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From the Editor’s Desk

Dear ASFMRA members and professional colleagues:

On behalf of the American Society of Farm Managers and Rural Appraisers, I am pleased 
to present the 2022 issue of the Journal of ASFMRA. As we strive to continue delivering 
content that is of interest to you and your colleagues, the seven articles in this year’s 
edition address a variety of cutting-edge topics that are relevant to the rural property 
professions.

I was honored to be appointed as chair of the ASFMRA Editorial Task Force and editor 
of the Journal of ASFMRA in the fall of 2021. My vision for the Journal of ASFMRA is “a 
dynamic publication that facilitates timely, relevant, two-way information flow between 
academic researchers and rural property professionals.” With that in mind, the ASFMRA 
Executive Council and I are working on some exciting new plans to elevate the Journal. 
Our first “big thing” is inviting some of the authors featured in this issue to present their 
work at a special session during the 2022 ASFMRA Annual Conference. Other initiatives 
are in the works, so please stay tuned for more details!

On a personal note, the Journal of ASFMRA has been extremely valuable in my own 
career, both as an information resource and as a publication outlet for my research. 
Because of the opportunities the Journal has given to me, I am very thankful for the 
opportunity to give back to the ASFMRA in my new roles. I look forward to working 
with industry and academic colleagues to continue bringing the most up-to-date and 
applicable content to the Journal’s readership. 

Thank you for your continued support of the Journal of ASFMRA. The Journal’s future is 
very bright, and I am excited to be part of that future.

Maria A. Boerngen, Ph.D. 
Chair, ASFMRA Editorial Task Force and Editor, Journal of ASFMRA
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Abstract 

Using original data and a U.S. Department of 
Energy modeling program, we analyze how 
system size, photovoltaic power generation, 
and utility compensation affect solar system 
profitability on a representative southeastern 
U.S. commercial poultry farm. Results show 
that due to the poultry usage profile, when 

electricity buyback rates are low, system size 
and utility compensation are more important 
than solar availability in determining the 
profitability of a solar system for a commercial 
poultry grower. Also because of the usage 
profile, smaller systems may be more 
profitable regardless of solar availability. We 
also discuss the extent to which tax incentives 
and cost-share improve profitability.

INTRODUCTION
In many areas, commercial poultry growers face 
electric utility costs that increase faster than inflation 
and express interest in solar investments that will 
decrease this variable cost. Hardy, Clark, and White 
(1983) concluded that high investment costs of solar 
had hindered adoption and future technological 
improvements and cost decreases were required to 
make it a viable alternative for poultry. In the past 
decade, solar photovoltaic (PV) energy has been the 
beneficiary of substantial advances in technology 
while at the same time it has seen dramatic decreases 
in component cost; PV panels have decreased by as 
much as 85% over the past decade (NREL, 2021). Cost-
share and tax credit subsidies are also available to 
some growers; however, our initial analysis calculates 
profitability without these subsidies because their 
application can vary among different growers. 
Concurrently, the poultry industry’s customers are 
demanding more environmentally friendly production 
methods utilizing more renewable energy sources. As 
evidence of this, Tyson Foods, Inc. recently announced 
its commitment to carbon neutrality by 2050 (Gibbs, 
2021). Utilizing solar on their contract poultry farms 
may help reach this goal. These factors have spurred an 
increased interest in solar power for commercial poultry 
farms, thus creating a need for farm managers to 
develop a greater understanding of solar use in poultry 
operations to best advise growers in this area.



ASFMRA 2022 JOURNAL

6

We propose that system size, utility rates for incoming 
and outgoing power, and the usage profile compared 
to solar intermittency are three important drivers 
of a solar system’s return on a specific broiler farm. 
However, other factors affect the profitability of a 
solar investment. A comprehensive evaluation should 
consider the opportunity cost of capital and discounting 
when evaluating future impacts. Intuitively, the costs 
of installing solar occur in the near term, while the 
benefits of using solar occur over the long term. The tax 
liabilities of the farm must also be considered because 
tax credit value is often included in the returns but may 
or may not be of benefit to a specific farm in the short 
term. How to properly handle tax credits long term is an 
accounting question each farm must address.

Although these and other factors affect the financial 
returns of solar for poultry, it is not clear which factors 
have the largest impact on profitability. For instance, is 
the availability of solar radiation more important than 
utility rates? Our analysis suggests the answer is “no.” 
Indeed, our findings suggest that solar return depends 
considerably more on the utility company rate structure 
for distributed energy compensation versus retail 
purchase price (for reference, we call this the utility’s 
“solar deal”) than on the location’s environmental/
weather characteristics. The overarching objective 
of this economic study is to help farm managers, 
extension personnel, industry decision makers, and 
others understand how recent changes in the solar 
market affect the economic viability of its use in poultry 
production. To do so, we look at how system size 
variation, the electrical usage profile of a representative 
commercial broiler farm, changes in solar generation 
potential, and the utility company distributed energy 
program affect the profitability of solar systems for 
poultry growers. This information may then be used 
to advise on any one farm whether to reject the use 
of solar, to size a system optimally in the near term, or 
to wait for a more favorable solar deal from the utility 
company.

BACKGROUND
A small number of prior studies examined the 
profitability of solar in the poultry industry. Cain and Van 
Dyne (1977) concluded that solar energy used for heat in 
broiler farms located in Maryland was unprofitable due 
to the high price of the technology. Further research 
in the 1980s and later in the early 2000s focused on 
the optimization of heating systems. Hardy, Clark, and 
White (1983) and Brown (2008) concluded that price 
was a limiting factor. Additional recent studies tended 
to focus on economic factors that could affect solar use 
in poultry. For instance, Simpson, Donald, and Campbell 

(2007) found that electricity costs are the second 
largest cost for broiler production. This substantial cost 
is a motivating factor for producers to use alternative 
electricity sources for their farms.

Existing solar systems on commercial poultry farms in 
the United States today are utility-grid connected and 
utilize some form of power purchase agreement (PPA), 
net billing, or net energy metering (NEM) program to 
produce enough profit to warrant the investment.1 PPAs 
are contractual agreements between solar owners and 
utility companies in which the utility company agrees 
to purchase all electricity put onto their grid by the 
solar system for a set kWh price and are not the typical 
scenario for poultry farms today. Net billing allows for 
electricity to flow to and from the customer through 
a bidirectional meter and is a reconciliation between 
energy used and energy put onto the grid by the utility 
company at time of use. Under net billing programs, 
utility companies account for any excess generation 
above usage and decide what the compensation rate 
will be for the customer. NEM is similar, with the major 
difference being it allows for solar generation that 
exceeds usage to be counted, or “stored on the grid” for 
later use by the customer at a different time during the 
same billing cycle. NEM effectively values all or most 
solar generation at retail rates. Many states have NEM 
laws that mandate and regulate this type of agreement. 
For both NEM and net billing, a solar system should 
reduce the amount of power a grower would have 
to purchase from the utility company at retail rate by 
offsetting that power with solar energy used directly or 
redistributed back onto the utility grid.

The compensation rates for distributed energy 
generation in excess of usage can vary with every 
utility company. Sometimes the rates are mandated 
by state laws or public service commission regulations. 
Often utility companies only compensate for excess 
power above usage with a rate calculated to be their 
variable cost of production—referred to as an “avoided 
cost” rate—that reflects a wholesale rate. Avoided cost 
calculations vary with every utility company according 
to multiple factors, and the calculations are generally 
held as proprietary. For three major poultry producing 
states in the southeast United States, avoided cost 
rates vary from 20% to over 30% of published retail 
rates (Alabama Power, 2021; Mississippi Power, 2021; 
Entergy Arkansas, 2021). Because our study cannot vary 
every factor affecting avoided cost, for simplicity and 
consistency we assume the avoided cost is 30% of retail 
and apply it across all treatments. This is likely the most 
important assumption in our study, and growers who 
receive a higher avoided cost buyback rate will be more 
likely to find that solar installations are profitable.
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The advantage of holding avoided cost constant is that 
we can focus our analysis on varying system size, which 
we believe is an overlooked factor in solar installation 
decision making. Because solar power offsets 
purchased power at the retail price, solar customers 
are often urged to install a solar array sufficient to 
offset 100% of their total annual usage. This is done 
with the promise of electricity cost being reduced to 
solar system cost over the payback period, using the 
simplified payback equation:

PAYBACK in years = SYSTEM-COST /  
(PV-GENERATION in kWH × RETAIL-PRICE in  
$/kWh – O&M in $/year)

where O&M is the operating and maintenance cost. 
Hay (2016, 19) argues that this simplistic model is 
insufficient to fully examine the profitability of a solar 
project because it “ignores several critical investment 
characteristics, including the time value of money, 
energy price escalation, variable rate electricity pricing, 
alternative investment options, and what happens after 
payback.” Also, because a large percentage of broiler 
farms in the United States are in states that do not have 
solar-friendly NEM laws or regulations, many growers 
are only able to utilize a net billing scenario where they 
receive a combination of retail and avoided cost rates for 
their solar energy based on a time-of-use reconciliation 
between usage and generation without any excess 
generation rollover benefit. The resulting solar deal from 
their utility and additional factors unique to commercial 
broiler farms have great impact on the true return value 
of a solar investment on poultry.

METHODS
To evaluate the impact of solar availability, solar system 
size, and the utility’s solar deal, we run simulation 
experiments using the U.S. Department of Energy’s 
National Renewable Energy Laboratory (NREL) System 
Advisory Model (SAM 2020.11.29). SAM is a computer-
based modeling software with the power to calculate 
solar system performance by location and apply 
financial evaluation tools to a system model. SAM 
uses NREL-sourced location-specific solar radiation 
data for solar energy generation modeling. Users 
input their specific electricity usage data. SAM then 
applies a comprehensive set of financial evaluation 
criteria, including utility company power rates specific 
to location, utility distributed energy compensation 
program models, financial discounting, O&M, and PV 
panel degradation. A simulated solar return is estimated 
over a specified length of time using net present value 
(NPV) as the financial evaluation metric.2

We run a simulation with original experimental data 
within the SAM model. Specifically, we use hourly 
electrical usage from a modern broiler farm raising a 9# 
bird on a four-house farm in the southeastern United 
States. This region of the country is called the “broiler 
belt” of the country and is where a majority of U.S 
broiler production occurs. We vary our analysis looking 
at the effect of solar installation size as a percentage 
relative to power usage, utility company retail and 
avoided cost rates, and solar energy generation variance 
by location. Of these three factors, the solar customer is 
only able to vary the size of the installation according to 
the effects of the other two factors.

We use a 2x3x3 experimental design with the following 
treatments and levels:

 • PV-GENERATION: High (High PV), Low (Low PV)

 •  SOLAR-DEAL: High SD ($0.13 retail/$0.039 
avoided cost), Medium SD ($0.11/$0.033), Low SD 
($0.09/$0.027)

 •  SYSTEM-SIZE: 100% annual usage offset, 50%, 30%

For variation in PV-GENERATION, we use two solar 
energy generation models representing different 
locations within the southeastern broiler belt, each 
being dense broiler production areas: one with higher 
solar resources (5.0–5.5 kWh/m2/day) and one with 
lower solar resources (4.50–5.0 kWh/m2/day) according 
to the NREL’s 2018 U.S. Annual Solar DNI map (Roberts, 
2021). SYSTEM-SIZE varies by modeling 100%, 50%, and 
30% goals for percentage of usage offset by solar. Offset 
size of 100% represents a system parameter commonly 
recommended by the solar industry, while 50% and 
30% represent lesser offset goals designed to examine 
the effect of downsizing the system. These three sizes 
represent systems targeted to offset 100%, 50%, and 
30% of the total annual farm usage of our representative 
farm, or 172,403 kWh per year. A 120 kW (100%) solar 
system would be projected to generate approximately 
the same amount of power on an annual basis, with 
slight variability by location. To address probable price 
variation for economies of scale, we adjusted the price 
per installed kW of solar. We used the current industry 
average for commercial sized systems of $1.72/watt, 
according to NREL sources (Feldman et al., 2021), and 
then adjusted up by $0.10/watt cumulatively for each 
size decrease ($1.82/watt for 50%, $1.92/watt for 30%). 
For each of these six resulting models, we examine the 
effect of a high, medium, and low SOLAR-DEAL outlined 
below to calculate the final 25-year NPV.

The SOLAR-DEAL is the combination of the cost of 
purchased electricity and the value of solar generation 
that does not directly offset electricity usage. SOLAR-
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DEAL is also impacted by the method the utility 
company uses to meter and compensate their 
customer for solar power put back onto the grid. Our 
simulations represent behind-the-meter installations 
without NEM. The SAM model simulates this most basic 
energy exchange through its “Net Billing” feature. This 
billing option reconciles solar generation to electrical 
usage hourly without rollover. Solar energy that offsets 
utility power usage is valued at retail/kWh rates. Any 
power needed above solar offset is purchased at retail 
rates. Excess generated solar above electricity usage 
is compensated by the utility company at avoided 
cost rates. Initial models were simulated using the U.S. 
Energy Information Administration’s (EIA’s) published 
national average for commercial electricity of $0.11 per 
kWh (EIA, 2021) and a 30% of retail avoided cost rate, or 
$0.033/kWh. Starting with the EIA average commercial 
rate listed above, we simulate a price range by adding 
$0.02/kWh and subtracting $0.02/kWh from the retail 
rate and calculate the avoided cost at 30% for each. We 
apply the three levels of SOLAR-DEAL to the same six 
simulation cases and generate the resulting NPV.

The following financial constants were applied to our 
model across all simulations:

 •  Interest on borrowed capital 5%, on a 15-year loan 
to match the standard poultry farm mortgage at 
the time the paper was drafted.

 •  The IRS’s Modified Accelerated Cost Recovery 
System (MACRS) of depreciation, 5-year 
schedule, is used as a method to quickly 
capture depreciation dollars on IRS qualifying 
investments.

 •  Federal income tax = 21%, state 7%. This is used 
to calculate the value of tax deductions to cash 
flow.

 •  Yearly insurance rates are estimated at $7/$1000 or  
0.70% of SYSTEM-COST.

 •  SAM default O&M cost of $19/kW/year with 
escalation.

 •  Monetary inflation rate, applied to costs = 1%.

 •  Discount rate of 6.08% over 25-year examination 
period is applied to calculate NPV. This rate 
was selected because it was in the 4% to 10% 
range Hay (2016) proposes for a higher-risk solar 
installation, in general, and the SAM model 
predicts this specific rate when one uses a 2% 
inflation and 4% nominal discount rate. We believe 
this final rate, which is in the lower range of Hay’s 
high-risk category, accurately reflects the long-
term stability of solar investments combined with 

the problematic mismatch of solar generation and 
poultry farm power usage.

 •  Utility rate escalation = 1%/year.

 •  PV panel degradation = industry average 0.5%/
year.

The standard warranty period of PV panels is 25 years. 
This is considered the minimum usable life of PV panels, 
in which 80% or better production is guaranteed. 
Because the panels make up most of the total cost, 
cumulative NPV changes at the end of 25-year 
minimum life will be used for the final analysis.3,4

RESULTS
Results are presented in three stages. First, we explain 
how the hourly usage compares to the solar generation 
on three differently sized systems, focusing on the 
resulting mismatch of generation to usage. Second, we 
aggregate the hourly data to monthly trends across six 
treatments. Finally, in the third stage we present the 
NPV calculations for all our treatments.

The University of Arkansas (2019) found the average 
electricity usage for a modern commercial broiler barn 
to be 44 kWh per 1,000 pounds of broiler sold, though 
there is variation in electrical usage across farms, across 
bird sizes, and across years. Using the University of 
Arkansas’ calculation method, our representative farm’s 
usage was 50 kWh per 1,000 pounds of broiler sold for 
the sample year, only slightly higher than the average. 
Importantly, this usage is not constant over time, and 
neither is the solar production. The cycle of electrical 
usage mirrors the flock cycle on a broiler farm. The 
usage will also vary by the hour during a flock according 
to the weather’s effect on the in-house environment. 
The solar availability varies daily with weather and cloud 
patterns as well as the normal seasonal variation.

One problematic factor in commercial poultry is the 
highly varying electrical usage profile that follows the 
flock cycle and the difficulty this creates with offsetting 
varying solar generation. To illustrate, Figure 1 shows 
daily generation of three different sizes of solar system 
compared to the daily electrical demand (herein 
“usage”) of our representative farm. The purple area 
shows solar power generated from a 120 kW PV system, 
the yellow area a 60 kW PV system, and the blue area a 
30 kW PV system. Every kWh of solar generation above 
the red power usage is either lost solar power or sold at 
reduced utility compensation rates. Solar produced that 
falls under the usage line returns retail value as a direct 
offset. Daily usage above the solar generation line must 
be purchased at retail in our net billing scenario. The 
value of solar for a farm is the result of the amount of 
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solar used at retail offset value compared to solar lost or 
sold at a lower avoided cost value. From the simulations 
we see how changing the solar installation target size 
influences the NPV of a system. This relationship of 
SYSTEM-SIZE to NPV is complex since NPV does not 
consistently increase with the size.

In Figures 2A and 2B, we convert the hourly data to 
monthly and impose a usage line over solar generation 
for all three SYSTEM-SIZE models to illustrate more 
clearly how changing size alters how high and low 
valued solar affects NPV. Comparing Figure 2A and 
Figure 2B illustrates how little change is induced by the 
High and Low PV-GENERATION site scenarios.

Next, we analyze NPV by SYSTEM-SIZE variation and 
PV-GENERATION. We model 100% offset, 50% offset, 
and 30% offset goals to get the NPV results for each 
(Figure 3). The results suggest that SYSTEM-SIZE has a 
substantive effect on profitability. Simply installing a 
system sized for 100% annual usage yields a negative 
NPV for both high and low levels of PV-GENERATION 
(High PV, Low PV). Sizing to 30% shows the best NPV 
for Low PV, with the 50% size yielding the best NPV for 
High PV.

To complete the analysis, we then apply three levels 
of SOLAR-DEAL to the same six simulation cases and 
generate the resulting NPV in Figures 4A and 4B, with 
High SD = $0.13/kWh retail and $0.0039/kWh avoided 
cost rates, Medium SD = $0.11/$0.0033, and Low SD = 
$0.09/$0.0027. Figure 4A depicts this analysis applied 
to the High PV-GENERATION site, and Figure 4B for the 
Low PV-GENERATION site. We find the 50% offset sized 
system with the highest SOLAR-DEAL yields the best 
NPV for both sites. These results also show the extent 
to which NPV increases as SOLAR-DEAL increases for 
all sizes in this basic net billing model. Final NPV also 
varies with PV-GENERATION, but that variability is 
less than that caused by SOLAR-DEAL. These results 
should caution producers, extension personnel, and 
solar industry sales personnel who might be inclined to 
assume 100% sized systems are best.

Collectively, the results also show that the key factors 
for profitability of solar for commercial poultry in this 
basic net billing model are SYSTEM-SIZE and the 
available SOLAR-DEAL. These two far outweigh the 
PV-GENERATION at the levels we analyzed. Our analysis 
also shows that the SOLAR-DEAL available to growers is 
the most important factor to be considered. Within the 
constraints of these two factors, a system must then be 
sized to minimize the amount of solar kWh sold at low 
utility compensation rates and maximize kWh of retail 
value offset.

By assuming that solar returns retail value for all power 
generated, you will overestimate the profitability of solar 
for commercial poultry. We saw that matching solar 
installation size to total annual kWh usage increases 
excess solar sold at low avoided cost rates under the 
net billing scenario. Therefore, 100% offset should not 
always be the goal. In fact, smaller systems may yield 
better NPV even though they produce less solar. It is 
also apparent that higher utility rates yield better NPV 
on solar. It is imperative that every grower analyze their 
unique situation with their utility company power rates 
and the solar generation potential for their location to 
then size a system appropriately to best match their 
power usage profile.

DISCUSSION
As the United States comes under increasing pressure 
to incentivize and adopt more renewable energy, 
utility companies and public service commissions may 
feel pressure to increase solar energy compensation 
rates and improve NEM laws. In such cases, with solar 
continuing to experience technology advances and cost 
decreases, the opportunities to utilize solar to improve 
growers’ bottom lines will increase, even in situations 
that are not currently viable due to the reasons 
discussed here. Otherwise, storing the mismatched 
solar for utilization at retail value may be another way 
for solar to be profitable on poultry farms in some 
locations. This storage can occur on the grid as NEM  
or on-site as battery system technology advances and 
cost decreases.

Two institutional variables that were not included in 
our simulations are the federal tax incentives and cost-
share opportunities available for solar. Both can improve 
the profitability of an investment due to reduction in 
system cost in the near term. System owners are eligible 
for a federal income tax credit (FITC) of 26% for systems 
installed from 2020 to 2022, and 22% for systems 
installed in 2023 (U.S. Department of Energy, 2021). The 
FITC expires starting in 2024 unless Congress renews it. 
There is no maximum amount that can be claimed, but 
there are qualifying limitations. Poultry growers may 
not have sufficient federal income tax liability to take 
full advantage of the credit in the near term. However, 
the credit can be rolled forward for a period based 
on IRS regulations. Growers should consult with a tax 
professional to examine the long-term implications 
of the FITC. As with any federal incentive program, 
the terms and limitations are subject to change with 
congressional action.
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Currently, the most universally applicable cost-share 
opportunity is the USDA Rural Development’s Rural 
Energy for America Program (REAP) Renewable Energy 
Systems & Energy Efficiency Improvement program 
(USDA Rural Development, 2021). The REAP grant 
program offers up to 25% of the initial installation 
cost of a solar system as a cost-share. However, this is 
a competitive grant program that is not guaranteed. 
The funding is limited, there are limited application 
times, and only rural small businesses and agricultural 
producers may apply. REAP grants require an energy 
audit be performed as part of the application. An 
experienced technical service provider should be hired 
to complete the audit and application. Renewable 
energy grants are capped at $500,000. The grant is 
typically a reimbursement. The current REAP program 
has a sunset clause and may or may not be renewed 
in the future. Renewed REAP or other grant programs 
may have different criteria altogether.

Both grants and tax credits can have great positive 
impact to cash flow and profitability of a solar system 
for poultry. However, they are not guaranteed or always 
applicable, and thus we did not include them in our 
analysis. Nonetheless, for comparison, if we apply both 
26% FITC and 25% REAP grant to the least profitable 
simulation case (Low PV,100% sizing, low solar deal), 
the NPV goes from a $57,381 loss to a $23,949 gain. 
With incentives, the larger systems with the better solar 
deals yield the highest NPV (see Table 1 for additional 
comparisons). Thus, it is important to evaluate an 
individual farm’s tax situation and pursue any grant 
availability when considering solar investment, which 
could be the difference between a losing proposition 
and a profitable one.

