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ABSTRACT

This study evaluated the risk and return associated with various levels of forward
contracting for southern row crops, specifically corn, soybean, and rice, in conjunction with
different coverage levels of the Revenue Protection (RP) crop insurance program and government
support plans. Forward contracting is a strategy to manage price risk by transferring ownership of
physical grain from a seller to a buyer at a pre-agreed time. RP is a return-based crop insurance
program offering coverage levels ranging from 50-85 percent in 5 percent increments, which
allows producers to hedge against yield or price risks. Additionally, the study analyzed the
effectiveness of the Agricultural Risk Coverage (ARC) and Price Loss Coverage (PLC)
commodity programs, both of which fall under Title | of the 2014 farm bill, to support farmers
during return or price declines. Finally, expected-utility conceptual framework and certainty
equivalent were utilized to quantify the risk and return during different time, level of forward

contracting and different level of RP for producers.
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CHAPTER I
INTRODUCTION

Agricultural products are subject to high production, market, and financial risk (Velandia
etal., 2009). Agricultural producers actively utilize various risk management tools and strategies
developed over time to mitigate the high risks involved in agriculture. These risk-mitigating
decisions can be diverse with crop insurance tools and government farm support plans (Maples et
al., 2022). Managing these risks is crucial to operating a successful farm or ranch, and farmers
can use various strategies and tools. For example, farmers can manage production or yield risk by
utilizing instruments or strategies, such as yield-based crop insurance and diversifying their
operations. In addition, managing market or price risks involves utilizing tools or techniques such
as futures hedging, forward contracting, and spreading out sales. (Velandia et al., 2009). The use
of contracts has become an increasingly important part of the agricultural industry in the United
States over the past few decades. According to Burns and MacDonald (2018), 33 percent of US
agricultural production has been under contract since the mid-1990s.

Forward contracting is a common practice among farmers to market their crops during the
pre-harvest window. It is a way for farmers to lock in prices for their crops before they are
harvested, providing them with a degree of price certainty (Jacobs et al., 2015). Forward
contracting is a valuable tool for field crop farmers as they reduce price risk, securing a buyer for
their products and enabling higher returns. By forward contracting, farmers can secure a buyer for
their products and receive a guaranteed price, which reduces the risk of price volatility and market
uncertainty.

Forward contracts are typically agreed upon before planting or harvest and usually cover

no more than one marketing year. Forward contracts allow farmers to plan their production and



manage their risk exposure with greater confidence, knowing they have a buyer for their products
at a predetermined price. This practice is particularly relevant for crops such as corn, soybeans,
and rice, grown in large quantities in Arkansas. One of the main reasons for the popularity of
forward contracting is the existence of a weather risk premium in forward contract grain prices
offered by elevators (Li et al., 2018). This premium can allow farmers to capture higher prices for
their crops.

Forward contracts offer advantages such as reduced-price risk. However, this also poses a
risk for farmers as they may face penalties for non-delivery if crop yields are lower than expected.
The more aggressively farmers forward contract grain during the summer by legally committing
to deliver higher percentages of their expected production, the greater their yield risk and the higher
the penalty charged by elevators for non-delivery. Farmers can manage this risk by carefully
selecting the quantity to forward the contract, purchasing crop revenue insurance, and diversifying
their marketing strategies to include other market channels in case the contracted volume falls
short. Crop revenue insurance provides farmers coverage for crop return loss due to weather
events, pests, or diseases. Crop revenue insurance covers losses from both yield and price risk,
and one potential benefit is that when there is a crop shortfall, and non-production occurs, the crop

revenue insurance payout will cover the elevator fees for non-delivery.



CHAPTER II
LITERATURE REVIEW
Futures Price and its Dynamics

A commodity futures price establishes the purchase or sale price at a future date. Futures
contracts are agreements between buyers and sellers to exchange a commodity at a set price and
date in the future. The interaction of supply and demand, based on the commaodity's underlying
supply and demand conditions, determines the price of a futures contract in the futures market.

Futures markets play a critical role in the US and international commodity markets by
providing a mechanism for buying and selling commodity contracts for potential physical delivery
at future dates (Schnepf, 2005). Several commodity exchanges trade agricultural commodity
futures contracts, and each exchange publishes information on contract specifications, trading
hours, and other details. Cash and futures contract prices are firmly linked, and speculators provide
a critical function in futures markets by expanding the trading volume and liquidity of daily futures
market transactions.

Commodity prices exhibit systematic and random variation over time (Tomek & Kaiser,
2014; Abbot et al., 2008). The price change is due to supply and demand, market sentiments,
government policies, and weather conditions (Schnepf, 2005). The futures price of agricultural
commodities tends to be higher during the summer than in the later period of the year. Seasonality
in the production of agricultural commaodities causes changes in supply during different phases of
the year. Crop price seasonality follows the crop's marketing year. Prices will show highs and
lows within a season relative to the average price. Figures 1 — 3 illustrate seasonality in new crop
futures prices - December for corn, and November for soybeans and rice — over the 2002 — 2022

sample period and obtained from Barchart.com. Although, the Efficient Markets Hypothesis would



predict that new crop futures prices should not exhibit seasonality, (Li et al., 2018) show that new
crop futures tend to be higher during summer months. New crop corn and soybean futures prices
depicted in Figures 1 — 2 support this notion, however, higher new crop rice futures prices tend to
be observed closer to harvest time. This would suggest that potentially higher returns could be
locked in for corn and soybeans — but not for rice — during the pre-harvest summer months by
either hedging directly in futures markets or indirectly using forward contracts offered by grain
elevators. Pre-harvest grain forward contract prices are highly correlated with new crop grain
futures prices because grain elevators benchmark their forward contract price offers to farmers for
harvest delivery based upon new crop futures. The price differential between harvest delivery
forward and futures contracts —is determined by the elevator’s expectation of the harvest basis in

their local area.
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Modern Farm Safety Net Policy

The 2014 farm bill, officially known as the Agricultural Act of 2014, includes various
programs to support farm income. These include commodity programs that aim to support the
prices of major crops, subsidized crop insurance programs, disaster assistance programs, and
marketing assistance loan programs. The two main commodity programs available to producers
are the Price Loss Coverage (PLC) program and the Agricultural Risk Coverage (ARC) program.
These programs offer price and revenue support to farmers, respectively. They replaced the Direct
Payment and Countercyclical Payment programs that were previously in place. According to the
United States Department of Agriculture (2018), the commodity programs have had average
annual expenditures of over $7 billion nationwide, which accounts for 2.4 percent of all
agricultural receipts (Schnepf, 2017).

