quantities each 

week from January 1 to May 31. This strategy may not 

guarantee that the farm has priced stored bushels above 

the budgeted break-even targets in Table 2. However, 

the focus of  the analysis is evaluating pre-harvest risk 

management and not post-harvest marketing strategies.

The simulation model incorporates price variability 

observed in weekly price changes in corn and soybean 

bids in Western Kentucky corn and soybeans. The 

average weekly cash and forward contracts bids for 

twelve markets in Western Kentucky are used to simulate 

price risk for pre-harvest and post-harvest strategies 

(Kentucky Farm Bureau Federation). The weekly 

prices are converted into a ratio relative to the harvest-

time price the week of  Oct 14. This week is associated 

with more than 50 percent of  Kentucky’s corn being 

harvested and about 50 percent of  the soybean crop 

harvested (USDA-NASS). A simulated cash price at 

harvest is then multiplied by the weekly price ratio to 

generate the simulated forward contract bids and post-

harvest cash prices. The harvest cash price is simulated 

based on the relationship between the US marketing-year 

average (MYA) price and the average Western Kentucky 

cash price at harvest. This simulated cash price at harvest 

is then multiplied by the price ratios to simulate weekly 

pre-harvest bids and post-harvest prices.

The risk management potential to price expected corn 

and soybean production before harvest is shown in Figure 

1. Both commodities tend to provide opportunities 

to contract a portion of  production at prices that are 

10 percent and 6 percent above the harvest corn and 
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soybean price, respectively, from 2001 to 2016 in Western 

Kentucky (Kentucky Farm Bureau Federation). Figure 2 

illustrates that Western Kentucky grain farms, on average, 

benefit from significant price appreciation after harvest. 

This basis appreciation reduces farmers’ motivation to 

use price risk management to lock in a price that tends to 

increase after harvest. The average increase in corn price 

is about 20 percent from October 14 to the following 

May. The average price increase for soybeans is over 16 

percent over the same period based on cash market data 

from 2001 to 2016 (Kentucky Farm Bureau Federation). 

Figure 1 illustrates the benefit of  pre-harvest marketing 

for those lacking storage. Figure 2 illustrates the benefit 

of  investing in on-farm storage to benefit from the 

seasonal tendency of  post-harvest price appreciation.

Corn and soybean yields are simulated based on University 

of  Kentucky Agricultural Extension agents’ forecast of  a 

most-likely, optimistic, and pessimistic yield that farmers 

use in developing business plans. The average yield is 

170-bushel corn and 55-bushel full season soybeans. A 

pessimistic yield is 150 and 45, while an optimistic yield 

is 190/65 for corn and soybeans, respectively (Hardy).  

The simulation model incorporates additional risk into 

the yield projections by simulating yields over a range 

of  140 to 200 bushels for corn and 40 to 70 bushels for 

soybeans. 

The simulation model calculates the annualized present 

value of  returns over total variable costs, land rent, 

overhead and business growth for corn and soybeans. The 

crops are evaluated separately to identify any potential 

differences in management strategies to improve the 

annualized return, per acre, for each crop.

The following describes how the annualized average per 

acre return is calculated for corn and soybeans.

• Step 1. Calculate the simulated revenue from forward 

pricing, cash sales at harvest, and post-harvest sales 

for each simulated price and yield each year for the 

five simulated years.

• Step 2. Calculate the return over total variable costs, 

fixed costs and business growth per acre for each 

price and yield each year for the five simulated years.

• Step 3. Calculate the present value of  the returns 

for the five-year simulation using a 5% discount rate 

(Shepherd).

• Step 4. Amortize the present value of  the returns 

and scale to a per acre value using a 5% discount rate 

(Shepherd).

The simulated indemnities from revenue protection (RP) 

crop insurance are based on the simulated harvested 

corn and soybean yields defined above. The actual 

production history (APH) yield used to establish the 

revenue guarantee each simulated yield is held constant 

at 170/55 bushels, respectively, for corn and soybeans. 

The simulated crop insurance projected price (PP) 

is based on the relationship between the December 

corn and November soybean futures contract prices in 

February and the respective U.S. MYA price for the 1996 

to 2016 crop years.  Variability is added to the simulation 

by adjusting the crop insurance price by the historical 

percentage deviation in price.

The RP insurance product establishes additional revenue 

coverage if  the future contract prices are higher at 

harvest as the revenue guarantee is the larger of  the 

projected or the harvest price. The harvest price (HP) 
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for crop insurance is the average of  the December Corn 

and November Soybean contracts in October (CRB). 

The harvest price is also used to determine if  the realized 

revenue is below the established revenue guarantee and 

if  an indemnity is triggered. The HP is simulated by the 

ratio of  historical harvest price to projected price. This 

price ratio reflects the seasonality of  the futures contract 

that tends to decline into harvest but maintains the 

probability of  higher prices at harvest in years of  smaller 

than projected US production.

The crop insurance revenue guarantee is also determined 

by the coverage level purchased. A coverage level of  

60 percent is assumed for the base scenario to reflect 

Kentucky’s historical tendency to purchase lower 

coverage levels. Farmers increased the coverage level 

purchased during the “boom” period, but the motivation 

to buy higher coverage has decreased with commodity 

prices. Bankers, however, encourage buy-up and may tie 

operating loan availability to the RP coverage purchased. 

To evaluate the risk protection of  buy-up coverage, 

Alternative 1 simulates the returns from buying RP 

insurance at the 80 percent coverage level with cash sales 

at harvest (Table 3).

Figure 2 shows the average price appreciation from 

storing corn and soybeans from October harvest to the 

following May. The benefit from switching from 100 

percent harvest sales to 100 percent post-harvest sales 

combined with RP insurance at the 60 percent coverage 

level is simulated in Alternative 2. The marginal benefit 

of  purchasing buy up insurance coverage to 80 percent 

with 100 percent post-harvest sales is simulated in 

Alternative 3 (Table 3). 

The risk protection provided by pre-harvest marketing 

and post-harvest storage is simulated in Alternative 4. 

This alternative assumes RP insurance coverage at the 

lower 60 percent coverage level. Alternative 5 simulates 

the marginal risk reduction of  buy up insurance coverage 

combined with the pre-harvest and post-harvest price 

management plans (Table 3).

Each crop is simulated 500 times per year for five years 

using the Simetar add-in to Excel (Richardson). For each 

interaction, the present value return is calculated and 

annualized to a per acre basis. 

Simulated Results 

The benefit of  a higher realized price from forward 

contracting or having storage to avoid harvest-time 

sales are reported in Table 4 based on the simulation for 

Western Kentucky corn. The spreadsheet only contracts 

corn when the pricing targets are reached; therefore, the 

average forward contract price tends to be higher than 

the harvest-time cash price. For corn, the average benefit 

of  forward contracting corn is about $0.63/bushel with 

about a four percent probability of  having a harvest 

price greater than the forward contract price (Table 4). 

Given historical price volatility, there is a 10 percent 

probability of  the simulated forward contract price being 

over $1.60/bushel higher than the simulated harvest 

price for corn (Table 4). The volatility of  the “boom” 

years provided pricing opportunities for managers with 

established pricing targets and who were willing to price 

at profitable levels.

The average simulated benefit of  on-farm grain storage 

is about $0.60/bushel as compared to the harvest-

time price (Table 4). While Figure 1 shows the general 

tendency for corn price to appreciate by 15 percent to 
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20 percent from harvest to May, there is a 15 percent 

probability of  the post-harvest price to be less than the 

harvest price. The post-harvest price includes the $0.15/

bushel storage fee, which increases the likelihood of  not 

receiving a higher price from storage in years with limited 

appreciation in futures prices or basis (Table 4). 

Establishing pricing objectives for forward contracting 

soybeans obtained an average forward contract price that 

was simulated to be over $1/bushel above the harvest 

price in the cash market (Table 5). Again, the volatility 

during the “boom” years provided opportunities for 

those prepared to sell at defined objectives. Some 

managers fear the risk of  forward contracting too early, 

and there was about a 20 percent probability of  the 

harvest price being above the forward contract price. 

Given the volatility in the soybean market, the simulated 

difference in the forward contract price and the harvest 

price at the 10th and 90th percentiles was an average 

of  -$0.78 and $3.50/bushel, respectively, for soybeans 

(Table 5).

The benefit from storing soybeans at harvest and pricing 

in January through May provided a sales price, net of  

storage fee, of  about $0.90/bushel above the harvest-

time price (Table 5). The likelihood of  stored soybeans 

having a lower price than at harvest occurred about 33 

percent of  the simulated iterations. The 10th and 90th 

percentiles of  the difference between the stored price 

and the harvest price show the extremes in the simulated 

return to storage for soybeans as the 10th percentile 

averaged -$1.40/bushel and the 90th percentile averaged 

$3.38/bushel (Table 5). Again, the years with increased 

volatility made soybean storage riskier than storing corn.  

Table 5 suggests that selling more than 50 percent of  

planned soybean production at defined objectives before 

harvest may reduce the effect of  storage price risk in 

soybeans (Table 5). Anecdotal evidence from farmers 

is that soybeans are typically sold at harvest while corn 

is stored. The lower risk of  storing corn in Table 4 

compared to the risk of  storing soybeans reinforces this 

anecdotal farmer behavior.

What are the marginal impacts on profitability and 

the risk of  a financial loss for the simulated Western 

Kentucky corn farm? Table 6 lists the summary statistics 

for the change in annualized per acre return from 

adopting the alternative risk management practices for 

corn. The scenarios defined in Table 3 are a reminder of  

the alternatives analyzed. 

In general, the value of  increasing RP coverage for the 

simulated corn farm is minimal. Increasing RP insurance 

from 60 percent to 80 percent coverage improves the 

average annualized return by about $7/acre and improves 

the average returns at the 10th and 90th percentiles by 

about $7/acre and $4/acre, respectively (Table 6). While 

not a strong motivation for farmers to increase coverage, 

Table 6 suggests that buying up insurance coverage 

as part of  obtaining operating credit does not have a 

significant impact on annual returns over multiple year 

timeframes and may be an incidental cost of  obtaining 

financing.

The value of  avoiding sales at harvest cannot be 

stressed sufficiently. The value of  selling 100 percent of  

production after harvest instead of  at harvest (Alternative 

2 – Base Scenario) provided an average improvement of  

annualized returns of  over $70/acre per year and a 50 

percent reduction in the risk of  having a financial loss. 

This result serves as a signal to managers to monitor 

for opportunities to add low-cost storage capacity to 
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the farm business (Table 6). A 100 percent post-harvest 

sales strategy may not be feasible due to lack of  storage 

and need for cash flow at harvest. Using pre-harvest 

pricing objectives that are based on budgeted production 

costs provides an average benefit of  $160/acre per year 

over the cash sales at harvest alternative. The risk of  a 

financial loss is reduced by about 75 percent from the 

base scenario. Placing targets that sell additional bushels 

into a rally is important to protect risk at profitable price 

levels and helps managers to not to be overwhelmed by 

the emotion in the market (Table 6).

Buying higher coverage while using post-harvest and the 

combined pre-/post- harvest strategies show less than a 

$1/acre improvement in annualized returns. The increase 

in coverage may reduce returns at the 90th percentile, as 

the increase in premium is less than the value of  risk 

being reduced for this simulated corn farm (Table 6). 

This result matches anecdotal evidence that farmers 

purchase buy up coverage for corn understanding that 

the average benefit is minimal but useful in a year like 

2012 where insurance sustained farm businesses during 

a massive drought.

A similar summary of  the benefits of  alternative 

insurance and price risk management strategies for 

soybeans is provided in Table 7.  The simulation results 

show that soybeans rarely trigger indemnities that are 

larger than the premium paid due to limited yield risk. 