When appraising a poultry farm with an existing solar 
installation, the method should be similar to what has 
been outlined. The expected PV power generation 
based on size and location of the system must be 
compared to the annual usage of the farm. However, 
as has been exhibited, just comparing total usage to 
total PV generation will not yield an accurate estimate 
of profitability. The farm’s usage pattern, PV generation 
pattern, and available solar deal must all be considered. 
Appraisers might also want to recognize that the solar 
deal is probably more likely to change in the medium to 
long term than the other forces driving the profitability 
of vertically integrated poultry farms. In areas with 
less than favorable solar deals, future changes in solar 
policies by state governing agencies or the utilities could 
greatly improve the profitability of an installed solar 
system. In areas with favorable solar deals, the possibility 
of the deal retrograding to less than favorable also 

exists. Therefore, an investigation into the drivers of state 
and local utility policy is warranted in these cases.

For these reasons, it is recommended that a reputable 
solar installer who understands the nature of poultry 
usage profiles as they compare to the location’s PV 
generation potential and is familiar with the local utility 
and governmental policies be consulted to enhance 
the accuracy of an appraisal. Looking at the history 
of the system would also yield valuable information. 
Typically, this history will be available through the utility 
company. Unlike many farm capital improvements, a 
solar system should be expected to produce long after 
the system is paid for. In that light, a 15-year-old solar 
system that has been paid for is of great value to a farm 
for at least the coming 10 years, likely more, because 
all the electricity produced has only operations and 
maintenance costs associated with it.

CONCLUSION
Our results show that, due to the poultry usage profile’s 
effect on excess solar generation, system size and 
utility compensation are more important than solar 
availability in determining the profitability of a solar 
system for a commercial poultry grower. In areas with 
relatively low wholesale buyback rates, we found that 
smaller systems may be more profitable regardless of 
solar availability and increasing system size does not 
equate to increasing profitability. It was also found that 
a solar deal with higher retail and avoided cost rates 
yields higher NPV regardless of system size or solar 
availability. However, a limitation of this study is that 
the assumptions in our simulations make it impossible 
to draw conclusions that apply to all possible poultry 
operations under all possible conditions and utilities. 
We believe the biggest limitation is assuming an 
avoided cost rate of 30% of retail across all rate 
structures. Avoided cost calculations are unique to every 
utility company. Some are published on utility company 
websites; others are not. Our 30% figure came from a 
canvas of utilities in the southeast United States but 
does not represent all utility avoided cost rates. The 
other primary assumption that limits this study is that 
the distributed power generation program used by 
utility companies varies with each of them, even when 
there are state laws that dictate parts of the program. 
However, our model was produced to resemble the 
situation of growers in states without NEM laws, or with 
very lenient laws, to present a “worst-case” scenario. It is 
in these areas that a grower may more often be victim 
to poor guidance on a solar investment. Therefore, 
poultry farm owners, managers, and farm consultants 
must analyze their operations closely when considering 
solar as a cost-saving opportunity.
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When considering solar installation for electricity 
usage offset in a net billing application, several factors 
must be analyzed closely. Primarily, the farm’s usage 
profile must be compared to solar availability to 
minimize excess solar generation. This analysis must 
be in consideration of the farm’s utility power rates 
and should consider rate escalation and future value 
of returns reflected by appropriate discounting. If a 
solar installation does not prove profitable now, barring 
tax incentive or cost-share opportunities, changes 
in the utility company distributed power generation 
compensation program have the most positive effect 
on returns for poultry growers.

FOOTNOTES
1.   Aspects of the determination of profitability for solar in general 

as well as in agriculture (i.e., beyond poultry) are defined in 
NREL (2021), NREL SAM (2020), Hay (2016), DSIRE (2021), and 
others.

2.   NPV is calculated by SAM in accordance with Short, Packey, 
and Holt (1995).

3.   All simulation cases were modeled using SAM’s “Distributed, 
Residential Owner” models to capture deductible interest on a 
mortgage loan.

4.   NPV is a function of the following additional pertinent 
constants. All labeled “SAM” were left as the SAM default 
standard under the “PVWatts” modeling scenario.

 a.  Monthly Utility Load: Hourly usage data from representative 
southeastern United States broiler farm

 b. Array type: standard, fixed mount

 c. Escalation: 1% rate escalation

 d. Inverter efficiency: SAM

 e. Total system losses: SAM

 f. Module: SAM

 g. Fixed cost by capacity: SAM

 h. Fixed cost per capacity escalation: SAM

 i. Variable cost by generation: SAM

 j. Variable cost by generation escalation: SAM

 k. Sales tax: Not included in simulations

 l. Tilt: SAM

 m.  Disable demand charges: No utility company demand 
charges considered

 n. Metering option: Net billing, no rollover

 o. Fixed monthly charge by utility company: $20/month
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Figure 1. Daily electrical usage of representative farm vs. daily PV-GENERATION at a single location for 
SYSTEM-SIZE = {100%, 50%, 30%}
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Figure 2A. Monthly PV-GENERATION at high PV site compared to monthly usage for SYSTEM-SIZE = 
{100%, 50%, 30%}

Figure 2B. Monthly PV-GENERATION at low PV site compared to monthly usage for SYSTEM-SIZE = 
{100%, 50%, 30%}
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Figure 3. Effect of SYSTEM-SIZE and PV-GENERATION on NPV. Note: SYSTEM-SIZE = {100%, 50% and 30%}  
PV-GENERATION = {High and Low} PV Availability.

Figure 4A. Effect of SYSTEM-SIZE and SOLAR-DEAL on NPV for low PV-GENERATION site. Note: SYSTEM-SIZE = {100%, 
50%, 30%} SOLAR-DEAL’s retail and avoided costs = {High SD = $0.13 and $0.039, Med SD = $0.11 and $0.033, Low SD = 
$0.09 and $0.0027}.
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Figure 4B. Effect of SYSTEM-SIZE and SOLAR-DEAL on NPV for high PV-GENERATION site. Note: SYSTEM-SIZE = 
{100%, 50%, 30%} usage offset target, SOLAR-DEAL’s retail and avoided costs = {High SD = $0.13 and $0.039, Med SD = 
$0.11 and $0.033, Low SD = $0.09 and $0.0027}.

Table 1. Resulting NPV of Formerly Non-Profitable Models After Adding REAP Grant and REAP + FITC Incentives

System Model NPV, No Incentive NPV with REAP NPV with REAP + FITC

Low PV, 100%, Med SD ($17,519) $13,223 $63,812

Low PV, 100%, Low SD ($57,381) ($26,639) $23,949

Low PV, 30%, Low SD ($4,577) $5,718 $22,569

Low PV, 50%, Low SD ($15,591) $674 $27,438

High PV, 100%, Med SD ($1,015) $28,702 $77,604

High PV, 100%, Low SD ($42,443) ($12,726) $36,176

High PV, 50%, Low SD ($6,531) $34,382 $60,254
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Abstract 

Modeling farm-level economic implications 
from regional dedicated bioenergy production 
in the Upper Missouri River Basin, we estimate 
break-even prices for switchgrass yielding 2.7 
tons per acre following 2016 crop budgets, 
at between $116 and $99 per ton across 
four agricultural sub-regions. Given that 
these prices fall short of predicted biomass 
feedstock prices, either the variable costs 
of production of switchgrass would need to 

decrease, or substantial subsidy policies would 
need to be in place to make switchgrass 
competitive within current crop mixes. Broad 
energy sector economic and policy shifts are 
likely necessary for dedicated bioenergy crops 
to become competitive.

INTRODUCTION
“First-generation” bioenergy is produced from crops 
also used for food and feed, predominately corn and 
soybeans in the United States. Dedicated energy crops, 
including perennial grasses such as switchgrass, do 
not directly utilize conventional commodity crops 
(Nagler and Gerace, 2020). Research focused on this 
new “second generation” of agricultural bioenergy is 
motivated by intersecting goals of renewable energy 
(US DOE, 2016; Lopez et al., 2012), reducing greenhouse 
gas emissions (Gerace and Rashford, 2018; Rosen, 2018; 
Azar et al., 2010), reducing biofeedstock competition 
with food and feed production (Prasad and Ingle, 
2019; Graham-Rowe, 2011), sustainable land and soil 
management practices (Goglio et al., 2015; Zaher 
et al., 2013), and ecological co-benefits (Bourlion, 
Janssen, and Miller, 2013). While technology to convert 
biomass into ethanol and other bio-based products 
currently exists, factors including biomass production 
costs, local availability or transportation costs, and 
inefficiencies in energy conversion processes have 
limited commercialization (Usmani et al., 2021; Chandel 
et al., 2018).

For entire regions to successfully shift to second-
generation bioenergy systems at a sufficient production 
scale, individual farms will need to contribute by 
replacing part or all of their current cropping mix with 
a dedicated biomass crop. Since most productive 
agricultural land in North America is privately owned, 
the decision to convert to biomass crops will be driven, 
at least in part, by farm-level economic considerations. 
Thus, for voluntary conversion, biomass crops will 
not only need to be profitable on their own, but will 
also have to be at least as profitable as the next best 
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alternative—that is, they need to cover the opportunity 
cost of transitioning from current production to 
dedicated bioenergy. The biomass production literature, 
however, largely focuses on feedstock characterization 
(INL, 2021; US DOE, 2016), agronomy (Tang, Han, and Xie, 
2020), and yield estimation (Li et al., 2018; Gu, Wylie, and 
Howard, 2015), with less attention given to the farm-
level economics and associated private crop choice.

Farm-level economics of second-generation bioenergy 
conversion are considered in specific contexts. 
Dumortier, Kauffman, and Hayes (2017) apply a 
real option switching model to U.S. bioenergy crop 
production and find economic incentives lacking 
without substantial government incentives. Brandes, 
Plastina, and Heaton (2018) investigate an upper bound 
for switchgrass prices needed to motivate sub-field 
production areas alongside conventional crops in Iowa. 
They conclude that areas with high within-field yield 
variation provide more opportunities for switchgrass 
conversion in this highly productive agricultural area.

We evaluate farm-level economic implications from 
adopting widespread dedicated bioenergy production, 
focusing on the Upper Missouri River Basin (UMRB) 
region of the United States, an important and diverse 
agricultural region. Using crop and whole-farm budget 
analyses, we compare farm-level profitability of baseline 
versus bioenergy-focused agricultural systems, and 
we estimate break-even prices for potential dedicated 
bioenergy crops across the region. Our approach 
expands on previous economic analysis of producing 
switchgrass for bioenergy (reviewed in Jacot, Williams, 
and Kiniry [2021]) by explicitly considering a whole farm 
budget, thus being able to account for the opportunity 
cost of replacing current production in addition to 
direct costs.

Results suggest that incorporating dedicated bioenergy 
is less profitable than current baseline farming systems. 
Differences in profit help determine the gap between 
break-even prices and production cost efficiencies 
or policy incentives needed for farms in the UMRB to 
voluntarily switch part of their crop mix to dedicated 
energy production. Break-even prices needed for 
bioenergy crops can also help establish market 
equilibrium between bioenergy crop producers and 
processors.

BACKGROUND

Upper Missouri River Basin Regional 
Agriculture
The Upper Missouri watershed encompasses most of 
Montana and South Dakota; portions of North Dakota 

and Wyoming; and small parts of Nebraska, Iowa, and 
Minnesota (Figure 1). Just over a fifth (20%) of land 
within the UMRB, 39 million acres, is cultivated cropland 
(NLCD, 2011).

Climate across the UMRB is characterized by increasing 
precipitation from west to east and decreasing 
temperatures from south to north, defining a large 
range of farming conditions. The UMRB encompasses 
several ecoregions with diverse land uses and climate 
attributes (US EPA, 2021). To address farming system 
heterogeneity within this region, we distinguish four 
UMRB agricultural sub-regions: Western Basin and 
Range, Northern Glaciated Plains, Eastern High Plains, 
and Central Missouri Plateau (Figure 2). Baseline farming 
systems reflect 2016 farming practices across counties 
within each of the sub-regions. Cropping area (Table 1), 
crop prices, and crop yields (Table 2) for each region are 
defined using county-level data and relevant area crop 
enterprise budgets (USDA NASS, 2016; USDA ERS 2021; 
UW, 2017; UI, 2017; NDSU, 2017; SDSU, 2017—as described 
in Hanson, 2019).

The Western Basin and Range sub-region includes 
33 counties with crops harvested on over 1.3 million 
acres (Table 1, bottom row). Alfalfa, grass hay, and 
barley dominate crop production with substantial 
winter wheat, non-durum spring wheat, and sugarbeet 
production (Table 1). While ranching operations 
are often much larger, average cropping acres per 
operation in the Western Basin and Range is 1,730 acres 
(Table 3, bottom row).

The Northern Glaciated Plains sub-region includes 
counties north of the Missouri River in Montana and 
North Dakota. Baseline farming systems in the Northern 
Glaciated Plains include a highly variable dryland crop 
mix based on wheat production (winter, non-durum 
spring, and durum spring wheat), along with lentils, 
barley, peas, alfalfa, grass hay, canola, beans, and a range 
of other oilseeds, legumes, and small grains (Table 1).  
The Northern Glaciated Plains includes 19 counties with 
crops harvested on over 6.3 million cropping acres  
(Table 1, bottom row). Average cropping acres per 
operation is 2,390 acres (Table 3, bottom row).

The Eastern High Plains sub-region is located in North 
Dakota, South Dakota, and Iowa, east of the Missouri 
River. Baseline farming systems are dominated by 
dryland corn and soybean production, together 
accounting for 79% of harvested acres, along with 
sugarbeets, non-durum spring wheat, hay, alfalfa, and 
other oilseeds and small grains (Table 1). The Eastern 
High Plains includes 76 counties with 20.5 million crop 
acres harvested (Table 1, bottom row). Average cropping 
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acres per farming operation are the smallest among the 
four sub-regions at 823 acres (Table 3, bottom row).

The Central Missouri Plateau sub-region includes 
counties south and west of the Missouri River belonging 
to the Northwestern Great Plains ecoregion. Baseline 
farming systems in the Central Missouri Plateau include 
both dryland and irrigated crop production, primarily 
alfalfa, non-durum spring wheat, hay, corn, winter 
wheat, and soybeans, along with some other oilseeds, 
legumes, and small grains (Table 1). This sub-region 
makes up a majority of the UMRB, which encompasses 
substantial farm heterogeneity. The Central Missouri 
Plateau includes 63 counties in central Montana, 
western Dakotas, and northern Wyoming and Nebraska 
with nearly 11 million cropping acres harvested (Table 1, 
bottom row). Average cropping acres per operation is 
the largest of the four sub-regions at 3,055 acres  
(Table 3, bottom row).

U.S. and Regional Bioenergy 
Production
Historic and current U.S. bioenergy production is 
primarily corn ethanol, with some soybean oil processed 
into biodiesel. This first generation of food and feed 
crops used for transportation biofuels has increased 
dramatically since the mid-1990s. The proportion of 
corn marketed for ethanol surpassed livestock feed as 
the largest use of domestic corn for the 2010/2011 crop 
(USDA ERS, 2021). Following broader U.S. demand for 
first-generation feedstocks, both corn and soybean 
production have increased in the UMRB since the 1990s, 
notably in the Eastern High Plains sub-region (Nagler, 
2018). However, at the time of writing, no second-
generation bioenergy production (or dedicated biomass 
crop production) exists in or near the UMRB region, with 
commercialization limited by reliable feedstock supply 
and production inefficiencies and costs (Usmani et al., 
2021; Chandel et al., 2018).

To model production needed for a regional-scale 
dedicated bioenergy system, we consider integrating 
switchgrass into sub-region crop mixes as bioenergy 
feedstock. Switchgrass (Panicum virgatum L.), a 
warm-season perennial grass native to North America, 
tolerates low fertility, acidic soils, and moderately 
alkaline soils and can be grown across most of the 
United States (Moore, 2003, 237). As a perennial grass, 
switchgrass production offers many environmental 
benefits including wildlife habitat, erosion control, 
nutrient loss avoidance, and reduced input 
requirements compared to annual crops (Bourlion, 
Janssen, and Miller, 2013).

Because of its wide-ranging adaptability across the 
United States and high level of cellulosic material, 
switchgrass is gaining attention as a bioenergy 
feedstock. Switchgrass can either be chemically 
processed (enzymes break down switchgrass feedstock) 
or thermally processed (gasification burns switchgrass 
feedstock to produce gas) into bioenergy, and it is a 
popular prospect in the United States for bioenergy use 
(Jin, Mendis, and Sutherland, 2019; Gustafson, 2018).

BASELINE FARMING SYSTEM 
MODELING
To determine farm-level economic implications from 
adopting dedicated bioenergy production in the UMRB, 
we first estimate whole-farm profitability of baseline 
farming systems. Whole-farm budgets combine all 
relevant sub-region annual crop budgets proportional 
to the crop mix in each sub-region. Whole-farm 
profitability is driven by crop mix, yield, and cropping 
area associated with different climate attributes and 
historical farming practices across the UMRB. The four 
agricultural sub-regions described above capture this 
variability. While important to many regional farming 
operations, in order to focus on crop-level break-even 
prices, this analysis does not take into consideration 
related livestock farm enterprises; for example, benefits 
from grazing cornstalk residue.

Crop Budgets
Crop enterprise budgets evaluate per-acre costs and 
returns for a production year. We adapt 63 crop budgets 
to reflect common production practices. The budgets 
assume operating interest to be 5.5% (Lee, Ritten, and 
Foulke, 2018), and five years for alfalfa stand-life (Islam, 
2018). Crop insurance prices and depreciation are 
omitted in order to focus on gross margin calculations 
(i.e., returns over variable costs). Fixed costs are also 
omitted, due to the nature of annual crop budgeting. 
Accordingly, each crop budget captures variable costs 
and annual total revenue.

Respective published crop budgets provided growing-
season expectations for 2017 crop yields (Table 2). As 
expected, crop yields vary by sub-region, with the 
highest relative yields reported in the Eastern High 
Plains for most row crops; dry bean yields are highest 
in the Western Basin and Range, alfalfa yields in the 
Northern Glaciated Plains, and grass hay in the Western 
Basin and Range and Central Missouri Plateau (bolded 
in Table 2).

The Western Basin and Range whole-farm budget 
incorporates 9 annual crop budgets (UW, 2017; UI, 2017; 
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UNL, 2017) reflecting the 2016 county-level crop mix 
(Table 1). The Northern Glaciated Plains representative 
farm adapts 18 annual crop budgets reflecting the 
reported crop mix (Table 1). These budgets are from 
North Dakota State University’s northwestern crop-
budget region (NDSU, 2017). The Eastern High Plains 
farm budget adapts 17 annual crop budgets following 
the 2016 reported crops (Table 1). South Dakota 
State University’s east and central high-production 
crop budgets (SDSU, 2017) and North Dakota State 
University’s southeastern crop-budgets are used (NDSU, 
2017). The Central Missouri Plateau adapts 19 annual 
crop budgets representing 2016 county-level crop mix 
(Table 1), including all regional crops except mustard. 
Budgets are from North Dakota State University’s 
southwestern crop-budget region (NDSU, 2017), 
South Dakota State University’s central and west low 
production budgets (SDSU, 2017), and the University 
of Nebraska-Lincoln’s irrigated, low-production crop 
budgets (UNL, 2017). 

Gross Margin Calculations
In order to account for market risk as crop prices 
fluctuate from year to year, we use 20 years of data 
(1998–2017) to estimate a realistic range of potential 
crop prices. Price data are state-level prices received 
averaged over all UMRB states (USDA NASS, 2016). We 
use the Producer Price Index to adjust reported prices 
to 2017 dollars (Federal Reserve, 2018). We estimate a 
temporal distribution for each crop price using the  
@Risk software batch fit process (Palisade Corporation, 
2004). We then perform a Monte Carlo simulation with 
100,000 iterations of randomly selected crop prices 
from this dataset to produce a distribution of price 
outcomes for each crop’s annual returns. Simulation 
results provide a probability distribution of possible 
price outcomes. Using the randomized prices, we 
multiply expected 2017 sub-region yields (reported 
in Table 1) by the respective crop price distribution 
to calculate total revenue per crop per acre for each 
sub-region. Using the production costs per acre from 
crop budgets for each crop across each of the four sub-
regions determined by annual crop budgets and above 
methods, we calculate gross margin of each crop in 
each sub-region as total revenue minus variable per-
acre production costs.

We determine crop acres harvested by sub-region 
based on aggregated county-level 2016 acres harvested 
(USDA NASS, 2016). To understand the proportion of 
total acres contributed by each crop in each sub-
region, we divide crop acres harvested by the total 
number of cropping acres in that sub-region (Table 2, 
bottom row). Using the reported average number of 
total cropping acres per operation reported by NASS 

(USDA NASS, 2016), we then determine the number 
of acres of each crop for a representative farm in each 
sub-region. Crop acres per farm is calculated as the 
regional proportion of total acres contributed by each 
crop multiplied by regional cropping acres per farm 
(Table 2). To determine the whole-farm gross margin 
per acre in each sub-region, we sum over the product 
of crop acres per farm and gross margin for each crop 
and sub-region.

Baseline Results
The baseline model provides probabilistic whole-farm 
gross margins and whole-farm gross margins per acre 
based on 2016 production practices and 20 years of 
historical crop prices. These results are reported below 
for representative farms in four agricultural sub-regions 
(Table 3).

For the Western Basin and Range, mean whole-farm 
gross margin per acre from all baseline crops on a 
representative farm in this sub-region is $236. Multiplied 
by 1,730 total crop acres per farm, annual mean baseline 
whole-farm gross margin is $407,778. Sugarbeets 
contribute substantially to per-acre profitability; alfalfa, 
dry beans, and grass hay also help to increase the 
whole-farm gross margins per acre in the Western Basin 
and Range.

The Northern Glaciated Plains baseline whole-farm 
gross margins per acre is $157. With 2,390 acres of 
cropping area per farm, annual whole-farm gross 
margin for the Northern Glaciated Plains is $375,068. 
With almost 60% of cropping acres in the Northern 
Glaciated Plains allocated to wheat production 
(including spring, winter, and durum varieties), 
profitability in the Northern Glaciated Plains can 
be attributed primarily to wheat cropping acres. A 
significant amount of peas, lentils, barley, and alfalfa 
hay are also grown in the Northern Glaciated Plains, 
and with low variable production costs, these crops also 
significantly contribute to profitability.

The Eastern High Plains baseline whole-farm gross 
margins per acre is $362 with 823 cropping acres per 
representative farm, bringing annual whole-farm gross 
margins to $297,706. Corn and soybean production 
dominate the Eastern High Plains sub-region, making 
up almost 80% of cropping acres and contributing 
significantly to profitability in this sub-region.

The Central Missouri Plateau baseline whole-farm 
gross margins per acre is $166 and cropping acres on a 
representative farm are 3,055, resulting in $507,626 in 
annual whole-farm gross margins. Although the Central 
Missouri Plateau is the most heterogeneous sub-region 
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with respect to number of crops grown, alfalfa and 
grass hay, as well as spring and winter wheat varieties, 
make up the most cropping acres. With over 2.4 million 
cropping acres allocated to alfalfa hay production, as 
well as low costs of production, it is clear that alfalfa hay 
drives profitability in the Central Missouri Plateau.

