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Are the Federal Crop Insurance Subsidies
Equitably Distributed? Evidence from a

Monte Carlo Simulation Analysis

Octavio A. Ramirez, Carlos E. Carpio, and Alba J. Collart

This study hypothetically analyzes the distribution of the premiums paid and thus the subsidies
received by farmers participating in the Risk Management Agency (RMA) multi-peril crop
insurance program. The results show a wide spread in the effective subsidy levels, to where
some producers might not be receiving any subsidies at all (i.e., they actually pay close to their
full actuarially fair premium), while others only pay a small fraction of their actuarially fair
premium. More importantly, the results show that “shrinkage” estimators such as the one used
by the RMA have the unintended negative consequence of disproportionally subsidizing farmers
who are less effective in managing risk. Producers whose farms exhibit higher downside yield
variability receive much more generous subsidies than those with lower levels of yield variability.

Key words: agricultural subsidies, crop insurance premiums, farmer welfare, risk management
agency

Introduction

The federal crop insurance program provides U.S. agricultural producers with important tools for
managing yield and revenue risks in their farm operations (Harwood et al., 1999). In 2013, the
program covered close to 296 million acres, or 90% of insurable crop land, assuming nearly $124
billion in liabilities through 1.22 million individual policies (U.S. Department of Agriculture, Risk
Management Agency, Federal Crop Insurance Corporation, 2014). The Risk Management Agency
(RMA), a division of the United States Department of Agriculture, is charged with administering
this program. High participation has been achieved through large subsidies, with farmers as a whole
now paying less than 40% of the total amount of premiums required to cover all of the program’s
indemnities (U.S. Department of Agriculture, Risk Management Agency, Federal Crop Insurance
Corporation, 2014).

The traditional product offered by the RMA, which for the purpose of simplicity is the focus of
this paper, is a farm-level, multiple-peril, crop yield insurance policy (MPCI). This policy protects
against low yield and crop quality losses due to adverse weather and unavoidable damage from
insects and disease (Barnett, 2000). The rate-setting process for the MPCI can be divided into
two major steps. The first step computes a county-level premium based on historical county-wide
indemnities and liabilities. The second step sets farm-level rates based on the county-level premium
and the producer’s historical farm-level yield records using an exponential “shrinkage” procedure
that compresses the premium estimates implied by the individual farm yield data toward the county
mean (Josephson, Lord, and Mitchell, 2000).
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Recent research shows that the RMA’s premium estimates are subject to substantial errors
relative to the “true” (i.e., the actuarially correct) farm-level premiums. These inaccuracies in the
RMA estimation of crop insurance premiums could, by themselves, account for most of the subsidies
that are being required to pay for the program’s indemnities (Ramirez and Carpio, 2012). Ramirez
and Carpio’s 2012 results also suggest that under the current rate-setting protocols, producer
uncertainties about their own actuarially fair premiums (AFP) could have as much of a negative
impact on program performance as insurer error and that producer uncertainty on top of the insurer’s
errors can exacerbate the need for subsidies. A recent U.S. Government Accountability Office report
on crop insurance concludes that the subsidy costs are greater in areas with higher production risks,
to the extent that the premiums may not be sufficient to cover expected losses (U.S. Government
Accountability Office, 2015).

This study more specifically focuses on exploring the impact of the inaccuracies in premium
estimation by the insurer (RMA) as well as producer uncertainty on the distribution of the premiums
paid and thus the subsidies received by farmers participating in the MPCI. Specifically, using an
exponential “shrinkage” estimator akin to the RMA’s, given a particular intended subsidy level (e.g.,
50%), we estimate the probabilities that a producer would end up paying various percentages of his
or her true AFP and thus receiving different effective subsidy levels. We also explore other economic
welfare implications of using this estimator.

The results presented in this paper show a surprisingly wide spread in the effective subsidy levels,
to the point where some might not be receiving any subsidies (i.e., they actually pay close to their
full actuarially fair premium) while others pay only a small fraction of their AFP. More importantly,
the results show that “shrinkage” estimators such as the one used by the RMA have the unintended
negative consequence of disproportionally subsidizing producers who are less effective in managing
risk. That is, those whose farms exhibit higher yield variability receive a much larger percentage
subsidy than the producers with lower levels of yield variability.

Data

Unfortunately, the only way to obtain the program performance statistics presented in this paper
is using simulated data. Unless the yield data are simulated from assumed or known probability
distributions, the actuarially fair premium for any particular farm unit is unknown, and the
differences between the premium estimates and the AFP are what determine all the indicators of
program performance discussed in this study. Farm-level yield data from prototypical Midwestern
corn-producing counties is thus repeatedly simulated (NR=Number of Runs=1,000 per scenario,
SS=Sample Size=10- and 20-yield observations per farm) under the assumption of normal and
non-normal (left-skewed) yield distributions. Each county is assumed to comprise NF farms
(NF=Number of Farms= 50 and 200), whose yields exhibit low (CC=Correlation Coefficient=0.25)
and moderate (CC=0.50) levels of linear correlation with one other. The true means and standard
deviations of the farm-level yield distributions are drawn to randomly range from 150 to 170 and
30 to 40 bushels per acre (wide-range scenario) and 155 to 165 and 32.5 to 37.5 bushels per
acre (narrow-range scenario) according to a simple uniform (i.e., equal probability) distribution.
In the case of the non-normal scenario, the underlying skewness and kurtosis measures of the
distributions are assumed to randomly range from 0 to −3.25 and 0 to 23.5, also according to a
uniform distribution.