Again, these results reinforce stories from farmers and 

Extension agents that buy up insurance coverage does 

not provide a financial benefit. The value of  buying 80 

percent coverage reduces the average annualized per 

acre return by $3 to $4 per acre depending on the pricing 

strategy implemented (Table 7). As in corn, greater risk 

reduction is achieved by changing from 100 percent sales 

at harvest to 100 percent post-harvest improves average 

annual per acre net return by $43/acre and reduces the 

risk of  financial loss by 21 percent. The combination of  

pre-harvest and post-harvest risk management increases 

the average annualized per acre by $91/acre and decrease 

the possibility of  loss by 24 percent from the base case 

of  cash sales at harvest (Table 7). 

Conclusions for Managers

The simulated results are like a case study in the sense that 

the results show what may happen during periods of  price 

volatility and yield risk. The current corn and soybean 

price outlook are of  reduced price volatility, which may 

limit the pricing opportunities before harvest and returns 

from storage. As managers cope with tight profitability 

margins, risk management practices should be a part of  

the business plan to protect firms from financial loss in 

an environment where many farms have limited financial 

cushion to absorb a loss. Managers should consider the 

following risk management conclusions:

1. Simulated annualized returns show minimal benefits 

from buying up insurance coverage, as the cost 

of  increased risk protection exceeds the benefit.  

However, lenders may make operating loans 

contingent on the level of  insurance purchased. The 

simulated returns indicate a lower annualized return, 

but the reduced return may be acceptable to gain 

access to capital. The simulation model does not 

capture cash flow and impact of  risk management 

on access to operating credit. Improved cash flow 

from buying higher crop insurance coverage levels 

may offset the simulated lower returns.

2. The strategy of  100 percent post-harvest sales would 

not be feasible due to the lack of  sufficient on-farm/

low-cost storage. Managers should continue to 
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monitor the business for opportunities to increase 

on-farm storage capacity through renting storage 

from neighbors, renting land with storage, building 

additional storage, or strategic use of  commercial 

storage.

3. Similarly, managers that know that production will 

have to be sold at harvest due to lack of  storage 

should consider using of  cost-defined pricing 

objectives. Forward contracts can lock in a cash 

price before harvest to protect these bushels from 

expected lower prices at harvest and reduce the 

likelihood of  a financial loss 

4. Managers may base marketing decisions on cash flow 

needs instead of  profitability. The pre-harvest targets 

may help focus price risk management to levels that 

improve the likelihood of  overall farm profitability. 

The post-harvest marketing was not necessarily cost 

focused. Future analysis will need to incorporate a 

similar target pricing mechanism to analyze the risk 

benefits of  cost-based market risk management. 

Seasonal basis appreciation makes storage profitable 

versus harvest-time sales. Soybeans are simulated 

to have more price risk than corn post-harvest. 

Managers may consider more aggressive pre-harvest 

marketing plans for soybeans than for corn to 

increase storage capacity for corn.

5. The annualized per acre returns suggest the use of  

risk management significantly reduces the risk of  

being unprofitable. The simulation model did not 

consider cash flow and that some strategies may have 

significant cash flow risk as grain is not sold until 

harvest or post-harvest. Managers should consider 

low-cost financing options offered through USDA-

Farm Service Agency to finance capital investments 

(like grain storage). Similarly, managers can use the 

harvested grain as collateral for CCC loans that are 

low-cost sources of  operating credit. 

6. Managers should evaluate the effectiveness of  crop 

insurance or price risk management over multiple 

year periods. Risk management tools, like crop 

insurance, is not designed to provide annual payments 

that enhance profitability. Managers should consider 

the multiple year impacts of  insurance on the farm’s 

financial position.

7.  Combining crop insurance with pre-harvest risk 

management allows managers to forward price up 

to the bushels guaranteed by the insurance coverage. 

Insurance would allow farmers to become more 

aggressive in pricing corn and soybeans before 

harvest at defined objectives as insurance indemnities 

will pay for unfulfilled bushels in the contract.

Simulation models are a way for managers to test-drive 

alternative management plans to understand better 

how price and yield risk can affect the farm business 

and to measure potential risk reduction. The results did 

not identify a strategy that is guaranteed to eliminate 

risk every year. However, diligent management based 

on understanding actual costs (including family living, 

machinery costs, and inputs) can assist managers in 

pricing production at levels that increase the likelihood 

of  overall farm profitability.
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Figure 1. Western Kentucky weekly average forward contract bids as a 
percentage of harvest-price from 2001-2016 for corn and soybeans. Source: 
Kentucky Farm Bureau Federation

Figure 2. Western Kentucky weekly average cash bids as a percentage of 
harvest-price from 2001-2016 for corn and soybeans. Source: Kentucky Farm 
Bureau Federation
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Table 1. Western Kentucky corn and soybean enterprise budgets

Table 2. Corn and soybean pre-harvest marketing plan with pricing objectives 
and quantities priced.
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Table 3. Scenarios simulated for Western Kentucky corn and soybean 
profitability and risk management analysis

Table 4. Comparison of simulated forward contract price and post-harvest price 
to the harvest-time price for Western Kentucky corn by simulated year
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Table 5. Comparison of simulated forward dontract price and post-harvest 
price to the harvest-time price for Western Kentucky soybeans by simulated 
year
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Table 6. Change in annualized net return from changes in insurance and price 
risk management strategies ($/Acre) for simulated Western Kentucky corn 
farm
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Table 7. Change in annualized net return from changes in insurance and price 
risk management strategies ($/Acre) for simulated Western Kentucky soybean 
farm



Economic Investigation of Crop Selection in the 
Southern Mississippi River Basin

By Rodney Wright, Terry W. Griffin, Gauri Guha, and

Jennifer Bouldin 

The objective of  this research was to determine if  corn (Zea mays 

L.) for ethanol mandates will transition Southern Mississippi River 

Basin (SMRB) farms away from long-established crops such as cotton 

(Gossypium hirsutum L.), and rice (Oryza sativa L.). An economic analysis 

performed at the producer level examined the crop selection process 

and evaluated the potential growth of  corn acreage. The study used 

data from a representative farming operation in Northeast Arkansas 

to develop cost of  production information. A linear programming 

(LP) model was used to assess the farm-level impact of  what crop 

combinations would be most profitable for farmers.

ABSTRACT

The conventional ethanol mandates set 

forth by the renewable fuel standards in 

the Energy Independence and Security 

Act of  2007 resulted in increased 

demand for corn. This study compares 

the economic viability of  planting 

corn in the Southern Mississippi River 

Basin (SMRB), an area traditionally 

characterized by rice and cotton farms. 

The Purdue Crop-Linear Programming 

model analyzed financial data to optimize 

crop selection. The cropping optimization 

was performed at eight commodity price 

levels and three input cost levels for 24 

scenarios. The investigation indicated 

corn competed favorably with established 

SMRB crops only at specific price/input 

cost levels (7 of  the 24 scenarios).
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The Energy Independence and Security Act 

of 2007

The “Energy Independence and Security Act of  2007” 

(EISA) increased the production mandates of  renewable 

fuels under its Renewable Fuels Standards (RFS). The 

corn-ethanol portion of  the RFS requirement gradually 

increased each year until it reached a maximum of  15.5 

billion gallons in 2015 (U.S. House 2007, H 6). Meeting 

these production goals will require an increased demand 

for corn. The corn must come from reduced food or 

feed use and/or increased production or imports. With 

other needs remaining constant, the most likely supply 

source will be increased production through more acres.

The 2016/17 USDA balance sheet indicated that 36 

percent of  corn production was used for ethanol (US 

Department of  Agriculture-OCE, 2018). This compares 

to 11 percent of  corn production in the 2004-05 

marketing year prior to the initial RFS implementation 

(US Department of  Agriculture-OCE, 2007). In May 

of  2012, grain sorghum (Sorghum bicolor L.) was granted 

approval as a conventional biofuel (US Environmental 

Protection Agency, 2012). Both crops require significant 

applications of  inorganic nitrogen (N) fertilizers and 

have the potential to increase nutrient loading in the 

Mississippi River Basin. Of  the five key crops grown 

in the SMRB, corn and sorghum require the largest 

N applications, 330 and 200 lbs./ac., respectively. In 

addition, assuming a medium testing soil phosphorus 

(P) level, both crops have the highest recommended 

P2O5 application, 80 lbs./ac. for corn and 70 lbs./ac. for 

sorghum (Espinoza et al., 2008).

Legislation of  ethanol use that could have detrimental 

environmental impacts is a significant concern created 

by the EISA bill. However, even with the increased corn 

demands, it is unclear if  corn economics can surpass 

the conventional SMRB crops. Corn or grain sorghum 

compete with other agriculture crops, so if  prices rise 

because of  increased demand; they may not rise at the 

same rate as competing crops. Ultimately, the financial 

decision-making process at the individual producer level 

will determine which commodities to plant.

Corn Economics

In the Midwest agricultural areas of  the US, soybeans 

(Glycine max L.) are the primary competitor against corn in 

a crop selection decision. Therefore, the ratio of  soybean 

to corn market price has become one indicator of  which 

crop is in more demand. The actual price level is in some 

ways irrelevant to the producer as long as the return 

satisfies his breakeven costs. Historically, a soybean to 

corn price ratio of  2.3 to 1 is a turning point for which 

crop is in greater demand (Alan Brugler1, 22 December 

2009, Brugler Marketing special reports subscriber 

mailing list). As the price ratio rises above this level, the 

market is signaling that it needs more soybeans than 

corn. Conversely, if  the ratio dips below this level, the 

commodity values are signaling a need for more corn. In 

the previous report, Brugler studied the price ratio from 

November to March (denoted as the planting “decision 

period”) and found that the ratio correctly predicted the 

shift in the planting intentions survey by the USDA in 

the majority of  years from 1995-2009. The exceptions 

were years when the USDA Loan Deficiency Payment 

was a factor in the minimum price of  the crop. The latter 

is government intervention in the form a price subsidy 

and disrupts the free market and thus the accuracy of  

the ratio.

Another component of  the producers planting decision 

progression is the federal crop insurance spring price 
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for a commodity. The USDA Risk Management Agency 

(RMA) oversees the Federal Crop Insurance Corporation 

(FCIC) program for US farmers. The RMA determines 

a projected commodity value for summer crops using 

a price discovery period during the spring. The period 

varies slightly by region. With the advent of  Revenue 

Protection (RP) insurance, a producer can use the 

guaranteed revenue value for the soybean or corn crop 

as a guide for the profitability of  the crop and as a cash 

flow guarantee for his lender. Bunge Alliance Advantage2 

demonstrated the importance of  these values, in its 

September 2013 pricing commentary, “…the USDA 

RMA is in the midst of  calculating the Soft Red Winter 

Wheat insurance price for next year’s crop. This determines 

how well planting winter wheat pencils versus corn and 

ultimately beans…” (5 September 2013, e-mail message 

to the author). Due to the significance of  these highly 

anticipated price releases, the historical RMA values for 

the spring crops were used in this study for determining 

the crop price ratios and succeeding price scenarios.

The RMA spring values and their resulting ratios 

were tabulated for the years, 1998-2017 (see table 1). 

The consistency of  the ratio is quite noteworthy. The 

standard deviation of  soybean and corn prices was about 

36 percent of  the mean value for the twenty years. The 

high price during the period was nearly three times the 

low price for both crops. In spite of  this underlying price 

volatility, the standard deviation of  the soybean/corn 

ratio was only eight percent of  the mean.