Thus, on a per-acre basis, the highest comparative gross 
margins are found to be in the Eastern High Plains 
sub-region, followed by the Western Basin and Range, 
Central Missouri Plateau, and Northern Glaciated Plains. 
Whole-farm profitability is influenced by representative 
farm size, resulting in higher whole-farm gross margins 
in the Central Missouri Plateau, followed by Western 
Basin and Range, Northern Glaciated Plains, and 
Eastern High Plains. Further, differences in whole-farm 
price distributions across the four sub-regions influence 
price risk for representative farms. Whole-farm price 
volatility is measured with the coefficient of variation 
(CV) of whole-farm gross margin per acre. CV is a 
measure of relative variation; the higher the CV, the 
greater the level of dispersion around the mean.

The Western Basin and Range sub-region has the least 
volatile whole-farm gross margin per acre, followed by 
the Central Missouri Plateau, Northern Glaciated Plains, 
and Eastern High Plains. The relatively high CV (0.35) 
seen in the Eastern High Plains sub-region highlights 
that while this sub-region has the highest average 
whole-farm gross margin per acre ($362), it comes with 
higher risks associated with variable annual crop prices. 
The Western Basin and Range region, on the other 
hand, has comparatively lower overall price variability 
(CV 0.25), as well as lower whole-farm gross margin per 
acre ($236). This relationship between whole-farm gross 
margins and price variability is key to understanding 
farm-level implications from adopting dedicated 
bioenergy production across the UMRB.

DEDICATED BIOENERGY 
SCENARIO MODELING
Despite the potential for switchgrass to contribute to 
regional bioenergy production, limited research exists 
on the production practices and costs for switchgrass 
in the UMRB. To understand the economic implications 
of growing switchgrass in the UMRB to potentially 
contribute to bioenergy markets, switchgrass 
production costs relevant to this region are estimated 
by adapting a dryland switchgrass enterprise budget 
with production costs based on relevant case studies 
and regional production costs, soil, and climate 
conditions (Hanson, 2019; Hanson et al., 2020).

Assuming a 10-year stand life with limited harvesting 
available in years one and two and 5.5% operating 
interest, total switchgrass production costs are between 
$110.31 (for western soil types) and $112.85 per acre (for 
soil types typical in the eastern UMRB), depending 
on differences in fertilizer needs and costs. Based on 
expected regional yields of 2.73 tons per acre used in 
Hanson et al. (2020), a producer would need to receive 
between $40.37 and $41.30 per ton given respective 
soil types to cover their variable switchgrass production 
costs. This does not take into consideration costs 
associated with transitioning to switchgrass production, 
such as heavier harvest equipment, although there 
is significant overlap in machinery needs between 
switchgrass and grass hay.

To model the introduction of second-generation 
bioenergy crops, we allocate all grass hay acres (i.e., 
hay excluding alfalfa) to switchgrass in each of the four 
sub-regions. This simplifying assumption derives an 
upper bound estimate on economic feasibility. We then 
estimate the difference in whole-farm gross margin 
between the baseline and the dedicated bioenergy 
farming system. This bioenergy farming model, 
therefore, can compare production costs across all 
crops within each sub-region of the UMRB, as well as 
whole-farm gross margins.

To calculate the whole-farm gross margin for a 
second-generation bioenergy system, we sum over 
the total gross margin of grass hay plus the product 
of the gross margin of switchgrass and total acres of 
grass hay per representative farm over each sub-region. 
Because all grass hay acres are allocated to switchgrass, 
and because there is no sufficient price forecast for 
switchgrass in the UMRB, we determine the break-even 
prices necessary for switchgrass to replace grass hay by 
assuming zero production of grass hay and setting total 
revenue from switchgrass equal to $0.00. The resulting 
gross margin per acre for switchgrass is a negative 
value (with no total revenue, the gross margin for 
switchgrass simply reflects per-acre production costs in 
each sub-region).

The total gross margin of switchgrass in each sub-
region is represented by the gross margin per acre 
of switchgrass multiplied by the total grass hay acres 
for each sub-region. The whole-farm gross margin for 
each sub-region decreases from the baseline model by 
the loss from total gross margin from replaced grass 
hay, which captures the implications from converting 
all grass hay acres to second-generation bioenergy 
production.
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Deriving the whole-farm loss from converting grass 
hay acres into switchgrass allows us to calculate the 
prices necessary for switchgrass to break even with 
production costs for farmers in the UMRB. We calculate 
break-even prices as the difference between baseline 
and switchgrass whole-farm gross margin divided 
by yield per acre of switchgrass for each sub-region. 
This estimated switchgrass break-even price helps 
policy makers understand the markets or incentives 
needed for widespread adoption of second-generation 
bioenergy crops in the UMRB.

Bioenergy Scenario Results
As expected, all four sub-regions experience a decrease 
in whole-farm gross margins from allocating all grass 
hay acres to switchgrass at our assumed production 
cost, although whole-farm loss in the Eastern High 
Plains appears marginal, mainly due to limited acres of 
grass hay allocated to bioenergy in the area (Table 4). 
Whole-farm loss from adopting dedicated bioenergy 
on hay acres is greatest in the Central Missouri Plateau 
and Western Basin and Range, where grass hay is more 
prevalent. The gap between baseline and bioenergy 
scenario whole-farm gross margin reflects a per-acre 
revenue gap producers would need to make up to 
voluntarily replace grass hay with switchgrass.

In order to reflect both geographical and annual 
variability in expected switchgrass productivity across 
the UMRB, as well as a lack of sufficient research and 
data, we consider a range of annual switchgrass yields. 
Average reported 2016 grass hay yields in Montana 
and Wyoming of 1.7 tons per acre (USDA NASS, 2016) 
provide a lower bound; a weighted average across 
regional field trial study sites in eastern South Dakota 
(Hanson et al., 2020) estimates yield with current 
production techniques at 2.7 tons per acre; and 3.7 
tons per acre represents a future regional upper bound 
requiring improvements in switchgrass genetics and 
production practices. Estimated break-even prices per 
ton with these different yield assumptions are reported 
in Table 5.

Using a regional historic upper bound for yields—2.7 
tons per acre—producers in the Central Missouri Plateau 
would need to receive the highest break-even price, 
$116 per ton, in order to break even and recover their 
switchgrass production cost (not including fixed or 
transition costs). The break-even price at this yield in 
the Western Basin and Range and Northern Glaciated 
Plains is a bit lower, at $115 and $113 per ton, respectively, 
while the Eastern High Plains sub-region has the lowest 
break-even price, at $99 per ton.

As expected, break-even prices decrease when the 
switchgrass yield increases. In order to achieve regional 
yields of 3.7 tons per acre, greater improvements in 
genetic varieties and expected production practices 
(e.g., improved fertilizer practices) would likely be 
necessary, which may also increase production costs. 
However, some counties in southeastern portions of 
the Eastern High Plains sub-region have estimated 
switchgrass yields of 3.6 tons per acre or more (NREL, 
2021; Figure 3). Price incentives to produce switchgrass 
on more productive cropping areas could also result 
in higher yields. With yields of 3.7 tons per acre, given 
our estimated 2016 production costs, UMRB producers 
would realize a production cost break-even point at 
between $85 and $73 per ton (Table 5). Break-even 
prices under this optimistic future yield are in line with 
the high end of Billion-Ton Report biomass farmgate 
price scenarios, $40, $60, and $80 per dry ton (US DOE, 
2016, 147).

If switchgrass yield were only 1.7 tons per acre, reflecting 
reported western UMRB grass hay yields, break-even 
prices increase substantially to between $182 and 
$156 per acre. This lower yield assumption may be 
more reasonable for dryer western portions of the 
UMRB. According to the National Renewable Energy 
Laboratory (NREL) Biofuels Atlas (2021), switchgrass 
yields under 1.5 dry tons per acre are realistic for most of 
the western and central UMRB (Figure 3).

SUMMARY AND DISCUSSION
The potential societal benefits of second-generation 
bioenergy include creating a sustainable agricultural-
based domestic energy supply, while minimizing direct 
competition between food and fuel crops, increasing 
terrestrial carbon sequestration, and providing a 
range of ecological co-benefits (Yadav et al., 2019; 
Blanco-Canqui, 2016; Núñez-Regueiro, Siddiqui, and 
Fletcher, 2021). Dedicated biomass is also integral to 
the adaptation of a regional bioenergy with carbon 
capture and storage (BECCS) system as part of global 
net-negative greenhouse gas emissions goals (Gerace 
and Rashford, 2018). The UMRB is an important U.S. 
agricultural region with potential to supply biomass 
for second-generation bioenergy production; however, 
adopting regional bioenergy systems would require 
that biomass crops be sufficiently profitable to 
incentivize private land conversion.

We developed representative whole-farm budgets for 
four agricultural sub-regions in the UMRB to estimate 
profitability and break-even prices for integrating 
switchgrass into cropping systems as a bioenergy 
feedstock. In addition to estimating direct costs and 
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break-even prices, our whole-farm budget approach 
is able to account for the opportunity cost of replacing 
current production with a second-generation bioenergy 
crop. In order to focus on crop-level break-even 
prices and gross margin calculations, this analysis 
does not take into consideration related livestock 
farm enterprises, fixed costs such as crop insurance, 
depreciation, or costs related to transitioning to 
switchgrass production.

We estimate break-even prices for switchgrass yielding 
2.7 tons per acre at between $116 and $99 per ton across 
four agricultural sub-regions in the UMRB. The 2016 
Billion-Ton Report suggests farm-gate price scenarios 
from $40 to $80 per ton of biomass (US DOE, 2016, 147). 
Given these farmgate prices for biomass, either the 
variable costs of production of switchgrass would need 
to decrease, or substantial subsidy policies would need 
to be in place to make switchgrass competitive within 
current crop mixes. Therefore, using these yield, break-
even price, and biomass price estimates, in order for 
second-generation bioenergy crops to be produced in 
the UMRB, policy makers will need to provide incentives 
for producers in the range of $19 to $76 per ton of 
biomass (minimum and maximum difference between 
estimated break-even and farmgate biomass prices).

Producers consider both price and production risks 
within a whole-farm cropping mix, as well as relative 
expected profit from the next-best crop choice. In other 
words, for a voluntary shift from baseline to bioenergy 
farming systems defined here, the gross margin per 
acre of switchgrass would need to exceed the gross 
margin per acre of grass hay. These field- and farm-
level considerations are essential to scaling realistic 
regional bioenergy development. In order to incentivize 
regional-scale production, biofeedstock prices need 
to be competitive with the opportunity cost of giving 
up the next best crop, or biofeedstock crops need to 
significantly reduce price or production volatility within 
a crop mix.

A regional market for dedicated bioenergy crops 
remains uncertain. Bioenergy crop producers will 
not invest in converting to new crops and production 
systems without sufficient demand. At the same time, 
bioenergy crop processors cannot invest in processing 
technologies (e.g., technology for converting switchgrass 
to biofuel) without sufficient supply (Williams, Dahiya, 
and Porter, 2015). Broad energy sector economic and 
policy shifts are likely necessary for dedicated bioenergy 
crops to become competitive. Break-even prices needed 
for bioenergy crops, including break-even prices for 
switchgrass production in the UMRB estimated here, 
help establish market equilibrium between bioenergy 
crop producers and processors. Expanding analysis to 

include livestock operations that are integral to many 
regional farms could inform broader U.S. livestock sector 
implications from a regional shift to second-generation 
bioenergy crops.
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Figure 1. The Upper Missouri River Basin region of the United States showing National Land Cover Database land cover 
classifications. (Source: NLCD, 2011.)
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Figure 2. The Upper Missouri River Basin divided into four distinct agricultural sub-regions
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Figure 3. Estimated U.S. county-level switchgrass yields and Upper Missouri River Basin boundary.  
(Source: NREL, 2021.)
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Table 1. Area Harvested per Crop (Acres, Percent) in Each UMRB Agricultural Sub-Region

Area Harvested

Western Basin and 
Range

Northern Glaciated 
Plains

Eastern High  
Plains

Central Missouri 
Plateau

Alfalfa 647,800 48% 436,500 7% 397,590 2% 2,404,510 22%

Barley 197,050 15% 537,300 9% 144,880 1% 211,660 2%

Beans 14,000 1% 89,000 1% 83,000 <1% 34,000 <1%

Canola – – 155,700 2% 250,400 1% 124,850 1%

Corn, grain 1,450 <1% 2,600 <1% 7,725,080 38% 1,460,720 13%

Corn, silage 6,600 <1% 2,510 <1% 21,970 <1% 55,480 1%

Flaxseed – – 14,000 <1% 99,200 <1% 20,530 <1%

Hay, excl. alfalfa 331,400 25% 205,300 3% 439,930 2% 1,530,600 14%

Lentils – – 537,800 9% 81,300 <1% 34,450 <1%

Mustard – – 19,600 <1% – – – –

Oats – – 3,740 <1% 25,600 <1% 16,300 <1%

Peas – – 503,700 8% 109,100 1% 218,210 2%

Safflower – – – – – – 8,400 <1%

Sorghum – – – – – – 113,410 1%

Soybeans – – 7,900 <1% 8,489,200 41% 1,049,200 10%

Sugarbeets 29,700 2% 5,100 <1% 1,293,420 6% 50,800 <1%

Sunflower, oil type – – 7,340 <1% 36,070 <1% 347,200 3%

Wheat, Spring durum – – 963,200 15% 203,400 1% 137,950 1%

Wheat, Spring, excl. durum 56,200 4% 1,396,600 22% 998,730 5% 1,838,010 17%

Wheat, Winter 66,000 5% 1,431,210 23% 91,290 <1% 1,189,480 11%

Total 1,350,200 100% 6,319,100 100% 20,490,160 100% 10,845,760 100%

Source: USDA NASS, 2016, Area Harvested. Dashes indicate no reported acres harvested. Sub-region crop areas over 10% are bolded.
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Table 2. Expected 2017 Yield for Crops Harvested by Agricultural Sub-Region

Crop Yield

Western Basin and 
Range

Northern Glaciated 
Plains

Eastern High  
Plains

Central Missouri 
Plateau

Alfalfa (ton/acre) 3.5 6.0 4.6 2.8

Barley (bu/acre) 45.0 59.0 72.0 58.0

Beans (cwt/acre) 25.0 16.2 17.7 16.2

Canola (cwt/acre) 16.4 17.3 16.5

Corn, grain (bu/acre) 92.0 93.0 180.0 92.0

Corn, silage (ton/acre) 13.1 13.3 25.7 13.1

Flaxseed (bu/acre) 21.0 23.0 22.0

Hay, excl. alfalfa (ton/acre) 1.7 1.6 1.4 1.7

Lentils (cwt/acre) 13.6 13.6 13.6

Mustard (cwt/acre) 8.5

Oats (bu/acre) 63.0 80.0 65.0

Peas (cwt/acre) 20.4 30.0 21.0

Safflower (cwt/acre) 13.6

Sorghum (cwt/acre) 53.2

Soybeans (bu/acre) 26.0 55.0 27.0

Sugarbeets (ton/acre) 25.0 25.0 25.0 25.0

Sunflower, oil type (cwt/acre) 14.2 24.0 14.9

Wheat, Spring durum (bu/acre) 34.0 46.0 39.0

Wheat, Spring, excl. durum (bu/acre) 40.0 38.0 65.0 40.0

Wheat, Winter (bu/acre) 43.0 43.0 80.0 43.0

Crop Budget Count 9 18 17 19

Sources: USDA NASS, 2016, Yield; UW, 2017, Crop Budgets; UI, 2017, Crop Budgets; NDSU, 2017, Farm Management Budgets; SDSU, 2017, 
Extension Crop Budgets.
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Table 3. Average Crop Acres per Farm by Agricultural Sub-Region

Crop Acres per Farm

Western Basin and 
Range

Northern Glaciated 
Plains

Eastern High  
Plains

Central Missouri 
Plateau

Alfalfa 830 165 16 677

Barley 252 203 6 60

Beans 18 34 3 10

Canola 0 59 10 35

Corn, grain 2 1 310 411

Corn, silage 8 1 1 16

Flaxseed 0 5 4 6

Hay, excl. alfalfa 425 78 18 431

Lentils 0 203 3 10

Mustard 0 7 0 0

Oats 0 1 1 5

Peas 0 191 4 61

Safflower 0 0 0 2

Sorghum 0 0 0 32

Soybeans 0 3 341 296

Sugarbeets 38 2 52 14

Sunflower 0 3 1 98

Wheat, Spring durum 72 528 40 518

Wheat, Spring, excl. durum 85 541 4 335

Wheat, Winter 0 364 8 39

Total Crop Acres per Farm 1,730 2,390 823 3,055

Source: USDA NASS, 2016, Total Cropping Acres divided by Cropping Acres per Farm.

Table 4. Baseline Model Results

Western Basin and 
Range

Northern Glaciated 
Plains

Eastern High  
Plains

Central Missouri 
Plateau

Mean baseline whole-farm gross  
margin per acre

$236 $157 $362 $166

Coefficient of variation (CV) 0.25 0.30 0.35 0.28

Mean baseline whole-farm  
gross margin

$407,778 $375,068 $297,706 $507,626
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Table 5. Baseline and Bioenergy Model Results, Whole-Farm Loss from Adopting Switchgrass on Hay Acres at Production 
Cost with $0 Revenue

Western Basin and 
Range

Northern Glaciated 
Plains

Eastern High  
Plains

Central Missouri 
Plateau

Percent of cropping area converted to 
switchgrass

25% 3% 2% 14%

Mean bioenergy whole-farm gross 
margin

$273,884 $350,941 $292,842 $371,696

Mean baseline whole-farm gross 
margin

$407,778 $375,068 $297,706 $507,626

Whole-farm loss from adopting 
dedicated bioenergy

($133,894) ($24,127) ($4,864) ($135,930)

Table 6. Switchgrass Break-Even Price Estimates and Yield Assumptions 

Switchgrass Break-Even Price

Yield Assumption Western Basin and 
Range

Northern Glaciated 
Plains

Eastern High  
Plains

Central Missouri 
Plateau

1.7 ton/acre $182 $179 $156 $182

2.7 ton/acre $115 $113 $99 $116

3.7 ton/acre $85 $84 $73 $85
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Abstract

This paper traces the historical roots of 
farmland ownership, showing how English, 
and ultimately American, property law has 
developed through centuries of exchanges 
among English monarchs, their subjects, and 
the courts. It was these interplays that gave 
us concepts such as inheritance taxes, trusts, 
and limits to corporate ownership. Beginning 
in England’s feudal period, farmland was 
held largely by a wealthy few with incentives 

to keep the land in the family to preserve 
their dynasties. A few key court decisions 
were able to chip away at the dynasty-
friendly protections, particularly the Duke 
of Norfolk’s Case in 1682. The result was the 
Rule Against Perpetuities (RAP), which limited 
the time an owner could control land after 
death. Adopting much, but not all, of these 
English traditions, U.S. property laws have 
taken steps toward reviving the possibility 
of an enduring dynasty as evidenced by 
the generation-skipping trust (GST) and 
the repeal of the RAP by several U.S. states. 
From these policies, the dynasty trust was 
born: a tool whose impact has yet to be fully 
understood and may merit further study.

INTRODUCTION
Recent years have seen a growing concentration of 
land in perpetual-type legal entities. These include 
legal structures such as dynasty trusts, conservation 
easements, Real Estate Investment Trusts (REITs), and 
other corporate structures. The most recent Census 
of Agriculture in 2017 showed a near tripling of the 
number of farms in the ownership category covering 
these vehicles over a 15-year period. This paper aims to 
explore the legal and public policy path underpinning 
these current developments.

There is a long history of literature in agricultural 
economics in land economics, which has its own 
Journal of Economic Literature code (Q15). For example, 
determinants of land values have been widely written 
about and significant papers include Burt (1986), 
Featherstone and Baker (1987), and Taylor and Brester 
(2005). Furthermore, Borchers, Ifft, and Kuethe (2014) 
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and Baker, Boehlje, and Langemeier (2014) have 
discussed recent developments in farmland. This 
journal has published more than 60 papers on various 
aspects of land economics since 1982. Land reform has 
been a widely covered topic in the post–World War II 
era, with Adams (1973) providing a detailed review of 
land reform in more than 20 countries.

As a former English colony, the United States maintains 
a strong English legal tradition from nearly 1,000 years 
ago. While this tradition has influenced U.S. farmland 
ownership, land tenure in the United States has taken 
on a distinctly American path. In this context, farmland 
denotes agricultural, ranch, and similar types of land. 
A key difference between the two countries is the 
availability and importance of farmland on an individual 
level. Land ownership in England was the main basis 
for wealth and often accompanied status signified 
by titles of nobility. As a result, much of England’s 
agricultural land has been held by the same families for 
centuries. Alongside this reality, a system of oftentimes 
multigenerational tenancy developed. Due to the later 
development of the United States, land ownership 
was only one of many means for achieving wealth and 
social status as legal structures were being established. 
The broad ownership of land was so central to U.S. 
social ideals that the Homestead Act of 1862 allowed 
individuals to receive conditional title to farmland 
regardless of one’s background, with the Kinkaid Act of 
1904 increasing standard allotments of farmland based 
on land quality.

We begin this paper with an introduction to England’s 
medieval period and how feudal policies set into 
motion a robust system of property law. We first 
examine the “medieval use”—a tool that began as 
a loophole to strict land ownership requirements 
but eventually evolved into the common and well-
established legal tool known as the trust. From there, 
we examine the concept of perpetuities and how 
policy surrounding it has greatly affected the level of 
concentration in farmland ownership. Changes to U.S. 
federal tax law and state-level responses have brought 
the issue of perpetuities to the fore. These machinations 
have the potential to significantly shift the distribution 
of farmland ownership.

ENGLAND’S FEUDAL SYSTEM 
UNDERLIES CURRENT U.S. 
FARMLAND OWNERSHIP 
STRUCTURE
In 1066, William the Conqueror won the Battle of 
Hastings and became England’s first Norman king. In a 

departure from Anglo-Saxon tradition, William decreed 
that allodial (i.e., “god-allotted”) title to all of England’s 
land belonged to the Crown. This began England’s 
feudal period and the foundation of modern English 
property law. The origins of the modern-day perpetual 
(“dynasty”) trust rest on the “perpetuity” and the “trust.” 
It is necessary to understand the process of how 
families sought to control their wealth through land 
across generations, which resulted in the concentration 
of farmland in England.

The Medieval Use: The Precursor to 
Modern Trusts
As Baker (2019) explains, the king enjoyed many 
perquisites, called incidents, from his tenants-in-chief. 
Similarly, these tenants-in-chief became landlords, 
and a chain of landlord-tenant relationships continued 
down the hierarchy of society through a process of 
“subinfeudation.” These landlord-tenant relationships 
were usually for life, with the tenant holding the 
property “in fee.” At death, the tenancy was passed 
on to the eldest male heir due to the custom of 
primogeniture. In general, primogeniture was the norm, 
for it was simple and prevented fractionalization of 
land by eliminating the possibility of subdivision among 
heirs. Despite these benefits, many tenants sought to 
sidestep this practice by setting up a “use,” the precursor 
to the modern-day trust. Specifically, the tenant in 
fee would transfer legal title of his land to a group of 
trusted friends while maintaining beneficial use, such 
that when the tenant died, the trustees would carry 
out the will of the tenant and deliver title of the land to 
the desired beneficiaries. Later, “uses” were created as a 
means of avoiding paying incidents to landlords.