The Agricultural Improvement Act of 2018, also known as the 2018 farm bill, renewed the
commodity program set in place in the 2014 farm bill. The Agriculture Risk Coverage (ARC)

program is on a commaodity-by-commaodity basis, and producers can choose which commodities
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to put in Agriculture Risk Coverage program and which commodities to put in PLC. The
commodity program pays each program on historical base acres, which may differ from actual
planted acres. One change made on the 2018 farm bill was to the commodity program decision-
making process, allowing producers to re-select which program to enroll their crops in for the 2019
and 2020 crop years, and beginning with the 2021 crop, producers can choose to enroll each
commodity into the PLC or ARC program on an annual basis.

Price Loss Coverage (PLC)

According to the 2014 farm bill, the PLC program pays farmers based on the national price
level of the crop, with a reference price set by law for each covered commodity. The commodity
program subtracts the actual national MY A price from the reference price, which is determined by
the higher value between the national average market price and the national average loan rate. No
payments are made if the actual price exceeds the reference price. If the reference price is higher
than the actual national MYA price, the payment rate is computed by multiplying the difference
between the reference price and the national average market price by a fixed farm-specific
historical payment yield, then by 85 percent of historical base acres. The 2018 farm bill permits
an elevator mechanism to raise the PLC reference price to 115 percent of its statutory level, called
the effective reference price. This price is determined by the 5-year Olympic average of national
prices or the statutory reference price, capped at 115 percent of the statutory price.

In contrast, the 2014 farm bill allowed for a one-time update of program payment yields,
while the 2018 bill allowed for an update using a formula that replaces farm yields below 75
percent of the county average. The commaodity program utilizes base acres to compute program
payments, which can be updated using a proportion of the 4-year average of acres planted to a

specific commodity or all covered commodities from 2009-2012. The 2018 farm bill removes any



base acres continuously planted to grass, pasture, or left fallow between 2009 and 2017 (Lubben,

2015; Agricultural Improvement Act of 2018; Farm Service Agency, 2014).

Effective Reference

PLC Effective
Reference Price

(higher of)

The statutory
PLC reference
price

Or

85% of the 5
year Olympic
national average
farm price

Farm Price

| Higher of: |

National
average
farm price

Or

Statutory
loan rate

Figure 4 PLC Payment Formula
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X
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Payment

Agriculture Risk Coverage (ARC)

The ARC program is a commodity program comprising two separate programs - ARC-

CO and ARC-IC, with less than 1 percent of nationwide commaodity program acres enrolled in the

ARC-IC option (Angadjivand, 2018). The ARC-CO, hereafter called the ARC program, pays

farmers when a covered commodity's actual county crop revenue falls below the ARC county-



level guarantee. The actual county revenue and the revenue guarantee are determined based on
county-level yield data for the physical location of the base acres on the farm and tract. ARC
payments are not dependent on planting a covered commodity or the applicable base crop on the
farm.

The ARC benchmark revenue is calculated as the five-year Olympic average Marketing
Year Average (MYA) price multiplied by the five-year Olympic average county yield. The
benchmark yields and MYAs are calculated using the five years preceding the year prior to the
program year. The ARC guarantee is then determined by multiplying the ARC benchmark revenue
by 86%.

The actual crop revenue is determined by multiplying the applicable actual county yield
by the MY A price for the program year. County yields for the benchmark and actual revenues are
based on the physical location and historical irrigated percentage of base acres on the farm and
tract. If a farm has base acres physically located in more than one county or has a historical
irrigated percentage for the covered commodity, the benchmark and actual crop revenues are
weighted and summarized based on those aspects at the farm level.

The ARC-CO payment is calculated as 85% of the base acres of the covered commodity
multiplied by the difference between the county guarantee and the actual county crop revenue for

the covered commodity. Payment rates may not exceed 10% of the ARC-CO benchmark revenue.
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2021 ARC-CO Payment Rates for Long Grain Rice

Counties with an All or Non Irrigated Rate Designation
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Map is intended for Farm Service Agency (FSA) purposes only. Map depicted only serves as a general reference map.

Source: USDA_FSA(2023, https://www.fsa.usda.gov/programs-and

services/arcplc_program/program-payment-maps/index)

Figure 6 ARC-CO Payment Rates for Long Grain Rice 2021

2021 ARC-CO Payment Rates for Corn

Counties with an All or Non Irrigated Rate Designation
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($ Per Acre) LoD S
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Map is intended for Farm Service Agency (FSA) purposes only. Map depicted only serves as a general reference map.

Date: 1/24/2023

services/arcplc_program/program-payment-maps/index )

Figure 7 ARC-CO Payment Rates for Corn 2021
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2021 ARC-CO Payment Rates for Soybeans

Counties with an All or Non Irrigated Rate Designation

2021 Payment Rates
($ Per Acre)
$0.00 B s22.30 - 527.75
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Source: USDA_FSA(2023, https://www.fsa.usda.gov/programs-and-
services/arcplc_program/program-payment-maps/index )

Figure 8 ARC-CO Payment Rates for Soybeans 2021
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The Farm Safety Net in Arkansas

The agriculture industry in Arkansas utilizes government programs, such as subsidies
and commodity program payments, to sustain their operations. In 2017, Arkansas received 7% of
nationwide farm support, accounting for only 2.4% of total receipts (NASS, 2019). The Rural and
Farm Finance Policy Analysis Center (RAFF) (2023) estimated that 30% of Arkansas's net cash
farm income comes from government program payments, excluding crop insurance indemnity
payments. The farm safety net has been helpful for Arkansas farmers, enabling them to free up
cash flow and continue expanding and improving their operations (Wilson, 2019).