Corn Agronomics

Regardless of  market signals, several other factors go 

into the producer planting choice. Some factors in the 

decision tree such as soil suitability, irrigation capability, 

and crop rotation feasibility can override the market 

signals because they can change the profitability by 

reducing yield. If  yield reduces revenue below breakeven 

costs for the commodity, then a profit-maximizing 

producer would reject the crop selection and select 

another option.

Growing continuous corn, for example, on most farms 

reduces the profit potential of  this crop. Research 

indicates that corn yield suffers significantly when 

following corn. In one two-year study, the continuous 

corn plots yielded 26 percent less (30 bu./ac.) than corn 

rotated with soybeans (Riedell et al., 2009). In a long-term 

30-year study, corn involved in two rotation treatments 

yielded 13 percent and 15 percent (approximately 22 

bu./ac.) more than continuous corn (Karlen et al., 2013). 

Another two-year study produced corn yields 5 percent 

to 20 percent more when rotated with soybeans versus 

corn followed by corn (Bullock, 1992). Mycorrhizal 

fungi, N availability, residue accumulation, and sensitivity 

to weather, all play a factor in reducing the yield of  corn 

following corn (Gentry, 2013; Johnson, 1992).

The effect exists for crops other than corn. Sorghum yields 

were increased by nearly 20 percent when rotated with a 

wheat (Triticum aestivum L.)-fallow regime as compared to 

continuous sorghum. Rice yields were 28 bu./ac. less in 

the third year of  a continuous rice study. Crop consultant 

Danny Moore3 has noted at least an 8 to 10 bu./ac. yield 

drop off  in corn following corn in his over 60,000 acres 

of  managed crops in the Arkansas Delta. All of  these 

factors contribute to the crop profitability decision.

Therefore, even though the EISA bill may mandate 

ethanol production and the corn market may rise to a ratio 

that signals producers to grow corn. Other economic 

factors may inhibit the wholesale changeover to corn. To 
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help analyze all of  these variables for a producer in the 

SMRB, an LP model can be useful.

Whole Farm Mathematical Programming 

Models

Optimization models can be performed by several 

methods such as linear programming (LP) (Glen 1987). 

Dantzig (1949) laid the LP groundwork by developing 

the “simplex method” of  solving for the maximum or 

minimum of  a linear function (Hazell & Norton 1986). 

Linear programming has been applied to farm planning 

as far back as 1954 (Heady, 1954). The linear function 

is solved for the maximization of  profit, subject to a 

set of  constraints, although it may be advantageous to 

solve for a minimization of  costs in some circumstances 

(see Griffin and Lowenberg-DeBoer, 2017, for a recent 

detailed description of  this model).

Therefore, in the LP model for a profit-maximizing 

producer, the objective function is a sum of  the return 

to resources for each crop, maximized subject to the 

restraints. The primary constraints can be the fixed 

resources: land, labor, and capital (Heady, 1954). However, 

constraints can be numerous and as detailed as the 

analyst desires, such as land type (irrigated, non-irrigated, 

suitability), available weekly labor, suitable fieldwork days, 

equipment resources (preparing, planting, spraying, and 

harvesting capacity), grain drying and storage capacity, 

crop rotation restrictions, et cetera (Doster et al., 2007). 

The levels of  the selected activities or enterprises are 

varied subject to the constraints until profit is maximized 

(Dantzig ,1949). A particular resource will be the limiting 

factor for the production of  one of  the activities.

The computer software chosen for this analysis was 

the Purdue Crop Linear Programming (PCLP) Model 

(Dobbins et al., 2001; Doster et al., 2010; Preckel et al., 

1992). The model has been used in numerous research 

studies to make decision-making recommendations for 

general farm applications such as the sizing of  grain 

drying systems, utilization of  precision agriculture 

technology, and other machinery selection decisions 

(Davis & Patrick 2002; Griffin et al., 2005; Griffin & 

Lowenberg-DeBoer, 2017).

Land, labor, drying, storage, suitable fieldwork days, 

machinery resources, and acreage limits are input into 

the model to determine the production limits of  each 

crop. In addition, field operations used to produce 

each crop are required to determine labor and time 

requirements. The model output consists of  production 

data, farm profitability, optimum crop mix, and land, 

labor, and machinery resource information. In addition, 

profit-limiting factors can be determined from the land, 

labor, and machinery utilization output and marginal 

cost values provided (Doster et al., 2007).

The model is limited in that it does not account for any 

risk and is dependent upon accurate estimation of  the 

farm input costs, field operations, and crop prices for 

accurate output (Nistor & Lowenberg-DeBoer, 2007). 

However, other research has determined that the benefit 

of  incorporating risk into a farm LP model is minimal 

(Pannell, 1996).

Model Output

The PCLP output consists of  a 36-page report with 

information such as total contribution margin, overall 

farm profit (includes overhead if  provided), profit and 

loss statement, and income statement. The latter items 

give a snapshot of  farm finances based on the optimal 

selection of  crop acres by the model. Along with this 
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financial information, the recommended allocation of  

crop production to achieve maximum return is tabulated. 

Crop production data, labor use, machinery use, crop 

units processed, and other crop activities are tabulated 

for each of  the 20-work periods. Limited resources 

and their marginal values are produced in this section 

of  the report. The farmer can use the marginal value to 

determine the economic advantage of  acquiring another 

unit of  the limiting resource. The information on limiting 

resources can give valuable insight to the producer. 

The output will expose what facet of  the operation is 

constraining production of  the most profitable crop. 

Corn may potentially be the most profitable enterprise, 

but planters, harvesters, laborers, or other equipment may 

be a limiting resource. Of  course, all output is subject to 

the accuracy of  the resources, constraint variables, and 

standard error in price/cost estimation.

Calibration to Case Study Farm

A representative farming operation denoted the Case 

Study Farm (CSF) was used to provide a realistic and 

accurate set of  data for the calibration of  the LP model. 

The PCLP developers recommend checking four critical 

areas of  model output against actual conditions. When 

executing the model, the first checkpoint is that all acres 

reported in the output match the number of  acres in 

reality. If  the model is seeking a solution, then all acreage 

should be planted to some crop. If  testing prior years, 

acreage should match the specified amount. Average 

yields, planting dates, and harvest dates are the other 

three checks necessary to validate the model output.

The first step was to confirm the model executed 

correctly, and crop acres for a given validation year were 

matching acres in the output. The release used in this 

study was PCLP, Purdue University Version 5, beta test 

version. Numerous model runs were executed before 

reaching a satisfactory result. Some program irregularities 

were discovered. After correcting these and some other 

minor timing and categorizing issues, the program 

executed for each of  the validation years with the correct 

acres for each year. An additional test run was executed 

without acre restraints to test if  the model would find an 

optimum solution. The result from this run was all acres 

planted. The latter test and the previous historical year 

tests verified the land resources portion of  the model 

was functioning.

To test the yield, planting, and harvest parameters, five 

years of  CSF data were analyzed. Average planting and 

harvesting dates were calculated for years, 2008-2012. 

The PCLP output supplies the number of  acres planted, 

harvested, and harvested production, during each of  

the 20 work periods. For calculation purposes, it was 

assumed that any activity occurred at the midpoint of  

the work period. The information was arranged in a 

spreadsheet where each period’s quantity was multiplied 

by the midpoint date to arrive at an average date over the 

five years.

The first calibration attempt revealed that the CSF had 

such timely operations that planting and harvesting 

occurred during the optimum periods on the plant/

harvest matrix. This efficiency resulted in yields matching 

very closely to the value entered for yield in the PCLP 

(average yield plus one standard deviation) instead of  the 

anticipated result of  a lower yield near the CSF average. 

The yield was adjusted to an average value to compensate 

for the timeliness.

Planting and harvesting dates were reasonably close 

except for rice, which had planting and harvesting 
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occurring about four weeks ahead of  the average CSF 

dates. The default rice plant/harvest matrix did not seem 

to match SMRB conditions. Therefore, this matrix was 

revised to match typical harvest time windows and the 

CSF dates.

A second calibration run for each year was executed 

after reentering average yields and the rice plant/harvest 

matrix. In this run, planting differences were confined 

to a plus or minus one-week range except for the full-

season soybeans. The PCLP predicted a planting date 

about two weeks earlier than the actual results. A review 

of  the CSF results indicated that average planting dates 

ranged from 13 April to 22 May with a standard deviation 

of  17 days. The year 2014 (not included in the validation) 

had an average date of  26 April, one day different from 

the PCLP average date of  25 April. It appeared the two-

week discrepancy related to yearly weather differences 

and a small sample size rather than a misrepresentation 

by the model. Therefore, no adjustments were made to 

the soybean planting activities or the planting periods.

Harvest dates estimated by the PCLP were within a five-

day range from the weighted average harvest date of  the 

CSF with one exception. The corn harvest difference 

was 11 days. During the past five years, the CSF had 

only planted corn two years. One of  the two years had 

a delayed harvest, thereby skewing the average. Since 

the original comparison, the 2013 corn harvest year 

was completed on 5 September, three days earlier than 

the PCLP estimate of  8 September and reduced the 

average difference to only five days. Consequently, no 

modifications were made to corn harvest periods.

The second run substantiated the PCLP model was 

accurately representing the CSF farm activities by 

forecasting yields, planting dates, and harvest dates within 

an acceptable range. In addition, the model utilized and 

replicated all acres as anticipated. For more details on the 

parameterization of  the LP model for this case study, see 

Wright (2015). This validation indicated that reasonable 

results could be projected from the research scenarios.

Scenarios – Crop Prices

The development of  the study scenarios revolved 

around the USDA-RMA spring insurance corn price 

and its relationship to the other commodity prices. As 

discussed, the USDA-RMA spring insurance prices 

are widely recognized in determining crop profitability 

and therefore planting choices. The price history since 

the 2007 EISA implementation and the expected price 

outlook was examined to establish a price range. Two 

organizations, FAPRI and USDA, publish a ten-year 

economic outlook for agriculture. Their 2013 forecast 

predicts an average corn price of  $4.85/bu and $4.61/bu, 

respectively (Westhoff  et al., 2013; US Department of  

Agriculture-OCE, 2013). Since 2007, the spring planting 

price for corn has averaged $4.72/bu (US Department 

of  Agriculture-RMA, 2018). Based on the proximity of  

these projections and the five-year history, the average 

corn price for the analysis was rounded to $5.00/bu.

The highest and lowest spring prices recorded during 

this time were $5.93/bu and $4.13/bu, respectively. 

Based on these values, $1/bu seemed like a logical range 

or variance to define a high and low boundary. The all-

time high occurred during the 2012 summer drought 

when corn prices reached $8.4375/bu (Barchart.com, 

2014). However, the focus in this analysis is on planning, 

so it seemed reasonable to use the spring planting price, 

just as a farmer would use in determining his crop mix 

rather than a summertime drought-inflated price as a 
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high value. Therefore, the low, average, and high prices 

of  corn were established as $4.00/bu, $5.00/bu, and 

$6.00/bu, respectively. This range of  corn prices reflect 

the outlook based on a combination of  the history since 

2007 and the 10-year outlook forecast by both FAPRI 

and USDA and should encompass the pricing range 

for the foreseeable future. However, two more corn 

prices ($3.00/bu and $2.00/bu) were added to reflect 

the possibility of  a market collapse. These lower prices 

were denoted as “pre-EISA” and “Near loan” rate in the 

commodity values by price scenario (table 2).

The prices of  other crops in relation to corn will influence 

corn’s profit advantage. Therefore, to create reasonable 

price combinations for each scenario, the soybean price 

was calculated from the stated corn price by using 

the historical ratio. Also, prices for other crops were 

determined from their relationships with corn during the 

same 1998 to 2013 period. The high, average, and low 

price ratio from those years were used to create different 

market situations. The type of  ratio used to calculate the 

soybean and other crop prices per scenario are noted in 

table 2 in the column: “Historical ratio used to calculate 

other crop $.”