Medieval “uses” were created to sidestep primogeniture 
as well as to avoid paying incidents, akin to inheritance 
taxes. By transferring legal ownership to trustees prior 
to death, the tenant’s heir could avoid paying some of 
the feudal incidents that arose upon inheriting land— 
specifically, wardship, relief, and primer seisin. Wardship 
occurred when the heir was too young to fulfill the 
duties required of the tenant. Here, the lord maintained 
temporary ownership and collected the profits from 
the property until the heir came of age (Baker, 2019). 
The idea of a “relief”—that is, payment for the right to 
inherit—derived from the fact that William’s original 
tenants-in-chief were granted their lands as payment 
for their past services. It was thus logical for heirs to 
similarly earn their right to possess the land. Reliefs 
were often equivalent to one year’s revenue from the 
piece of property that the heir had inherited. Similarly, 
primer seisin allowed the landlord to possess the dead 
tenant’s land until the new tenant paid relief and did 
homage (Baker, 2019).
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By transferring one’s land to a “use” during one’s life 
(i.e., inter vivos), the land was conveyed to the heir as 
opposed to passing by descent (i.e., inheritance). This 
small distinction cost landlords—particularly the king—
significant revenues. Unsurprisingly, the avoidance of 
these incidents did not sit well with landlords, especially 
the king, who were now losing valuable income. Even 
before the widespread adoption of “uses,” landlords 
suffered from the subinfeudation of property to a 
corporate entity such as a church. Unlike human 
tenants, where an overlord enjoyed feudal incidents 
upon the grantee’s inevitable demise (e.g., wardship 
or relief), when land was instead granted to a church, 
these incidents would never manifest because a 
corporation cannot die. In a sense, the land falls into 
“dead hands” or, in Latin, mortmain. One early attempt 
of recovering some of this vital revenue was through 
the passage of the Statutes of Mortmain in 1279, which 
prohibited alienations of land to religious houses (Baker, 
2019). This prohibition hastened and popularized the 
medieval “use” as an alternative means of avoiding the 
payment of feudal incidents.

As the “use” gained popularity, the English Crown grew 
increasingly wary of the subsequent loss of revenues. 
King Henry VIII persuaded Parliament to pass the 
Statute of Uses in 1535, which attempted to limit tax 
evasion through “uses.” The statute held that equitable 
and legal title now was to be held by the beneficiary 
of the “use” such that when the tenant died, payments 
of incidents could not be avoided. The Statute of Wills 
followed shortly in 1540 and finally allowed tenants 
to devise (i.e., leave to someone by will) most of their 
land to an heir of one’s choice. These changes were 
made concurrent to the Dissolution of the Monasteries 
(1536–1541). Trusts were no longer just a means to 
circumvent primogeniture or to avoid paying taxes, 
but largely to accommodate more complexities in the 
needs and desires of landowners. From these statutes, 
the modern-day trust emerged.

The evolution of the medieval “use” is one of many 
examples of innovations arising from a governed 
populace reacting to the incentives of some imposed 
legal or economic structure. There is often a feedback 
loop between the governed and the sovereign, with 
policy incentivizing certain behaviors which in turn 
cause revisions to the policy. Such feedback loops 
have been ever present in England and continue on 
in the United States. Nearly 1,000 years later, the U.S. 
Congress routinely passes laws and modifications to 
close loopholes in response to the ingenuity of modern 
inheritance-tax avoiders.

The Perpetuity and Its Abolition
A parallel history exists for a related feature of English 
property law, called a “perpetuity,” that carries through 
the modern U.S. tradition. The concept of devising land 
in perpetuity first arose in grants to the Catholic Church 
(Baker, 2019). While churches and charities were, and 
still are, valid recipients of perpetuities in the eyes of the 
law, the same was not true with devises of land to one’s 
own family. Legislation in 1285 containing the clause De 
Donis Conditionalibus strengthened a type of estate in 
land known as the “fee tail.” The “fee tail,” also known as 
an entail, was a conveyance of land taking the form “to 
[Person] A and the heirs of his body.” Besides being the 
premise of the television melodrama “Downton Abbey,” 
this language allowed for successive life estates in the 
direct descendants of the grantee, Person A in this case, 
until there were no more descendants. This mimicked 
a perpetuity in that, theoretically, a piece of property 
could be kept in the family for thousands of years so 
long as there continued to be lineal descendants. The 
enabling feature behind the “fee tail” was its prohibition 
of the alienability of the land; that is, the inability of the 
tenant in tail to sell the property (Biancalana, 2001).

In practice, however, early post–De Donis courts usually 
allowed for alienability within one to four generations 
of entailed heirs. The effectiveness of building family 
dynasties through “fee tails” was further frustrated 
by the concept of common recovery, which allowed 
tenants in tail to “bar” the entail or convert the “fee 
tail” to a “fee simple” for purposes of a sale. While De 
Donis may have made sense at the time of its adoption, 
over the centuries, the idea of inalienability of land 
was becoming less practical. The practice of barring 
an entail became common throughout England and 
was used up until the “fee tail” was formally abolished 
in 1925. In the United States, only Delaware, Maine, 
Massachusetts, and Rhode Island allow its use. The 
ingenuity of England’s wealthy landowners had led to 
a new approach of furthering the reach of their “dead 
hands”: future interests. If settlors could not limit their 
heirs’ alienability of land in “fee simple,” and common 
recovery had taken the teeth from “fee tails,” the logical 
next step would be to add contingencies to inheriting. 
This began with the use of contingent remainders, and 
later, the executory interest (Baker, 2019).

A series of shifting executory interests, culminating in 
the Duke of Norfolk’s Case (1682), brought about the 
famous Rule Against Perpetuities (RAP). The Rule’s 
purpose was to simplify the validation of future interests 
by looking only at the time they needed to vest. 
Consequently, if settlors’ (i.e., the person transferring 
the property to a trust) estate plans fell within the 
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determinably acceptable range of remoteness to vest, 
they could be certain that their settlements were valid. 
The modern reading of the Rule by John Chipman Gray 
(2003) is: “No interest is good unless it must vest, if at 
all, not later than twenty-one years after some life in 
being at the creation of the interest.” The certainty that 
it brought to creating future interests has allowed it to 
survive to this day.

To properly understand executory interests, one must 
understand the concept of vesting. First, one’s interest 
in property vests when one’s future or present interest 
cannot be taken away, hence the vested individual can 
freely transfer that interest to a third party. An example 
of B having a vested interest would be “to A for life, then 
to B.” Here, because A is guaranteed to die at some 
point, B (or B’s estate) is likewise guaranteed to inherit, 
thus B immediately has a vested interest. An executory 
interest is a type of future interest that vests after the 
occurrence of a stated event. A shifting executory 
interest occurs when the previous interest was held 
by someone other than the grantor (Legal Information 
Institute, 2021). An example would be “to A for life, but 
if A leaves England, then to B.” Here, B’s interest is not 
vested because it is unknown whether A will ever leave 
England. If A does leave England, A’s interest “shifts” to B.  
A springing executory interest occurs when it is the 
grantor whose interest can be cut short. An example 
would be “O grants to A for life, then to B if B gets 
married.” Here, O has a reversion because the land will 
revert back to O (or O’s estate) if B dies without getting 
married. O’s interest can be cut short by B who has a 
remainder interest subject to divestment.

In the Duke of Norfolk’s Case in 1682, the Court put 
limits on how far these executory interests could reach. 
The limit is known as the RAP. To better appreciate 
the RAP, some additional examples may be helpful. 
Consider the following: “To A and his heirs so long as 
alcohol is never brewed on the property, then to B 
and her heirs.” This conveyance fails the Rule in that 
it is unknown with certainty if and when alcohol will 
be brewed on the property. Hence, B’s interest is not 
certain to vest, if at all, within the life of someone alive 
during the conveyance plus 21 years. Consider another 
example: “To A for life, then to A’s wife for life, then to 
A’s children.” Suppose at the time of the conveyance, 
A’s wife was B and together they had yet to have any 
children. Suppose A divorced and got remarried to C 
who was not yet born at the time of the conveyance. 
Because C was not a “life in being” and could live longer 
than 21 years after B’s death, the future interest of A’s 
children is too remote and thus violates the Rule. Finally, 
an example of a valid settlement is as follows: “To A for 
life, then to B if B has reached the age of 21, then to C.” 

Whether C outlives A and B is irrelevant in that C’s estate 
is a valid potential recipient of the property. Because 
A, B, and C are all lives in being during the conveyance, 
both contingent remainders will vest or not during the 
appropriate measuring period.

The RAP was a powerful force against the reach of the 
“dead hand,” but once again, wealthy landowners found 
ways to preserve their dynasties. The method of choice 
was the “strict settlement.” Here, land was given to the 
eldest son for life with successive remainders in tail 
to his younger siblings in descending order. Trustees 
were afforded powers to enforce the settlement terms 
should the son refuse to cooperate. Once the son’s son 
came of age, and after inheriting as a tenant in tail, he 
could voluntarily bar the entail and resettle the same 
property for the next valid perpetuities period (Baker, 
2019; Bujak, 2007). This method was, “in fact, employed 
by all the noble families, by almost all the substantial 
squires, but only by a minority of lesser squires” (Bujak, 
2007). This greatly restricted the supply of farmland 
in England with roughly two-thirds locked into these 
settlements (Offer, 1991). Despite 1996 legislation 
banning the creation of any future entails, strict 
settlements have played a major role in the distribution 
of England’s lands.

THE RISE OF DYNASTY TRUSTS  
IN THE U.S.
The 18th-century English jurist William Blackstone 
described English real property law as “the law of 
inheritance” (Priest, 2006). Wealth and status, then, 
were strongly correlated with a family’s land ownership. 
“Americans from the founding era forward, however, 
viewed the greater circulation of land in America as 
the basis of a new political ideal—republicanism—that 
offered more opportunity for political participation than 
existed in European society” (Priest, 2006).

Land Ownership in the U.S. Is Not 
Exempt from Inheritance Laws
Amid political concerns over wealth inequality that 
seem as relevant today as they did a century ago, the 
16th Amendment paved the way for a national income 
tax and was followed shortly by an estate tax in 1916. In 
1932, the gift tax was permanently enacted to prevent 
wealthy individuals from evading the estate tax by 
gifting their estates away prior to death. Fifty years 
later, the Tax Reform Act of 1976 updated the estate tax 
system, creating a unified estate and gift tax credit, and 
sought to hinder family dynasties by introducing the 
generation-skipping transfer tax (GSTT).
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As in medieval England, wealthy individuals in the 
United States sought to minimize taxes by limiting the 
number of times property would pass to an heir by 
descent, thus limiting the occurrence of an inheritance 
tax. Bequests could be made entirely to grandchildren. 
The GSTT applied to transfers to someone two or more 
generations below the transferor, called a “skip person,” 
and would impose the highest estate tax rate to the 
value of the property transferred (Layman, 1999). The 
Tax Reform Act of 1986 made the GSTT permanent, 
but with a corresponding exclusion of $1 million. 
From this arose the generation-skipping trust (GST), 
where property valued up to the exclusion amount 
could be passed down to two or more generations 
without incurring any estate or gift taxes. Moreover, any 
appreciation in the value of the property, while kept in 
the GST, is also free of estate or gift taxes. Even if the 
trust property accumulated value throughout its life, no 
extra estate tax would be levied. The only thing keeping 
GSTs from lasting hundreds of years without incurring 
any estate or gift taxes is the common law RAP.

Congress has used the tax code to offer relief in other 
ways as well. For example, prime Iowa farmland could 
be purchased for $255 an acre in 1920 (Murray, 1967). 
Normally, a sale of that land today—for perhaps $10,000 
an acre—would result in $9,745 of taxable capital gains 
per acre. Congress, however, has granted beneficiaries 
of a deceased owner’s land a “stepped-up” basis; that is, 
a readjustment of the tax value of the appreciated land 
to the current market value, resulting in a much more 
manageable tax liability (Internal Revenue Code §1014, 
2015). Another related tax tool is the “1031 exchange,” 
wherein farmers may sell less productive land and 
“exchange” it by purchasing better, more profitable 
land (Internal Revenue Code §1031, 2017). This tax policy 
allows the farmer to defer capital gains tax liability.

A Unitary English System vs. a Federal 
American System
Another departure from English law is American 
federalism—that is, a system with both state and federal 
laws. Prior to the enactment of the country’s first 
modern federal estate tax in 1916, made possible by the 
16th Amendment, all but six states had already enacted 
the tax at the state level (Cooper, 2006). Less than 10 
years later, however, some states began repealing 
their own death taxes to entice wealthy retirees with 
promises of fewer taxes. Congress responded by 
providing a credit for state death taxes. Some states 
then reenacted their former state death taxes. In 2001, 
however, the state death tax credit was repealed and 
competition among states for the lowest marginal tax 
rates reignited. While states can decide whether to 

enact their own death taxes, they also, in the absence of 
a federal rule, can decide whether to adopt or amend 
the RAP. With the GSTT exemption after 1986, some 
states began weakening RAP. The selective repeal 
of RAP has resulted in a growth of dynasty trusts 
(Horowitz and Sitkoff, 2014).

THE USE OF DYNASTY TRUSTS  
IN THE U.S.
Similar to the English “fee tail,” where landowners 
looked to avoid taxes and to hinder alienability by 
conveying land to their descendants in perpetuity, a 
modern U.S. version has emerged known as the dynasty 
trust. In 2022, a settlor can create and fund a dynasty 
trust with $12,060,000 of assets, allow the principal 
to appreciate for hundreds of years, and not incur a 
single dollar of estate or gift tax. Such trusts require 
institutional trustees because of their life span. Sitkoff 
and Schanzenbach (2005) show that by eliminating the 
RAP, states, on average, increased their trust assets by 
$6 billion and that about $100 billion of trust funds have 
been shifted to states that abolished the rule. In 2020, 
a leading law firm on the topic named South Dakota, 
Nevada, Tennessee, and Alaska as the top four most 
dynasty trust-friendly states (Oshins, 2020).

CONCLUSION
In a 1789 letter to Jean-Baptiste Le Roy, Benjamin 
Franklin famously wrote, “Our new Constitution is now 
established, and has an appearance that promises 
permanency; but in this world nothing can be said to 
be certain, except death and taxes” (Franklin, 1907). 
The modern-day “trust” was forged through a 1,000-
year back-and-forth duel between the policies of the 
English king and the subsequent actions of his subjects. 
The tension between the state’s perennial need for tax 
revenues and the desire of prosperous individuals to 
create and sustain perpetual family dynasties beyond 
death produced centuries of legal innovation. Through 
the resulting strategic feints and tactical ambushes, 
England Courts eventually refined early English tax laws 
and legal structures to develop many key concepts of 
today, including corporate ownership and various other 
vehicles for the perpetual holding of assets.

Beginning as a colony of England, the United States 
inherited much of the English legal tradition before 
forging a path of its own while grappling with many 
of the same human motivations and impulses. When 
mapping the evolution of the dynasty trust, one of the 
key elements resulted from changes to U.S. federal 
tax laws: namely, the creation of the GSTT and an 
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accompanying exclusion. The complying trusts that 
resulted enabled assets to be passed to grandchildren 
without incurring taxes. When certain states had 
repealed their respective RAP, effectively taking away 
any limits to trust duration and allowing for a tax-
exempt accumulation of wealth to accrue indefinitely, 
describing trusts as “dynastic” became appropriate. 
Given the relative newness of this tax tool in 
generational time, the significance of these innovative 
structures is not yet fully understood. The authors 
believe that the resulting issues merit further study.
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Abstract

Evidence suggests that a shift in the structure 
of U.S. farmland ownership is occurring. 
Current U.S. Department of Agriculture 
data collection methods are unable to 
perfectly capture the drivers of this shift but 
nonetheless demonstrate that something 
significant is indeed happening. Without 
knowing the true extent of this recent 
phenomenon, nor exactly what is causing 
it, this paper first attempts to identify 

some of its possible drivers. In light of this 
evolving agricultural landscape, this paper 
offers an additional discussion of other 
trends in the proliferation of less traditional 
methods of farm and ranchland ownership 
that could impact U.S. agriculture going 
forward. Further dialogue seems advisable 
as to possible adjustments in USDA survey 
methods so that nuances of these issues can 
be better identified and understood.

INTRODUCTION
Innovation is often thought of in terms of new 
technologies that generate new products, increase 
output, or reduce inputs; however, not all innovations 
come from the sciences. Recently, a host of less 
conventional legal structures have gained popularity 
within agriculture that move beyond the more 
traditional models of farmland ownership in the 
United States. Anecdotal evidence suggests that these 
alternative legal structures—for example, dynasty 
trusts or Real Estate Investment Trusts (REITs)—are 
growing in popularity among the ultimate owners of 
American farmland. Thus far, these newer trends do 
not seem to be reflected in the methodologies used to 
comprehensively track agricultural land and construct 
the standard research data sources.

Land economics has long been a significant concern of 
agricultural economics, with well-established literature 
and its own Journal of Economic Literature code (Q15). 
For example, determinants of land values have been 
widely written about and significantly cited; award-
winning papers include Burt (1986), Featherstone 
and Baker (1987), and Taylor and Brester (2005). More 
recently, Borchers, Ifft, and Kuethe (2014) and Baker, 
Boehlje, and Langemeier (2014) have discussed recent 
developments in farmland. Over 60 papers highlighting 
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various aspects of land economics have been published 
in this journal since 1982.

The Census of Agriculture (COA) is generally regarded 
as the most comprehensive data source assembled by 
the United States Department of Agriculture (USDA). 
Despite the wealth of information offered by these 
statistical publications, the rise of these alternative 
farmland ownership structures is not being cleanly 
measured under current methodologies. With 
continued concern about the environment, stewardship 
practices, and land use, how the structure of ownership 
across the land base is evolving becomes relatively 
more important. Shifting systems of land ownership 
and tenancy result in changing means of accessing 
resources. As the organization of U.S. farms is becoming 
more complex, especially at the larger end of the 
size distribution, and the COA fails to capture these 
developments, “the intricacies of decision making are 
lost. Knowing who makes farm decisions will be critical 
to formulating policy that succeeds in achieving public 
goals. Yet, understanding these inter-relationships 
requires a multivariate approach . . . an approach not 
appropriate for the Census of Agriculture” (C-FARE, 
2007).

The COA is not completely silent on the issue of 
alternative ownership structures and in fact confirms 
that something significant may be occurring. Due to 
the legacy approach of the COA, all of the alternative 
arrangements we will be focusing on are contained 
in a catchall basket of “other,” along with “American 
Indian Reservations” and “Prison Farms.” Between 
the 2002 and 2017 COAs, the national number of 
farms classified into this “other” basket of ownership 
frameworks has roughly tripled. From this data alone, 
it can be ascertained that something substantial may 
be happening beneath the visible surface of the data. 
In this paper, we first attempt to identify some of the 
possible drivers of this anomaly in the data. We then 
extend our discussion to some other less traditional 
usages of farm and ranchland that could impact U.S. 
agriculture going forward. We conclude this paper with 
a call for further dialogue as to possible adjustments 
in USDA survey methods that may better capture the 
nuances of these issues.

THE MYTHOS OF LONG-TERM 
FARMLAND OWNERSHIP IN  
THE U.S.
While not through deliberate design, there are many 
long-term owners of farmland. To “keep the farm in the 
family” is the goal of many farmers, to pass their land on 

to their children and grandchildren. In the face of wars, 
depressions, inflations, transformative technological 
changes, inheritance taxes, and the frequent 
indifference of future generations to farming life, this 
task has often proven difficult. However, this vision of 
generational American farming generally captures the 
layman’s imagination and serves as a focus of much of 
U.S. agricultural policy.

In August 2020, Minnesota had 261 farmers listed as 
Century Farms with 50 or more acres owned by the 
same family for over 100 years. These totaled almost 
30,000 acres, representing almost 1% of Minnesota 
farmland. However, this 1% figure is a little misleading 
because that land is just the original farms, whereas the 
total land currently owned by these Century Farms rises 
to include 12.3% of Minnesota’s farmland. Furthermore, 
in some states like Kansas, one can find counties 
where sections of land are owned by descendants of 
the original owners and the land has never been sold. 
Such owners are significantly more common than may 
appear when cursorily examining the data.

IMPLICATIONS OF CHANGES IN 
LAND OWNERSHIP STRUCTURE
Throughout recent years, U.S. farmland has increasingly 
come under the ownership of entities that have a 
long-term life that may resemble corporations or other 
entities that have extra-human life spans. While this is 
a rising phenomenon of late, it is not without historical 
precedent. Concern was expressed in the early 1900s 
regarding so-called “Bonanza Farms” in northwest 
Minnesota and eastern North Dakota. In the early 1990s, 
it was estimated that life insurance firms owned almost 
5 million acres of U.S. farmland. Traditionally, trusts have 
been a common tool for facilitating the farm succession 
process, and their popularity is increasing. From a 2017 
study in Iowa, farmland ownership was shown to have 
begun shifting away from sole proprietorships and joint 
tenancies to trusts and corporations, accounting for 
20% and 10% of land, respectively (Zhang, Plastina, and 
Sawadgo, 2018).

Anti-Corporate Farming Laws
Iowa, Kansas, Minnesota, Missouri, Nebraska, North 
Dakota, Oklahoma, South Dakota, and Wisconsin have 
instituted anti-corporate farming laws (Schroeter, 
Azzam, and Aiken, 2006). Generally speaking, these 
laws prohibit LLCs, LLPs, and corporations from owning 
and/or leasing farmland in these states. All states, 
however, recognize the desirability of having family 
farmers incorporate their operations and have made 
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exceptions in the law to allow for it (Tidgren, 2015). 
Most of these laws were passed between the 1930s 
and 1970s with the goal of protecting the states’ family 
farms in hope of fostering better stewardship of the 
land (Armstrong et al., 2018). Even among the states 
with anti-corporate farming laws, some still allow for 
foreign (noncorporate) ownership of land as well as 
ownership by certain financial entities such as REITs. 
Most states with anti-corporate farming laws do allow 
for corporations to buy farmland so long as the land is 
used for non-farming uses.