Arkansas has received payments under the PLC and ARC commaodity programs since the
passage of the 2014 farm bill. Over the 2015-2022 period, Arkansas producers received $2.034
billion in PLC payments and $227 million in ARC payments (RAFF, 2023). The prevalence of
rice production in the state has made the PLC program more significant than ARC payments since
the passage of the 2014 bill, resulting in most payments being made under the PLC program.
According to Hardke (2019), Arkansas is responsible for producing more than 49 percent of the

entire US rice crop, making it the largest rice-producing state in the nation.
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Crop Insurance History

The Federal Crop Insurance program was authorized in the 1930s but was limited in
availability for many years. The 1980 Federal Crop Insurance Act expanded coverage to more
crops and regions to protect all farmers and introduced the premium subsidy. The program
operates as a public-private partnership, with private companies selling and servicing insurance
policies and the government reimbursing administrative and operating expenses and providing the
premium subsidy. Today, the federal crop insurance program is one of the primary risk
management tools available to US farmers, covering over 130 crops. The program protects against
yield losses, price declines, and revenue losses and is available to all farmers, regardless of farm
size or type. The program is administered by the USDA Risk Management Agency (RMA), which
sets premium rates and policy terms and conditions and ensures compliance with program
regulations (Glauber, 2013).

The Federal Crop Insurance Program has undergone significant changes since its inception
in the 1930s. Total insured acres for major crops have also increased from less than 30% before
1990 to over 80% of eligible acres now covered (Du et al., 2014). The program has over two
million insurance policies in fifty states and covers over 745 million acres, with a total liability

worth over $42 billion in 2023 (USDA RMA,2023).
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Crop Insurance Demand

Biram et al. (2022) used an Expected Utility framework to evaluate the optimal risk
management strategy for farmers in the Corn Belt and Mississippi Delta regions. They found that
it was optimal for farmers to enroll in RP crop insurance, despite having revenue protection
through ARC, and to choose coverage levels that extended into the range of coverage provided by
ARC. Using this framework, the authors evaluated the expected value of different insurance
options and determined the optimal coverage level for farmers to manage price and yield risk.

Maples et al. (2022) developed an analytical model to investigate the effect of crop
insurance and Farm Bill program choice on producer demand for hedging. They confirmed
previous findings that various forms of crop insurance impact the optimal hedge. They argued that
yield protection insurance is found to be a complement to hedging, but it does not affect hedging
demand in high-yield risk counties, while return protection with harvest price exclusion (RP-HPE)
was found to have the most significant influence on decreasing hedging demand and served as a
substitute for hedging across all locations.

Forward Contracting

Coble et al. (2000) investigated the demand for futures hedging in agriculture,
considering the impact of subsidized crop insurance and using hedging as a substitute. They
argued that since return insurance products can mitigate both yield and price risks, examining
how the availability of subsidized insurance affects the demand for futures contracting is crucial.
They also looked at how hedging, which can act as a substitute for crop insurance, affects the
demand for insurance. Finally, using an expected utility framework, they developed a model that
maximizes expected utility by choosing the quantity of production hedge, given that the producer

is already insured.
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Walters & Preston (2013) examined the return risk impacts of crop insurance and futures
contracting for a corn producer using a portfolio approach. They analyzed how different crop
insurance coverage and hedging levels impact return risk. The results showed that combining
crop insurance and hedging provides further risk reduction and increases expected income.
However, the study has some limitations, such as being specific to spring futures prices and only
analyzing one crop, corn. They suggested the need for further research on return risk impacts
from different crops and regions, the impact of the natural hedge on return risk reduction, and

optimal hedging levels.
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CHAPTER Il
CONCEPTUAL FRAMEWORK
This chapter explains the Expected Utility Theory (EUT) and its application used in the
study. First, the axioms of Expected Utility Theory (EUT) viz: Completeness, Transitivity,
Independence, and Continuity are presented, along with an explanation of the variables

conceptually involved in the utility calculations and certainty equivalent.

Expected Utility Theory

Expected Utility Theory (EUT) is a theoretical framework for decision-making that
suggests that people choose based on the expected benefits they will receive from each option.
EUT assumes that people are logical and aim to maximize their expected utility, given that they
have all the information they need about the available options. The EUT was introduced by John
von Neumann and Oskar Morgenstern in their 1944 book, "Theory of Games and Economic
Behavior," to explain decision-making behavior under uncertainty (Biram, 2019).

According to EUT, individuals decide based on each option's expected utility (EU). The
EU of an option is the sum of the varying monetary outcomes of each possible outcome weighted
by its probability. The expected utility theory (EUT) model considers the different components
(risk attitude and risk perception) that influence a decision maker's utility by representing them in
an equation.

Each individual's unique utility function reflects individual preferences and experiences.
Therefore, each individual's risk attitude depends on the shape of the utility function. Based on
risk attitude, individuals can be grouped into risk averse, risk neutral, and risk loving.

Risk-neutral individuals are indifferent between a particular outcome and a risky one with

the same expected value. They value gains and losses equally, and their utility function is linear.
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Risk-loving individuals are those who are more sensitive to potential gains than losses. They
prefer a risky outcome over a certain one with the same expected value. They are willing to pay a
premium for uncertainty. Their utility function is typically convex, reflecting the increasing
marginal utility of wealth. Risk-averse individuals are those who are more sensitive to potential
losses than gains. They prefer a particular outcome over a risky one with the same expected value.
In other words, they are willing to pay a premium for certainty. Their utility function is typically
concave, reflecting the diminishing marginal utility of wealth.