Another factor related to crop value is the impact of  

USDA programs. The 2014 Farm Bill (Agricultural Act 

of  2014) established the most recent set of  guidelines. 

The farmer subsidy payments outlined in the bill are 

complicated and very farm specific (Coppess & Paulson, 

2014). Payments are designated Agriculture Risk 

Coverage (ARC) and Price Loss Coverage (PLC). The 

landowner/farmer makes a permanent selection of  ARC 

or PLC payments during the initial sign-up period. Both 

payment types are based on the crop reference price 

shown in table 2. The final payment value can differ 

significantly between the two choices based on the five-

year county revenue (ARC) or the marketing year average 

price (PLC). The final payment rate for both formulas is 

not determined until the fall of  the following crop year, 

18-22 months after a planting decision is made. The 

assumption that the marketing year price will compare 

with the spring RMA price used in the planning analysis 

is a challenging one because of  the difference in time. 

Presuming prices continue in the post-EISA or FAPRI/

USDA forecast ranges, the Farm Bill reference prices 

would only influence the results in the “corn low-others 

average” pricing scenario with the exception of  rice. The 

PLC program heavily favors rice base acres in the SMRB.

The base acres influence the payment rate on an individual 

farm since the subsidy depends on a percentage of  the 

base acres, historical or assigned payment yield, the 

marketing year average price and a budget sequestration 

reduction. In essence, the subsidies are decoupled from 

actual planted acres and crop yield. Generic base acres 

are an exception to the decoupling rule but are assigned 

pro rata depending on all planted crops and apply 

only if  a farm had a former cotton base. The states of  

Arkansas, Louisiana, and Mississippi (AR-LA-MS) were 

researched to determine an acreage value for the SMRB. 

The ARC/PLC program base acres were acquired for 

those states (US Department of  Agriculture-FSA, 2018). 

The corn base totaled 907,986 acres, only about half  of  

the planted acres from 2009-2012 (base-determining 

years) (US Department of  Agriculture-NASS, 2018). 

The differences in planted, base, and generic acres are 

problematic in trying to correlate a value for the subsidy 

to a scenario price. The ARC/PLC payments are primarily 

associated with land value and do not impact the annual 

crop selection decision in the SMRB except in particular 

instances. Thus, the payments were not incorporated 

into the optimization process for this study.
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Scenarios – Production Costs 

The cost of  production data is a crucial component in 

crop selection within the PCLP model. If  the crop is 

not profitable based on the commodity prices, budgeted 

costs, and yield, then it is eliminated from consideration. 

The CSF budgets were compared to the budgets 

published by the University of  Arkansas Cooperative 

Extension Service (UACES) (Flanders et al., 2013). This 

comparison verified whether the CSF budgeted values 

developed in the Mississippi State Budget Generator 

have relevance to other farms in the area. Six years of  

UACES published budget data was used to create a 

comparison spreadsheet. The three years, 2011 to 2013, 

were compared to the CSF budgets. After removing the 

unallocated labor component, CSF budgets averaged 102 

percent of  UACES budgets for the six crops in the study. 

The close correlation provided further confirmation 

that the crop cost data was representative of  SMRB 

production.

Consideration was given to varying input costs based on 

a range of  fuel and fertilizer prices. These products tend 

to move in tandem with each other (US Department of  

Energy-EIA, 2014; The World Bank, 2014). Therefore, a 

growing season with high fuel costs usually corresponds 

to a year with high fertilizer prices. These two inputs 

account for 35 percent of  costs on average across all six 

crops, ranging from 16 percent to 44 percent. Therefore, 

it was concluded this input would favor some crops over 

others and does not seem like a balanced approach to 

varying input costs.

A further review of  the UACES budgets showed that 

one standard deviation of  budget values over the last six 

years provided a more reasonable method of  adjusting 

average costs. The cost variance goal was predicated on 

looking at a moderate fluctuation in prices. The standard 

deviation gave a much more dampened price increase or 

decrease over the other methods. The standard deviation 

resulted in a 10 percent to 24 percent increase and/or 

decrease across all crops. This approach did not seem 

to disadvantage a crop with high fertilizer use or one 

with low fertilizer use. Therefore, the high and low 

input cost scenarios in the PCLP use the adjusted CSF 

average budget and add or subtract the UACES standard 

deviation from six-years of  budget data. The range of  

costs is presented in table 3. The three production cost 

levels were evaluated at each of  the eight price scenarios 

to create 24 price/cost combinations for testing in the 

model. Scenarios 22-24 were added using the price 

forecast for each crop provided by FAPRI/USDA 

instead of  the price ratio formula.

Results

Optimum crop acres for each scenario are presented in 

table 4. The three scenarios (18, 20, and 21) with prices 

near the loan rates produced an all “acres not used” 

output from the PCLP model and were noted as not 

applicable (NA). This designation was  assigned since 

it was unclear what crops would be grown in those 

unprofitable situations. Overall, 14 of  the 24 scenarios 

resulted in no planted acres of  corn and thus supported 

(S) the hypothesis that corn acres would not make a 

significant increase in the region.

Seven scenarios contained corn acres in the optimum 

crop mix indicating those conditions did not support 

(NS) the null hypothesis. Two of  these scenarios 

occurred with a low corn price of  $4.00/bu, but other 

crop prices were also low, contributing to the advantage 

of  corn. The high corn price and other crop prices low 

in relation to corn (scenarios 13, 14, and 15) created a 
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significant comparative advantage for corn. Therefore, 

the PCLP recommendations to plant corn under those 

economic conditions were noted as not supportive of  

the null hypothesis.

The final two scenarios resulting in corn production 

occurred based on the price forecast by FAPRI/USDA. 

Corn and soybeans for these two scenarios were near 

$5.00/bu and $11.00/bu, respectively. Those values 

are similar to original test scenarios four and five. 

The scenario results differed due to FAPRI/USDA 

forecasting a higher price for rice and a much lower price 

for cotton than was assumed by the historical ratios. 

Consequently, the FAPRI/USDA prices resulted in more 

rice and corn than the original scenarios. These results 

confirm that under the right economic conditions, corn 

can be a practical option for growers in the SMRB.

The increase in corn prices since 2007 (table 1) would 

imply that corn acres might have increased in the SMRB 

compared to pre-EISA conditions. To investigate this 

possibility, table 5 details corn and soybean acres for 

the AR-LA-MS region and RMA projected prices since 

1997. The projected prices were compared to the tested 

scenarios, and any similar scenario classifications were 

noted in the table.

Corn prices during the 21-year period ranged from the 

lowest to the highest categories, near loan through the 

high price. The soybean/corn ratio was very near the 

average ratio for 12 of  the 21 years. Since 2006, the five 

largest corn acreages with prices similar to the tested 

scenarios (grayed cells), correspond to scenarios that 

resulted in corn acres planted. This implies that the 

PCLP model and the crop selection by farmers were 

similar. Prior to 2007, making a direct comparison to the 

PCLP results is not feasible since cost values tested in the 

scenarios were not similar to the production costs prior 

to 2007.

If  2007 is assumed a transition year from pre- to post-

EISA, then averaging the corn acres in the AR-LA-MS 

area for the ten years before and after 2007 results in 

1,102,500 and 1,815,000 acres for the pre- and post-EISA 

years, respectively. Using a statistical t-test to compare 

the ten-year means resulted in a significant difference at a 

95 percent confidence level (p-value = 0.0002). The pre-

EISA acres averaged about 6.7 percent of  the AR-LA-

MS cropland. Since that time, corn acres have increased 

to 11.7% of  the total cropland.

Conclusions

Therefore, as the PCLP model suggested, there are 

specific combinations of  crop prices and costs that 

indicate corn economics are profitable in the SMRB (7 

of  the 24 scenarios). The moderate increase in overall 

planted area substantiates those results. Although other 

factors are involved, the post-EISA price of  corn ($4.72/

bu) has almost doubled from the price in the 10-years 

prior to EISA ($2.41/bu) and undoubtedly influenced 

the increase in corn acres. The data also shows that 

even within a presupposed set of  price values, the 

optimum acre mix can vary depending on production 

cost. Another component not varied in this analysis is 

yield. Land suitability and management can result in a 

broad disparity in expected yield, thereby influencing 

profitability.

Although the overall study pertained to the potential 

impact of  the EISA bill on corn acres in the SMRB, the 

methods, and procedure for determining the optimum 

crop mix apply to any crop selection decision. At a 
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minimum, managers should study crop budgets available 

from University extension departments for their area and 

perform a rational optimization of  the most profitable 

crop choice. Adapting these budgets to an individual 

farm would provide more accurate data for the manager 

making these critical decisions. Ideally, the farmer 

could utilize optimization software like the PCLP to 

execute countless what-if  scenarios on their farm. The 

importance of  making profit-maximizing crop selections 

in the current farm economic conditions cannot be 

overemphasized.

Endnotes

1  Alan Brugler, President of  Brugler Marketing & 

Management-fee based marketing consulting service, 
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2 Bunge Alliance Advantage, fee based marketing 
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food company, White Plains, NY.

3 Danny Moore, Owner of  Moore’s Pest Management, 

Inc., Certified crop advisor, Marion, AR.



2018 JOURNAL OF THE ASFMRA

183

References

Agricultural Act of  2014. Public Law No: 113-79. 113th Congress, 1st session. February 07, 2014. 

Barchart.com. 2014.Futures 10-year highs/lows. http://www.barchart.com/ commodityfutures/

All?type=hilo&cat=100d&mode=M (accessed August 21, 2014).

Bullock, D. 1992. Crop rotation. Critical Reviews in Plant Sciences. Vol. 11 (4): 309-326.

Coppess, J., and N. Paulson. Agriculture Risk Coverage and Price Loss Coverage in the 2014 Farm Bill. Farmdoc 

Daily (4):32, Department of  Agricultural and Consumer Economics, University of  Illinois at Urbana-Champaign, 

February 20, 2014. http://farmdocdaily .illinois.edu/2014/02/arc-and-plc-in-2014-farm-bill.html (accessed January 

5, 2018)

Dantzig, G. B. 1949. Programming of  Interdependent Activities II Mathematical Model. Econometrica. Vol. 17, no. 3 

(July-October): 200-211.

Davis, T., and G. F. Patrick. 2002. The effect of  producers’ risk attitudes on sizing the harvest and on-farm drying 

system. Canadian Journal of  Agricultural Economics Vol. 50, no. 1 (March): 1-14.

Dobbins, C. L., Han, Y., Preckel, P., & Doster, D. H. (2001). Purdue crop/livestock linear program user’s manual. 

West Lafayette, IN: Purdue University.

Doster, D. H., C. L. Dobbins,  G. F. Patrick, W. A. Miller, P. V. Preckel, L. Valentin, and B. Erickson. 2007. Purdue 

PC-LP farm plan B-21 crop input form. West Lafayette, Indiana:  Purdue University, Agricultural Economics. http://

www.agecon. purdue.edu/topfarmer /documents/B21_Input_Form_Web.pdf  (accessed March 26, 2010).

Espinoza, L., M. Mozaffari, N. A. Slaton. 2008. University of  Arkansas Lime and Fertilizer Recommendations. 

Marianna, Arkansas: University of  Arkansas, Division of  Agriculture, Soil Testing and Research Laboratory.

Flanders, A., C. Dunn, and H. Stiles. Crop Enterprise Budgets for Arkansas Field Crops Planted in 2013.” 