Dynastic Trusts
A dynasty trust is a relatively new legal tool that 
allows landowners to place a set value of assets in a 
perpetually lived trust to accumulate value and to 
transfer economic use across generations without 
tax liability. Two legal changes, a revision of federal 
tax law in combination with state-level responses 
through property law, have created this new means 
of controlling U.S. farmland. At the federal level, the 
inclusion of the generation-skipping trust tax (GSTT) 
exemption in the Tax Reform Act of 1986 enabled the 
owners of farmland to transfer assets under a threshold 
to their grandchildren without incurring any estate or 
gift taxes. In 2022, the exclusion amount is $12,060,000, 
meaning that farmland assessed at up to that amount 
can be placed into a generation-skipping trust (GST). 
Any asset value of land in excess of this is taxed at 
the highest estate tax rate: 40%. This exemption is a 
valuable tool for those wishing to pass their farm on to 
subsequent generations.

The key legal innovation relevant to this discussion is 
the repeal of the Rule Against Perpetuities (RAP) by 
several U.S. states within their respective property laws. 
Essentially, RAP says this: “No interest is good unless 
it must vest, if at all, not later than twenty-one years 
after some life in being at the creation of the interest” 
(Gray, 2003). Put simply, there must be a limit to the 
amount of time that the settlor of a trust can control 
the contents of that trust. Keller, Boland, and Petty 
(2022) provide an historical discourse on perpetuities 
as well as concerns about the possible concentration 
of farmland ownership. These concerns led the many 
states to enact RAP, in accordance with existing English 
law, at their inception. With the repeal of RAP, however, 
landowners can now place land into a trust and allow 
it to accumulate indefinitely. As a relatively new feature 
of American law, not yet targeted by current statistical 
gathering methodologies, dynasty trusts are still 
challenging to judge for their significance.

Agricultural Land REITs
Congress introduced REITs in 1960 to provide investors 
with a more accessible and efficient way to own real 
estate. A REIT is roughly defined as “an unincorporated 
trust or . . . association . . . managed by . . . trustees 
. . . [with] beneficial ownership . . . evidenced by 
transferable shares . . . which [are] taxable as a domestic 
corporation . . . [and] the beneficial ownership of which 
is held by 100 or more persons” (Public Law 86-779, 
1960). After a few decades and several subsequent tax 
policy modifications, the popularity of REITs grew. REITs 
possess several advantages compared with owning 
land directly: They can be highly liquid, allow for greater 
diversification, are professionally managed, and require 
only a minimal investment (Bank, 2019).

The first publicly traded agricultural land REIT, 
Gladstone Land (NASDAQ: “LAND”), went public in 
January 2013, followed by Farmland Partners (“FPI”) 
and American Farmland Company (“AFCO”) in 2014 
and 2015 respectively (Peterson and Kuethe, 2015). FPI 
subsequently acquired AFCO in 2017. In 2019, LAND 
owned 113 farms consisting of 87,860 acres in 10 U.S. 
states, with a portfolio of farms consisting primarily 
of fruit, vegetable, and nut production and a small 
percentage of commodity crops such as corn and 
soybeans. In June 2020, FPI owned approximately 
156,500 acres in 16 states, with the majority of 
its holdings in the Midwest (Farmland Partners 
Incorporated, 2020). This represents noteworthy growth 
from its initial holdings of 7,300 acres. Non-publicly 
traded agricultural REITs exist, such as Iroquois Valley 
Farmland, an organic-focused, privately held REIT with 
60 farms totaling over 13,000 acres in 15 states in 2020 
(Iroquois Valley Farms LLC, 2020) and Goldcrest with 
over 70,000 farmland acres. Given the rapid growth 
observed over just the past decade, REITs seem poised 
to play an increasing role in U.S. agriculture.

Crowdfunding Platforms
In the wake of the entry of REITs into agriculture, 
crowdfunding has begun to enter the space as another 
investment option. Crowdfunded platforms such as 
AcreTrader, FarmFundr, FarmTogether, Farmland LP, 
Harvest Returns, and Steward, to name a few, take a 
middle ground approach between the highly liquid REIT 
and the illiquidity associated with full fee ownership 
of the land (DiLallo, 2020). Unlike REITs, however, these 
investments are available only to accredited investors, 
meaning people with at least $1 million in net worth, 
excluding their primary residence, or annual income of 
over $200,000 or $300,000 as a married couple who 
have been properly vetted by their respective trading 
platform (Securities Act of 1933). Through crowdfunded 
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platforms, the investors actually purchase shares of  
the entity that owns a particular parcel of land. For 
example, owning 2% of the shares of an LLC that  
owns 1,000 acres would yield similar returns to owning 
20 acres outright.

Private Equity
There are even private equity firms now specializing 
in agricultural production, such as AgIS Capital and 
Homestead Capital. These entities’ combined holdings 
are less than 1% of U.S. farmland. However, their land 
holdings are more concentrated in productive farmland 
acres across the Midwest.

Community Land Trusts
Community land trusts exist whereby a community 
owns the land, leasing it to families with a 99-year 
lease passing through children or family members. 
Community members share responsibility for the land 
through a board of directors. The land is held by the 
trust, which is generally a tax-exempt nonprofit. This 
structure has been used in parts of Appalachia in the 
United States.

Interviews with Institutional Investors
We interviewed individuals from seven large 
institutional trusts that control millions of acres of 
U.S. farmland. Specifically, these individuals all help 
manage their respective trusts’ farmland. In addition, 
we interviewed four senior leaders in large land auction 
companies as well as 17 large real estate brokers 
of farmland. The objective of the interviews was to 
determine their current and future perspectives on 
trends in farmland ownership and whether land could 
be tied up in dynastic trust type structures.

With regard to dynastic trusts, all interviewees 
acknowledged the tax-free wealth-creating potential of 
keeping land in trust for successive generations. While 
this is a very attractive feature, these trusts do have their 
disadvantages. For one, all interviewees mentioned 
the economic inefficiencies created by disallowing 
heirs from borrowing against their land or otherwise 
disposing of it. For example, assuming that all future 
heirs will have no need or desire to alienate the land 
held in trust, another shortcoming is the dilution of 
the trust principal due to the number of beneficiaries. 
Dukeminier and Krier (2003) offer a relatively simple 
example, under conservative assumptions, of a trust 
with beneficiaries written simply as “my descendants” 
yielding 256 valid claimants after only 200 years. Even 
moderate fecundity would produce markedly greater 
dilution. Moreover, the income from these trusts is 

reduced by associated income and property taxes as 
well as the added cost of annual trustees’ fees. Another 
consideration is that future tax laws may change. While 
the assets within a trust could take many forms, the 
interviewees found farmland to be common in many 
dynasty trusts.

Membership in U.S. Cooperatives
Farmers are invested in many first handler and farm 
input supply cooperatives (Boland et al., 2021). The 
relevant state incorporation statutes embed principles 
of cooperation. Furthermore, legislation such as limited 
exemption was created from antitrust laws through 
the Capper–Volstead Act and various tax policies for 
when a member of a cooperative (an individual farmer) 
retired or died. Legal entities such as limited liability 
firms or partnerships, corporations, or dynastic trusts 
have an infinite life. This changes the nature of who 
the member is in a cooperative. The trust may be a 
member of the cooperative because it purchases 
farm inputs and markets feed or food products. If the 
legal member of the cooperative must be a bona fide 
farmer, the trustee (who may be a lawyer or financial 
institution) might not be the person to represent the 
member in the cooperative’s activities such as control 
of the cooperative. Care must be taken in constructing 
and amending articles of incorporation and bylaws 
and in board policies such as nominating committees 
to ensure that the cooperative is in compliance with 
its enabling statutes and policies. These new trends 
present the possibility of adding unanticipated 
complications to some foundational institutional 
structures of the agricultural economy.

Implications for Participation in 
Agricultural Policy
Increased attention is being paid to payment limitations 
from farm programs administered by the USDA, such as 
crop insurance and market facilitation payments. While 
all legal entities have thus far been eligible, the rules 
on such programs may change. Reforms in these areas 
would have significant implications for landlord-tenant 
relationships (Kirwan, 2009; Hendricks, Janzen, and 
Dhuyvetter, 2012).

RECENT TRENDS IN U.S. 
FARMLAND AND RANCHLAND

Increased Urbanization
Increased urbanization continues to decrease the 
amount of U.S. farmland. The USDA ERS maintains a 
land use database begun in 1945. Recent data shows 
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that cropland acres were 451 million in 1945, peaked 
at 472 million in 1978, and declined to 392 million in 
2012 (Bigelow and Borchers, 2017). As distinct from 
general farmland, cropland acres include cropland 
used for crops, idle cropland, and cropland pasture. 
Urban area acreage has sprawled from 15 million in 
1945 to 70 million in 2012. Because of changes in land 
definitions and changes in forest-use, grassland pasture 
and range, and other types of land, it is difficult to say 
that the increase in urban acreage has come solely 
at the expense of cropland acreage. Nonetheless, it 
is undeniable that urbanization has accounted for 
cropland acreage decreases.

Conservation Easements
Conservation easements are grants of restrictions on 
land to some institutional land trust in order to further 
some conservation objective. A common use would 
be an easement on a specified area of ranchland 
that prevents future owners from developing the 
land. The easement can be donated or sold and can 
potentially bring about beneficial tax consequences. 
For example, a rancher who has donated an easement 
to a conservation institution would not only be 
able to write off the donation as a charitable gift for 
income tax purposes, but they also could potentially 
lower the associated property tax liabilities. In theory, 
encumbering one’s land with such a perpetual 
easement would reduce the market value of the 
property because future purchasers would be barred 
from developing the land. Moreover, by reducing 
the value of the land, one can fit more acres under a 
GSTT exemption and thus pass more land into a trust 
on advantageous terms. According to the National 
Conservation Easement Database, the United States 
has over 160,000 easements in place, covering tens of 
millions of acres.

A prerequisite to obtaining a conservation easement 
is that the property must have conservation value. 
Such a parcel of land should have value that exceeds 
its use as farmland due to its developmental potential. 
Highly fertile farmland in central Illinois, for example, 
presumably lacks conservation value. However, 
farmland on the periphery of an urban area may have 
some conservation value, if by granting the easement, 
likely future development there is prohibited.

Despite most farmers’ few opportunities for pursuing 
traditional conservation easements, agricultural 
conservation easements exist. The USDA’s Natural 
Resources Conservation Service (NRCS) created the 
Agricultural Conservation Easement Program (ACEP) 
to “protect the agricultural use and future viability . . . of 

eligible land by limiting nonagricultural uses of that land” 
(Conservation Programs Manual, 2020). Moreover, many 
states have enacted their own farmland preservation 
programs, and grantors of these easements may take 
advantage of similar tax incentives afforded to grantors 
of traditional conservation easements.

Foreign Land Ownership
Another trend is the increasing ownership of land 
by foreign entities. In 2018, 31.8 million acres of U.S. 
land were foreign-owned, with 20% being farmland 
(Barnes et al., 2019). As of 2020, Hawaii, Iowa, Minnesota, 
Mississippi, North Dakota, and Oklahoma prohibit 
foreign ownership of farmland. As in previous cycles of 
rising agricultural prices, the United States has recently 
seen major acquisitions of farmland by foreign investors: 
in California by Saudi Arabian investors for alfalfa hay 
production to export to Saudi Arabia (Daniels, 2006); 
farmland in North Carolina and Virginia used in pork 
production by Chinese investors through the acquisition 
of Smithfield Foods (Clark, 2018); and Ohio by German 
investors (Ohio Farm Bureau, 2019).

Altruistic Uses for Farmland
A publication called The Land Report compiles an 
annual list of the largest landowners in the United 
States. Many of these large landowners have interests 
in timber or pasture land. Such land is relatively 
inexpensive per acre relative to Midwestern farmland. 
However, it was pointed out by a number of the 
interviewees that many of the larger landowners do 
own highly productive farmland as an investment. 
Many of these landowners have altruistic motives, 
such as maintaining a traditional working cattle 
ranch; removing land from farming in an effort to 
reduce erosion; land banking for potential use as a 
park or something similar like the Tompkins have 
done in Patagonia, Chile; or using it to help sequester 
greenhouse gases.

The Need for Dynamic Data Methods in 
an Evolving World
We have observed a near tripling of farming operations 
falling under the “other” category of land ownership 
between 2002 and 2017, despite the total number 
of farms having decreased by over 4% during that 
period. Over the same period, we can observe a 
number of new or growing alternative ways to own 
farmland gaining popularity. There may be shifts 
occurring in U.S. agriculture that the USDA does not 
efficiently track under current methods. The various 
legal structures we identify in the first section of this 
paper are grouped together by the COA in a single 
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category of “other” consisting of “estate or trust,” 
“prison farm,” “grazing association,” “American Indian 
Reservation,” and “etc.” With the national data available, 
it is challenging to disentangle what is driving this 
growth in “other” forms of farmland ownership. The 
Council on Food, Agricultural & Resource Economics 
(C-FARE) has voiced similar concerns, recognizing the 
“growing complexity of the agricultural sector” as well 
as the need to “examine these structural changes and 
their implications” (C-FARE, 2007). It may be time to 
discuss reevaluating the current approach to tracking 
ownership of land in U.S. agriculture so as to accurately 
capture current trends and provide tools for more 
precise analysis to promote prudent policy making.

CONCLUSION
Data collection methods that seem to have fallen a bit 
behind innovations happening on the ground show 
that less conventional legal structures of farmland 
ownership are becoming more common in the United 
States. This paper looked at a few that may be driving 
somewhat opaque shifts discernible in census data: 
dynasty trusts, REITs, crowdfunding platforms, private 
equity funds, and community land trusts. Some of these 
trends may be strategic responses to anti-corporate 
farming laws at the state level as well as statutory limits 
on foreign ownership. We extend our broader analysis 
by discussing increased urbanization, conservation 
easements, foreign land ownership, and various 
altruistic uses of farmland as concurrent factors that 
may limit the transactional transfer of U.S. farmland 
and well-functioning liquid markets for land. With a 
growing number of farms falling under these structures, 
a need for greater monitoring of them exists to facilitate 
informed analysis and the generation of prudent policy 
advice. With greater information on who or what is 
acquiring U.S. farmland, the USDA could potentially 
play a role in helping understand the needs of a diverse 
agricultural community.
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Abstract

Precision agriculture or site-specific crop 
management attempts to observe, measure, 
and respond to inter- and intra-field 
variability. The goal of precision agriculture 
is to enhance yields, reduce cost, and/or 
mitigate environmental risks. This article 
discusses potential payoffs of precision 
agriculture from the producer, value chain, 
and environmental perspectives. Benefits 
of precision agriculture are discussed in 
the context of technology adoption and 
competitive advantage. Potential benefits 
associated with precision agriculture 
are manifold. In addition to potentially 
reducing cost and enhancing product value, 
precision agriculture has the potential 
to improve efficiency of machinery use, 
reduce risk, enhance property value, 
improve our ability to monitor food 
safety and enhance traceability, enhance 
our capability to execute and monitor 

sustainable practices, reduce fertilizer and 
chemical leaching and runoff, and conserve 
irrigation water. The adoption of precision 
agricultural technologies will likely require a 
reexamination of a farm’s workforce skills.  

INTRODUCTION
The adoption of technology has been important to 
production agriculture for decades. Through the 
adoption of technology and improved managerial 
practices, aggregate farm output has expanded 
substantially faster than aggregate input. For example, 
aggregate U.S. farm output tripled from 1948 to 2017 
with almost no corresponding increase in aggregate 
input (USDA ERS, 2021). For reasons explained below, 
the adoption of technology is expected to accelerate in 
the next decade.

Precision agriculture is having profound impacts on 
production agriculture, particularly crop production 
management. Crop management increasingly 
involves micromanagement of production activities 
by individual field or location within a field, driven by 
site-specific information about the environmental, 
biological, and economic factors that affect physical 
output, profitability, and soil and water quality. Precision 
production practices combine biological and nutritional 
technology; monitoring, measuring, and information 
technology; and process control technology. The 
critical linchpin among these “technology buckets” for 
successful execution is the data and information that 
can be continuously captured and utilized to manage 
the system and intervene in real time to control and 
enhance plant growth. The focus of biotechnology and 
nutritional technology is to manipulate the growth 
and attribute development of plants. Monitoring, 
measuring, and information technology helps trace 
plant development by measuring the impact of 
controllable and uncontrollable variables on plant 
growth. Yield monitors, global positioning systems 
(GPS), global information systems (GIS), satellite or 
aerial photography and imagery, weather monitoring 
and measuring systems, and plant and soil sensing 
systems are part of this technology. These systems 
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are increasingly being used to detect ways to improve 
plant growth performance, as well as to improve 
financial and physical performance accounting systems. 
Process control technology intervenes with the proper 
adjustments or controls to narrow the gap between 
actual performance and potential performance. 
Examples of this technology include irrigation systems 
tied to weather stations and soil sensors, variable rate 
application of fertilizer and chemicals with row shutoff 
technology, and precision planting technology that 
automatically adjusts seed placement and depth to 
changes in soil conditions.

Combining real-time monitoring and measuring 
technology with anytime intervention process control 
technology has the potential to generate significant 
benefits. Anytime intervention technology allows a 
producer to detect a problem when it occurs and in 
real time solve that problem rather than anticipate a 
possible problem and preemptively dispense control 
inputs that may be costly or unnecessary and possibly 
harmful to the environment. For example, anytime 
intervention technology allows the detection of corn 
borers and the treatment of those borers once they 
meet an economic threshold, rather than spending 
funds and using materials in anticipation that a corn 
borer infestation might occur. Similar approaches to 
fertility management facilitate lower levels of pre-
season fertilizer applications by enabling additional 
applications during the growing season as real-time 
sensing technology and drop-down nozzle attachments 
for high clearance equipment enable split applications 
of fertilizer to be applied when needed.

This article discusses potential payoffs of precision 
agriculture from the producer, value chain, and 
environmental perspectives. Benefits of precision 
agriculture are discussed in the context of technology 
adoption and competitive advantage.

COMPETITIVE ADVANTAGE
As noted in the introduction, aggregate agricultural 
output has been expanding at a rapid rate due 
to technology adoption rather than increases in 
aggregate agricultural input. In other words, the 
production frontier has been shifting upward. Mugera, 
Langemeier, and Ojede (2016) illustrate the large shift 
in the production frontier for a sample of farms. Farms 
that were not able to adopt technology as rapidly 
as their competitors saw a decline in their relative 
efficiency position over time. In addition to augmenting 
production, technological change also helps lower cost 
per unit of production.

Benefits associated with technology adoption are 
often couched under the auspices of competitive 
advantage, which has been extensively explored in the 
business and farm management literature (Hunt, 2000; 
Besanko et al., 2010; Boehlje, 2013; Langemeier and 
Yeager, 2020). Competitive advantage is a circumstance 
that puts a business or farm in a favorable or superior 
business position. To obtain a competitive advantage, 
a firm either reduces per-unit cost while procuring 
average prices, receives higher prices with an average 
per-unit cost structure, or both. The strategy related to 
relatively higher prices is often referred to as a value-
added strategy. Technological change impacts industry 
structure and can even lead to new industries. If a firm 
currently does not have a competitive advantage, early 
adoption of key technologies can create a competitive 
advantage. Technological change can lead to 
competitive advantage when it lowers per-unit cost or 
enhances product differentiation, results in first-mover 
advantages, or improves overall industry structure 
(Porter, 1985). In particular, technological leaders are 
often able to earn above-average profits until other 
firms in the industry “catch up.” Given the potential 
payoffs attributable to precision agriculture discussed 
below, firms that are late adopters may be leaving 
money on the table.

In addition to discussing traditional sources of 
competitive advantage, this paper explores the 
potential impact of precision agriculture on machinery 
use, risk, key relationships and alliances, land values, 
food safety, sustainability, and traceability. The adoption 
of precision agriculture technologies will also likely 
affect the environment. In recognition of this potential, 
the impact of precision agriculture on fertilizer and 
chemical treatments, nutrient management, and use 
of irrigation water will be discussed. When discussing 
potential payoffs below, we are referring to higher net 
returns, lower risk, or both.

POTENTIAL PAYOFFS
Potential payoffs of precision farming for producers 
and value chains (i.e., agribusinesses), as well as from 
an environmental perspective, are described below. 
The discussion of payoffs goes beyond the typical 
discussions involving just cost savings and enhanced 
production.

Potential Payoffs for the Producer
The improved measurement of soil characteristics 
and weather patterns that is part of precision farming 
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has the most direct and obvious payoff in terms 
of cost reductions and efficiency increases from 
more accurate use of inputs such as fertilizer, seed, 
chemicals, and other inputs and the systematic 
measurement of the impacts of these inputs on yield 
and profitability. Precision farming, combined with 
creative ways to schedule and sequence machinery 
use (including 24-hour-per-day operations, moving 
equipment among sites, and deployment based 
on weather patterns), has the potential to increase 
machinery utilization and decrease per-acre machinery 
and equipment costs.

Precision farming is also likely to impact value-added 
production or product differentiation. One dimension 
of that differentiation may be the production process 
itself. For some markets, such as the organic market, 
products cannot be produced using inorganic 
chemicals, and some processors and food companies 
want to trace the sourcing of crop products to specific 
locations or fields with detailed documentation 
of production processes. With more specificity 
required for raw materials to meet qualified supplier 
requirements, increased measurement and monitoring 
of both the growth process and the end product will be 
important for quality control and compliance. In fact, 
precision farming in its broader context of measuring, 
monitoring, and controlling the plant growth process is 
expected to have more payoff in differentiated product 
production than in commodity product production 
because it has the potential to not only lower cost but 
also simultaneously enhance revenue by producing a 
higher-value product; these dual outcomes have the 
potential to dramatically enhance a firm’s competitive 
advantage.

A key concern in crop operations is the perceived and, 
in many cases, real limit on size of operation because of 
the difficulty of monitoring progress and performance 
on large geographically dispersed acreages. The 
fundamental argument is that if plant growth processes 
can only be monitored by people with unique skills and 
those individuals are costly or expensive to train, the 
monitoring process limits the span of control to what 
one individual (or at least a few individuals) can oversee 
personally. If electronic monitoring systems can be 
developed (whether it be machinery operations or the 
growth process of the crop or the level of infestation of 
insects or weeds), fewer human resources are needed 
for this task and larger scale is possible.

A critical determinant of productivity in crop production 
is timely operations: getting the planting completed 
in a timely fashion for optimal growth and harvest 
completed before harsh winter weather occurs. Delays 

due to unanticipated breakdowns can be costly. 
Telematics that indicate the need for preventative 
maintenance can be very useful in reducing the 
prospects of a breakdown, and GPS guidance can 
extend the operating hours during the critical planting 
and harvesting seasons. Precision planting technology 
that enables more accurate seed placement at 
higher travel speeds increases the number of acres 
that can be planted per hour. In some cases, higher 
accomplishment rates and extended hours of operation 
per day can enable farmers to operate more acres with 
the same equipment or the same number of acres with 
a smaller machinery line.