The relationship between wealth and utility can be used to explain risk attitudes. When an
individual is risk averse, they prefer a particular outcome with a lower expected payoff to a risky
outcome with a higher expected payoff. As a result, the utility they gain from a particular outcome
is higher than the expected utility they would gain from the risky outcome. The risk attitude of
the individual can be mathematically explained as follows:

U'(wW)>0
where U(W) is the utility function of wealth W and U' (W) is the first derivative of the given
utility function.

The first derivative of the utility function represents the marginal utility wealth, the
additional utility gained from consuming one more unit of the wealth. However, the shape of the
function can change depending on how the marginal utility changes with increasing
consumption. To determine the shape of the utility function, one must consider the second
derivative of the utility function.

u"(wW)>0
u"(w)=0

U" (W) <0
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The second derivative of the utility function represents the rate of change of the marginal
utility. If the second derivative is positive, the marginal utility is increasing at an increasing rate,
which implies that the utility function is convex. Therefore, the individual is risk-loving if the
second derivative is zero, which means that the marginal utility of wealth is constant, which
implies that the utility function is linear and the individual is risk neutral. On the other hand, if
the second derivative is negative, the marginal utility decreases at an increasing rate, implying
that the utility function is concave and the individual is risk averse.

According to Hardaker, Huirne, and Anderson (2015), it is possible to determine an
individual's level of risk aversion by using the Arrow-Pratt coefficient, also known as the
coefficient of absolute risk aversion. This coefficient measures the curvature of an individual's
utility function, determining their risk aversion degree. The higher the coefficient, the more risk-
averse an individual is. The Arrow-Pratt coefficient can be estimated as follows:

U’ (W)

Ra(W) = -

The relative risk aversion coefficient Rr can be estimated as follows:

U’ (W)
U'w)

Re(W) = -W

The model considers a producer who is also risk-averse and who must choose the
different levels — in terms of the percentage of expected harvest production to forward contract in
conjunction with different crop insurance coverage levels — over the pre-harvest marketing
window. This model will also account for the collective impact of crop insurance and

participation in government support programs (ARC, PLC).
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Forward Contract, RP, and ARC Under Expected Utility Theory
We assume that a row crop producer is making a level of the forward contract of grain
decision based on the predicted county yield. Regarding farm commodity and crop insurance
programs, soybean and corn crops are assumed to be eligible for Agricultural Risk Coverage
(ARC) and Return Protection (RP) crop insurance, while rice is assumed to be eligible for Price
Loss Coverage (PLC) and RP crop insurance. In addition, the producers are assumed to maximize

the expected return defined over end-of-season called as net return per acre.
A representative Arkansas row crop producer’s net returns can be written as follows:
NR,, = FCp, + NFC,, + GISURCPLE 4 [ —p _ND, —C (1)

Where FC,, is the revenue from forward contracting grain in month m, NFC,, is the revenue from
grain not forward contracted and sold in the harvest time cash market, GISARCPLC represents
government support payments for either ARC or PLC, | and P are crop revenue insurance
indemnities and premiums respectively, ND,, reflects a penalty for non-delivery of grain on the

forward contract, and C is farm production costs.

Specifically, the revenue from forward contract grain is calculated as follows:

FC,, = ay4PH x p/ )

FC,, is the revenue from the forward contract of grains for the, « is the percentage of forward

contracted grain YAPH, y4PH is the expected harvest time county yield, and PZis the forward
contract price established by forward contracting. Therefore, the quantity of forward contracted

grain is equivalent to aY 4P,
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Revenue from non-forward contracted grain sold at harvest time is calculated as

(aYAPH — Yy x P* when Y/ > aYA4PH
0, when Y/ < qYAPH

NFC,,= { ©)

NFC,,is the revenue generated from the residual non-forward contracted grain at the time of

forward contracting in, P" is the harvest cash price, and Y7 is the harvest time farm yield.
The penalty per acre for the non-delivery of forward contracted grain is calculated as follows:

ND,, = (aYAPH —y/yx P" whenY/ < aY4PH (4)
In practice, when a farmer’s harvest time yield Y/ is less than the amount of grain forward
contracted aY4PH | the contract with respect to the shortfall amount ( Y/ — aY4PH ) may be
cancelled and cash settled with the elevator for a small fee (typically 5 — 10 cents per bushel). The
per bushel cash settlement is calculated on the difference between the forward contracted price P,fl
and the harvest time cash price P". If P,ﬁis greater than P", then the elevator pays the farmer (P,fl -
PhYX (Y — aY4PH) and if P/ is less than P, then the farmer pays the elevator (P* — P/ ) x
(Y — aYypy ). Therefore, although we refer to ND,, as a penalty, in cases where harvest time
prices are lower than the forward contract price, cancellation of the contract due to a shortfall
results in a payment to the farmer. However, it should be noted that this payment is less than the
forward contracting revenue lost because of non-delivery.
The payment received from different government plans is calculated as

GARC = MIN[MAX[G — (PMY4Y©),0],0.16]0.85 (5)

G4RC is the payment received from ARC, G is the guaranteed county revenue, and PM¥4 is the
MY A price.

Guaranteed County revenue (G) = Z xP°Y° (6)
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Z is the ARC payment rate, whose value is 0.86, P? is the Olympic average MYA price, and Y? is
the Olympic average county yield.

GPLC = MAX[R — MAX(PMY4 1),0]0.85Y/ (7)
GPLC is the payment received from PLC, R is the reference price, and L is the loan rate.

Insurance indemnities are calculated using the following equation:
I = MAX [[[MAX(P”’, pfhyyAPH@| _ prhyf ] , o] )

where | is the RP indemnity per planted acre, PP and P/" are the futures price at planting and
harvesting, respectively, and @ is the insurance coverage level for the farm.
The subsidized insurance premium made by the producers is calculated as follows:
P = @P/PYAPH A(0)(1 - S(0)) (9)

A(0) is the actuarially fair base premium rate at @ the coverage level, and S(®) is the subsidy rate
at @ the coverage level.
The on-farm costs of production for corn, soybeans, and rice in Arkansas are obtained from the
University of Arkansas Crop Enterprise Budget (UADA, 2022).