The ranges assumed for the mean, standard deviation, skewness, and kurtosis parameters are
consistent with the estimates from parametric models of Illinois farm-level corn yields presented in
Ramirez, McDonald, and Carpio (2010). Their model was based on empirical data (twenty to forty-
five farm-level observations) obtained from the University of Illinois Endowment Farms database,
which includes twenty-six corn farms located in twelve counties across that state.

In addition, since the only available empirical evidence (Goodwin, 1994) suggests weak and
mixed-sign farm-level mean-variance correlation in a variety of crops, including dryland and
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Figure 1. Hypothetical Yield Density

irrigated corn, the moment parameters are drawn independently from one other. This allows us to
mimic the most likely county-level situation in which the farm unit yields can exhibit a wide variety
of distributional shapes. We then reduce the ranges of the mean and standard deviation parameters to
simulate a situation in which the farms within the county are more homogeneous in nature, which is
expected to improve program performance due to the “shrinkage” nature of the RMA estimator. As
described in the following section, the expanded SU distribution (Ramirez, Misra, and Field, 2003)
is utilized to simulate non-normal yields with those characteristics.

The yield simulation scenarios are designed to resemble the characteristics of corn production
in the Midwestern United States. For example, when yields are assumed to be normally distributed,
at the highest mean of 170 bu/acre and the lowest standard deviation of 30 bu/acre, the probability
of observing a yield value under 120 bu/acre or over 220 bu/acre is only 10% (5% under and 5%
over). This would have to be a superior farmer with a limited downside and a substantial upside
yield potential. At the lowest mean of 150 bu/acre and the highest standard deviation of 40 bu/acre,
the 5% probability bounds are 85 and 215 bu/acre. This could be a farmer with a sizable downside
but also a high upside yield potential.

Alternatively, when yields are assumed to follow a substantially left-skewed SU distribution,
at the highest mean of 170 bu/acre and lowest standard deviation of 30 bu/acre and skewness and
kurtosis values of −3.25 and 23.5, the 5% probability boundaries are 115 and 195 bu/acre (figure
1). These expand to 95 and 205 bu/acre at the highest mean and standard deviation of 170 and 40
bu/acre. In other words, the upside yield potential from the mean of 170 bu/acre is less than half as
much as the downside potential. It is believed that these distributions are more representative of the
behavior of farm-level corn yields in the Midwest (Ramirez, 1997; Ramirez, Misra, and Field, 2003;
Lu et al., 2008; Ramirez, McDonald, and Carpio, 2010).

Simulation Methods

Correlated normal and non-normal yield series are required for the purposes of this study because
the RMA premium-rating protocol is based on yield information from all farms in the county. Also,
while normality is the usual assumption, it has been shown that Midwest corn yields are substantially
left skewed (Ramirez, 1997). To this effect, a (1×NF) vector of standard normal draws (VVV t ) is first
correlated by multiplying it by the Cholesky decomposition of the desired (NF×NF) cross-farm
correlation matrix (Ramirez, 1997). To simulate normal yields, the resulting (1×NF) vector (VVVCCCt ) is
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element-by-element multiplied by the (1×NF) standard deviation vector (σσσ) and the result is added
to the (1×NF) mean vector (µµµ).

The process is repeated until the desired sample size (SS) is achieved. As previously discussed,
the elements of µµµ and σσσ are randomly drawn from uniform distributions to range from 150 to 170
and 30 to 40 bu/acre (wide-range scenario) and 155 to 165 and 32.5 to 37.5 bu/acre (narrow-range
scenario). The assumption of independence between the µµµ and σσσ draws is based on Goodwin (1994),
who only found weak and mixed-sign evidence of mean-variance correlation in a variety of crops,
including dryland and irrigated corn.

Because of its documented flexibility to generate a wide range of mean-variance-skewness-
kurtosis combinations, the expanded form of the SU family of parametric distributions (Ramirez,
Misra, and Field, 2003) is adopted for simulating non-normal yields. Simulation from this
distribution is conducted as follows:

YYY t = µµµ + [{σσσ2/G(θ,δ)}1/2. ∗ {sinh(θ(VVVCCCt + δ) − F (θ,δ)}]/θ,

F (θ,δ) = E[sinh(θ(VVVCCCt + δ)] = exp(θ2/2) sinh(θδ), and(1)

G(θ,δ) = {exp(θ2) − 1}{exp(θ2) cosh(−2θδ) + 1}/2θ2,

where YYY t is the resulting (1×NF) vector of correlated non-normal crop yields; µµµ is the (1×NF)
mean vector; σσσ is the (1×NF) standard deviation vector; −∞ < θ <∞; and −∞ < δ <∞ are two
other scalar distributional parameters exclusively controlling skewness and kurtosis; sinh, cosh, and
exp denote the hyperbolic sine and cosine and the exponential function; VVVCCCt is the (1×NF) vector
of correlated standard normal draws; and .∗ denotes element-by-element vector multiplication.
According to Ramirez, Misra, and Field (2003), the resulting (1×NF) vector of simulated yields
(YYY ttt ) exhibits the following characteristics:

(2) E[YYY t ] = µµµ, V ar[YYY t ] = σσσ2, Skew[YYY t ] = S(θ,δ), Kurt[YYY t ] = K (θ,δ),

where S(θ,δ) and K (θ,δ) involve simple but lengthy combinations of exponential and hyperbolic
sine and cosine functions. In other words, the mean and the variance of YYY t are solely determined
by µµµ and σσσ, respectively, while its skewness and kurtosis are only dependent on θ and δ. If
θ , 0, as δ approaches 0, the YYY t distribution becomes symmetric but remains kurtotic. Higher
absolute values of θ cause increased kurtosis. If θ , 0 and δ > 0, YYY t has a kurtotic and right-skewed
distribution, while δ < 0 results in a kurtotic and left-skewed distribution. Higher absolute values
of δ produce increased skewness. Because of these characteristics, this expanded form of the SU
family is capable of generating a wide range of mean-variance-skewness-kurtosis combinations (see
Ramirez, McDonald, and Carpio, 2010, figure 1). More importantly, for the purposes of this study,
they make it possible to independently prespecify the desired mean, standard deviation, skewness,
and kurtosis values for the simulated yield distributions.

Actuarially Fair Premiums

The actuarially fair premiums (AFP) for the Actual Production History (APH) insurance program
under a price guarantee (pg) of $5 per bushel and 60%, 65%, 70%, 75%, and 80% coverage levels
(CL) are computed for each of the yield distributions in the analyses using standard procedures.
Specifically, the analytical formula for computing the AFP is

(3) AFP =
∫αµ

0
pg (αµ − y) f (y)dy,

where f (y) the is the probability density function of yields (y), α is the coverage ratio (i.e., α =CL),
µ is the true mean of y, and pg is the guaranteed price (Ramirez and Carpio, 2012).
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For the case of normally distributed yields, the integral in equation (3) exhibits the following
closed-form solution:

(4) AFP = pgP(αµ − µ) + Zσ,

where P = Z (0.4361836T − 0.1201676T2 + 0.937298T3), Z = (2π)−1/2 exp(−0.5(µ − αµ)2/σ2),
and T = (1 + 0.33267(µ − αµ)/σ)−1 (Skees and Reed, 1986).

When the yield distribution f (y) is not normal (i.e., SU), since there is no closed-form solution
for the integral in equation (3), the AFP is numerically computed as follows:

(5) AFP =
1
T

T∑
t=1

I{Yt < αµ}pg (αµ − Yt ),

where I{.} is an indicator function that takes a value of 1 if true and 0 otherwise; the Yt values are
simulated from an SU distribution with the desired mean, standard deviation, skewness and kurtosis
characteristics; T = 1,000,000; and pg , α, and µ are as previously defined.

Select statistics about the actuarially fair premiums corresponding to various coverage levels
and the different yield simulation scenarios outlined in the previous section are presented in table 1.
For the scenarios (i.e., counties) with normal yields and the wider range of true means and standard
deviations (150 to 170 and 30 to 40 bu/acre), at the 65% coverage level, the AFPs range from $1.45
to $8.72 and average $4.56 per acre. Additionally, the average frequency of claims is 18.9 years,
with a range of 10.7 to 39.3 years. That is, the riskiest of the 200 farmers in this particular set of
µµµ and σσσ value drafts would, on average, have one claim every 11 years or so, while the least risky
will only have a claim about every 40 years, on average. In contrast, at the 85% coverage level, the
AFPs range from $16.97 to $35.63 and average $26.55 per acre, and the frequency of claims ranges
from 3.5 to 5 and averages just about 4 years. In the left-skewed yield scenarios, the AFPs seem
more consistent with what is observed in reality. At 65% coverage, they range from $1.85 to $15.48
and average $8.60 per acre, while at 85% coverage they range from $18.62 to $37.97 and average
$28.86 per acre.

When a narrowed dispersion of true means (155 to 165 bu/acre) and standard deviations (32.5 to
37.5 bu/acre) is assumed, the average premiums and claim frequencies remain about the same while
their ranges are somewhat tighter, as expected. Nevertheless, the wide range of AFPs observed
in these scenarios, particularly at the lower (65% to 75%) coverage levels, offers an insight to a
potential pitfall of the RMA’s “shrinkage” estimator. As shown in the following sections, the RMA
estimator yields farm-level premium estimates that are substantially “shrunk” toward the county
average. Thus, if no subsidies were provided, those producers whose AFPs are close to the lower
bound of the county range would inevitably end up paying quite a bit more than what is actuarially
fair. With subsidies, however, those close to the upper bound for the county could end up paying
only a small fraction of their AFP.

The RMA “Shrinkage” Estimator

The RMA estimator for the APH premiums is based on historical yield, loss, and indemnity
information from all farms in a particular county. In order to make the desired comparisons between
the actuarially fair premiums and the estimates obtained when using an RMA-like estimator,
premium estimates are repeatedly computed on the basis of simulated normal and non-normal yield
samples following the experimental design described in the data section. While the exact ratemaking
protocol utilized by the RMA is not publically available, the manner in which the rates are generally
established has been amply discussed in the literature. Specifically, for each farm i, the procedure
involves: 1) computing farm-level indemnities and liabilities; 2) computing county-level rates using
farm-level indemnities and liabilities; and 3) estimating farm-level premiums using county rates
(CPR) and farm- and county-level yields.
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Computation of Farm-Level Indemnities and Liabilities1

The indemnities paid to farm i with a coverage level of α =CL of its APH yield are computed as
follows:

(6) FLIit = pgY ∗it , where Y ∗it =



αAPHit − Yit if Yit < αAPHit

0 otherwise
,

where FLIit is the indemnity paid to farm i in year t, Yit is the realized yield for farm i in year t,
and APHit is the RMA’s approved actual production history yield for farm i in year t. The liability
for the same farm i in year t (FLLit ) is given by

(7) FLLit = αpg APHit .

