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Summary: This paper finds that there may be a positive correlation between

participation in the Federal Crop Insurance Program (FCIP) and time to
adoption of certain Precision Agriculture Technologies (PATS).

Agricultural production has long been considered an industry with a high level of risk.
Producers are exposed to a multitude of perils, many of which are unpredictable and potentially
catastrophic. There is an increasing body of research that suggests these types of risks are likely
to increase in frequency and magnitude due to climate change (Schneider et al. 2007; Karl,
Meehl, and Miller 2008; Schoengold et al. 2014; Woodard and Verteramo-Chiu, 2017). Due to
this potentially increasing variability, agricultural risk management has become one of the
highest priorities for agricultural policymakers (Schoengold et al. 2014). This article explores the
relationship between participation in the Federal Crop Insurance Program (FCIP) and technology
adoption patterns for soybean farms in the U.S.

In response to these increased risks, various technological advancements have been made
to assist farmers with risk reduction and to bolster efficient production methods. Precision
agriculture technologies (PATS) are classified as a suite of technologies that use site-specific
information to improve field management techniques. The most common PATSs include yield
monitors, soil and yield mapping using a global positioning system (GPS), GPS based tractor
guidance systems, variable rate technology (VRT), and aerial technology such as drones and
satellite imagery. PATs have been linked to higher yields, higher net returns, and more efficient
allocation of inputs (Schimmelpfennig, 2016). These benefits may be associated with increased
risk-mitigation due to their data-based methods for nutrient applications and crop management.
Figure 1 shows the relative adoption rates for PATs on soybean acres and soybean farms in
2018.
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Figure 1 Technology Adoption on Soybean Farms/Cropland Acres, 2018
Source: USDA, ERS, “2018 Agricultural Resource Management Survey, Phase I1.”

U.S. farm policy has increasingly relied on the Federal Crop Insurance Program (FCIP)
as the main source of risk-management for agriculture. The FCIP is managed, regulated, and
administered by the United States Department of Agriculture (USDA) Risk Management Agency
(RMA), whose mission is to assist agricultural producers in mitigating risk from various natural
perils. In 2021, 444 million acres were enrolled in the FCIP (USDA RMA, 2021). The FCIP
subsidizes crop insurance premiums to incentivize participation by reducing farmers’ out-of-
pocket crop insurance costs. Figure 2 shows the historical trends for premiums, subsidies, and
liabilities for the FCIP from 2000 — 2021. Current projections estimate that net spending on the
FCIP could reach $80 billion for FY2021 — FY2030 (Congressional Research Service, 2021).
Additionally, the FCIP accounted for approximately 52% of payment to farmers from farm
safety net programs between 2014 — 2018 (CRS, 2021).
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Figure 2 Annual FCIP Total Premium, Premium Subsidies, and Liabilities, 2000 — 2021.
Source: USDA, RMA, “Summary of Business, 2000 — 2021.”

Our research examines the effects of the FCIP on the adoption of GPS guidance systems,
VRT (fertilizer, pesticide, and seeding) systems, and subsurface tile-drainage systems for
soybean farms. There may be tension between farmer adoption of capital-intensive farm



technologies and federal crop insurance programs due to the subsidized nature of the FCIP
system. While a plethora of research has been devoted to the role of subsidized crop insurance on
various aspects of risk-mitigating practices, there exists a gap in the literature on the effects of
the FCIP on a suite of various risk mitigating technologies, such as PATs and the management
practices mentioned above, within the United States. Our research aims to add to the existing
literature by analyzing the effects of the FCIP on farm risk mitigating technology adoption and
farming practices in the United States for soybean operations.