Risk Aversion Under Certainty Equivalent
The basic idea behind certainty equivalents (CE) is to find the certain income that a decision maker
would accept in exchange for a risky alternative. To calculate the CE, a utility function is first
specified that captures the decision maker's risk preferences. This study uses a negative
exponential function, a common choice for modeling risk aversion. The negative exponential
function assumes that the marginal utility of wealth decreases as wealth increases, reflecting the
idea that additional wealth has diminishing marginal value. Therefore, the producer is assumed to
have absolute relative risk aversion (ARRA) as given by Hardaker et al., (2004) with utility

function specified as:
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U(NR) = —e~0NR (10)
where NR is mean net returns, and 6 is the absolute relative risk aversion coefficient.
Once the utility function is specified, CE of each scenario is calculated. The scenario with the
highest CE is considered the most preferred and can be used to rank the scenarios accordingly. For
each scenario, the CE is calculated as:

CE=In (% N_ —e"ONRy/ g (11)

Certainty Equivalent (CE) is the amount of money that a decision maker would be

indifferent to receiving with certainty rather than facing a risky prospect. The CE can also be

used to compare different risky prospects. The risk aversion coefficient used in this study ranges

from O (risk-neutral) to 0.0369 (highly risk-averse).

23



CHAPTER IV
DATA AND METHODS
Stochastic Yield Simulation

The simulation being discussed utilizes 20 years of Arkansas county yield data sourced
from the National Agriculture Statistics Service (NASS) for the period ranging from 2002 to 2022.
This data is likely representative of the average crop yields across various farms in Arkansas
County. Furthermore, the simulation employs pricing data from several sources. It uses 20 years
of monthly futures prices obtained from the Barchart.com, as well as annual national cash prices
received an annual national Marketing Year Average (MYA) price calculated by the National
Agriculture Statistics Service (NASS). The data relating to grain basis is imported from the USDA
AMS.

The yields generated from simulation follow a beta distribution, as Nelson and Preckel
(1989) recommended for modeling yield risk. On the other hand, prices were generated using a
lognormal distribution, given the widespread acceptance of lognormality as a standard for
modeling price risk and the consistency of price behavior with lognormality (Goodwin & Ker,

2002). The grain basis and MY A prices were simulated using a truncated normal distribution.
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Farm Yield Calculations

A linear trend was estimated using NASS county yield data of corn, rice, and soybeans for
Arkansas County, spanning from 2002 to 2022. This trend was utilized to detrend farm-level yields

for a farm located at Stuttgart, Arkansas. The linear trend was derived from the following equation:
Y = Bo+ Bit+e¢ (12)

Y¢ is observed county yield, S, is an intercept, B1 is the linear trend coefficient, € is a normally

distributed error term, and t is the trend variable calculated as t= (T-2001). T is time in years.

The linear trend from the above equation is used to calculate the detrended farm yield using the

equation:
Y/ =Y¢+B(2021-T) +¢ (13)

where Y7 is the farm yield in year T, and ¢ is the idiosyncratic yield risk. The idiosyncratic farm
yield risk assumes a beta distribution that accounts for a farmer's unique crop yield variability and
influences the base premium rate used to calculate the producer's paid premium. Detrended county-
level yields are duplicated to generate a representative sample of farm-level yield observations,

and beta distribution parameters are set to maintain the same mean as the county-detrended yields.

Following Biram et. al (2022), the range of values for the beta distribution is assumed to
have a maximum value of 1.5 times the largest observed county yield, and the minimum is set to
insure a lower bound on yields of zero. A grid search is performed to find the optimal value of
alpha and beta shape parameters that minimizes differences between the actual Risk Management
Agency (RMA) base premium and empirical premium rates for 65% crop yield insurance coverage
levels. Drawing 20,000 samples from this distribution for a values ranging from 0.5 to 10 in

increments of 0.01 follows. These samples, demeaned by subtracting the mean, are added to the
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corresponding detrended yields. Subsequently, empirical premium rates are calculated at the 65%
coverage level using the combined yields. This process is repeated for various o values, and the
parameters yielding the empirical rate closest to the base premium rate are selected as the final

values.

Stochastic Price Simulation
Monthly new crop harvest maturity futures prices spanning 2002 — 2022 from
Barchart.com were used to simulate a dynamic monthly sequence of expected new crop futures
price for 2023. The historical data are first transformed to natural logarithms, and autoregressive
regression AR (1) models were estimated on historical monthly changes in new crop futures prices
from March through the respective harvest months for corn (September), soybeans (September)
and rice (October).

The simulation is based upon (1) the monthly average new crop futures prices for each
commodity observed during February 2023 — the predetermined or deterministic component of the
simulation — and (2) a sequence of monthly new crop futures price changes captured by our AR
(1) regression models — the stochastic component of the simulation. Seven separate AR (1)
regressions were estimated for each month in the sequence for corn and soybeans, while eight
separate AR (1) regressions were estimated for each month in the sequence for rice. These AR (1)
models capture seasonal trends in new crop futures prices and can be written as:

INFP, =By + By *INFPp_1 + & (14)
where In FP; is the natural logarithm of the December new crop corn and November new crop
soybeans and rice futures settlement prices observed in month m and ¢ is a normal distributed

random error term.
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Therefore, the discrete sequence of 2023 simulated monthly new crop futures prices can be written
as:
In FProp 2023, INFP; ,INFP,............ InFP, (15)

Where n = the 7t month for corn and soybeans or the 8™ month for rice starting from March. This
represents the sequence of the simulated new crop forecasts sampled each month prior to harvest
and taken from equation (14). Each simulated forecast is generated by using the previous month’s
simulated forecast. For example, a single March simulated forecast is estimated from the equation
InFP; = By + B1 * FPrep 2023 + Em , Where &, is a random drawing from the normally
distributed error term in (14). Similarly, a single April simulated forecast, for the same price path
sequence, is estimated from the equation In FP, = B, + B; *InFP; + &, , Where again &, is a
random drawing from the normally distributed error term in (14). This approach allows us to
generate a single random sequence of new crop futures prices across the pre-harvest to harvest

2023 months.