No matter how skilled they are, people can and do 
make mistakes. Precision agriculture technology 
combined with automation reduces the chances of a 
mistake. GPS-based auto-guidance combined with row 
shutoff technology reduces overlap in chemical or seed 
application. Seed monitors reduce the chances of skips 
or other inaccuracies in seed placement. Yield monitors 
provide the data for more accurate selection of fertility 
and chemical programs, which combined with variable 
rate application technology reduces the risk of making 
an incorrect variety or weed-control selection in 
subsequent years. More timely planting and harvesting 
using precision farming technologies reduces the risk 
of yield reductions from unpredictable weather events. 
Precision farming could also provide tools for farms to 
manage regulatory risks such as nutrient and pesticide 
use.

One of the most important business relationships a 
farmer has is with the landowners who rent them the 
property. Keeping the landowner (or the management 
company that has been retained by the landowner 
to oversee this arrangement) informed of the farming 
activities that are occurring on their property, the 
progress of the growing crop, and the management 
and cultural practices that are being used by the 
operator to maintain or improve the productivity of 
the property strengthens and deepens this critical 
relationship. The data and information generated 
through use of precision farming tools and techniques 
enhance communication with the landowner/farm 
manager well beyond the pictures and phone calls 
typically used in the past. Communication with 
other suppliers such as lenders and agronomic input 
and farm equipment suppliers is also enhanced by 
the additional detail that can be provided to solve 
problems. In a similar vein, data and information 
useful to more effectively communicate with buyers 
concerning crop progress and/or production practices 
or problems can also enhance the “preferred supplier” 



ASFMRA 2022 JOURNAL

47

relationship that most farmers want to have with their 
product purchasers.

Finally, a longer-term payoff of adopting precision 
farming practices is improved productivity and soil 
health. Farm land values are heavily dependent on 
productivity, as reflected by yield. Precision farming 
will provide enhanced documentation that will help 
producers understand how more informed data-driven 
decisions pertaining to tillage, fertility, chemical use, 
seed selection, and planting and harvesting operations 
can enhance the natural productivity of the soil, thus 
creating additional value that can be captured not only 
by higher yields and profitability during the years the 
owner is farming the land, but also in the value of that 
land when it is eventually sold or a higher rental rate 
when rented to a tenant.

Potential Payoffs for the Value Chain
The current disruptions in the food production and 
distribution supply chain reinforce the challenges and 
opportunities of developing better linkages among 
participants in that chain. Better data/information 
on input and product characteristics and physical 
flows is a key part of the solution to these disruptions. 
For example, input suppliers are able to respond 
more accurately and timely to equipment repair and 
maintenance requests when telematics provides them 
data on engine or equipment wear and potential 
malfunction. Plant and animal growth progress 
data and planting and harvesting accomplishment 
information signals the need for more agronomic 
inputs for a specific tract of land or that harvest is being 
initiated at a specific location and will be delivered 
to the processor or storage facility at a specific time. 
The ability to share this and similar data/information 
from producers using precision agriculture tools and 
techniques across the stages of the supply chain 
reduces the chances of shortages (or excess inventories 
requiring storage) of critical raw materials and products 
and the prospects of supply chain disruptions, and 
it enhances the trust and deepens the relationships 
suppliers and buyers have with their partners in the 
supply chain. In other words, it improves the resiliency 
and the efficiency of the supply chain.

One of the most difficult risks to manage for a food 
processing firm is the potential contamination of raw 
materials. For a branded-product food company, a 
food safety scare can be disastrous. The improved 
measurement and monitoring of soil preparation, 
growth, harvesting, storage and handling, and 
processing processes that have the potential to be part 
of precision farming in the future will enable trace-back 
from end user through the production/distribution 

chain, which is the only secure method of guaranteeing 
food safety. If food safety concerns continue to increase 
and consumers demand more documentation that 
food products are in fact safe, precision farming has the 
potential to become one of the most effective ways of 
providing that documentation and reducing the risk of 
food contamination.

A growing number of food processors and retailers 
are responding to the “sustainability” concerns of 
their customers by requiring their suppliers to meet 
what they have specified as sustainability criteria and 
to document their sustainable practices. Some food 
retailers have or are considering adding a “sustainability” 
label to their food products much like the nutrition 
label that they currently carry. These “trust your food” 
initiatives are expected to expand. Precision farming 
provides the capability to execute and document the 
sustainability practices increasingly required to be a 
“qualified supplier” in a more demanding supply chain.

Not unrelated to the increasing concerns of food 
consumers about food safety and sustainability is the 
issue of traceability and the chain of custody. If there is 
a food safety issue or contamination of a food product, 
consumers as well as food companies and government 
officials are eager to quickly uncover the source and 
take mitigating action. Tracking and tracing at the 
farm gate level to uncover sources of contaminant are 
significantly enhanced with precision farming tools 
that have recorded the use of specific agronomic and 
production practices. Likewise, similar documentation 
can be used to verify that sustainability criteria have 
been met, or what adjustments might be needed to 
maintain “qualified supplier” status.

Potential Payoffs for the Environment
More precise applications of fertilizer and insect and 
weed control in terms of location, timing, and amount 
to better match plant needs should reduce leaching 
and runoff into ground and surface water and the 
resulting deterioration of water quality. Undoubtedly, 
this potential exists, but what if the precision farming 
recommendations are for the highest application rates 
on the soils closest to a stream or waterway or with a 
shallow water table and heavy rains occurring shortly 
after application. Precision farming has the potential 
to reduce environmental degradation of water sources, 
but we need to monitor and measure this phenomenon 
to be sure we are obtaining the expected results. It also 
would help farms and others document and manage 
pesticide drift for both row and specialty crops.

In many states and locales, concerns about soil and 
water degradation in rural areas has resulted in 
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pressures to regulate and restrict the application of 
inorganic and organic (manure and animal waste) 
fertilizer. Some states and locales are contemplating 
or requiring comprehensive nutrient management 
plans to reduce the environmental footprint of crop 
production. Precision farming tools and technologies 
can be very effective in developing and implementing 
those plans that in many cases will not only reduce the 
potential of environmental degradation, but also lower 
costs by more efficiently and effectively using fertilizer 
(including animal waste) inputs.

In some locations in the United States, particularly 
in the Plains and western states, the availability of 
water for irrigation purposes is declining because 
utilization and draw-downs exceed recharge rates for 
underground as well as surface water sources. Use of 
precision farming technology to manage irrigation 
systems by applying water at the needed amount at 
the right location and at the right time has been shown 
to significantly increase efficiency and effectiveness of 
irrigation, and thus conserve increasingly scarce water 
resources.

PREVIOUS RESEARCH ON 
PRECISION FARMING ADOPTION 
AND PAYOFFS
A 2019 survey of agricultural retailers provides a useful 
perspective of the current state of precision farming 
technology adoption (Erickson and Lowenberg-DeBoer, 
2020). This periodic survey was initiated in 1997, so it 
provides an historical perspective of the development 
over time of precision farming technology as well as 
some evidence of future challenges and opportunities. 
A total of 165 dealers responded to the 2019 survey. 
Table 1 summarizes the dealer offerings of precision 
services in selected years. The information in the 
last column represents projections for 2022. Entries 
designated with N/A indicate that this information was 
not available in a given survey year, or that projections 
were not available for a particular service. In many cases 
for 1997 and 2008 a designation of N/A means that the 
service was not available because the technology was 
still being developed. The availability of service offerings 
has increased significantly over time. Services that 
were offered by more than two-thirds of the dealers 
in 2019 included field mapping with GIS, GPS-enabled 
sprayer boom, GPS guidance with auto control, grid 
or zone soil sampling, satellite and aerial imagery, 
variable rate technology (VRT) fertilizer application, and 
VRT lime application. Cost/profit mapping, guidance 
and autosteer sales and support, and drone imagery 

adoption went from not being offered or surveyed in 
2008 to 38% in 2019—and are projected to increase 
significantly by 2022.

Thompson et al. (2019) recently surveyed 837 
commercial U.S. farms with at least 1,000 acres 
concerning their adoption of precision agriculture 
technologies. Results indicated that a large proportion 
of farmers with 1,000 or more operated acres use 
yield monitors (93%), autosteer (91%), and variable 
rate fertilizer application (73%). Moreover, 88% of 
the respondents indicated that precision farming 
technologies and services were an important 
contributor to farm profitability, and 80% indicated 
that these technologies have made them a better 
farm manager. Cost savings, yield improvement, and 
convenience were all found to be important reasons for 
adopting precision farming technologies.

Lowenberg-DeBoer and Erickson (2019) provide an 
excellent review of the research that has been done 
internationally on the adoption of precision agriculture 
technology. The authors noted that guidance systems, 
sprayer boom control, and planter row or section 
shutoffs are becoming standard practice in mechanized 
agriculture. VRT has been adopted at lower rates but 
is expected to grow with improvements in artificial 
intelligence (AI) and robotics.

What about the profitability of adopting precision 
agriculture technology? Schimmelpfennig (2016; 2018) 
found a small increase (1.1% to 2.8%) in operating profit 
for corn, and a small increase (1.1% to 1.8%) in operating 
profit for soybeans resulting from the adoption of 
soil and yield mapping, guidance systems, and VRT. 
A more recent exploratory study by Pope and Sonka 
(2020) pertaining to the use of digital technology in 
farming used a detailed interview survey of a sample 
of 10 farmers who are recognized as early adopters of 
precision agriculture technology to explore the benefits 
and costs associated with precision agriculture tools 
and practices, including yield monitors, autosteer, 
mapping, soil sampling, VRT, drones or aerial imagery, 
and management systems. The perceived benefits 
were almost $90 per acre or a benefit cost ratio of 9.7. 
The relatively higher payoffs compared to previous 
studies were attributed to their examination of whole-
farm system benefits of the interactions among 
individual technologies and management practices 
that compound or multiply the benefits of individual 
technologies and enable the implementation of a more 
systematic way of farming.



ASFMRA 2022 JOURNAL

49

WHAT ABOUT THE FUTURE?
As noted in the discussion above, significant 
advancements in precision farming technology have 
been made in the past few years. Given the increased 
interest in and commitment by venture capitalists, 
innovators, and entrepreneurs to enhancing the 
“digitization of everything” in the food production and 
distribution industry, the development of new tools and 
technologies is likely to occur at an accelerated pace.

One of the more interesting and challenging areas 
of future innovation is automation and robotics. 
Autonomous grain carts and tractors have garnered 
considerable press. Autonomous grain carts enable 
an individual in the combine to locate the cart, tell 
the cart to follow and match speed with the combine, 
and unload on the go. Autonomous tractors use GPS 
and other wireless technologies to farm land without 
requiring a driver. These tractors are programmed to 
observe their position, determine speed, and avoid 
obstacles.

Another technology with a lot of promise in production 
agriculture, particularly for sensing and monitoring, is 
drones. As noted above, the adoption rate by retailers 
of drones reached 38% in 2019 and was expected to 
increase dramatically by 2022. Drones are used for 
crop and livestock monitoring; to plan and make land 
improvements; to make seed, fertilizer, and pesticide 
prescriptions; to help with replanting decisions; and to 
make grazing decisions. As technology continues to 
improve, farms will be able to use drones to enhance 
crop and animal health and to enhance the ability 
to assess the impact of seed, fertilizer, and pesticide 
applications. Also, drones will enhance a farm’s ability to 
assess the impact of adopting specific practices such as 
reduced tillage, use of cover crops, or rotational grazing.

The Hands Free Hectare project associated with Harper 
Adams University in the U.K. uses automated machines 
to grow crops remotely without drivers or agronomists 
in the field. The project utilizes autonomous navigation 
systems to plant, grow, and harvest an annual cereal 
crop. Individuals are not allowed to step on the field, 
so robots or drones are used to implement all in-
field farming activities. Cost analysis on robotics by 
Lowenberg-DeBoer et al. (2019) based on data from 
this project suggests that automation has the potential 
of reducing the costs for smaller acreage farms more 
than larger acreage farms, but not entirely eliminating 
economies of size in farming.

3D printing could also contribute significantly to 
production agriculture. 3D printers will allow machinery 

dealers and producers to manufacture spare parts 
on-site. This technology will likely change how we think 
about manufacturing batch size and inventories, and 
it will allow parts to be produced on-site and just-
in-time, which could substantially reduce machine 
downtime. During peak workloads (e.g., planting and 
harvesting seasons), this reduction in downtime would 
be extremely valuable.

A good example of the use of automation in the 
livestock industry is the spread of robotic milkers. 
This technology has been adopted for a number of 
reasons including labor cost savings, lack of availability 
of labor to milk cows, and improved milk production 
per cow. Robotic milkers adapt milking frequency 
to individual cows and by lactation stage. Also, just 
as precision agriculture adoption for crops results in 
more timely data collection and improved decision 
making, a robotic milking system creates a wealth of 
data that can be used to make decisions (e.g., optimal 
dairy cow replacement). Use of cameras and heat 
sensors to monitor movements and temperatures to 
detect lameness and animal behavior, including feed 
consumption and waste, and possibly diseases and 
health issues, are other examples.

The adoption of precision farming technologies will 
require an enhanced “mental model” of the farm 
manager and workforce. Choosing and using precision 
farming tools and technologies requires an enhanced 
appreciation and understanding of science and fact-
based decision making. This includes a more advanced 
understanding of the biological and physical sciences 
to frame these decisions, as well as the ability to use 
data analytics and quantitative analysis tools such 
as statistical analysis and optimization models to 
make these decisions. It is thus essential to bring new 
capabilities and skills into the farm of the future.

The emergence of precision farming and in particular 
automation technologies is rapidly changing the nature 
of work for all businesses, including farms and ranches. 
To maintain a competitive advantage, farm operators 
will need to take a more active role in identifying the 
capabilities and skills needed by the business and 
to develop mechanisms to recruit, train, and retain 
employees. As part of a skill assessment, it is important 
to identify gaps in capabilities and skills and to 
determine how the business will address these gaps.

As noted by Manyika, Chui, and Miremadi (2017) and 
Willcocks (2020), automation could perform certain 
tasks at medium to high performance. For example, 
general equipment and navigation, inspecting and 
monitoring, basic data input and processing, and basis 
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communication could be performed relatively well 
with automation technologies. However, capabilities 
pertaining to creativity, leadership, complex information 
processing and interpretation, and advanced IT skills 
and programming would be difficult to emulate with 
automation technologies. In particular, tacit knowing 
or the fact that humans know more than they can 
describe is problematic to automation (Polanyi, 2009). 
Obviously, tacit knowledge makes it difficult to write 
code for machine learning.

Table 2 compares current capabilities and skills with 
potential future skills needed in production agriculture. 
This table was adapted from Willcocks (2020). To 
summarize the table, skills related to those that are 
difficult for machines to emulate (e.g., creativity, 
leadership, strategic positioning, and interpretation 
of data and information from precision agriculture 
technologies) will be critical to the farms of the future. 
Individual farms need to assess whether they have 
someone on board who has these capabilities and skills. 
If they don’t, would it be possible to contract for these 
skills? More options related to developing the workforce 
of the future are discussed below. From a management 
time standpoint, one of the upsides of current trends in 
automation is that it may free up employees to spend 
more time on their distinctive human capabilities and 
skills (e.g., interpretation of data and information from 
precision agriculture technologies) rather than on 
predictable physical work, potentially augmenting labor 
productivity.

In addition to discussing changes in skills needed 
in the workforce as businesses adopt automation 
technologies, Bughin et al. (2018) describe potential 
changes in the business workforce environment and 
options for companies to build the workforce of the 
future. Though the authors focus their discussion on 
businesses with numerous employees, many of the 
concepts discussed also apply to small businesses. 
In terms of the workforce environment, developing a 
mindset of life-long learning, stressing collaboration, 
and making sure that we have personnel who are 
responsible for leadership tasks, for supervising and 
training employees, and for developing a strategy 
to purchase and fully utilize precision agriculture 
technologies is important. Options for building the 
workforce of the future include retraining current 
employees, redeploying employees so that they can 
focus on future skills needed, hiring individuals with 
specific automation or other skills, contracting with 
outside parties for a portion of the skills needed, and 
removing skills that are not as pertinent as they have 
been historically. Even with a small workforce, farms will 
likely use a combination of these options rather than 
just one of the options.

We would be remiss if we did not indicate that there 
is going to be substantial competition for individuals 
with distinctive human capabilities and skills. Having 
these individuals in place or making sure that one of 
the operators or employees has the necessary skill set 
is likely to be critical to a farm’s competitive advantage. 
Thus, creating a plan to develop or obtain these skills 
from an outside party is very important.

Turning to possible new precision farming advances, 
what should we be watching for? Here is a partial list:

 •  Better understanding of the fundamental drivers/
determinants/constraints of plant growth and 
the specific structure and parameters of the 
underlying growth process.

 •  Improved technologies to more accurately 
measure/sense/monitor the plant growth process 
in real time.

 •  Better understanding of how frequently and at 
what level of granularity (by acre, field, parcel, etc.) 
to monitor and manage production processes.

 •  Improvement in the accuracy of measuring 
outputs (yield, production) and inputs (seed, 
nutrition, chemicals, tillage, etc.) of crop 
production processes.

 •  Further advances in the application and process 
control technologies that can be used in real time 
to manage and intervene in order to enhance 
plant and animal growth.

 •  A better understanding and control of the 
accuracy of “application” technology (e.g., seed and 
fertilizer placement, spray patterns and dosage, 
tank or batch composition and concentration, 
etc.).

 •  A better understanding of the challenges and 
opportunities of data aggregation and sharing 
needed to obtain essential insights in crop and 
livestock production.

 •  Increased availability of broadband connectivity 
in rural areas to enable faster and more accurate 
data transmission and communication.

 •  Advances in data security systems and resolution 
of issues concerning privacy and data sharing 
between farmers and their business partners in 
the value chain.

 •  Further advances in cloud computing, AI, Big Data, 
and the Internet of Things (IoT) technologies that 
will accelerate the digital transformation of the 
farming sector.
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CONCLUSIONS
This article discussed the potential payoffs of precision 
farming and the adoption of precision agriculture 
technologies, as well as provided thoughts on future 
developments. The technological transformation of 
production agriculture using precision farming systems 
and processes is well underway. Adoption rates have 
been very rapid during the past 10 years. Given the 
potential benefits and increased venture capital 
devoted to developing these technologies, adoption 
rates are likely to accelerate. Potential payoffs for 
producers include efficiency improvements, enhanced 
ability to produce value-added products, risk reduction, 
and enhanced land values. Precision agriculture is 
also expected to generate payoffs for the value chain 
and the environment. Specifically, the ability to more 
efficiently utilize seed, fertilizer, and pesticides as well as 
improved traceability will be extremely beneficial.

In summary, the adoption of precision agriculture 
technologies will lead to a competitive advantage for 
some farms. Another way of stating the same thing 
is that farms that do not adopt these technologies 
will face a competitive disadvantage. Having said 
that, it is important to note that the adoption of 
precision agriculture technologies will likely change 
the required capabilities and skills used by the 
production agriculture workforce. Farms will thus 
need to assess whether they have gaps in the skills 
needed to successfully adopt and manage these new 
technologies.
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Source: Erickson and Lowenberg-DeBoer, 2020.

Table 1. Dealer Offering of Precision Services in Selected Years

Service 1997 2008 2019 P 2022

Cost/Profit Mapping N/A N/A 38% 55%

Field Mapping with GIS 29% 47% 85% 90%

GPS Enabled Sprayer Boom N/A N/A 75% N/A

GPS for Logistics 4% 8% 38% N/A

GPS Guidance with Auto Control N/A 37% 90% N/A

GPS Guidance with Manual Control 24% 73% 59% N/A

Grid or Zone Soil Sampling 33% 53% 90% 91%

Guidance and Autosteer Sales and Support N/A N/A 38% 46%

Precision Planter Equipment Sales N/A N/A 28% 34%

Satellite and Aerial Imagery N/A 26% 70% 80%

Telematics Equipment Sales N/A N/A 20% 22%

UAV or Drone Imagery N/A N/A 38% 60%

VRT Fertilizer Application 20% 56% 88% 91%

VRT Lime Application N/A 44% 70% 74%

VRT Pesticide Application N/A 23% 20% 50%

VRT Seeding Prescriptions 3% 15% 59% 70%

Yield Monitor Sales and Support 15% 26% 40% 46%

Yield Monitor with Other Data Analysis 24% 34% 63% 70%

Table 2. Changes in Capabilities and Skills Needed in 
Production Agriculture

Current Future

Physical Digital

Non-Technical Technical

Non-Cognitive Cognitive

Basic Human Distinctive Human

Repetitive Non-Repetitive

Low Skills Medium to High Skills

Source: Adapted from Willcocks, 2020.
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Abstract

This study examined factors impacting 
variability and downside risk for a sample 
of Kansas farms using data from 2007 to 
2019. Liquidity, solvency, and the percentage 
of labor devoted to crop production were 
significantly related to the standard 
deviation of return on equity. Downside risk 
was measured as the number of years during 
the study period in which return on equity 
was negative. Value of farm production, 
financial efficiency, liquidity, percentage of 
acres owned, and the percentage of labor 
devoted to crop production were significantly 
related to downside risk. The risk measures 
were weakly correlated with each other; thus, 
when developing strategies to mitigate risk it 
is extremely important to determine whether 
a farm is more concerned about variability or 
downside risk.

INTRODUCTION
Variability and downside risk are commonly used to 
measure risk in production agriculture (Hardaker et 
al., 2004). Variability focuses on dispersions from the 
mean, while downside risk focuses on low outcomes. 
Understanding the relative importance of the various 
factors impacting risk is an important component of 
developing and implementing a risk management 
strategy.

Research that examines the factors impacting risk in 
production agriculture, whether risk is measured using 
variability or downside risk, is limited and quite dated. 
Schurle and Tholstrup (1989) and Purdy, Langemeier, 
and Featherstone (1997) are representative of studies 
that have explored factors impacting variability. Schurle 
and Tholstrup (1989) investigated the relationship 
between business risk and farm characteristics for 
a sample of Kansas Farm Management Association 
(KFMA) farms. Business risk was measured using the 
variance of net farm income to capital managed 
squared. Farm size, the interest expense ratio, age 
of operator, and net farm income as a proportion of 
capital managed were significant and positively related 
to business risk, while the percentage of income 
derived from government payments was significant and 
negatively related to business risk. Purdy, Langemeier, 
and Featherstone (1997) examined the impact of farm 
characteristics on the mean and standard deviation 
of the return on equity using a sample of KFMA farms. 
Variability in return on equity, swine/crop diversification, 
dairy/crop diversification, and farm size were significant 
and positively related to mean return on equity. Age of 
operator, percentage of acres owned, expense ratios, 
and debt-to-asset ratio were significant and negatively 
related to the mean return on equity. The debt-to-asset 
ratio was significant and positively related to variability, 
while percentage of income derived from government 
payments and crop/livestock diversification were 
significant and negatively related to variability.