The procedure used in this paper to calculate APHit replicates the method used by the RMA.
According to Plastina and Edwards (2014), computing the APH requires unit-yield records for a
minimum of four years. If at least four successive years of records are not available, a transition or T
yield for each missing year must be substituted. Each county has a different T yield, which is based
on the ten-year historical county average yield. Growers with no records are assigned 65% of the T
yield as their APH yield. Growers with a record for one year receive 80% of the T yield for the other
three years. With two records, they receive 90% of the T yield, and with three records, they receive
100% of the T yield for the one remaining year needed to calculate the APH. Once each year has
been assigned a yield, the APH is just a simple average of the four yields.

Computation of County-Level Rates

For any year t, the simulated indemnity, liability, and CPR for the NF group of farms in the county
are computed as follows (Josephson, Lord, and Mitchell, 2000):

Indemnityt =
NF∑
i=1

FLIit ,(8)

Liabilityt =
NF∑
i=1

FLLit ,(9)

CPRt =
Indemnityt
Liabilityt

.(10)

The simulated CPR using the SS observations (i.e., years) in the sample then is

(11) CPR =
1

SS

SS∑
t=1

CPRt .

Estimation of Farm-level Premiums

The main equation underlying the RMA ratemaking procedure for yield insurance is

(12) FLEi = αpg APHiSSCPR
(

APHiSS

Y avc

)Exp

,

1 In the following calculations it is assumed that none of the land has been converted from native grass.
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where FLEi is the premium estimate for farm i, Exp is an exponential factor which value is usually
less than −1, APHiSS is the APH yield for farm i, and Y avc is the county average yield (Josephson,
Lord, and Mitchell, 2000). Note that in equation (12) both APHiSS and Y avc are calculated using
the entire sample of simulated yields (SS). Although this is a somewhat simplified version of
the procedure utilized by the RMA, it includes all of the elements central for our analysis.2 In
short, equation (12) establishes individual farm-level premiums using the county rate (CPR) as the
baseline. The exponential factor (Exp) is used so that farmers with yields that are above the area’s
average pay lower premiums and vice versa (Knight, 2000).

Since the RMA procedure for determining Exp is unknown, this factor was computed by
minimizing the mean root of the squared proportional errors of the farm-level premium estimates

(FLEi) relative to their corresponding AFPs (i.e., by minimizing 1
NF

∑NF
i=1

√ [
FLEi−AFPi

AFPi

]2
). Very

similar results were obtained when Exp was computed by minimizing the mean proportional errors

( 1
NF

∑NF
i=1

[
FLEi−AFPi

AFPi

]
) or the mean absolute proportional errors ( 1

NF

∑NF
i=1

���
[
FLEi−AFPi

AFPi

] ���). The
logic behind all these methods is to select the Exp value that yields the set of NF premium estimates
which overall exhibits the lowest level of error.3

Characteristics of the RMA Premium Estimates

The procedure discussed above is used to estimate the set of NF farm-level premium estimates
corresponding to each of the previously discussed scenarios (i.e., counties). Summary statistics for
these premium estimates for the scenarios with NF=200, CC=0.50, and a sample size (SS) of twenty
yield observations per farm are also presented in table 1. The premium estimates are biased even in
the aggregate (i.e., in repeated sampling, the average of the premium estimates for all NF farms does
not equal the average of their AFPs) and, due to the “shrinkage” nature of the RMA’s estimator, they
are tightly clustered near the county average. The aggregate bias can be as high as −13% (which
means that the average of the RMA premium estimates is 13% lower than the average of the AFPs),
but it steadily declines with higher coverage levels.4 The estimates are substantially biased at the
individual farm level as well (i.e., in repeated sampling, the average of the NR=1,000 premium
estimates for farm i does not equal AFPi).

In addition, these statistics provide further insight into the problem faced by the RMA. In the
arguably more realistic case of left-skewed yields and a wider range of true means and standard
deviations, for example, the premium estimates for the 65% coverage level only span from $7.23
to $8.10 per acre while the AFPs range from $1.85 to $15.48, and the linear correlation between
the estimated and the true premiums is only 0.21. The reason for this is that the RMA premium
estimates are severely shrunk toward the county average while a relatively small difference in yield
variability (e.g., form a standard deviation of 30 to 40 bu/acre) can result in large variation (e.g.,
from $2 to $16/acre) in the AFP. Clearly, if no subsidies were provided, a substantial number of
producers would be asked to pay much more than their corresponding AFPs. Such a situation is
unacceptable since the RMA is required by law not to charge more than what is actuarially fair. If

2 The RMA procedure includes other minor elements such as caps on premiums levels, adjusting losses and exposure to a
common coverage level, and excess loss adjustments (Josephson, Lord, and Mitchell, 2000).