The 2023 expected harvest basis, Be, is calculated as the mean of the yearly historical
Stuttgart harvest basis over our sample period is given as:
Be = (Xt=1 BNt (16)
Harvest grain basis for the year t is calculated by using the equation:
B, =Be+eg 17)
Where ¢ is a truncated normal distribution based upon the historical demeaned yearly basis.
Elevators usually add some basis to the forward contract price to cover their costs and
earn a profit. However, the expected basis can vary depending on several factors, such as the

quality and location of the asset, transportation costs, storage costs, and supply and demand factors.
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Therefore, to accurately reflect these factors in we use represent our elevator forward contracts
offered each month from March through harvest as the monthly new crop futures forecast In FP,
in equation (15) adjusted for the expected harvest basis B, in equation (17).
The forward contract price FCPm is calculated by adding up the expected basis with the monthly
futures price as given in the equation,

FCPm=InFP,, + B, (18)

The Marketing Year Average (MYA) price is the average price farmers or producers
receive for a particular commodity during a specified marketing year. The MYA price is calculated
using historical futures prices to estimate the MYA price for the upcoming year. The process
involves calculating the historic yearly mean of new crop futures price and fitting the demeaned
difference between the yearly average new crop futures price and the yearly MY A price reported
by USDA NASS. Then, simulated values are obtained from random draws from the demeaned
error term, which we fit with a truncated normal distribution. The estimated MY A price for 2023
is estimated by adding these simulated values to the mean of the futures price sequence from
equation (15).

The harvest cash price (HCP) for each commodity is calculated by adjusting the simulated
new crop futures price observed during the harvest month using the simulated basis from equation
(17). However, given rice has no observable historical harvest cash price or basis data, and given
that eastern Arkansas is the delivery point for rice futures we assume a zero-harvest basis. In effect
the new crop November rice futures price in October is assumed to represent the Stuttgart HCP for

rice.
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Exogenous Farm Program Parameters

The exogenous factors considered in the study include farm program parameters such as the
ARC payment rate, Olympic Average (OA) prices, and OA Yyields. First, the OA yield and price
are calculated using actual data from the last five years of NASS county yields and NASS MYA
prices received, respectively. Next, the highest and lowest values are dropped, and the remaining
three values are averaged to obtain the OA yield and price. Finally, these factors simulate the

revenue distribution for all the crops.

29



CHAPTER VI
RESULTS

This section is divided into five subsections, each focusing on a different aspect of risk
management in agriculture.  The first subsection explores the farm-level yield and its
characteristics, while the second subsection delves into the predicted futures price, forward
contract price, and harvest price. The third subsection examines the insurance indemnities and
insurance premiums under different levels of crop insurance, and the fourth subsection presents
descriptive statistics of mean net return for different months under different forward contract levels
and RP coverage levels. Finally, the fifth subsection discusses the optimal risk management
strategy under EUT.

Characteristics of farm-level yield

Table 1 summarizes the key features of simulated farm yield for corn, soybeans, and rice
in the Stuttgart farm. It includes the average yield, the standard deviation of yield, the shape
parameter of the yield distribution (based on a beta distribution), and the lowest and highest yields
observed for each crop. The average farm yield for corn, soybeans, and rice was 189.01bu/ac,

43.74bu/ac, and 66.66 cwt/ac, respectively.

30



Table 1 Characteristics of farm yield of different crops at Stuttgart, AR

Corn Soybean Rice
Mean Yield 189.01 43.74 66.66
SD 84.36 23.05 27.69
Shape Parameters («, B) 2.51,3.51 1.76,2.6 1,1.67
Min 0 0 25.61
Max 453.33 108.73 135.21

Note: The yield of Corn and Soybeans is expressed in bushels/acre, while the yield of rice is
expressed in cwt/acres
Futures Price, Forward Contract Price, and Harvest Price

Table 2 displays the monthly means, standard deviations, and minimum and maximum
prices for corn, soybean and rice futures and forward contracts. The table indicates that the mean
futures prices for corn from March to September range from 5.96 (September) to 6.39 (June) US
dollars per bushel, with standard deviations ranging from 0.20 to 1. The minimum and maximum
futures prices vary between 3.46 in September to 5.33 in March and 6.75 to 10.41 US dollars per
bushel, respectively. In contrast, the mean forward contract prices range from 5.78 to 6.16 US
dollars per bushel, with standard deviations ranging from 0.2 to 1. The minimum and maximum
forward contract prices for corn range from 3.23 to 5.10 and 6.52 to 10.18 US dollars per bushel,
respectively.

Similarly, the mean futures prices for soybeans from March to September range from
$14.77 to $15.52 per bushel, with standard deviations ranging from 0.63 to 2.01. The minimum
and maximum futures prices vary between $8.54 to $12.77 and $17.34 to $23.40 per bushel,

respectively. In contrast, the mean forward contract prices range from $14.64 to $15.39 per bushel,

31



with standard deviations ranging from 0.63 to 2.01. The minimum and maximum forward contract
prices for corn range from $8.41 to $12.64 and $17.21 to $23.27 per bushel, respectively.

The highest mean price of $17.44 per hundredweight for rice is observed in September,
and the lowest of $16.77 per hundredweight in March. The highest level of volatility with a
standard deviation of $2.39 per hundredweight is observed in September. The broadest range of
prices is observed in October, with a minimum of $9.28 and a maximum of $31.20 per
hundredweight, indicating that rice prices in October can fluctuate wildly. The forward contract
prices are identical to the futures prices because there was no harvest basis involved for calculating
the monthly forward contract price.