Examples of previous works that have examined factors 
impacting downside risk include Langemeier and Jones 
(2000) and Russell et al. (2019). Langemeier and Jones 
(2000) identified the factors impacting downside risk 
or the percentage of years with a negative return on 
equity for a sample of KFMA farms. Farm characteristics 

Factors Impacting Variability and  
Downside Risk
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included in the analysis were the current ratio, debt-
to-asset ratio, total expense ratio, age of operator, 
percentage of income from livestock, and farm size. 
The total expense ratio, debt-to-asset ratio, percentage 
of income from livestock, and age of operator were 
significant and positively related to downside risk. Farm 
size was significant and negatively related to downside 
risk. Russell et al. (2019) investigated the effect of the 
ethanol mandate on downside risk for a sample of 
KFMA farms. The inverse current ratio, debt-to-asset 
ratio, and percentage of income from government 
payments were significant and positively related to 
downside risk. 

The objective of this study is to examine the factors 
impacting variability and downside risk for a sample of 
KFMA farms using data from 2007 to 2019. Variability 
was measured using the standard deviation of return on 
equity for each farm, and downside risk was measured 
using the percentage of years for which return on equity 
was negative for each farm. In addition to examining 
the factors impacting risk, this study explored the 
factors impacting average financial performance, as 
well as the relationship between average financial 
performance, variability in financial performance, and 
downside risk.

METHODS
Regression analysis was used to investigate the relative 
importance of farm characteristics in explaining return 
on equity, standard deviation of return on equity, and 
downside risk, measured using the percentage of years 
during the study period in which return on equity was 
negative. Specifically, using previous research as a guide, 
the following relationships were examined:

1.  ROE = f(VFP, PGOVT, ExpR, CR, DTAR, POWN, CROPL)

2.  SROE = f(VFP, PGOVT, ExpR, CR, DTAR, POWN, CROPL)

3.  DOWN = f(VFP, PGOVT, ExpR, CR, DTAR, POWN, CROPL)

where ROE represents the average return on equity 
for each farm; SROE represents the standard deviation 
of return on equity for each farm; DOWN represents 
the percentage of years for which return on equity 
was negative for each farm; VFP represents value 
of farm production, a measure of farm size; PGOVT 
represents the percentage of value of farm production 
derived from government payments; ExpR represents 
the economic total expense ratio; CR represents the 
inverted current ratio; DTAR represents the debt-to-
asset ratio; POWN represents the percentage of acres 
owned; and CROPL represents the percentage of 
labor devoted to crop production. Return on equity 

was computed by subtracting unpaid family and 
operator labor from net farm income and dividing 
the result by average net worth. Unrealized capital 
gains on land were excluded from the computation of 
ROE. The definitions of all of the other dependent and 
independent variables are self-explanatory, with the 
possible exception of the economic total expense ratio, 
which is computed by adding together accrual expense, 
unpaid operator and family labor, and an opportunity 
charge on owned equity and then dividing the result by 
value of farm production. More information pertaining 
to this ratio can be obtained from Langemeier (2013). 

Rather than providing regression coefficients for each 
dependent variable, we present the standardized 
beta coefficients for each regression. Because they are 
unitless, standardized beta coefficients can be used 
to rank the relative importance of each independent 
variable. Coefficients that are larger in absolute 
value are relatively more important in explaining the 
dependent variable. Each standardized beta coefficient 
is computed by multiplying the independent variable’s 
regression coefficient by the ratio of the standard 
deviation for the independent variable of interest to 
the standard deviation of the dependent variable. 
Interpretation is in terms of standard deviations. For 
example, a standardized beta coefficient of 1 would 
indicate that a 1 standard deviation change in the 
explanatory variable would result in a 1 standard 
deviation change in the dependent variable. 

To further explore differences in return on equity, 
variability, and downside risk, farms were sorted into 
top and bottom groups. Approximately 30% of the 
farms had 0, 1, or 2 years in which return on equity was 
negative. These 80 farms were designated as the top 
group in terms of downside risk. The bottom group 
was represented by the remaining 190 farms. Because 
80 farms were designated as being in the top group 
in terms of downside risk, the same number of farms 
were used to designate the top groups in terms of ROE 
and the standard deviation of ROE. It is important to 
note that the same 80 farms did not represent the 
top group for return on equity, the standard deviation 
of return on equity, or downside risk. The top group 
in terms of return on equity had an average return on 
equity for the period of 0.0517 or greater. The top group 
for the standard deviation of return on equity measure 
was represented by farms with a standard deviation 
below 0.0495. T-tests were used to determine whether 
there were significant differences in the independent 
variables between the top and bottom groups for each 
dependent variable.
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DATA
The data used in this study came from the KFMA data 
bank. Specifically, KFMA farms with continuous data 
from 2007 to 2019 were used in the analysis. A total of 
270 farms had continuous data over the study period.

Table 1 presents the summary statistics for dependent 
and independent variables. The average return on 
equity (ROE) was 0.0171. Because this study focuses 
on a farm’s ability to cover unpaid family and operator 
labor, ROE excludes capital gains on land that in 
general are not available to cover unpaid labor. The 
ROE values in Table 1 represent the average ROE for 
the 270 farms. Using average net farm income, average 
unpaid operator and family labor, and average net 
worth for the 270 farms, return on equity was 0.0277. 
Average downside risk was 0.352, which indicates that 
on average 35.2% of the years during the 2007 to 2019 
period had a ROE below zero (i.e., downside risk was 
prevalent). The number of farms with zero or one year in 
which ROE was negative was 17 and 32, respectively.

The average value of farm production was 
approximately $576,000, and the average percentage 
of value of farm production derived from government 
payments from all sources was 5.8%. The average 
economic total expense ratio was 1.292, which indicates 
that on average the farms were not able to fully cover 
accrual expense, opportunity cost on unpaid family and 
operator labor, and opportunity cost on owned equity 
(Langemeier, 2013). The average current ratio (inverted 
current ratio) was 3.26 (0.307), and the average debt-to-
asset ratio was 0.210. On average, approximately one-
third of the total acres operated per farm was owned. 
The average percentage of labor devoted to crop 
production was approximately 80%. 

RESULTS
The standardized beta coefficients for each dependent 
variable are illustrated in Table 2. Value of farm 
production was significant and positively related to 
ROE, and the economic total expense ratio and debt-
to-asset ratio were significant and negatively related 
to ROE. These results are consistent with Purdy, 
Langemeier, and Featherstone (1997). The economic 
total expense ratio had the largest absolute value for 
any of the standardized beta coefficients in the ROE 
regression. Using the standardized beta coefficient for 
the economic total expense ratio, a 1 standard deviation 
increase in the economic total expense ratio would 
result in a 0.409 standard deviation decrease in ROE. 
Table 3 presents differences in characteristics between 

farms in the bottom and top ROE categories. To be in 
the top ROE category, a farm had to have an average 
ROE during the study period of at least 0.0517. There 
were 80 farms in the top category and 190 farms in 
the bottom category. The average ROE was 0.0924, 
and average standard deviation of ROE was 0.138 for 
the top group. On average, the downside risk measure 
for the farms in the top group was 0.161. Focusing on 
the variables that were significantly related to ROE in 
Table 3, the farms in the top group were larger, had a 
substantially lower economic total expense ratio, and 
had a higher debt-to-asset ratio. 

The debt-to-asset ratio and the percentage of labor 
devoted to crops were significant and positively 
related to the standard deviation in ROE (SROE), 
while the inverted current ratio was significant and 
negatively related to SROE (Table 2). The results with 
respect to the debt-to-asset ratio and the percentage 
of labor devoted to crop production were consistent 
with Purdy, Langemeier, and Featherstone (1997). 
The inverted current ratio was not included as an 
independent variable for SROE in Purdy, Langemeier, 
and Featherstone (1997). In terms of absolute values, the 
debt-to-asset ratio had the largest standardized beta 
coefficient. Using the standardized beta coefficient for 
the debt-to-asset ratio, a 1 standard deviation increase 
in the debt-to-asset ratio would result in a 0.609 
standard deviation increase in SROE. Table 4 presents 
the characteristics for the farms in the bottom and 
top SROE categories. There were 80 farms in the top 
category and 190 farms in the bottom category. To be 
in the top SROE category, a farm had to have an SROE 
value of 0.0495 or less. Average ROE and SROE for the 
farms in the top group, in terms of SROE, were 0.008 
and 0.035, respectively. On average, downside risk was 
0.372 for the top group. Focusing on the variables that 
were significant in the SROE regression, the farms in  
the top group had a higher current ratio and a lower 
debt-to-asset ratio, and they devoted less of their time 
to crop production.

Langemeier and Yeager (2021) examined differences 
in farms for Sharpe ratio categories. The Sharpe ratio is 
computed by dividing ROE by SROE (see Sharpe [1966] 
and Sharpe [1994] for more information pertaining to 
the computation and use of Sharpe ratios). There were 
only four farms that were in both the top ROE category 
and the top SROE category. Clearly, it was very difficult 
to have both a high ROE and a low SROE.

The economic total expense ratio, inverted current ratio, 
and percentage of labor devoted to crop production 
were significant and positively related to downside 
risk, while value of farm production and percentage of 
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acres owned were significant and negatively related 
to downside risk (Table 2). The results with respect to 
the economic total expense ratio, inverted current 
ratio, and value of farm production were consistent 
with Langemeier and Jones (2000). In contrast to the 
results in this study, Langemeier and Jones (2000) 
found a negative relationship between downside risk 
and percentage of labor devoted to crop production. 
The percentage of acres owned was not included as 
an independent variable in the Langemeier and Jones 
(2000) study. Using absolute values, the economic 
total expense ratio had the largest standardized beta 
coefficient. Using the standardized beta coefficient 
for the economic total expense ratio, a 1 standard 
deviation increase in the economic total expense ratio 
would result in a 0.759 standard deviation increase in 
downside risk. Table 5 presents the characteristics of 
farms in the bottom and top downside risk categories. 
There were 80 farms in the top category and 190 farms 
in the bottom category. To be in the top downside risk 
category, a farm had to have two or fewer years in the 
study period for which ROE was negative. MROE and 
SROE for the top group with respect to downside risk 
were 0.073 and 0.084, respectively. Focusing on the 
variables that were significant in the downside risk 
regression, farms in the top downside risk group were 
larger, had a substantially lower economic total expense 
ratio, had a higher current ratio, and devoted more of 
their labor to crop production. The percentage of total 
acres operated that was owned was similar between 
the top and bottom categories. As noted above, there 
were 49 farms with only 0 or 1 year for which ROE was 
negative. MROE for this group of farms was 0.0779 
compared to the average for the entire sample of only 
0.0171. 

Langemeier and Yeager (2021) examined differences in 
farms for Sortino ratio categories. The Sortino ratio is 
computed by dividing ROE by a downside risk measure 
(see Sortino and Price [1994] for more information 
pertaining to the computation and use of the Sortino 
ratio). There were 51 farms in both the top ROE category 
and the top downside risk category. The average ROE 
and downside risk measure for this group was 0.095 
and 0.080. These results suggest that it was possible for 
farms to have a relatively high ROE and a relatively low 
level of downside risk during the study period. 

In light of differences in the factors related to ROE, 
SROE, and downside risk, correlation coefficients 
were computed to examine the pairwise relationship 
between the three measures. The correlation coefficient 
between ROE and SROE as well as between ROE 
and downside risk were significant. Results indicated 
that it was very difficult for a farm to have both a 

high ROE and a low SROE. In other words, there is a 
tradeoff between risk, as measured using the standard 
deviation, and return. Farms wanting to mitigate the 
standard deviation will likely end up with a lower 
ROE. Conversely, approximately 19% of the farms were 
in both the top categories with respect to ROE and 
downside risk. Also, as noted above, farms with less 
downside risk tended to have a higher ROE. Finally, 
the correlation between the two risk measures was 
relatively low (0.059) and not significant. This result 
stresses the importance of identifying which measure 
of risk as being the most relevant to a particular farm 
before developing risk mitigation strategies.

CONCLUSIONS AND 
IMPLICATIONS
This article examined factors impacting variability 
and downside risk for a sample of Kansas farms using 
data from 2007 to 2019. The results of this study have 
important implications to farms and those working  
with farms, including professional farm managers, 
marketing and agronomic advisors, crop insurance 
agents, and lenders.

Variability was measured using the standard deviation 
of return on equity. Downside risk was measured using 
the number of years during the study period in which 
return on equity was negative. Both measures of risk 
were significantly correlated with average return on 
equity. However, the two measures of risk were not 
significantly correlated with each other, suggesting that 
it is imperative that a decision maker determine which 
of these risk measures is more pertinent to their farm 
when they are developing risk mitigation strategies.

Average return on equity and downside risk were 
significantly related to farm size. Larger farms had 
higher rates of return and less downside risk. However, 
farm size was not important in explaining risk as 
measured with the standard deviation of financial 
performance.

Financial efficiency, measured using the economic 
total expense ratio, was a significant variable in 
the average return on equity and downside risk 
regressions, but not in the standard deviation of return 
on equity regression. Farms with a lower economic 
total expense ratio had higher financial performance 
and faced less downside risk. In fact, financial 
efficiency was the most important factor explaining 
downside risk. Farms in the top return on equity 
category had an average return on equity of 0.0924 
compared to the average for the group of only 0.0171. 
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Farms that were in the top category in terms of the 
standard deviation of return on equity and downside 
risk had higher current ratios. However, the current 
ratio was not an important factor explaining average 
financial performance. 

As expected, the debt-to-asset ratio was a very 
important factor explaining the standard deviation of 
financial performance. Somewhat surprisingly, the debt-
to-asset ratio was significant and negatively related 
to return on equity. Though not tested in this paper, 
farms with low debt-to-asset ratios likely grew at lower 
rates, thus impacting their ability to garner economies 
of scale. Interestingly, the debt-to-asset ratio was not a 
significant factor impacting downside risk. 

Numerous farms in the sample produced both crops 
and livestock. The primary crops produced were 
corn, grain sorghum, soybeans, and wheat. Beef cow 
production was the most common livestock enterprise 
utilized by the farms included in this study. Farms that 
specialized in crop production tended to have higher 
financial performance. Specializing in crop production 
had a different impact on the two risk measures. 
Specialized farms had a higher standard deviation of 
financial performance but faced less downside risk. 

What are the implications of this study for 
benchmarking? In addition to average financial 
performance, individual farms should also think about 
the factors that impact variability and downside risk. 
Particularly in the case when using variability as the 
risk measure, pursuing a strategy to mitigate risk may 
reduce average financial performance.
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Note: Significant differences between columns were represented with one asterisk (10% level), two asterisks (5% level), and 
three asterisks (1%).

Table 1. Summary Statistics for Dependent and Independent Variables

Variable Average Standard Deviation

Return on Equity 0.0171 0.0844

Standard Deviation of Return on Equity 0.1175 0.2041

Downside Risk 0.352 0.241

Value of Farm Production ($1,000) 576.1 504.3

Percentage of VFP from Government Payments 0.0581 0.0278

Economic Total Expense Ratio 1.292 0.323

Inverted Current Ratio 0.307 0.462

Debt-to-Asset Ratio 0.210 0.168

Percentage of Acres Owned 0.331 0.248

Percentage of Labor Devoted to Crops 0.800 0.185

Note: The underlying regression coefficients for standardized beta coefficients with one asterisk, two asterisk, and three asterisks were 
significant at 10%, 5%, and 1%, respectively.

Table 2. Standardized Beta Coefficients for Each Dependent Variable

Variable ROE Std Dev ROE Downside Risk

Beta Sig Beta Sig Beta Sig

Value of Farm Production 0.272 *** –0.087 –0.204 ***

Percentage of VFP from Government Payments 0.030 –0.027 0.021

Economic Total Expense Ratio –0.409 *** –0.010 0.759 ***

Inverted Current Ratio –0.070 –0.190 ** 0.145 **

Debt to Asset Ratio –0.220 *** 0.609 *** –0.055

Percentage of Acres Owned 0.055 –0.069 –0.309 ***

Percentage of Labor Devoted to Crops –0.038 0.114 * 0.232 ***

Table 3. Farm Characteristics Between Return on Equity Categories

Variable Bottom Group Top Group Sig

Value of Farm Production ($1,000) 423.0 939.6 ***

Percentage of VFP from Government Payments 0.0597 0.0543 *

Economic Total Expense Ratio 1.398 1.040 ***

Inverted Current Ratio 0.423 0.367

Debt-to-Asset Ratio 0.196 0.242 *

Percentage of Acres Owned 0.371 0.236 ***

Percentage of Labor Devoted to Crops 0.770 0.873 ***
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Note: Significant differences between columns were represented with one asterisk (10% level), two asterisks (5% level), and 
three asterisks (1%).

Table 4. Farm Characteristics Between Standard Deviation of Return on Equity Categories

Variable Bottom Group Top Group Sig

Value of Farm Production ($1,000) 643.1 416.8 ***

Percentage of VFP from Government Payments 0.0558 0.0637 *

Economic Total Expense Ratio 1.223 1.457 ***

Inverted Current Ratio 0.463 0.272 ***

Debt-to-Asset Ratio 0.255 0.103 ***

Percentage of Acres Owned 0.248 0.529 ***

Percentage of Labor Devoted to Crops 0.816 0.764 **

Note: Significant differences between columns were represented with one asterisk (10% level), two asterisks (5% level), and 
three asterisks (1%).

Table 5. Farm Characteristics Between Downside Risk Categories

Variable Bottom Group Top Group Sig

Value of Farm Production ($1,000) 441.4 895.9 ***

Percentage of VFP from Government Payments 0.0597 0.0544 *

Economic Total Expense Ratio 1.373 1.099 ***

Inverted Current Ratio 0.442 0.321 ***

Debt-to-Asset Ratio 0.214 0.199

Percentage of Acres Owned 0.329 0.336

Percentage of Labor Devoted to Crops 0.788 0.830 *
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Abstract

This paper examines the impact of crop 
safety net payments, including decoupled 
payments, on the aggregate net return 
to nine U.S. crops (barley, corn, cotton, 
oats, peanuts, rice, sorghum, soybeans, 
and wheat). Net return was calculated 
using economic cost and thus includes 
an opportunity cost for unpaid labor and 
owned land. Crop safety net payments 
since 1975 have turned an average minus 

7% annual net return loss into a 4% profit. 
Largest loss was minus 9% with safety net 
payments versus minus 36% without safety 
net payments. Largest loss with safety net 
payments was similar across farm bills since 
1980.

INTRODUCTION
A long-standing issue of interest has been the impact 
that U.S. farm program payments have on the 
profitability of producing crops. This assessment has 
become less straightforward due to the evolution to 
making payments on historical production, not current 
production (Coppess, 2018; Orden, Paarlberg, and Roe, 
1999). Payments not tied to current production mean a 
crop’s payment acres can be planted to the same crop, 
to a different crop, or to no crop. A crop’s planted and 
payment acres may thus differ. Among current farm 
program crops, payment and planted acres differ the 
most for soybeans (53.4 million payment acres versus 
83.1 million planted acres) and wheat (63.3 million 
payment acres versus 44.3 million planted acres) (USDA 
NASS, 2021; USDA FSA, 2021a).

Two empirical observations, however, suggest a method 
exists to provide some perspective on the impact that 
crop safety net payments have had on crop profitability 
in an era of decoupled payments. First, total program 
payment acres and total acres planted to program 
crops overlap substantially. For example, during the 
2014 farm bill period, 85% of acres planted to program 
crops were planted on payment acres and 86% of 
payment acres planted to a crop were planted to a 
program crop (USDA FSA, 2020; USDA NASS, 2021). 
Second, the nine crops for which the USDA reports cost 
of production (COP) data—barley, corn, cotton, oats, 
peanuts, rice, sorghum, soybeans, and wheat (USDA 
ERS, 2021a)—account for almost all payment acres and 
almost all acres planted to program crops. During the 
2014 farm bill, both shares were 98% (payment acre 
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share was calculated using USDA FSA data; planted 
acre share was calculated using USDA NASS data). A 
commodity program payment to one of the COP crops 
was thus likely made to an acre planted to a COP crop 
even if it was not planted to the COP crop receiving the 
payment. Hence, examining the COP crops as a group 
can provide perspective on the role of crop safety net 
payments in the profitability of growing program crops 
as a group even when payments are decoupled from 
current production.

Decoupled farm payments have attracted considerable 
research attention. Focus of this research has been 
on whether payments not tied to current production 
and/or prices can still impact decisions made by 
farmers. Starting with Hennessy (1998), a number of 
potential impacts have been identified, including farm 
investments, planting decisions, land values, labor 
choices both on-farm and off-farm, and farm entry and 
exit (Moro and Sckokai, 2013). However, after reviewing 
existing empirical studies, Bhaskar and Beghin (2009) 
concluded that decoupled payments have generally 
been found to have limited impacts on farm decisions, 
except for land values. More recent data by Hendricks 
and Sumner’s (2014) empirical study and Chambers 
and Voica’s (2017) theoretical study also supports a 
conclusion of limited impact on farm decisions.

This study will examine the role of crop safety net 
payments on the profitability of producing barley, corn, 
cotton, oats, rice, peanuts, sorghum, soybeans, and 
wheat as a group. This aggregate approach is taken 
to accommodate the transformation of commodity 
programs from coupled to decoupled payments. The 
procedures and data used to make this calculation 
are discussed in the next section. Findings are then 
presented, including that farm safety net payments 
have, on average, turned market losses into a profit for 
the nine COP crops as a group. The article ends with a 
discussion of conclusions and implications.

PROCEDURES AND DATA
This analysis covers crop years 1975 through 2020. 
Complete data exist for these crop years on costs 
and return to production as well as farm safety net 
payments for the nine COP crops. Spatial area of the 
analysis is the United States as a whole. Initial year of 
this study is the first year for which USDA ERS published 
COP data for field crops and livestock. The 1973 farm 
bill had authorized collection of COP data, in part to 
adjust support prices (The National Agricultural Law 
Center, 2021). Support price adjustments tied to COP 
were eliminated by the 1981 farm bill (The National 
Agricultural Law Center, 2021).

U.S. Costs and Net Returns
An important assumption in this analysis is that the COP 
calculated by USDA ERS is an accurate measure of the 
average cost of producing a crop in the United States. 
The authors believe this assumption is reasonable, but 
the following discussion—which is based on USDA ERS’s 
(2021b) extensive documentation of procedures and 
methods—attempts to give each reader the information 
needed to assess the robustness of this assumption.

The objective of the USDA ERS cost and return data 
effort is to represent the costs and returns of all 
resources used in the production of each commodity. 
The estimates are based on actual costs and 
returns of all participants in the production process, 
including farm operators, landlords, contractors, and 
contractees. Producer surveys are conducted about 
every 4–8 years for each commodity. The surveys collect 
detailed information on input use, field operations, 
and production costs of a given commodity. Field 
enumerators personally interview farmers. To calculate 
target population estimates, each surveyed farm’s 
data are weighted by the number of farms with similar 
attributes represented in the survey sample. Target 
population for a field crop is all farms producing at least 
one acre of the crop.

All survey years for a crop are listed in USDA ERS’s 
(2021b) documentation material. The survey year is 
used as a base for making estimates for subsequent 
non-survey years. Price and production data from other 
sources, mainly USDA NASS agricultural prices and crop 
production publications, are used to adjust survey year 
data. This procedure essentially fixes the production 
technology as of a survey year. Reliability of estimates 
in non-survey years for a crop likely varies with the 
changes in its production technology since the last 
survey year. Discontinuities can occur when new survey 
data replace non-survey estimates.