3 Notably, the only previous study in which Exp has been estimated is Knight’s 2000, in which an equation similar to
equation (12) is fitted using a two-step Heckman procedure. Coble et al. (2010) suggest the use of nonlinear least squares
to estimate Exp. In both cases, the dependent variable in the model is the average indemnity paid to farmers during the
sample period (FLI i ), which is a nonparametric estimate of the true AFP and therefore subject to substantial sampling error
(Ramirez, Carpio, and Rejesus, 2011). Since in our analyses the true AFP for each farm i is known, it seems best to use this
information instead of estimating the AFPs.

4 The aggregate biases are negative as a result of Exp values obtained from our estimation approach of minimizing the
mean root squared proportional errors, which range from −2 to −4. Arbitrarily setting the Exp to, for example, −1 yields
positive aggregate biases at 65% (∼ 0.09) and 75% (∼ 0.015) coverage, which turn negative at higher levels.
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there were a high level of subsidy to the premium estimate, however, many farmers would end up
paying only a small fraction of their AFP.

The situation improves somewhat when a narrower range of true means and standard deviations
is assumed, mainly due to the fact that the AFPs are not as dispersed. Further improvement is
observed under higher coverage levels. At 85% coverage, for example, the premium estimates
span from $24.44 to $26.35 while the AFPs range from $21.08 to $33.53, although the correlation
between the estimated and the true premiums is minimal. In this scenario, only a relatively small
percentage premium subsidy would be required to make sure that no producer pays more than what
is actuarially fair.

Distribution of Crop Insurance Subsidies

Basic Scenarios

We use the NF×NR matrix of farm-level premium estimates corresponding to each of the scenarios
(i.e., counties) to retrieve and assess the characteristics of the distribution of the crop insurance
subsidies across participating producers when those premiums are computed using an RMA-like
protocol. The insurer (i.e., RMA) and producer premium estimates are denoted by IPE and PPE,
respectively, and in some scenarios it is assumed that producers are willing to pay a risk-protection
premium (RPP) in excess of their PPE. Further, a government subsidy rate (GSR) to the insurer
premium estimate (IPE) is assumed in order to replicate what is done in practice. The farmer’s
decision rule for participating in the program, thus, is given by

(13) PPE × RPP ≥ (1 − GSR)IPE

(i.e., his or her own premium estimate adjusted by any risk protection premium he or she is willing
to pay is greater than or equal to the subsidized insurer’s quote). If RPP = 1, the producer is risk
neutral. In some of the scenarios we assume RPP = 1.15 (i.e., a 15% risk protection premium). This
means that the producer is willing to pay 15% more than what he or she thinks is fair (i.e., of his
estimate or perception of his or her AFP). More generally, this means that the producer’s willingness
to pay for insurance is 15% higher than if he or she were risk-neutral. Initially, it is assumed that the
producer knows his or her AFP with certainty (i.e., PPE = AFP), but scenarios with various levels
of producer uncertainty are explored and discussed below.

Each farm i is thus characterized by a set of two premium estimates, one by the producer
(PPEi) and one by the insurer (IPEi), and a corresponding actuarially fair premium (AFPi). The
distribution of the premiums paid by the participating producers relative to their AFPs (i.e., what
they should theoretically be paying) can then be retrieved by comparing the IPE for each of the
NF participating farmers (i.e., what they ended up paying) with its corresponding AFP over a large
number of repeated samples (NR=1,000).

The NF×NR matrix of RMA premium estimates (IPEi) and the NF×1 vector of AFPs (AFPi)
corresponding to each particular scenario are the data inputs for this part of the analysis.

The first step then is to compute the expected producer participation rate (PPR), which is a
function of PPEi and IPEi as well as the RPP and GSR. Specifically, letting I{.} denote an indicator
function that equals 1 if {.} is true and 0 otherwise, the PPR for each sample r is

(14) PPRr = 100
1

NF

NF∑
i=1

I{PPEi + RPP ≥ (1 − GSR)IPEi }.

The average of equation (14) across the NR samples (PPR) is utilized to determine the GSR
that is required to achieve a target level of participation. Specifically, the average of equation (14)
is evaluated at GSRs ranging from 0 to 1 and the value (GSRPPR) that yields the desired producer
participation rate (PPR=90% and 98%) is selected.

The next step is to identify the insurer premium estimates and actuarially fair premiums for the
farmers that would actually decide to participate in the program. This is done as follows:
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IPEi p = IPEi × I{PPEi + RPP ≥ (1 − GSRPPR )IPEi },(15)

AFPi p = AFPi × I{PPEi + RPP ≥ (1 − GSRPPR )IPEi }.

If the participation rule is met in equation (15), then IPEi p > 0, AFPi p > 0, IPEi p = IPEi, and
AFPi p = AFPi . Otherwise IPEi p = 0 and AFPi p = 0. The following set of logical comparisons is
then conducted based on all IPEi p and AFPi p sets that exhibit nonzero values:

(16) Ii,1.2− j = I{(1 − GSRPPR )IPEi p > (1.2 − j) AFPi p } for j = 0, 0.05, 0.10, . . . , 1.0,

where the subindex 1.2 − j specifies the proportion of the AFP being considered. For example, for
j = 0 if Ii,1.2 = 1, this indicates that farmer i paid more than 100(1.2)=120% of his or her AFP. Thus,
the average of 100x

∑NFp
i=1 Ii,1.2− j/NFp (where NFp denotes the number of participating farmers in

that particular sample) across the NR=1,000 samples computes the overall percentage of producers
that ended up paying more than 100(1.2 − j)% of their AFP. For the prespecified target participation
rate (PPR),

(17) PFGPPR = 1 −
NFp∑
i=1

(1 − GSRPPR )IPEi p/

NFp∑
i=1

AFPi p

averaged across the NR=1,000 samples calculates the proportion of the total indemnities to be paid
out that would not be covered by the premiums collected from the participating producers and thus
would have to be funded by the government.