University of  Arkansas, Division of  Agriculture, AG-1283-12-12. http://www.uaex.edu/depts/ag_economics/

previous_budgets.htm (accessed September 6, 2013).



2018 JOURNAL OF THE ASFMRA

184

Gentry, L., M. Ruffo, F. Below. 2013. Identifying factors controlling the continuous corn yield penalty. Agronomy 

Journal. Vol 105, no. 2:295-303.

Glen, J. J. 1987. Mathematical Models in Farm Planning: A Survey. Operations Research. Vol. 35, no. 5 (September-

October): 641-666.

Griffin, T., D. Lambert, and J. Lowenberg-DeBoer. 2005. Economics of  lightbar and auto-guidance GPS navigation 

technologies. Paper presented at the 5th European conference on Precision Agriculture. Uppsala, Sweden.

Griffin, T.W., and Lowenberg-DeBoer, J., 2017. Impact of  Automated Guidance for Mechanical Control of  

Herbicide Resistant Weeds in Corn. Journal of  Applied Farm Economics. 1(2):62-74.

Hazell, P. B. R. and R. D. Norton. 1986. Mathematical Programming for Economic Analysis in Agriculture.  New York: 

Macmillan Publishing Company.

Heady, E. O. 1954. Simplified presentation and logical aspects of  linear programming technique. Journal of  Farm 

Economics Vol. 36, no. 5 (December): 1035-1048.

Karlen, D., J. Kovar, C. Cambardella, and T. Colvin. 2013. Thirty-year tillage effects on crop yield and soil fertility 

indicators. Soil and Tillage Research. Vol. 130 (2013): 24-41.

Nistor, A. P., and J. Lowenberg-DeBoer. 2007. Drainage water management impact on farm profitability. Journal of  

Soil and Water Conservation 62, no. 6 (November/December): 443-446

Pannell, D.J. 1996.  Lessons from a Decade of  Whole-Farm Modeling in Western Australia. Review of  Agricultural 

Economics. Vol. 18, no 3 (September): 373-383.

Preckel, P., Han, Y., Dobbins, C. L., & Doster, D. H. (1992). Purdue crop/livestock linear program formulation, PC-

LP Version 2.0. Purdue Research Foundation, Purdue University

Riedell, W. J. Pikul Jr., A. Jaradat, and T. Schumacher. 2009. Crop rotation and nitrogen input effects on soil fertility, 

maize mineral nutrition, yield, and seed composition. Agronomy Journal. Vol. 101(4): 870-879.

U.S. Congress.  House. 2007. Energy Independence and Security Act of  2007. Title II section: “Energy Security Through 

Increased Production of  Biofuels” HR 6. 110th Cong., 1st session



2018 JOURNAL OF THE ASFMRA

185

U.S. Department of  Agriculture–FSA. 2014. ARC/PLC Program.  https://www.fsa.usda.gov /programs-and-

services/arcplc_program/ (accessed January 5, 2018) 

U.S. Department of  Agriculture–NASS. 2018. Quick Stats – Database. http://quickstats.nass.usda.gov/ (accessed 

February 1, 2010 –January 4, 2018).

U.S. Department of  Agriculture-OCE. 2007. World agricultural supply and demand estimates. WASDE-442. 

Prepared by the Office of  the Chief  Economist, Department of  Agriculture. Washington, DC. http://usda.gov/

oce/commodity/wasde/ (accessed December 17, 2013).

U.S. Department of  Agriculture-OCE. 2013. USDA agricultural projections to 2022. P.Westcott and R. Trostle, Eds. 

Prepared by the Office of  the Chief  Economist, Department of  Agriculture. Washington, DC. http://www.ers.

usda.gov/publications /oce-usda-agricultural-projections/oce131.aspx (accessed December 17, 2013). 

U.S. Department of  Agriculture-OCE. 2018. World agricultural supply and demand estimates. WASDE-572. 

Prepared by the Office of  the Chief  Economist, Department of  Agriculture. Washington, DC. http://usda.gov/

oce/commodity/wasde/ (accessed January 5, 2018).

U.S. Department of  Agriculture-RMA. 2013a. Risk Management Agency Information Browser. RMA Information 

Reporting System (RIRS): Prices Inquiry (2010 and prior). 2000-2010.  USDA-RMA. Washington, DC. http://www.

rma.usda.gov /data/inforeporting.html (accessed August 25, 2013).

U.S. Department of  Agriculture-RMA. 2013b. Risk Management Agency Information Browser. Data Archive. 1998-

1999.  USDA-RMA. Washington, DC. http://www.rma.usda.gov/data/archive.html (accessed August 25, 2013).

U.S. Department of  Agriculture-RMA. 2018. Risk Management Agency Information Browser. Actuarial 

Information Browser, 2011 Reinsurance Year and beyond. 2011-2013.  USDA-RMA. Washington, DC. https://

www.rma.usda.gov/tools/index.html (accessed January 3, 2018).

U.S. Department of  Energy-EIA. 2014. Weekly retail gasoline and diesel prices, Diesel-All types, History: 1994-

2014. USDE-EIA. Washington, DC. http://www.eia.gov /oog/info/wohdp/diesel.asp (accessed August 25, 

2013-August 22, 2014).

U.S. Environmental Protection Agency. 2012. EPA issues notice of  data availability concerning renewable fuels 

produced from grain sorghum under the RFS program. Regulatory Announcement: Office of  Transportation and 

Air Quality. EPA-420-F-12-029. Washington, DC.



2018 JOURNAL OF THE ASFMRA

186

Westhoff, P., S. Gerlt, J. Whistance, and J. Binfield. 2013. August 2013 Baseline Update for U.S. Agricultural Markets.  

FAPRI-MU Report #04-13.  Columbia, Missouri:  Food and Agricultural Policy Research Institute.

Wright, R.E. 2015. Economic and environmental modeling of  an agricultural watershed in the Mississippi Delta: 

Crop selection using an LP model and water quality impacts of  bioenergy crops using the AnnaAGNPS model. 

Arkansas State University. 367 pp



2018 JOURNAL OF THE ASFMRA

187187

Table 1. USDA/RMA soybean and corn spring insurance prices with soybean/
corn price ratio, 1998-2017
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Table 2. Commodity values by price scenario

Table 3. Crop production costs used in the PCLP model
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Table 4. LP model crop acre forecast
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Table 4 (cont’d.)
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Table 5. AR-LA-MS corn and soybean acres, RMA projected price, soybean/
corn ratio, research price classification, and research ratio classification



Can Camelina and Carinata Be Profitable in 
South Dakota

By L.M. Elliott, S. Saleh, and M.S. Elliott

Introduction

Camelina and carinata are alternative, non-food crops with superior 

performance oil by-products and emission-reducing characteristics. 

The byproducts can be used for biodiesel, bio-jet fuel, and industrial 

applications.  The high oil content (~40%) seeds can be processed into 

advanced biofuels, a high-protein meal by-product, and an aviation 

fuel without excess costs for blending. Consequently, the US Navy and 

KLM airlines have shown interest in procuring bio-jet fuels made from 

camelina and carinata to meet their future renewable energy utilization 

and emission reduction goals.

ABSTRACT

Alternative bio-energy sources that 

reduce emissions are being demanded 

by governments and private companies.  

Camelina and carinata are examples 

of  alternative crops with superior oil 

by-products and emission-reducing 

characteristics.  Unknown to producers 

and industry is whether there exists 

sufficient incentives to currently supply 

the potential demand.  Therefore, we 

simulated net returns for all traditional 

crops and camelina and carinata in 

South Dakota and compared the returns 

considering the risk.  The findings suggest 

that the strongest potential for adoption 

of  camelina and carinata exists in western 

South Dakota and provided farm level 

risk reducing benefits in eastern South 

Dakota.
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A question remains, however, are there adequate financial 

incentives to grow camelina and carinata compared 

to traditional crops in a traditional cropping-fallow 

system? With camelina and carinata’s drought tolerance 

characteristics, a potential growing region could be 

focused in the western U.S. where crop production has 

more risk and camelina and carinata could supplant 

fallow that would limit competition for acres for food 

crops. This study examined the potential profitability 

of  camelina and carinata compared to traditional crops, 

in South Dakota, and included analysis of  potential 

insurance mechanisms that reduce risk of  production.

This analysis is focused on four regions in South Dakota 

where camelina and carinata test plot trials have taken 

place from 2012-2015: East Central, Central, Northwest, 

and West Central South Dakota. Yield distributions were 

defined based on test plot data in the region. To compare 

the potential camelina and carinata farm-level profits to 

traditional crops, NASS county yield data was utilized 

and farm level risk for traditional crops was estimated 

using a method developed by Miranda (1991) called the 

implied volatility procedure. Yield protection insurance 

up to sixty-five percent coverage was included in the 

model for both the traditional and alternative crops. 

This level of  insurance coverage modeled was chosen 

as this would likely be the highest level of  coverage 

for camelina, while it may be possible to acquire up 

to eighty-five percent insurance coverage for carinata. 

Insurance was included in the models since various types 

of  insurance are available for the traditional crops and 

to a limited extent available for the alternative crops. In 

order to adequately compare alternative crops net return 

risk to traditional crop net return risk where different 

levels of  risk protection may exist- a 65 percent yield 

protection insurance was included in the analysis. This 

insurance level would be more likely chosen in western 

areas where camelina and carinata production is expected 

to be grown. Net returns and insurance protection were 

simulated for all crops and compared.  In addition, it 

was explored whether farm level risk was reduced by 

including camelina and carinata in a farm crop mix.

Background and Related Literature

Because camelina and carinata are crops that have not 

been grown in widespread areas for long periods, there 

is limited farm level data on yield distributions at the 

farm or county level.  One approach to model crop farm 

level risks with limited historical data is defining a GRKS 

distribution (Richardson, Schumann, and Feldman, 

2008), which uses an expected minimum, average, and 

maximum yield values to define a sample distribution.1

Few studies have examined the potential profitability of  

camelina and carinata. The camelina studies that have 

been performed all face similar challenges in defining yield 

and price distributions with limited data and a fledging 

market. The various studies that have reported variety 

trial plot data in various regions have shown locational 

differences and need for local feasibility assessments.

Most studies have found camelina and carinata adoption 

to be a challenge. For example, Chen (2015) reported an 

agronomic benefit of  44 percent more biomass with a 

camelina/winter wheat rotation versus a fallow/winter 

wheat rotation suggesting that greater residue should 

increase soil health, while economic benefits favored the 

fallow/winter system over the camelina/winter wheat 

rotation from 2009-2011. Chen (2015) reported that the 

average camelina yield was 812 pounds per acre during 

this period. Chen (2015) showed that the camelina/

winter wheat rotation does not become preferred until 
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camelina prices are above $0.16 per pound – where they 

estimate only a one percent chance of  prices reaching 

this level. However, Chen (2015) also investigated the 

impact that increasing camelina yields to 1,336 pounds 

per acre would have on net returns and found that this 

resulted in the camelina/winter wheat rotation having 

$81 more per acre net return compared to the fallow/

winter wheat system.

Procedures and Simulation Model

South Dakota regional net return simulation models 

were developed to compare the risk associated with 

net returns between traditional crops and camelina and 

carinata.  The models incorporated a county-farm level 

link using Miranda’s 1991 implied volatility procedure.

Crop insurance coverage for yield protection at sixty-

five percent was modeled for all crops. A crucial part in 

setting up the crop insurance components was calculating 

the projected and harvested prices to estimate expected 

indemnities. We followed the method used by Gerlt and 

Westhoff  (2014) to project harvest and projected prices.2 

In addition, potential insurance mechanisms for camelina 

and carinata were incorporated into the simulation 

analysis. North Dakota rapeseed crop data type under 

the canola insurance provision was utilized as reference 

information for insurance premium modeling purposes 

for carinata, while insurance coverage for camelina 

followed the noninsured crop disaster assistance program 

(NAP) premium provisions.