The table suggests that the average price of corn and soybean futures and forward contracts

tends to be highest in June and lowest in September.

32



€e

Table 2 Simulated Monthly Futures and Forward Contract Price

Futures Price Forward contract Price

Mean SD Min Max Mean SD Min Max
Corn
March 6.02 0.2 5.33 6.75 5.78 0.2 5.1 6.52
April 6.25 0.39 5.11 1.7 6.01 0.39 4.87 7.47
May 6.3 0.44 4.94 7.81 6.06 0.44 4.7 7.57
June 6.39 0.46 5 7.95 6.16 0.46 4.76 7.71
July 6.09 0.85 3.49 9.71 5.85 0.85 3.25 9.47
August 6.02 0.95 3.49 10.41 5.79 0.95 3.26 10.18
September 5.96 1 3.46 9.94 5.73 1 3.23 9.71
Soybean
March 14.92 0.63 12.77 17.34 14.79 0.63 12.64 17.21
April 15.15 0.84 12.41 18.88 15.02 0.84 12.28 18.75
May 15.19 1 11.87 19.77 15.06 1 11.74 19.64
June 15.52 1.29 11.78 20.86 15.39 1.29 11.65 20.73
July 15.24 1.67 10.04 22.69 15.11 1.67 9.91 22.56
August 14.98 1.86 9.54 24.23 14.86 1.86 9.41 24.1
September 14.77 2.01 8.54 23.4 14.64 2.01 8.41 23.27
Rice
March 16.77 0.82 14.03 19.96 16.77 0.82 14.03 19.96
April 17.28 1.2 12.94 21.84 17.28 1.2 12.94 21.84
May 17.3 1.4 12.94 22.4 17.3 1.4 12.94 22.4
June 16.97 15 12.27 22.84 16.97 1.5 12.27 22.84
July 16.85 1.89 11.04 25.84 16.85 1.89 11.04 25.84
August 16.95 2.09 10.75 27.9 16.95 2.09 10.75 27.9
September 17.44 2.39 10.98 30.8 17.44 2.39 10.98 30.8
October 17 2.47 9.28 31.2 17 2.47 9.28 31.2

Note: The prices are listed in US dollars per bushel for Corn and Soybean and US dollars per hundredweight for rice



Table 3 presents the harvest prices of corn, soybean, and rice. The mean prices are $5.63 per
bushel for corn, $11.20 per bushel for soybean, and $17 per hundredweight for rice. The standard
deviation values indicate that soybean has the highest price variability at $2.8 per bushel, followed
by rice at $2.47 per hundredweight and corn at $1.05 per bushel. The minimum price for corn is
$2.96 per bushel, $9.35 per bushel for soybean, and $9.28 per hundredweight for rice. The
maximum price for corn is $9.20 per bushel, $22.84 per bushel for soybean, and $31.2 per
hundredweight for rice.

Table 3 Harvest Cash Price of Corn, Soybean, and Rice

Corn Soybean Rice
Mean Price 5.67 14.630 17
SD 1.05 2.06 2.47
Min 2.96 9.35 9.28
Max 9.20 22.84 31.2

Note: The harvest prices of corn and soybeans are listed in US dollars per bushel.
The harvest prices of rice are listed in US dollars per hundredweight.
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Insurance Indemnities and Insurance Premiums Under Different Levels of Crop Insurance
Tables 4 show mean insurance indemnities and premium per acre at all eight RP coverage
level for corn, soybean and rice respectively. Table 4 shows that the crop insurance policy with
an 85 percent RP (Return Protection) provides the highest average net indemnity.
As the coverage level increases, the mean insurance indemnity also increases, indicating
that the insured party would receive a higher payout in the event of a loss or damage. However,
the mean insurance premium increases as the coverage level increases, meaning that the cost of

obtaining coverage increases.
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Table 4 Insurance Indemnities and Premiums for Different Crops at Different Coverage Levels

Insurance Indemnities Insurance Premium

Coverage Mean SD Min Max Mean SD Min Max

Level

Corn
50% 36.83 103.14 0 809.76 11.07 1.26 8.8 18.07
55% 39.28 110.57 0 895.64 13.19 235 6.65 22.99
60% 65.12 147.74 0 981.52 16.42 1.87 13.06 26.81
65% 83.15 171.81 0 1067.41 21.49 245 17.09 35.08
70% 103.98 196.76 0 1153.29 24.94 2.85 19.84 40.72
75% 12751 222.42 0 1239.17 30.42 3.47 242 49.67
80% 153.86 248.5 0 1325.05 38.67 441 30.76 63.14
85% 183.08 274.77 0 1410.93 51.41 5,86 409 83.94

Soybean

50% 64.72 113.63 0 535.07 4.56 0.34 3.45 5.81
55% 82.04 131.34 0 597.32 6.11 0.45 4.63 7.79
60% 101.62 149.24 0 659.58 7.6 0.56 5.75 9.68
65% 123.54 167.06 0 721.83 10.83 0.8 8.19 13.79
70% 147.69 184.65 0 784.09 13.51 0.85 10.73 16.75
75% 173.91 201.94 0 846.34 18.47 1.17 1467 229
80% 202.08 218.87 0 908.6 26.5 195 20.06 33.75
85% 232.28 234.93 0 970.85 38.81 2.86 29.38 49.44
Rice
50% 27.61 65.69 0 394.8 3.54 0.2 2.93 4.24
55% 43.59 89.21 0 470.06 4,51 0.25 3.73 5.4
60% 63.39 114.18 0 545.32 5.41 0.3 4.48 6.48
65% 86.57 140.22 0 620.58 7.17 0.4 5.93 8.58
70% 113.11 166.82 0 695.84 8.28 0.46 6.86 9.92
75% 142.95 193.54 0 771.1 10.95 0.61 9.06 1311
80% 176.03 220.06 0 846.36 14.83 0.83 12.27 17.76
85% 212.1 246.19 0 923.3 19.83 1.11 16.42 23.75