Table 2 presents the statistics resulting from this process using assumptions of a 65% coverage
level and a 90% target producer participation rate. The first scenario (SN1a) assumes normally
distributed yields, no producer premium estimation error (i.e., PPEi = AFPi), no risk protection
premium (RPP = 0), NF=50 farms per county, SS=10 historical yield observations per farm, the
wider range (Range=W) of true means and standard deviations, and a correlation coefficient of
CC=0.25 across the NF=50 yield distributions. In this scenario, it is determined using equation (14)
that a 49% government subsidy rate (GSR = 0.49) is required to achieve the target of approximately
90% producer participation (PPR = 0.901). The corresponding PFG (0.575) is then computed
using equation (17), which means that 57.5% of the indemnities would have to be funded by the
government in this scenario. Because it is assumed that PPEi = AFPi and RPP = 0, none of the
participating producers end up paying more than what is actuarially fair. However, as detailed in
table 2, while over 15% pay 75% or more of their AFP, in excess of 15% pay less than 25% of it.
In other words, 15% of them receive less than a 25% effective premium subsidy while another 15%
have over 75% of their AFP subsidized.

Relative to SN1a, the second normal scenario in table 2 (SN2a) raises the cross-farm correlation
(CC) from 0.25 to 0.50. This higher correlation reduces the amount of independent yield information
available for the RMA to estimate the premiums. Because of the less accurate premium estimates, a
higher GSR (58%) is required to achieve 90% participation and the PFG increases substantially
as well. Given the larger subsidy level, a full 30% of farmers now pay less than 20% of their
corresponding AFP, while nearly 15% pay 70% or more of what is actuarially fair. So it appears that
a stronger correlation exacerbates the inequity in the distribution of the subsidies across participating
producers.

Increasing the number of farms (NF) from 50 to 200 (SN3a) only affects the accuracy with which
the county-level statistics (equations 8 to 11) required for premium estimation can be computed, and
the results suggest that the improvement is only marginal (i.e., a slightly lower GSR and PFG and
a minimal shrinking on the spread of the distribution of the subsidies). Doubling the sample size
from ten to twenty yield observations per farm (SN4a), however, noticeably increases the accuracy
of the farm-level premium estimates, lowers the required GSR and PFG, and somewhat compresses
the distribution of the crop insurance subsidies.
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Narrowing the dispersion (i.e., Range=N) in the true means (155 to 165 bu/acre) and standard
deviations (32.5 to 37.5 bu/acre) of the NF farms in the county (SN5a) has a similarly benign effect.
The main reason for this improvement is that the AFPs are now more tightly clustered around their
mean. Since the RMA estimator substantially shrinks the estimates toward the county average, this
reduces premium estimation error. In other words, the RMA estimator works best when the farm-
yield distributions are fairly homogeneous.

The most optimistic scenario while still assuming no premium estimation error by the producers
and a zero-risk protection premium is SN6a, in which NF=200, SS=20, CC=0.25, and there is a
very low level of mean and standard deviation dispersion within the county (Range=N). Even in
this overly optimistic scenario, approximately 15% of farmers pay 85% or more of their AFP while
another 15% pay 45% or less than what they should (i.e., at least 15% of them receive less than a
15% subsidy while another 15% have over 55% of their AFP subsidized).

Table 2 also contains the statistics for the same scenarios at an increased 98% target producer
participation rate. As expected, GSRs and PFGs required to reach this more ambitious target
are substantially higher, and farmers thus pay lower percentages of their AFPs across the board.
However, the relative dispersion of the premium subsidies remains about the same. In the most
optimistic scenario (SN6b), for example, about 15% of the producers receive less than a 30% subsidy
while another 15% have over 65% of their AFP subsidized.

Table 3 contains analogous information for the case of the 85% coverage level.5 As the coverage
level increases, the premium estimates become relatively more accurate and, thus, there is a
substantial decline in the required GSRs and PFGs as well as some reduction in the relative level of
dispersion of the premium subsidies. At the 85% coverage level, 98% PPR, and the most optimistic
scenario (SN6b), about 15% of the producers receive less than a 15% subsidy while another 15%
have over 40% of their AFP subsidized. However, the GRP and PFG for this scenario (23% and
28.4%) are only about half of what are observed in practice, so this might not be a realistic case. In
addition, the 3.8- to 4.4-year claim frequency associated with such a high coverage level (table 1)
seems a bit excessive for a federally subsidized crop insurance product.

Analogous information for two select scenarios that assume left-skewed yield distributions is
presented in table 4. Since its GSR and PFG values for 90% and 98% PPRs are similar to what is
observed in practice, SS3 is considered to be the more realistic scenario. Alternatively, because of
its low GSR and PFG statistics, SS6 is believed to be an overly optimistic scenario. Considering
the information pertaining to these two, as well as the other four scenarios (available from the
authors upon request), it is evident that left skewness decreases the accuracy of premium estimation,
particularly at lower coverage levels, which results in somewhat higher GSRs and PFGs across the
board.