USDA ERS calculates net return for a planted acre using 
the following formula:

Net return per planted acre = Gross production value 
per planted acre – Economic cost per planted acre

Gross production value equals the gross value of the 
primary product, such as grain, plus gross value of 
secondary products, such as straw. Production value 
is determined at the end of the production period 
using yield per planted acres and average harvest-
month crop price for the state in which the surveyed 
farm is located. Returns and costs from storing the 
crop are not included. Also not included are payments 
by government programs, including commodity, 
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conservation, and livestock programs, as well as 
indemnities from crop insurance. Insurance premiums 
paid by farms are not included as a cost.

Economic cost consists of operating costs and 
allocated costs. Operating costs include seed, fertilizer, 
chemicals, custom services, fuel, lube, electricity, repairs, 
purchased irrigation water, and interest on operating 
capital. Allocated overhead includes hired labor, 
opportunity cost of unpaid labor, capital recovery of 
machinery and equipment, opportunity cost of land, 
taxes, insurance, and general farm overhead. Inclusion 
of opportunity cost means that a cost is assigned to all 
production inputs regardless of its ownership or equity 
position. Opportunity cost is the return foregone from 
an alternative use of an unpaid resource or the money 
used to own an unpaid resource. Because opportunity 
costs are included, USDA ERS costs are referred to as 
economic costs. USDA ERS’s (2021b) documentation 
material contains detailed discussion of the method 
used to estimate each cost item individually.

Beginning in 1995, the theoretical basis and accounting 
methods used to estimate economic costs and net 
returns per planted acre were adjusted to reflect 
recommendations of the American Agricultural 
Economics Association (AAEA) Task Force on 
Commodity Costs and Returns. USDA ERS’s (2021b) 
documentation material contains a detailed discussion 
of this task force’s recommendations and the changes 
that were implemented. The changes were largely in 
the methods used to value a resource, not the addition 
or removal of cost items. Three of the more important 
changes were (1) using the wage rate of farm operators 
working off-farm instead of the state wage rate for 
agricultural workers to estimate opportunity cost 
of unpaid labor, (2) using cash rent only instead of a 
weighted average of cash and share rent to estimate 
opportunity cost of land, and (3) changing the method 
used to estimate capital cost incurred in production.

Net return to production of a crop as measured by 
USDA ERS is a per-planted-acre return to management 
and risk. It measures the extent to which long-run 
production costs are covered by production that is 
valued at average harvest-month prices. Net return  
to management and risk can be positive or negative  
(i.e., a loss).

Total economic cost per planted acre and net return per 
planted acre for each COP crop and year is multiplied 
by U.S. acres planted to the crop for the year to obtain 
an estimate of total U.S. economic cost of producing 
the COP crop in the year and the total net return earned 
from producing the crop. Total U.S. economic cost 
and total U.S. net return for each COP crop is summed 

across the nine COP crops to obtain aggregate U.S. 
economic cost and aggregate U.S. net return for the 
nine COP crops as a group for each crop year from 1975 
through 2020. Planted acres for each crop and year are 
obtained from Quick Stats (USDA NASS, 2021).

U.S. Crop Safety Net Payments
Commodity programs are authorized by Congress in 
the farm bill. Payments by commodity programs are 
included in this study if they are available for the COP 
crops individually or as a group. These commodity 
programs include Average Crop Revenue Election 
(ACRE), Agriculture Risk Coverage (ARC), certificate 
exchange, cotton, cotton ginning, cotton transition, 
counter-cyclical payment (CCP), direct payment (DP), 
feed grain, loan deficiency, marketing loan, Price Loss 
Coverage (PLC), Production Flexibility Contract (PFC), 
rice, and wheat. ACRE, ARC, cotton transition, CCP, DP, 
PLC, and PFC made payments decoupled from current 
production. The transition to making commodity 
program payments on historical, not current, 
production started in the 1985 farm bill when crop 
acreage bases for an individual farm were established 
as the average of acres planted and considered 
planted to the crop for harvest on the farm during the 
preceding five years (Glaser, 1986). Source for payments 
by the cotton, feed grain, rice, and wheat programs 
are USDA ERS farm income and wealth data (2021c). 
Payments by the other commodity programs are from 
USDA FSA “Commodity Estimates Book and Reports” 
(2021b) and USDA FSA ARC/PLC Program data (2021a).

Crop safety net payments also include net payments 
made to farms by crop insurance for a crop and crop 
year. Net payments equal indemnities paid by crop 
insurance to a crop for a crop year minus premiums 
that farms paid to insure the crop for the crop year. Net 
premiums are calculated using data from USDA NASS 
(1976–1989) for crop years before 1989. Thereafter, the 
data are from USDA RMA (2021).

Most ad hoc and emergency farm program payments 
are not included in this analysis because they are not 
available by crop. Ad hoc farm payments are payments 
by programs for farms that are not commodity or crop 
insurance programs and usually cover current and past, 
not future, losses. Ad hoc programs included in this 
analysis because their payments are available by crop 
are the (1) Market Loss Program for 1998–2001 crops; (2) 
Oilseed Program for 1999 and 2000 crops; (3) Market 
Facilitation Program (MFP) for 2018 and 2019 crops, 
and (4) Coronavirus Food Assistance Program (CFAP) 
for 2019 and 2020 crops. Market Loss and Oilseed 
payments were for losses from an unexpected, large 
decline in farm prices caused in part by a worldwide 



ASFMRA 2022 JOURNAL

63

financial crisis. MFP payments were for losses related 
to trade disruptions resulting from a tariff war, whereas 
CFAP payments were for losses related to the COVID-19 
pandemic. Market Loss and Oilseed payments are from 
USDA FSA “Commodity Estimates Book and Reports” 
(2021b). MFP and CFAP payments are from USDA 
Farmers.gov (2021a and 2021b).

Commodity program payments, net crop insurance 
indemnities, and payments by the ad hoc programs 
discussed in the previous paragraph made to the nine 
COP crops were summed across the nine COP crops 
for each year. While crop insurance and FSA data are 
reported by crop year, ERS farm income and wealth 
data are reported by calendar year. Payment data 
obtained from ERS may thus be for a year after the year 
in which the crop was grown. This possibility needs to 
be kept in mind when interpreting the data for years 
prior to 1996.

Annual acreage set aside, marketing quota, public 
stock, and nonrecourse loan programs did not make 
payments to farms but impacted market prices. The 
first three impacted supply and thus market price while 
the nonrecourse loan program put a floor under market 
price. These price impacts should be reflected in the 
harvest prices that USDA ERS uses to compute gross 
return to production.

Summary Statistics
Average economic cost per year to produce a COP 
crop ranged from $192 per planted acre for wheat to 
$698 per planted acre for peanuts over the 1975–2020 
crop years (see Table 1). Average net return per planted 
acre was positive only for soybeans (see Table 1). Its 
$14 average translated into a 5% net return above 
its average economic cost per planted acre. Using 
soybeans as example, since gross revenue in this 
net return calculation is the harvest market value of 
outputs, the two measures can be thought of as the 
average market dollar net return per planted acre and 
average rate of market net return per planted acre to 
producing soybeans between 1975 and 2020. Cotton 
had the most negative average market dollar net 
return of minus $88 per planted acre. However, cotton’s 
average rate of market net return (minus 17%) was not 
the lowest. Sorghum was lowest at minus 30%.

Crop safety net payments averaged $8.8 billion per 
year between 1975 and 2020 (see Table 1). Commodity 
programs accounted for 70% of the payments, with 
net crop insurance indemnities accounting for 16% and 
the ad hoc programs included in this study accounting 
for 14%. The share for ad hoc programs is conservative 
since ad hoc payments were included in this study only 

if reported for the COP crops either individually or as a 
group. Reflecting the expansion in the crop insurance 
program over time, its share over the most recent 20 
crop years was 24%. Commodity and ad hoc program 
shares were 59% and 17%, respectively.

Aggregate dollar net return for the nine COP crops as a 
group averaged minus $20 per planted acre from the 
market but $16 per planted acre when government 
payments were added to market revenue at harvest 
(see Table 1). Lowest dollar net return for a year for the 
COP crops as a group was minus $100 per planted 
acre when only harvest time market revenue was 
used, compared to minus $28 per planted acre when 
government payments were included with harvest time 
market revenue, implying the crop safety net materially 
reduced the net income risk of producing the COP 
crops as a group. In contrast, standard deviation was 
roughly the same for net return with and without crop 
safety net payments, illustrating that standard deviation 
may sometimes not be a useful measure of risk.

FINDINGS
Figure 1 contains by year (1) the aggregate net return 
for the nine COP crops as a group from the market at 
harvest relative to aggregate economic COP (hereafter, 
market net return) and (2) the aggregate net return 
from the market plus aggregate crop safety net 
payments for the COP crops as a group relative to 
aggregate economic COP. Figure 2 contains summary 
statistics for both net return measures. The summary 
statistic with the largest difference between the two 
net return measures is the lowest or minimum net 
return: minus 36% for market net return versus minus 
9% when crop safety net payments were included with 
market net return. On average, market net return was a 
loss of minus 7% compared to a profit of 4% when crop 
safety net payments were included.

Market net return for the nine COP crops as a group 
was positive in 13 crop years, averaging 12% per year, 
and negative in 33 crop years, averaging minus 15% per 
year. The 13 crop years with a positive market net return 
all fell within two periods of consecutive positive net 
returns: 1975–1980 and 2007–2013. These two periods 
are widely recognized as periods of crop prosperity.

In four crop years, market loss exceeded minus 25%. 
One was 1986, with a market loss of minus 29%. This 
was the first crop year after the 1985 farm bill was 
enacted. Congress substantially reduced support prices 
and thus market prices in an attempt to stimulate 
demand to reduce large U.S. stocks of most COP crops 
(Coppess, 2018; Glaser, 1986). The substantial decline 
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in market prices reduced gross income and net return 
from the market.

The other three crop years with market losses larger 
than minus 25% were 1999, 2000, and 2001. Market net 
return was minus 36% in 1999 and minus 34% in 2000 
and 2001. These years were part of a period of low farm 
commodity prices and net returns from 1998 to 2002 
triggered by a worldwide financial crisis that began in 
Thailand in 1997 (Coppess, 2018).

Net return after including safety net payments was also 
lowest in 1999–2001. Relative to aggregate economic 
cost for the nine COP crops as a group, net return was 
minus 8% in 1999 and minus 9% in 2000 and 2001. 
Crop safety net payments to the COP crops was  
$20 billion, $19 billion, and $18 billion, respectively, 
in these three years, reducing net return loss from 
minus 34% to minus 36% to minus 8% to minus 9%. 
Commodity programs accounted for 65% of crop safety 
net payments in these three years. The ad hoc Market 
Loss and Oilseed programs accounted for 30% of 
payments. The remaining 5% were crop insurance net 
indemnities to the nine COP crops.

Since 2018, payments to farms have attracted attention 
due to sizable ad hoc MFP and CFAP payments. Crop 
safety net payments to the nine COP crops as a group 
averaged $19 billion per year over these three years, 
including a new record payment of $28 billion in the 
2019 crop year. The ad hoc MFP and CFAP programs 
accounted for 61% of crop safety net payments, 
with crop insurance and commodity programs 
each accounting for roughly half of the remaining 
payments. While average crop safety net payments 
were nearly identical in 2018–2020 as in 1999–2001, 
ad hoc payments played a much larger role in 2018–
2020. Moreover, average market net return relative to 
economic COP for the 2018–2020 COP crops as a group 
was minus 10%, 25 percentage points smaller than 
average market loss in 1999–2001. Average net return 
after including crop safety net payments was 4% in 
2018–2020 versus minus 8% in 1999–2001.

In the 33 years with a market net return loss, crop safety 
net payments reduced the loss from minus 15% per 
year to minus 1% per year. For these 33 years, correlation 
of crop safety net payments with market net return 
loss for the nine COP crops as a group was minus 0.71. 
Crop safety net payments were higher in years with 
the highest market net return loss, implying safety net 
payments were counter-cyclical to market net return 
loss.

Despite striking changes in the crop safety net, the 
largest loss per year has been similar during all but 

one of the seven farm bills since 1980 once safety net 
payments were added in. Largest loss ranged from 
minus 5% to minus 9% (see Figure 3). The exception was 
the 2008 farm bill, which had no year with a negative 
market net return. Changes in the safety net included 
not only decoupling payments from current production 
but also eliminating acreage set asides and most public 
stock programs in the 1996 farm bill (The National 
Agricultural Law Center, 2021), as well as the evolution of 
crop insurance from a program paying net indemnities 
near zero during the 1970s (USDA NASS, 1976–1989) to 
net indemnities averaging $2.3 billion per year to the 
COP crops in 2016–2020 (USDA RMA, 2021).

CONCLUSIONS AND 
IMPLICATIONS
Crop safety net payments have been critical to the 
profitability of producing the nine COP crops as a 
group. Without safety net payments, economic cost 
of producing these crops as a group would not have 
been covered. In other words, revenue from the market 
resulted in a loss.

Crop safety net payments also substantially reduced 
downside risk to producing the COP crops as a group. 
Largest loss was minus 9% with safety net payments 
versus minus 36% without payments.

Minimum loss was similar across farm bills since 1980 
despite major changes to the crop safety net. Capping 
aggregate loss for the COP crops as a group at minus 
10% has been a consistent feature of the U.S. crop safety 
net since 1980.

Given the preceding findings and since COP crops 
account for 80% of U.S. principal crop acres, it is not 
surprising that the aggregate index of crop input prices 
paid by U.S. farms has declined year over year only four 
times since 1990, the index’s first year (USDA NASS, 
2021). The largest decline was minus 3% in 2009. The 
limited decline in crop input prices has benefited U.S. 
farm input suppliers by reducing the risk of an adverse 
change in the price of their products. Limited decline 
in crop input prices also reduces its role in balancing 
supply and demand. As a result, other adjustment 
mechanisms, such as increased productivity, have likely 
become more important for both the crop sector and 
individual crop farms.

Since USDA NASS began reporting data in 1997, average 
price of U.S. cropland declined year over year only in 
2009 (minus 4%) and 2017 (minus 0.2%) while average 
cash rent for U.S. cropland declined only in 2016 (minus 
6%), 2007 (minus 3%), and 2020 (minus 1%). The sparsity 
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of declines is not consistent with an average market net 
return of minus 8% per year to the nine COP crops since 
1997. Such a market loss suggests downward pressure 
on land values. In contrast, the 5% net return once crop 
safety net payments are included since 1997 suggests 
upward pressure on land values. In short, safety net 
payments have been a primary reason that land has 
been a good investment.

It is common to associate the crop safety net with 
commodity programs and crop insurance. This analysis 
also emphasizes the importance of ad hoc assistance 
to minimizing losses from producing the COP crops 
as a group. A potentially important policy question 
in the next farm bill debate is what the large ad hoc 
assistance in 2018–2020 means for the future crop 
safety net. It could mean that current commodity 
programs and crop insurance have assistance gaps. It 
also could mean that U.S. society is willing to provide 
increased assistance for American agriculture. If either 
or both of these interpretations are correct, is it best 
to redesign commodity programs and crop insurance, 
develop entirely new programs, or increase the role of 
ad hoc assistance in the safety net? Research is needed 
to understand and answer these questions.

Another issue for future research is to examine whether 
the crop safety net provides the same level of assistance 
relative to economic cost of producing the COP crops 
as a group within the different U.S. farm production 
regions. Given the importance that regions play in the 
development of the U.S. crop safety net (Coppess, 2018), 
this research has the potential to provide useful insights 
into the design of U.S. crop policy as well as to suggest 
future directions this policy may take.

REFERENCES
Bhaskar, A., and J.C. Beghin. 2009. “How Coupled are Decoupled 
Farm Payments? A Review of the Evidence.” Journal of Agricultural 
and Resource Economics 34 (1): 130–153.

Chambers, R.G., and D.C. Voica. 2017. “‘Decoupled’ Farm Program 
Payments Are Really Decoupled: The Theory.” American Journal of 
Agricultural Economics 99 (3): 773–782.

Coppess, J. 2018. The Fault Lines of Farm Policy. Lincoln, NE: 
University of Nebraska Press.

Glaser, L.K. 1986. “Provisions of the Food Security Act of 1985.” 
National Economics Division Agricultural Information Bulletin No. 
498. Washington, DC: USDA ERS.

Hendricks, N.P., and D.A. Sumner. 2014. “The Effects of Policy 
Expectations on Crop Supply, with an Application to Base 
Updating.” American Journal of Agricultural Economics 96 (3): 
903–923.

Hennessy, D.A. 1998. “The Production Effects of Agricultural 
Income Support Policies Under Uncertainty.” American Journal of 
Agricultural Economics 80 (1): 46–57.

Moro, D., and P. Sckokai. 2013. “The impact of decoupled payments 
on farm choices: Conceptual and methodological challenges.” 
Food Policy 41: 28–38.

The National Agricultural Law Center. 2021. Copies of all U.S. farm 
bills. http://nationalaglawcenter.org/farmbills.

Orden, D., R. Paarlberg, and T. Roe. 1999. Policy Reform in 
American Agriculture: Analysis and Prognosis. Chicago: University 
of Chicago Press.

USDA ERS. 2021a. “Commodity Costs and Returns.” https://www 
.ers.U.S.da.gov/data-products/commodity-costs-and-returns.aspx.

USDA ERS. 2021b. “Commodity Costs and Returns: 
Documentation.” https://www.ers.U.S.da.gov/data-products/
commodity-costs-and-returns/documentation.

USDA ERS. 2021c. “Farm Income and Wealth Statistics.” 
https://www.ers.usda.gov/data-products/farm-income-and-
wealth-statistics.

USDA FSA. 2020. Personal communication, April 2021.

USDA FSA. 2021a. “ARC/PLC Program.” https://www.fsa.usda.gov/
programs-and-services/arcplc_program/index.

USDA FSA. 2021b. “Commodity Estimates Book and Reports.” 

USDA Farmers.gov. 2021a. “Coronavirus Food Assistance  
Program 1 Data.” https://www.farmers.gov/cfap1/data.

USDA Farmers.gov. 2021b. “Market Facilitation Program: Payment 
Report.” https://www.farmers.gov/manage/mfp.

USDA NASS. 1976–1989. Agricultural Statistics. https://usda.library 
.cornell.edu/concern/publications/j3860694x?locale=en.

USDA NASS. 2021. Quick Stats. http://quickstats.nass.usda.gov.

USDA RMA. 2021. “Summary of Business.” http://www.rma.usda.gov.

http://nationalaglawcenter.org/farmbills
https://www.ers.U.S.da.gov/data-products/commodity-costs-and-returns.aspx
https://www.ers.U.S.da.gov/data-products/commodity-costs-and-returns.aspx
https://www.ers.U.S.da.gov/data-products/commodity-costs-and-returns/documentation
https://www.ers.U.S.da.gov/data-products/commodity-costs-and-returns/documentation
https://www.ers.usda.gov/data-products/farm-income-and-wealth-statistics
https://www.ers.usda.gov/data-products/farm-income-and-wealth-statistics
https://www.fsa.usda.gov/programs-and-services/arcplc_program/index
https://www.fsa.usda.gov/programs-and-services/arcplc_program/index
https://www.farmers.gov/cfap1/data
https://www.farmers.gov/manage/mfp
https://usda.library.cornell.edu/concern/publications/j3860694x?locale=en
https://usda.library.cornell.edu/concern/publications/j3860694x?locale=en
https://quickstats.nass.usda.gov
https://www.rma.usda.gov


ASFMRA 2022 JOURNAL

66

Figure 1. Aggregate net return relative to aggregate economic cost of producing barley, corn, oats, cotton, peanuts, 
rice, sorghum, soybeans, and wheat, United States, 1975–2020. (Source: Original calculations using data from USDA 
ERS, 2021a and 2021c; USDA FSA, USDA Farmers.gov, USDA NASS, and USDA RMA.)
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Figure 2. Summary statistics of aggregate net return relative to aggregate economic cost of producing barley, corn, 
oats, cotton, peanuts, rice, sorghum, soybeans, and wheat, United States, 1975–2020. (Source: Original calculations 
using data from USDA ERS, 2021a and 2021c; USDA FSA, USDA Farmers.gov, USDA NASS, and USDA RMA.)
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Figure 3. Lowest aggregate net return relative to aggregate economic cost of producing barley, corn, oats, cotton, 
peanuts, rice, sorghum, soybeans, and wheat when crop safety net payments are included in net return, by farm bill, 
United States, 1981–2020. (Source: Original calculations using data from USDA ERS, 2021a and 2021c; USDA FSA, USDA 
Farmers.gov, USDA NASS, and USDA RMA.) Note: The year with lowest net return by farm bill was 1982 (1981 farm bill), 
1989 (1985 farm bill), 1991 (1991 farm bill), 2000 and 2001 (1996 farm bill), 2006 (2002 farm bill), 2009 (2008 farm bill), 
and 2018 (2014 farm bill).
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Table 1. Summary Statistics, Economic Cost per Planted Acre by Crop, Net Return per Planted Acre by Crop, Crop Safety Net 
Payments per Year by Program Type, and Net Return per Planted Acre for All COP Crops, United States, 1975–2020

Variable Average
Standard 

Deviation
Minimum Maximum

USDA ERS Economic Cost per Planted Acre

 Barley $238 $123 $80 $448

 Corn $398 $168 $178 $690

 Cotton $526 $161 $235 $834

 Oats $202 $112 $61 $420

 Peanuts $698 $166 $358 $991

 Rice $646 $217 $323 $1,016

 Sorghum $213 $73 $97 $321

 Soybeans $270 $115 $119 $504

 Wheat $192 $77 $77 $324

USDA ERS Net Return per Planted Acre

 Barley –$59 $39 –$143 $17

 Corn –$18 $69 –$134 $224

 Cotton –$88 $94 –$268 $70

 Oats –$45 $55 –$184 $32

 Peanuts –$5 $133 –$216 $460

 Rice –$35 $165 –$306 $461

 Sorghum –$63 $47 –$132 $41

 Soybeans $14 $52 –$85 $159

 Wheat –$39 $34 –$97 $56

Safety Net Payments per Year (Billion $)

 Ad Hoc Programs $1.2 $3.3 $0.0 $16.3

 Commodity Programs $6.2 $4.0 $0.4 $16.1

 Crop Insurance $1.4 $2.4 –$0.3 $12.7

 All Crop Safety Net Payments $8.8 $6.1 $0.5 $28.4

Net Return per Planted Acre, All COP Crops

 Without Safety Net Payments –$20 $48 –$100 $116

 With Safety Net Payments $16 $45 –$28 $177

Source: Original calculations using data from USDA ERS, 2021a and 2021c; USDA FSA, USDA Farmers.gov, USDA NASS, and USDA RMA.
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