Results and Discussion

Data and variables for this study have been obtained from the Agricultural Resource
Management Survey (ARMS), which is administered and maintained jointly through the USDA
Economic Research Service (ERS) and the National Agricultural Statistical Service (NASS).
This survey provides a comprehensive, nation-wide overview of the production practices,
resource use, and economic situations of farm operations. Because ARMS is not a random
sample, the dataset includes expansion weights for all observations, which indicates the number
of fields each specific farm represents. These sample weights ensure that the ARMS survey is
nationally representative, despite only surveying certain operations. The pertinent technology
questions for this study include sub-surface tile drainage systems, GPS based guidance auto-
steering, and variable rate applicators (seeding, fertilizer/lime applications, and pesticide
applications). Figures 3, 4, and 5 provide a visual representation for the number of years a
subsurface tile-drainage system, GPS guidance system, and VRT system has been installed.
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Figure 3 Number of Years a Subsurface Tile-Drainage System has been Installed.
Source USDA, ERS, “2018 Agricultural Resource Management Survey, Phase I1.”
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Figure 4 Number of Years a GPS Guidance Auto-Steering System has been installed.
Source USDA, ERS, “2018 Agricultural Resource Management Survey, Phase I1.”
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Figure 5 Number of Years a Variable Rate Technology (VRT) System has been Installed.
Source: USDA, ERS, “2018 Agricultural Resource Management Survey, Phase I1.”

Tables 1 and 2 contain the summary statistics for the included crop insurance variables
and technology variables, respectively. These variables are derived from Phase Il of the 2018
ARMS survey. A time-based variable has also been included that represents the number of years
a producer has possessed multi-peril crop insurance. This study aims to explore the relationship
between years of technology adoption and years of crop insurance participation. However,
sample selection bias will be present since we cannot treat observations as if they were selected
at random and will yield biased results. To correct this issue, a probit selection model is
implemented to ascertain whether an operation has adopted certain technologies by 2018,
followed by a Poisson intensity equation to estimate the extent of that adoption (in years) and to
gain a better understanding of the thought process behind these adoption decisions.



Variable Description Mean Standard Error
Multi-Peril Years Number of years multi-peril insurance has been adopted 14.349 0.486
Coverage Level The selected crop insurance coverage level 75.405 0.418

Table 1 Summary Statistics for Crop-Insurance Variables

Source: USDA, ERS, “2018 Agricultural Resource Management Survey, Phase Il and
1

Notes: These summary statistics were generated with 30 replications and 29 design
degrees of freedom.

Variable Description Mean Standard Error
Guidance (=1) Equals 1 if a GPS guidance auto-steering system was adopted by 2018, 0 otherw 0.374 0.020
VRT (=1) Equals 1 if a VRT (for any application) system was adopted by 2018, 0 otherwis 0.278 0.016
Drainage (=1) Equals 1 if subsurface tile drainage was adopted by 2018, 0 otherwise 0.332 0.019
Guidance Years Number of years a GPS guidance auto-steering system has beeen adopted 6.358 0.257
VRT Years Number of years any VRT system has been adopted 6.240 0.330
Drainage Years Number of years subsurface tile drainage has been adopted 27.136 1.357

Table 2 Summary Statistics for Technology Variables

Source: USDA, ERS, “2018 Agricultural Resource Management Survey, Phase Il and
1

Notes: These summary statistics were generated with 30 replications and 29 design
degrees of freedom.

Tables 3, 4, and 5 contain the results from a Poisson model with sample selection for

Guidance, Variable Rate Technology, and Drainage systems, respectively. Increasing the number
of years a producer has adopted a multi-peril crop insurance plan by 10 years, is correlated with
an increase in the number of years a guidance system was adopted by 0.99 additional years, 0.71
additional years for a VRT system, and 5.43 additional years for a subsurface tile-drainage

system

. These results show that producers enrolled in the FCIP may be more likely to have

adopted PATSs earlier than producers who were not enrolled in a crop insurance program. This
could indicate that producers do not view the FCIP as a substitute for other risk management
options, or that these producers may not view these technologies in the same risk-reducing lens
as they may view the FCIP.