As a consequence, farmers generally receive higher levels of subsidies in comparison to the
normal yield case. The relative dispersion of the premium subsidies seems to widen as well. At the
65% coverage level, 98% PPR, and the most optimistic scenario (NF=200, SS=20, Range=N, and
CC=0.25), for example, under normally distributed yields (SN6b in table 2), 15% of farmers pay
70% or more of their AFP and another 15% pay 35% or less, while under left-skewed yields (SS6b
in table 4) about 12% pay 65% or more and over 10% pay 20% or less. The difference between
the normal and the left-skewed results is less noticeable at the 85% coverage level: under normally
distributed yields (SN6b in table 3), 15% of farmers pay 85% or more of their AFP and another
15% pay 60% or less, while under left-skewed yields (SS6b in table 4) over 10% pay 85% or more
and about 12% pay 55% or less. However, both the normal and the left-skewed scenarios exhibit
GSR and PFG levels that are much lower than what is observed in practice and are thus deemed
unrealistic.

In fact, it can be argued that because of the assumption that the producer knows the AFP with
certainty and is not willing to pay a risk protection premium (RPP), none of the previously discussed

5 The same statistics for 75% coverage are available from the authors upon request.
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scenarios are truly realistic. More sophisticated scenarios dealing with producer uncertainty and risk
aversion have to be developed in order to investigate the effect of these two factors.

Scenarios with Producer Uncertainty and Risk Aversion

The difficulty with developing these scenarios is that, unlike in the case of the insurer, no one knows
how producers develop an estimate or perception of the maximum crop insurance premium that
they are willing to pay. Thus, the only alternative is to devise a process to simulate their premium
estimates that makes economic and logical sense and produces results (i.e., GSR and PFG values)
consistent with those observed in practice.

Specifically one would assume that since, as the RMA, the farmer weighs his or her recent
yield history when deciding how much he or she is willing to pay and would perhaps give some
credence to the quote provided by the insurer, there should be a certain level of correlation between
the producer and the RMA premium estimates (PPEi and IPEi). One would also assume that the
farmer’s estimate is at least as accurate as the RMA’s. Finally, while it is reasonable to think that the
producers are willing to pay some risk protection premium for crop insurance, it is also possible that
they tend to underestimate their AFP (i.e., believe that they should pay less than what is actuarially
called for). If this were the case, their estimate would exhibit a downward bias that might offset any
RPP they are willing to pay.

Therefore, in these scenarios, the producer premium estimates are constructed as simple linear
functions of the true premium (AFPi) and the RMA estimate (IPEi), calibrated to exhibit no bias
and the desired risk protection premium, level of accuracy, and correlation with AFPi and IPEi .
Specifically:

(18) PPEi = {1 + RPP}{AFPi + CF (IPEi − EBi )},

where EBi is the expected bias in IPEi and CF is a calibration factor. EBi is computed
endogenously as the average bias exhibited by the insurer premium estimates for producer i across
the NR=1,000 runs; its presence ensures that PPEi is an unbiased estimate for AFPi . Note that if
CF = 0 and RPP = 0, then PPEi = AFPi , as assumed in the previously discussed scenarios.

The first scenario in table 5 assumes 65% coverage, a target PPR of 90%, a low level of
producer uncertainty (LPU), no risk protection premium (RPP), and the most optimistic NF (200),
SS (20), range (N), and CC (0.25) conditions. To simulate low producer uncertainty, equation (18) is
calibrated (CF=0.75) so that the RMSE of the resulting PPEi relative to AFPi is about half of that
of IPEi (i.e., the producer error is half of the insurer error). Compared with what has been observed
in practice, the GSR (40%) and PFG (50.2%) corresponding to this scenario are somewhat low, even
for a PPR of 90%. Notably, about 18% of farmers receive at least a 75% subsidy,6 while nearly 12%
enjoy no effective subsidy at all (i.e., they end up paying more than their AFPs). Clearly, even low
levels of producer uncertainty can markedly exacerbate the dispersion in the distribution of the crop
insurance subsidies.

As expected, increasing the risk protection premium to 15% (scenario LPU/RPP) causes a
significant reduction in the GSR (31.0%) and PFG (41.4%) required to achieve 90% participation
and has a notable impact on the distribution of the subsidies. In this case, only 12% of farmers receive
at least a 75% subsidy, but nearly 17% end up paying more than their AFPs. When a higher level
of producer uncertainty (scenario HPU/RPP) is assumed by setting CF to 1.25, a much larger GSR
(53.0%) and PFG (59.0%) are necessary for 90% participation. Because of the loftier government
support, a lower share of the producers (8.4%) pay more than their AFPs but a higher percentage
(29%) receive more than a 75% effective subsidy.

The next three columns on table 5 correspond to the same scenarios (LPU/NRP, LPU/RP, and
HPU/RP) but a higher target PPR of 98%. As expected, much larger GSRs (66.0%, 60.0%,

6 Technically, these producers are receiving both a government subsidy as well as an income transfer from those who pay
more than their AFPs.
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and 99.0%) and PFGs (70.6%, 64.7%, and 99.1%) are required, which dramatically reduces the
number of producers paying more than their AFPs. The cost, however, is that 31.6%, 22.7%,
and 100% of farmers receive an effective subsidy of at least 80%. Obviously, the third of these
scenarios (HPU/RPP) is wholly unrealistic since it implies that—even at a 99% GSR—the maximum
achievable participation is 96.3% (i.e., the target 98% PPR cannot be reached). In other words, 3.7%
of farmers believe that they will never receive an indemnity at 65% coverage and are thus not willing
to purchase insurance at any price.