Potential net returns of  camelina and carinata are 

estimated using a simulation model.  Cost-return 

budgets were developed based on university budgets, 

and agronomists’ and industry opinions for South 

Dakota regions. The traditional crops budgets were 

based mainly on South Dakota State University budgets, 

while agronomists’ recommendations on inputs 

necessary for the alternative crops was utilized.3 Random 

variables included are yields, crop prices, and fertilizer 

prices. Non-random variables included are seed costs, 

chemical costs, fuel and oil costs, repair costs, machinery 

(ownership) costs, management charge, and land charge.  

Both crop insurance and operating interest costs were 

included in the model.4 Historical variety trial data for 

camelina and carinata along with USDA-NASS county 

level yield data for traditional crops was used to develop 

yield distributions.5 The Food and Agricultural Policy 

Research Institute’s (FAPRI-MU) baseline projection 

for commodity prices coupled with historical regional 

South Dakota price data was used to develop local price 

distributions. Regional historical fertilizer data were 

obtained to develop fertilizer price distributions. The 

budgets were developed specific to the 2017 production 

year.

The following variables were simulated using a distribution 

(multivariate empirical probability distribution-MVE) 

that maintains the historical correlation for crop, nitrogen, 

phosphorous and potassium prices, and for the crop 

yields of  traditional crops. The distribution parameters 

are based on the means, fractional deviations from trend 

for the variables, and correlation between variables. For 

camelina and carinata, a GRKS distribution was used to 

define a yield distribution for simulation. When a county 

lacked field trial data for one of  the alternative crops, the 

nearest location for yield data was utilized.

The farm level yield standard deviation used for 

traditional crops was estimated using the Miranda (1991) 

and Jansen (2012) procedure. The method adjusts 

the county level yield variation by an inflator factor to 



2018 JOURNAL OF THE ASFMRA

195

approximate farm level yield variation – where farm level 

risk is typically greater than county yield variation. The 

method estimates farm level risk using county reported 

yields and 2017 RMA crop insurance quotes.6

Net returns are calculated by taking the gross revenue 

minus variable and fixed costs. Net return distributions 

associated with each potential crop are compared at 

different risk aversion intervals using a form of  risk 

analysis (stochastic dominance with respect to a function) 

(King & Robison, 1981). In addition, alternative scenarios 

were analyzed to determine the yield or price level 

needed for camelina and/or carinata to be indifferent to 

the most preferred crop.

Lastly, the risk perspective of  the entire farm portfolio 

was investigated. For each region, eight different acre 

allocations between the crops for each region were 

explored as shown in Table 1. Some scenarios included 

just traditional crops, while some included a mix between 

a more heavily weighted allocation on tradition crops 

with fewer acres in alternative crops. One scenario in 

each region included equal acre allocation across crop 

types.

Results

Net returns were simulated for each crop within a region. 

Risk analysis was performed to assess crop preference 

changes in levels of  risk aversion from risk neutral (0) 

to slightly risk averse (0.00004 – calculated by taking 4 

divided by average net returns, assumed at $100,000) 

(Henry et al., 2016). Confidence premiums are calculated 

for the non-dominant strategies by taking the difference 

between the certainty equivalent of  the dominant 

strategy and the strategy of  interest. This is the amount 

that would be needed to make an individual indifferent 

to taking an inferior strategy.

Tables 2-5 show the model simulated summary statistics 

for each region, which provides insight to baseline 

data assumptions for price, yield, variable costs, and 

fixed costs. The tables demonstrate that camelina has 

substantially lower variable costs than traditional crops.  

Table 2 shows Brookings county (Eastern South Dakota) 

simulated average yields for the alternative crops ranged 

from 308 to 1,240 pounds per acre with carinata having 

the highest mean yield. Table 3 and Table 4 both report 

Hughes county (Central South Dakota) and Pennington 

(Southwest South Dakota) simulated average yields for 

the alternative crops between 513 and 1044 pounds per 

acre with carinata showing higher yields than camelina.  

Table 5 shows Perkins (Northwest South Dakota) 

simulated alternative crops yields to be in a very narrow 

range of  593 and 606 pounds per acre.

Tables 6 shows the efficient set of  ranking crop 

preferences by levels of  risk aversion. For all of  the 

analyses in the four regions, the preference ranking was 

the same for both the lower and upper risk levels. Table 

6 shows the preference rankings in Brookings county 

(Eastern South Dakota), spring camelina was the third 

most preferred crop ranking below both soybeans and 

corn; though performing better than spring wheat. Table 

6 reports crop preference rankings for Hughes county 

(Central South Dakota), winter camelina was the highest 

ranking alternative crop at fifth most preferred. Table 6 

shows the crop preference ranking in Pennington county 

(Southwest South Dakota) where winter camelina, 

carinata, and spring camelina rank only below sunflowers 

and above spring wheat and corn. Table 6 reports the 
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crop preference rankings for Perkins county (Northwest 

South Dakota) showing spring and winter camelina 

ranking higher than spring wheat.

Tables 7 reports the confidence premiums needed 

in order for producers to be indifferent between less 

dominant strategies to the most dominant strategy.  

In addition, Table 7 shows the necessary additional 

increases needed in either yield or price for producers 

to be indifferent between alternative crops to the second 

most dominant strategy.  If  alternative crops could be 

at least the second most dominant strategy in regards to 

profitability, this would likely give these crops a higher 

probability of  being grown in a certain region. Table 7 

shows the spring camelina to have the lowest necessary 

confidence premium across the alternative crops for 

Brookings county (Eastern South Dakota) for producers 

to be indifferent to the most dominant strategy. In 

order for producers, to be indifferent to growing spring 

camelina as compared to corn, spring camelina average 

yields would need to equal 1,792 pounds per acre or price 

would need to be $0.30 per pound, assuming all other 

things remain constant in Brookings county.  Table 7 

shows winter camelina in Hughes county (Central South 

Dakota) to have the lowest confidence premium needed 

across alternative crops for producers to be indifferent 

to their most preferred crop strategy.  Specifically, 

average winter camelina yields would need to average 

1,165 pounds per acre or the camelina price would need 

to be $0.30 per pound for producers to be indifferent to 

growing this crop as compared to sunflowers in Hughes 

county. Table 7 shows the lowest necessary changes in 

both yield and price in Pennington county (Southwest 

South Dakota) for producers to be indifferent to 

growing winter camelina as compared to sunflowers.  In 

Pennington county, winter camelina is the second most 

preferred crop at the current simulated average yields 

of  653 pounds per acre and price of  $0.18 per pound.  

Table 7 reports necessary increases for Perkins County 

(Northwest South Dakota) with spring camelina yields 

averaging 970 pounds per acre or $0.26 per pound in 

order for producers to be indifferent between growing 

spring camelina as compared to corn.

Figure 1 illustrates visually another way to represent the 

profitability risk different between crops in each of  the 

four South Dakota regions.  Typically, the traditional 

crops of  soybeans, corn, and sunflowers show a higher 

standard deviation in simulated net returns as compared 

to the alternative crops.

The overall farm risk portfolio was examined for each 

region. In Brookings county (Eastern South Dakota) 

differences were found based on the upper and lower 

risk levels. For a risk neutral individual, the preferred 

acre allocation was one-half  corn and one-half  soybeans.  

However, for individuals that were slightly risk averse an 

allocation where 42 percent of  their acres were planted 

to corn, 42 percent allocated to soybeans, and 17 percent 

allocated to spring camelina in Brookings county would 

be preferred. This analysis shows that there are some 

risk reducing benefits to including a small acre allocation 

to camelina in the Eastern part of  South Dakota. For 

Hughes county (Central South Dakota), the optimal acre 

allocation included only the traditional crops of  corn, 

soybeans, spring wheat, sunflowers, and sorghum, all being 

equally distributed. In Pennington county, (Southwest 

South Dakota), the optimal acre allocation was shown to 

be 42 percent to corn, 42 percent to sunflowers, and a 17 

percent allocation to spring camelina. In Perkins county 

(Northwest South Dakota), there were slight difference 

between the upper and lower risk aversion levels. The 
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optimal acre allocation was 42 percent allocated to 

corn, 42 percent allocated to sunflowers, and 17 percent 

allocation to spring camelina/winter camelina.

Implications

Overall, the findings suggest that the strongest potential 

for adoption of  camelina and carinata would be in western 

South Dakota. Enhancing yield and/or price potential 

would increase the likelihood of  adoption, specifically an 

increase of  $0.14 in price per pound or increase of  849 

pounds per acre in yields would make spring camelina 

comparable to traditional crop profitability in Brookings 

county. In addition, adding camelina and carinata was 

found to provide risk reduction through diversification 

benefits even in eastern South Dakota.

It should be noted that potential economic rotational 

benefits were not included in this study and if  exist, could 

also enhance the appeal of  these alternative crops. On 

the other hand, increasing crop scope can have additional 

costs that are not captured from increasing specialization 

and scale on a fewer set of  crops. In addition, producers 

should thoroughly examine any potential insurance 

coverage offered and evaluate the premium rates, along 

with the transitional yields that would be utilized. If  

transitional yields are lower than farm level yield, then 

there would be less-coverage and could make the 

insurance product less attractive. For example, if  rapeseed 

yields from North Dakota are utilized for South Dakota, 

this would result in lower insurance coverage than the 

actual yield potential in some areas, since North Dakota 

rapeseed yields have been shown to be lower than the 

yield potential of  camelina and carinata in South Dakota 

based on field trial data.

This study examines potential profitability of  camelina 

and carinata compared to traditional crops from a county-

based approach based on yield trials for these alternative 

crops. One important component in analyzing risk of  

these alternative crops is modeling yield distributions 

accurately, which is an issue when novel, alternative 

crops have limited data. Utilizing the GRKS based 

distribution for alternative crop modeling requires an 

assumption on minimum, average, and maximum values.  

In this study, the minimum was set at zero; however, 

this setting may be too low as these crops have drought 

tolerant characteristics that would reduce the likelihood 

of  observing total loss. Future research should examine 

potential profitability on a more micro-soil based level 

potentially utilizing the APEX-EPIC model that includes 

agronomic characteristics, along with soil and weather 

data.

Endnotes

1 The GRKS distribution differs from a triangular 

distribution as it allows for a low probability (2.28%) 

for observations to be less than the minimum 

or greater than the maximum value.  The GRKS 

distribution has been used by Devkota, 2012 and 

Ribera and Cattaneo, 2008, while Brandess (2012) 

has used a triangular distribution to model camelina 

and carinata production.
2 Gerlt and Westhoff  collected USDA-NASS price 

data for the years 1980 to 2012 to estimate volatility.  

However, in our study we obtained price data for 

that same period but preferred to use the years 1998 

to 2013, as some years did not have required data 

before the year 1998. We decided to manipulate the 

projected price with a determined threshold price for 

each crop using a trigger.
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3 The specific inputs used for camelina and carinata, 

respectively, include seeding rates of  5 and 10 pounds 

per acre, nitrogen rates of  70 and 100 pounds, and 

Select herbicide rate of  8 and 16 ounces per acre.  

Also, crop oil was included as an input for carinata at 

a rate of  3.2 ounces per acre.  
4 Crop insurance producer premium cost was 

estimated by calculating the premium liability 

amount (calculated by multiplying the following 

together: the mean historical yield that serves as 

the actual production history (APH) yield, coverage 

level percent (.65), and simulated projected price) 

and multiplying by the premium rate (historical), and 

then multiplying by 1 minus the subsidy rate (0.41).  