Intensity Equation Selection Equation Marginal Effects
Variable Name Coefficient Coefficient Coefficient
Multi-Peril Adoption (Y ears) 0.007** -0.002 0.099**
(0.003) (0.003) (0.047)
Age 0.004 -0.004* 0.063
(0.003) (0.002) (0.042)
College 0.111 0.132%* 1.517*%
(0.068) (0.065) (0.920)
Coverage Level -0.009** 0.013%** -0.131%**
(0.004) (0.004) (0.059)
Loss Cost Ratio -1.424 -5.687** -19.709
(2.775) (2.695) (38.329)
Total Acres Operated (in 100,000's) -0.323%* 1.224%** -4.470%*
(0.188) (0.188) (2.681)
Percentage of Rented Acres -0.102 0.724%*** -1.411
(0.127) (0.134) (1.776)
Farm Assets (in $10 millions) -0.196** 1.220%** -2.710%*
(0.089) (0.103) (1.280)
Total Labor Costs (in $1 millions) 0.097 0.271 1.34
(0.109) (0.284) (1.510)
SLOPE OF THE FIELD
Even, Moderate Grade (3-9%) (ommitted) -0.013 (ommitted)
(0.078)
Variable, Moderate Grade (ommitted) -0.178** (ommitted)
(0.083)
Even, Steep Grade (Over 10%) (ommitted) -0.012 (ommitted )
(0.183)
Variable, Steep Grade (ommitted) -0.415%* (ommitted)
(0.168)
Constant 2.978%** -1.197%** (ommitted)
(0.460) (0.377)
Number of Observations 769
Selected 413
Non-selected 356
Log-Likelihood -1574.652
Wald-y2(19) 39.34
Prob > x2 0.0006***
p -0.994
o 0.787

Wald test of indep. eqns. (o =0): y2(1)=  116.93 Prob > y2 = 0.0000***

Table 3 Results from a Poisson Model with Sample Selection on Guidance Auto-Steering
Note: Significance at the 0.01, 0.05, and 0.10 levels are represented by ***, ** and *
respectively.



Intensity Model Selection Model Marginal Effects

Variable Coefficient Coefficient Coefficient
Multi-Peril Adoption (Years) 0.029** 0.011 0.071**
(0.012) (0.009) (0.031)
Age -0.005 -0.011* -0.013
(0.007) (0.006) (0.017)
College 0.132 0.164 0.319
(0.172) (0.137) (0.412)
Coverage Level 0.014 0.018* 0.035
(0.013) (0.009) (0.032)
Chemical Expense (in $10 millions) 0.076 1.100 0.188
(3.680) (3.190) (9.060)
Loss Cost Ratio -5.115 -6.408 -12.609
(5.561) (5.101) (14.087)
Total Acres Operated (in 10,000's) -0.424 -0.416 -1.045
(0.668) (0.572) (1.626)
Percentage of Rented Acres 0.282 0.090 0.696
(0.273) (0.231) (0.693)
Farm Assets (in $100 millions) 1.590 2.800%* 3.920
(1.860) (1.650) (4.620)
Farm Debts (in $10 millions) 0.673 -0.0485 1.660
(0.868) (0.846) (2.150)
Total Labor Cost (in $1 millions) 1.120 0.819 2.770
(0.944) (0.795) (2.270)
Data Tools 0.736%* 1.009%** 1.581%**
(0.333) (0.167) (0.468)
Data Collection -0.351 -0.003 -0.984
(0.291) (0.200) (0.915)
Years Operating -0.012 -0.016%* -0.030
-0.01 (0.007) (0.024)
SOIL TEXTURE TYPE
Clay (ommitted ) -0.169 (ommitted )
(0.166)
Sandy (ommitted ) -0.027 (ommitted )
(0.255)
Mixed (ommitted ) -0.056 (ommitted )
(0.138)
Silty (ommitted ) -0.037 (ommitted )
(0.384)

SLOPE OF THE FIELD

Even, Moderate Grade (3-9%) (ommitted ) -0.179 (ommitted )
(0.136)

Variable, Moderate Grade (ommitted ) 0.009 (ommitted )
(0.172)

Even, Steep Grade (Over 10%) (ommitted ) 0.626 (ommitted )
(0.402)

Variable, Steep Grade (ommitted ) -0.207 (ommitted )
(0.533)

Water Quality Concerns (ommitted ) 0.171 (ommitted)
(0.221)

Highly Erodible Land (ommitted ) 0.255 (ommitted )
(0.161)

Constant -0.379 -1.610 (ommitted )

(1.343) (0.998)

Number of Observations 641.000

Selected 137.000

Non-selected 504.000

Log-likelihood -639.160

Wald x2(19) 29.960

Prob > x2 0.0929*

p 0.894

4 0.806

Wald test of indep. eqns. (p = 0): ¥2(1)= 3.54 Prob > 2 = 0.0600*
Table 4 Results from a Poisson Model with Sample Selection on VRT
Note: Significance at the 0.01, 0.05, and 0.10 levels are represented by ***, ** and *
respectively.