Analogous scenarios were developed for the 85% coverage level. However, while the observed
dispersion of the subsidy distribution remained high (data available from the authors upon request),
high levels of participation (98%) were achieved at very low GSRs (14%) due to the optimistic
assumptions about NF (200), SS (20), Range (N), and CC (0.25). Thus, scenarios with what are
considered more realistic assumptions (NF=200, SS=10, Range=W, and CC=0.50) are presented for
85% coverage in the last six columns of table 5.

As in the case of 65% coverage, a 15% RPP substantially reduces the levels of subsidy required
for 90% and 98% participation and noticeably shifts the distribution of those subsidies. A higher
level of producer error demands larger subsidies to reach the pre-specified PPR. Notably, at this
higher 85% coverage level, 90% participation can be reached with relatively low subsidies (PFGs of
26% or less), but their distribution remains very disperse. Specifically, 19.3% (LPU/NRP), 31.2%
(LPU/RP), and 23.0% (HPU/RP) of the producers end up paying more than their AFPs while
18.6%, 13.3%, and 18.3% of them receive in excess of a 50% subsidy. In the LPU scenarios,
98% participation can be achieved with moderate (10% or less) subsidy increases, and the relative
distributions of the subsidies are not substantially affected.

In the HPU/RP scenario, however, the government has to subsidize nearly 60% of the program
expenses (PFG=57.6%) in order to achieve 98% participation. As a result, the subsidy distribution is
shifted and compressed to where about 13% of farmers receive less than a 35% subsidy while another
13% enjoy more than a 75% subsidy. It can thus be argued that this is an unavoidable disadvantage
of crop insurance. Using substantial external subsidies, it is possible to avoid a situation where too
many farmers end up paying more than their AFPs, but it appears that the relative distribution of
those subsidies across participating farmers will always be highly and randomly uneven. Just by
chance, some producers will receive a very large share of the subsidy while others will get much
less or possibly none at all.

A final important issue that can be analyzed using the data underlying the previously discussed
scenarios is whether there is any correlation between the level of risk (i.e., downside yield volatility)
associated with a particular operation and the percentage subsidy it receives. The relationship
between these two variables under one of the more realistic scenarios is plotted in figure 2. Note
that all high-volatility operations (with AFPs between $15 and $18 per acre) receive percentage
subsidies ranging from 58% to 65%, which means that these producers end up paying premiums of
$6 to $7 per acre.

In contrast, low-risk operations (with AFPs between $6 and $7 per acre) receive little or no
subsidy and thus end up paying nearly the same premiums as the high-risk operations. In hindsight,
this is an expected result of the “shrinkage” nature of the RMA method to estimate the farm-level
premiums. In this particular case, for example, the AFPs range from $5.5 to $18.5 per acre while
the RMA premium estimates range from $10 to $12 per acre. Because of this reason, APH crop
insurance channels most of the government subsidies to high-risk producers who are not as adept in
managing their downside yield volatility, and there is no reason to expect differently in the case of
crop revenue (CRC) insurance.

Concluding Remarks

The first contribution of this study is to ascertain some key characteristics of the RMA’s crop
insurance premium estimates. Under fairly realistic conditions, we conclude that the estimates are
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Figure 2. Average Percentage Subsidy vs. Actuarially Fair Premium
Notes: PPR=95%, CL=75%, CF=0.75, RPP=15%, NF=200, SS=10, R=W, CC=0.50.

biased both at the individual (farm) and aggregate (county) level. We also demonstrate that the
farm-level premium estimates are tightly compressed toward the county average. Thus, unless the
actuarially fair premiums (AFP) are highly homogeneous within the county, those producers whose
AFPs are close to the lower or upper bounds of the county range would inevitably pay quite a bit
more or less than what is actuarially fair if no subsidies are provided.

Our main contribution is the exploration of the potential impact of RMA premium estimation
inaccuracy on the distribution of crop insurance subsidies across the producers participating in the
program. Through the analyses, we determined that a variety of factors can negatively impact (i.e.,
broaden the range of) that distribution, namely a wider mean and variance dispersion across farms,
a higher cross-yield correlation, a smaller sample size or number of farms in the county, a lower
coverage level, producer uncertainty about his or her AFP, and yield left skewness.

Under all realistic scenarios comprising feasible combinations of those factors, the distribution
of the subsidies is found to exhibit a relatively high level of dispersion, to the point where it seems
likely that some farmers will receive little or no subsidies while others have more than 50% of
their actuarially fair premium subsidized. In addition, the analyses suggest that APH crop insurance
channels the vast majority of government subsidies to high-risk producers who are not as adept at
managing their yield risks. There is no reason to expect differently in the case of revenue insurance.
These findings raise the question of whether crop insurance is a sensible, efficient, and equitable
mechanism for dispensing agricultural subsidies.

Finally, we hope that the analytical framework developed in this study can be used by policy
makers and the RMA to better understand how the previously discussed factors affect the various
aspects of program performance (i.e., the percentage premium subsidy required to achieve a certain
producer participation rate at a given coverage level, the percentage of future indemnities that will
then have to be paid by the government, and the relative distribution of the government subsidies
across participating producers) and use that information to improve the actuarial and equity/welfare
characteristics of the crop insurance program.

[Received January 2015; final revision received July 2015.]
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