The operating interest was calculated by taking the 

variable costs multiplied by the prime interest rate 

divided by 12 months, then multiplied by 7 months.  
5 However, when yield data was missing for certain 

counties, neighboring or counties close to the 

reference county were used to supplement missing 

data.

6 Specifically, premium rates and price coverage at the 

average NASS county yield were obtained for every 

traditional crop included in the analysis for each 

county. Yields were simulated 1,000 times and the 

frequency of  indemnity payments and the amount of  

indemnity was estimated.  The estimated indemnity 

outlay was compared to the premiums received at the 

published premium rate by RMA.  Given the RMA 

rates are assumed to have a zero-cost structure (i.e., 

where premiums received equal indemnities paid), 

or there would be insurance underwriting gains or 

losses. Thus, a grid search is performed to increase or 

decrease the farm level yield standard deviation from 

the county level standard deviation to find where 

the indemnity outlays would equal the premiums 

received. The standard deviation that approximates 

this equality is the implied farm level risk for a given 

crop in a particular location.
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Figure 1. Simulated average crop returns and standard deviation by region 
(alternative crops circled in yellow)
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Table 1. Acre allocations considered
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Table 2. Brookings simulated summary statistics
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Table 3. Hughes simulated summary statistics
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Table 4. Pennington simulated summary statistics
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Table 5. Perkins simulated summary statistics
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Table 6. Efficient sets based on chosen risk aversion coefficient by county
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Table 7. Confidence premiums, changes in yield and price for indifference 
between probability distributions, (lower bound) by county

the 2nd Most

the 2nd Most
Dominant strategy for 
alternative cops ($/lb.)
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Table 7. (cont’d.)



Assessing the Investment Prospect of Farmland: 
Evidence from California

By Xiaowei Cai, Austin Cosgrove, and Jacob Paul

Introduction

Farmland prices in California have seen a steady increase between 

2000 and 2016. Much of  the increase during this time is stimulated by 

the ever growing global demand for tree nuts and certain fruits, low 

interest rates, and infrequent farmland sales. Farmland in California 

is becoming increasingly attractive to investors since it has generated 

returns higher than the S&P 500 index (Ifft & Kuethe, 2011). In 

addition, farmland was not affected by the residential and commercial 

real estate market (Ifft & Kuethe, 2011).

ABSTRACT

We are comparing the Price-Rent ratio 

of  farmland in California with the Price-

Earning ratio of  Standard & Poor’s 500 

Index between 2009 and 2016. Using the 

ratios on average, we find walnut land, 

citrus land, and wine grape land had 

been a better investment opportunity 

than the stock market. In addition, we 

investigated the factors that influence the 

farmland values. Our estimation results 

are consistent with prior research. The 

farmland price is positively impacted 

by the production and price of  the 

commodity on the land. The value and 

the investment prospect of  farmland vary 

across commodities and regions.
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Research has been done to compare the farmland 

investment with the stock market. Zhang and Duffy 

(2016) compared the returns to farmland in Iowa and the 

returns to the stock market. They found that farmland in 

Iowa has shown higher returns than the stock market in 

the past 50 years. Sahs and Doye (2012) repeated Duffy’s 

method using Oklahoma data. They showed that the 

returns to the cropland and pastureland in Oklahoma 

during 1970 and 2012 were significantly less than the stock 

market. Baker, Boehlje, and Langemeier (2015) examined 

the two investments in Western Indiana between 1960 

and 2015. They found that returns on the farmland are 

high compared to the stock market. Although these 

studies were all focused on the farmland in areas where 

the field crop variety is limited, their conclusions suggest 

that return to farmland varies by regions.

Different from the states in the middle part of  the 

country, agriculture in California is very diverse. More 

than 400 different varieties of  farm products are grown 

in this state, ranging from field crops, vegetables, fruits, 

tree nuts to dairy. An interesting question arises, does 

farmland in California have better growth opportunities 

comparing to investment in the stock market? 

Additionally, because investment prospect on farmland 

can vary significantly across crops and regions, then 

what might be the contributing factors on farmland in 

California?

In the literature, many studies have looked at farmland 

value to identify determinants for returns to farmland. 

The hedonic studies used individual land parcel data to 

explain returns to farmland by parcel characteristics such 

as land size, location, neighborhood and soil erosion 

rates, and seller and buyer characteristics (Huang, 

Miller, Sherrick, and Gomez, 2006; Tsoodle, Golden, 

and Featherstone, 2006; Mathews & Rex, 2012). Other 

studies use data in the Midwest or national aggregate 

data of  agricultural land values to measure the effects 

of  climate change and socio-demographic variables on 

average farmland values (Blank, Erickson, and Hallahan 

2012; Weerahewa et. al, 2008; Gloy et al., 2011; Kuethe 

2011; Ma & Swinton, 2012; Stephens & Schurle, 2013; 

Kuethe, Walsh, and Ifft, 2013). However, as far as we 

know, very few studies have assessed the farmland values 

in California.

In the present paper, we are addressing two research 

objectives. First, we compare the investment growth 

opportunities between the stock market and farmland 

of  five selected commodities in California. These 

commodities are rice in the northern counties, walnut 

and citrus in the central valley, wine grape on the central 

coast, and avocado in the southern counties. Second, we 

use a linear regression model to identify the main factors 

contributing to the farmland value of  those five selected 

commodities. We are interested in understanding the 

effects of  commodity production, price, and input cost 

on the value of  farmland.

The five commodities of  various regions were selected 

because they account for a vast majority of  the gross value 

of  crop productions in California. In 2015, the dollar 

value of  rice production in Colusa, Butte, Sutter, Glenn 

and Yuba counties in the northern region is 88.3 percent 

of  the state total (USDA NASS, 2015). San Joaquin, 

Tulare, Fresno, Stanislaus, and a few other counties in 

the central valley account for about 70 percent of  the 

total walnut production value in the state (USDA NASS, 

2015). Similarly, Tulare, Kern, Fresno, and Madera 

counties in the central valley take up over 90 percent of  

the citrus production value in California (USDA, NASS 
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2015). With regard to the wine grapes, counties on the 

central coast including Sonoma, Napa, Monterey, San 

Luis Obispo, Lake, and San Benito account for nearly 

60 percent of  the state total (CDFA 2016). Lastly in the 

southern region, Ventura, San Diego, Santa Barbara, 

and Riverside counties have more than 92 percent of  

the total avocado production value in California (USDA 

NASS 2015).

The rest of  the paper is organized as follows. After 

methodology and data, the next section contains results 

and discussions. The last section concludes.

Methodology and Data

We follow Baker, Boehlje, and Langemeier (2015) and 

use the Price-to-Cash Rent ratio (P/Rent) to measure 

the investment growth opportunities for the farmland. 

P/Rent ratio indicates the farmland price relative its 

cash rent earnings. Specifically, it shows how much an 

investor would like to pay for each dollar of  earnings 

generated by the land. It is an equivalent indicator to the 

Price-to-Earning ratio (P/E) used in the stock market. 

A high P/E ratio usually suggests that the investors are 

willing to pay a higher price for one dollar of  earnings. 

We calculated the P/Rent ratios between 2009 and 

2016 using the yearly farmland price and cash rent 

data collected from the Trends in Agricultural Land and 

Lease Values publications by the California Chapter of  

ASFMRA. Additional county level cash rent data are 

collected from the National Agricultural Statistics Service 

(NASS USDA). The P/E ratio values of  the Standard & 

Poor’s 500 Index are collected from Shiller’s website. We 

used his cyclically adjusted P/E ratio (CAPE) which is 

10-year moving average for earnings in the P/E ratio. In 

order to smooth out the volatilities in the P/Rent and 

P/E ratios, we compared the three-year moving averages 

to show which investment appears to have a better 

growth opportunity.

Knowing which investment is better is not sufficient, we 

are also interested in identifying the important factors 

that contribute to the farmland’s value, the model we 

used is shown in equation (1).

(1) Land Priceit = b1 + b2Productionit-1 + 

b3 Commodity Priceit-1 + b4 Labor Costit + b5 Fuel Costit 

+ b6 Walnutt +  b7 Citrust + b8 Wine Grapet + b9Avocadot 

+µit,

where the farmland price for commodity i at year t is 

a function of  total commodity production quantity in 

the previous year t-1, price of  the commodity in the 

prior year t-1, labor cost at time t, fuel-diesel cost at 

time t, and a group of  dummy variables that identify 

the commodity. Five commodities are analyzed. They 

are rice, walnut, citrus, wine grape, and avocado. Take 

Walnutt as an example, if  the farmland examined at time 

t is Walnut, then this dummy variable is 1, otherwise, it 

is zero. The reference commodity in this equation is rice. 

The commodity production and price data are collected 

from NASS USDA. The cost data are collected from the 

cost studies done over the years by UC-Davis Extension. 

We use Ordinary Least Squares (OLS) to estimate the 

model in equation (1). Table 1 presents the summary 

statistics of  all the variables. The labor cost during 2009 

and 2016 is about $12 per hour. The average price of  

farmland across the five commodities and across regions 

is $20,694 per acre. The average land prices per acre, 

from highest to the lowest, are $34,875 for wine grapes 

on the central coast, $23,594 for walnut in the central 
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valley, $20,781 for avocado in the southern counties, 

$16,438 for citrus in the central valley, and $7,781 for 

rice in the northern counties.

Results and Discussions 

Figure 1 shows that the three-year moving P/Rent average 

of  rice farmland in the northern counties declined from 

24.33 to 19.11 in 2012. Since 2012, the P/Rent has been 

steadily rising. Meanwhile, the three-year moving P/E 

average ratio of  S&P 500 Index started at 19.47 in 2009, 

lower than the P/Rent ratio of  rice land. However, it has 

been increasing since then and surpassed P/Rent ratio 

of  rice land in 2011. 

Figure 2 shows that the three-year moving P/Rent average 

of  walnut farmland in the central valley increased from 

61.12 in 2009 to 94.17 in 2014. In 2016, the P/Rent ratio 

dropped to 90.17. With the decreased global demand for 

walnut and declining price in 2017, it is likely that the P/

Rent ratio will continue to decrease. Over the 7 years, it is 

obvious that the P/Rent ratios of  walnut land are much 

higher than the P/E ratio of  S&P 500 Index. It appears 

that the investment in walnut land in the central valley is 

a better investment than the stock market between 2009 

and 2016.

The comparison results between the three-year moving 

P/Rent average of  citrus land and the three-year moving 

P/E average of  S&P 500 Index are presented in Figure 

3.  Between 2009 and 2016, the P/Rent ratio of  citrus 

land increased from 53.46 in 2009 to 84.99 in 2012. After 

2012, the ratio decreased till 2015. Last year saw a little 

rise again in the P/Rent ratio for citrus land. Compared to 

the P/E ratio of  S&P 500 Index, the P/Rent numbers are 

significantly larger. Again, it suggests that the citrus land 

in the central valley has a better investment opportunity 

than the stock market during the study years.

In Figure 4, the P/E average ratio of  wine grapes on 

the central coast has been slightly declining from 2009 

to 2010. Then it has been slightly increasing from 2010 

to 2016. The three-year moving P/E average of  S&P 

500 Index in the meantime has been slightly increasing. 

Although the P/Rent average ratio is larger than the P/E 

average ratio, the gap is becoming smaller.

As shown in Figure 5, the P/Rent average ratio of  

avocado land in the southern counties started high at 

31.61 which is larger than the P/E ratio of  S&P 500 

Index. It dropped significantly to 21.30 in 2010 and went 

below the P/E ratio of  S&P 500 Index. It continued 

to decrease to 17.37 in 2011 and since then, it has been 

steady at around 19.