Intensity Equation Selection Equation Marginal Effects

Variable Coefficient Coefficient Coefficient
Multi-Peril Adoption (Y ears) 0.014%** -0.005 0.543%**
(0.002) (0.008) (0.100)
Age 0.002 -0.013%* 0.096
(0.002) (0.006) (0.076)
College -0.344%** 0.387%%** -13.933%**
(0.049) (0.137) (2.291)
Coverage Level 0.002 0.035%** 0.069
(0.003) (0.010) (0.129)
Chemical Expense (in $1 millions) -0.822%** 0.426 -53.600%***
(0.332) (0.495) (21.700)
Loss Cost Ratio -3.353 0.638 -132.908
(2.286) (5.139) (90.526)
Total Acres Operated 0.00002 -0.0001* 0.0009
(0.0001) (0.0001) (0.002)
Percentage of Rented Acres 0.177** -0.369 7.028%*
(0.082) (0.234) (3.321)
Farm Assets (in $100 millions) 0.150 2.170 9.760
(0.888) (1.840) (57.900)
Farm Debts (in $10 millions) -0.484 1.220 -14.500
(0.353) (0.970) (2.310)
Total Labor Costs (in $100,000's) -0.131 -0.031 -8.530
(0.049) (0.066) (3.460)
Y ears Operated -0.005%** 0.016%** -0.202%**
(0.002) (0.006) (0.078)
Data Tools -0.004 0.416%** -0.159
(0.070) (0.151) (2.773)
Data Collection Type -0.244%** -0.027 -10.446%**
(0.058) (0.183) (2.792)
Wetland (ommitted ) 0.191 (ommitted )
(0.320)
Soil Compaction Issues (ommitted ) -0.011 (ommitted )
(0.154)
Poor Drainage Concerns (ommitted ) 0.295* (ommitted)
(0.154)
Highly Erodible Land (ommitted ) -0.265 (ommitted)
(0.162)
Constant 3.395%%* -2.353%* (ommitted )
(0.421) (1.011)
Number of Observations 681
Selected 201
Non-selected 480
Log likelihood -1082.188
Wald-x2(19) 313.2
Prob > y2 0.000
p -0.357
o 0.956

Wald test of indep. eqns. (p =0): ¥2(1)= 13.52 Prob > y2 = 0.0002***
Table 5 Results from a Poisson Model with Sample Selection on Tile-Drainage
Note: Significance at the 0.01, 0.05, and 0.10 levels are represented by ***, ** and *
respectively.

Additionally, counties receiving increased levels of indemnity payments may be less
likely to have had PATSs adopted for a longer period as compared to less risky counties (shown
by the variable Loss-Cost Ratio). This is significant if we are to assume that the average level of
riskiness is likely to increase due to climate change. Results were mixed for producers who
elected a higher coverage level (which possesses an inverse relationship with subsidy level), as



this could potentially lead to an increased number of years of VRT and subsurface tile-drainage
adoption (in comparison to producers who elected lower coverage levels) but resulted in a
potentially lower number of years for guidance auto-steering adoption.

Various field specific characteristics were also examined. Poor drainage concerns,
moisture level, and erodibility were correlated with increases in the number of years PATSs have
been adopted for (among other field characteristics). Location of the operation (represented by
ERS region) also led to mixed results in PAT adoption, which is understandable considering the
vastly different climatic conditions across these regions. Operator specific characteristics such as
age, education level, assets, debts, and aptitude with technology may also contribute to the
likelihood of adoption, with mixed results. This could indicate that adoption decisions are highly
personalized.

Conclusions:

Our study suggests that enrollment in the current FCIP is correlated with an increase in
the average time of adoption for GPS based tractor guidance systems, variable rate technology
(VRT), and subsurface tile-drainage, all referenced to as PATSs throughout this article. However,
a good deal of thought should be given to the effects of future FCIP incentives. Producers may
come to view enrollment in the FCIP program as a substitute for other risk management practices
and will adjust their strategy accordingly. However, as this evidence shows, the FCIP may be
viewed as a risk management tool to be used in conjuncture with other risk-reducing practices
and technologies to effectively address future market volatility, climate change impacts, and risk
fluctuations.
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