The average comparisons show that walnut, citrus, and 

wine grape lands have a significantly higher P/Rent ratio 

than the P/E ratio of  S&P 500 Index. It suggests that 

these farmlands have shown a better investment growth 

opportunity than the stock market. Rice and avocado 

have experienced lower investment growth than the 

stock market since 2010. To further assess the factors 

that contribute to the price of  different farmlands over 

the years, we estimated equation (1) with OLS. The 

regression results are reported in Table 2. The adjusted R2 

is 91.65 percent which means around 92 percent of  the 

land price variations can be explained by the explanatory 

variables selected in our model. Not surprisingly, the 

farmland price is positively impacted by the one-year lag 

production and price of  the commodity grown on the 

land. As the one-year lag production increases by one 
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million tons, the land price increases by $440 per acre. 

When the one-year lag price goes up by $1 per ton, the 

price of  land rises by $3.59/acre. In terms of  production 

costs, the labor cost has a significantly positive impact on 

the land price. If  labor cost increases by $1 per hour, the 

land price would go up by $3,653.94 per acre. Based on 

this marginal effect and the average values of  farmland 

price and labor cost, we calculated the elasticity impact 

and found that a one percent increase in labor cost would 

lead to 2.12 percent increase in land price in California. 

The fuel cost does not affect the farmland price.

Additionally, all the coefficients of  commodity dummy 

variables are significant. Since the reference commodity 

is rice in the northern counties, the results suggest that if  

other things held constant, the price of  walnut land in the 

central valley exceeds the rice land price by $26,231.95 

per acre. The land prices of  citrus in the central valley, 

wine grapes on the coast, and avocado in the southern 

counties are $25,044.25, $42,472.97, and $24,421.95 

higher than the price of  rice land per acre, respectively.  

These commodities, wine grapes and walnut in particular, 

are more profitable than rice.

Conclusions

The present research compares the P/Rent ratios of  

farmland in California with the P/E ratios of  S&P 500 

Index during 2009 and 2016. The comparison results 

show that walnut, citrus and wine grape land appeared to 

have a better investment prospect compared to the stock 

market over the study years. The results coincide with the 

fact that the most sought after land in California is for 

permanent crops such as walnuts, mandarins, and grapes, 

as they have seen strong productions and prices in the 

recent years. Therefore, we empirically test how the one-

year lag commodity production, one year lag commodity 

price, labor cost, and fuel cost affect the farmland value 

of  different commodities in various regions in California 

using an OLS regression model. Not surprisingly, the 

results show that commodity production, commodity 

price, and labor cost had a significantly positive impact 

on the value of  farmland, which are consistent with 

many studies in the literature. Specifically, one million 

tons of  additional production in the prior year can 

increase the price of  farmland by $440/acre. If  labor 

cost in California increases by $1 per hour, the farmland 

price would increase by an impressive $3,654 per acre. 

Moreover, comparing with the rice land, the values of  

walnut, citrus, wine grapes avocado lands tend to be 

substantially higher.
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Figure 1. Comparisons of S&P 500 Index P/E and P/Rent of rice land in 
Northern Counties

Figure 2. Comparisons of S&P 500 Index P/E and P/Rent of walnut land in 
Central Valley
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Figure 3. Comparisons of S&P 500 Index P/E and P/Rent of citrus land in 
Central Valley

Figure 4. Comparisons of S&P 500 Index P/E and P/Rent of wine grape land 
on Central Coast
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Figure 5. Comparisons of S&P 500 Index P/E and P/Rent of avocado land in 
Southern Counties
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Table 1. Summary statistics for the variables used in equation (1), number of 
observation = 40

Table 2. OLS results for estimating equation (1)
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Purpose of the Journal

The Journal is published by the American Society of  Farm Managers 
and Rural Appraisers. The Society decided in 2003 to move from 
hard copy format to online publication, although you may obtain a 
hard copy from the American Society headquarters for the cost of  
reproduction.

The Journal of  the American Society of  Farm Managers and Rural Appraisers 
is a refereed journal. Articles submitted for publication undergo a peer 
review process before being accepted for publication. The peer review 
process is designed to ensure that articles meet certain standards and 
that the Journal is a publication of  high standing.

The Journal seeks articles from those working in all the fields of  farm 
management, rural appraisal, and agricultural consulting. Therefore it 
is not just for academics, but is also open to contributions from all 
those involved in rural property valuation and / or management and 
consulting endeavors.

The purpose of  the Journal is to provide a forum for those in the 
farm management, rural appraisal, and agricultural consulting fields, to 
share experiences with others, from which we can all learn.

Objectives

The objectives of  the Journal are to:

1.  Present papers relevant to farm managers, rural appraisers, farm 
advisors, consultants, academics, students, and to all others 
interested in farm management, rural appraisal and agricultural in 
its widest sense.

2.  Report new challenges and pressures that are developing, for the 
use of  agricultural and rural resources.

3.  Encourage practical and problem solving contributions highlighting 
common farm management, rural appraisal, and agricultural 
consulting issues and principles.
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Author Guidelines for Submitting Manuscripts

Contributors MUST use the following guidelines in preparing 
manuscripts for submission:

1.  Cover letter. In a cover letter accompanying the manuscript, 
(a) indicate why the manuscript would interest JASFMRA 
readers; (b) certify that the material in the submitted manuscript 
(or modification thereof) has not been published, is not being 
published, and is not being considered for publication elsewhere; 
and (c) stipulate that the material in the manuscript, to the best of  
the author’s knowledge, does not infringe upon other published 
material protected by copyright.

2.  Title page. On a separate page, provide the title of  the manuscript 
and author(s)’ name(s) centered and in boldface type. At the 
bottom of  the same page, provide university title(s), institutional 
affiliation(s), acknowledgments of  colleague reviews and assistance, 
and institutional support as an unnumbered footnote. If  there are 
multiple authors, please designate which author is the contact, and 
include contact’s address, phone number, and e-mail address. Do 
not place the name(s) of  the author(s) on the first page of  the text.

3.  Abstract. Include an abstract of  100 words or less. 
4.  Manuscript title. Manuscript titles should not exceed ten words, 

should encompass the topic of  the paper, and should be designed 
to attract potential readers.

5.  Style, grammar, and punctuation. The JASFMRA uses The 
Chicago Manual of  Style by the University of  Chicago Press, and 
Webster’s Third New International Dictionary for style, format, 
and spelling.

6.  Manuscript format guidelines
a.  Manuscripts should not exceed approximately 5,000 words and 

must be submitted electronically. 
b.  Use left justification only. 
c.  Double-space all material throughout the manuscript, including 

abstract, acknowledgments, footnotes, and references. 
d.  Use 12-point Times New Roman font style throughout. 
e.  Allow 1” margins on all sides. Do not use right-justified 

margins (i.e., use jagged right margins). 
f.  Do not use end-of-line hyphenation feature. 
g.  All pages and lines must be numbered. Line numbers are to 

run consecutively throughout the entire manuscript from page 
one to the end of  the manuscript; do not re-start numbers on 
each page. 

h.  You must use Word for your manuscript. 
i.  Excel should be used for spreadsheets, tables, and graphs.
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7.  Footnotes. Number footnotes consecutively throughout the 
manuscript. Combine all footnotes on a separate page immediately 
following the manuscript text. Do not place footnotes at bottoms 
of  manuscript pages. Footnotes should be used solely for citations 
or directives to other literature. Reference citations should be 
incorporated into the main text or into the text of  the footnotes.

8.  References/Text citations. In a reference section immediately 
following the footnotes page, list all works cited in the text, 
alphabetized by author last name. Refer to The Chicago Manual 
of  Style for format. For within-text citations (either parenthetical 
or as part of  narrative), spell out up to three author last names; use 
first author’s name followed by “et al.” for works with four or more 
authors. When citing a direct quotation, include page number(s) 
from the author’s work. List complete URLs for online sources.

9.  Figures and tables. Place each figure and table on a separate page 
at the end of  the manuscript. Computer-generated graphics for 
figures and charts are required, Microsoft Excel versions of  every 
table, chart, and figure must accompany submission. Do not place 
figure title/caption within graphics image. Use patterns rather than 
color where possible.

10. Photos. Photos and graphics must be sent as separate files. 
Resolution should be 300 dpi. Preferred format is JPEG; TIFF 
and PDF image files also accepted. 

11. Math/Equations. Use only essential mathematical notation. 
Consecutively number equations throughout the text. When 
displaying equations, place equation number within parentheses at 
flush-left margin; center the equation. Use italic typeface for all 
variables, both within equations and within narrative.

12. Publication costs. Authors submitting manuscripts are expected 
to assume obligation for payment of  page charges at the time their 
manuscripts are published. Current page charges are $95/printed 
page for non-members and $80/page for ASFMRA members but 
may be waived if  authors do not have institutional support.

13. Manuscript deadline: August 15th of  each year is the deadline to 
submit a manuscript for publication in the following years Journal.

14. The editorial review process
a.  The Chair of  the ASFMRA Editorial Committee, serving as 

Editor, assesses the initial suitability of  articles submitted. 
b.  Authors of  submissions considered to be potentially suitable 

for the JASFMRA will be notified and their paper sent to three 
members of  the ASFMRA Editorial Committee, who will 
review the article for the Editor. 

c.  Unsuitable articles are returned to the authors with a short 
note of  explanation from the Editor. Failure to adhere to the 
Manuscript Format Guidelines will be cause for the manuscript 
to be returned to the authors. 
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d.  The review process is double-blind: the identity of  the author(s) 
remains anonymous to the reviewer and vice versa. 

e.  Following review, authors may be asked to resubmit their 
article in revised form. 

f.  Upon completion of  the review and editorial processes, authors 
will be notified of  the Editor’s decision regarding publication 
along with explanatory feedback, including referees’ reports. 
The lag between receipt of  submission and first response 
varies, but a turnaround of  four months should be expected. 
We will make every effort to ensure that this target is achieved, 
but it cannot be guaranteed. 

g.  Final decisions will be made at the Editorial Committee’s 
annual meeting, generally in the fall of  each year. The decision 
of  the Editor is final.

15. Submissions. Electronic submission of  manuscripts is required 
and must include the lead author’s email address. The manuscript 
must be formatted per above guidelines as a Word attachment to 
the ASFMRA, Attn: Jaleen Edwards, jedwards@asfmra.org.

SUBMISSION GUIDELINES

2018 JOURNAL OF THE ASFMRA

224



Journal of  the ASFMRA subscriptions are available at $28.00 per year 

(international subscribers add $10.00).

q  Yes, I would like to order a subscription to the Journal of  the 

ASFMRA.

q  I would like to order a 2017 Journal of  the ASFMRA (only in CD 

format).

q  I would like to order previous issue(s) of  the Journal of  the 

ASFMRA.

 Year(s) Requested: ____________________________________

Quantity (_____) x $28.00 = Total: $________________

Payment Information

Name

Street Address

City, State, ZIP

Email Address

Phone Number

Fax Number

q  Check or Money Order payable to ASFMRA

q  Government PO #: ________________________________

q  VISA     q  Mastercard

Card Number Exp. Date

Name on Card

Signature (Required)

Return order form and payment to:

ASFMRA | Fax: (303) 758-0190 | E-mail: publications@asfmra.org

Note: Payment in full must be received before order can be filled. All orders must 

be prepaid in US funds. Prices are subject to change without notice.

SUBSCRIPTION ORDER 
FORM

2018 JOURNAL OF THE ASFMRA

225



720 S. Colorado Blvd., Suite 360-S
Glendale, CO 80246

303.758.3513

asfmra.org