Note: The insurance indemnities and premiums are listed in US dollars per acres



Descriptive Statistics of Mean Net Return for Different Months Under Different Forward
Contract Levels

Tables 5 through 9 present the mean net returns per acre for corn, soybeans, and rice with
respect to each pre-harvest forward contracting month, and given different levels of forward
contracting (0%, 25%, 50%, 75% and 100%), and excluding any payments from crop revenue
insurance or government support plans. The mean net revenue for all crops varies by month, with
the highest mean net revenue observed in June for corn and soybean, and in September for rice.
Our results clearly show a net return premium to forward contracting corn and soybeans in the
summer. Interestingly, a similar forward contracting summer premium does not exist for rice, with
the highest net returns earned by forward contracting in September.

There is a considerable probability of making a loss for all three crops under different
scenarios. It can be seen from table 5 through 9 that increasing the level of forward contracting
results in a decrease in the probability of making a loss for all three commodities. For example,
for corn, the probability of making a loss decreases from 35.31% when no forward contracting is
done to 26.92% when 100% forward contracting is done. Similarly, for soybeans, the probability
of making a loss decreases from 52.61% to 26.92%, and for rice, it decreases from 48.91% to
46.35%. However, with respect to the likelihood of suffering large losses in extreme conditions,
our 1% tail risk values show that there is a nonlinear effect of forward contracting greater
percentages of expected production. Irrespective of commodity, as forward contracting levels
initially increase from 0% through 25% there is moderate decrease in extreme losses at the 1% tail
risk level. However, at levels of 50% through 100% forward contracting extreme losses at the 1%

tail risk level increase quite dramatically. This is consistent with the notion that in cases where
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yields are low and harvest cash prices are higher relative to forward contract prices the penalty for

non-delivery has a significantly negative impact on net returns.
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Table 5 Mean Net Revenue for Different Months at 0% Forward Contract with No Insurance and Government Support Plans

Probability of

Months Mean SD Min Max 1% 5% 10% loss

Corn

March 288.39 609.96 -925.72 2878.97 -787.28 -601.86 -462.59 35.31%
April 288.39 609.96 -925.72 2878.97 -787.28 -601.86 -462.59 35.31%
May 288.39 609.96 -925.72 2878.97 -787.28 -601.86 -462.59 35.31%
June 288.39 609.96 -925.72 2878.97 -787.28 -601.86 -462.59 35.31%
July 288.39 609.96 -925.72 2878.97 -787.28 -601.86 -462.59 35.31%
August 288.39 609.96 -925.72 2878.97 -787.28 -601.86 -462.59 35.31%
September 288.39 609.96 -925.72 2878.97 -787.28 -601.86 -462.59 35.31%
Soybean

March 13.67 355.24 -624.41 129794 -577.96 -493.29 -424.89 52.61%
April 13.67 355.24 -624.41 129794 -577.96 -493.29 -424.89 52.61%
May 13.67 355.24 -624.41 129794 -577.96 -493.29 -424.89 52.61%
June 13.67 355.24 -624.41 129794 -577.96 -493.29 -424.89 52.61%
July 13.67 355.24 -624.41 1297.94 -577.96 -493.29 -424.89 52.61%
August 13.67 355.24 -624.41 129794 -577.96 -493.29 -424.89 52.61%
September 13.67 355.24 -624.41 129794 -577.96 -493.29 -424.89 52.61%
Rice

March 89.93 499.27 -745.43 1919.01 -645.12 -566.08 -504.66 48.91%
April 89.93 499.27 -745.43 1919.01 -645.12 -566.08 -504.66 48.91%
May 89.93 499.27 -745.43 1919.01 -645.12 -566.08 -504.66 48.91%
June 89.93 499.27 -745.43 1919.01 -645.12 -566.08 -504.66 48.91%
July 89.93 499.27 -745.43 1919.01 -645.12 -566.08 -504.66 48.91%
August 89.93 499.27 -745.43 1919.01 -645.12 -566.08 -504.66 48.91%
September 89.93 499.27 -745.43 1919.01 -645.12 -566.08 -504.66 48.91%
October 89.93 499.27 -745.43 1919.01 -645.12 -566.08 -504.66 48.91%

Note: Mean net revenue is in $/acre and the mean of simulated net revenue is drawn from 5000 iteration in @RISK
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Table 6. Mean Net Revenue for Different Months at 25% Forward Contract with no Insurance and Government Support Plans

1% Talil
Months Mean SD Min Max risk 5% 10% Probability of loss
Corn
March 29191 596.48 -1045.27 2537.49 -778.89  -583.47 -441.93 34.44%
April 307.42 598.09 -1016.07 2594.03 -754.94  -564.81 -433.93 33.76%
May 310.67 598.65 -1011.04 2614.07 -755.22  -561.29 -431.66 33.37%
June 316.47 598.76 -1004.24 2621.94 -749.28  -556.00 -426.52 33.15%
July 298.00 608.05 -938.72 2663.94 -778.37  -587.92 -451.40 34.54%
August 29476  611.49 -962.99 2709.58 -778.08  -598.75 -449.38 34.71%
September 288.83 613.85 -954.35 2684.05 -786.20  -600.34 -452.70 35.29%
Soybean
March 1446 34430 -692.92 1294.31 -573.96  -489.46 -419.59 51.73%
April 1781 34469 -687.54 1300.97 -569.27  -489.17 -417.71 51.27%
May 18.47 34512 -690.76  1309.46 -571.58 -488.48 -415.44 51.19%
June 2341 346.20 -655.92 1317.49 -566.08  -481.22 -414.59 51.08%
July 19.18 347.86 -645.48 1306.18 -569.07  -487.89 -419.26 51.44%
August 1542 349.01 -633.03 1320.59 -574.01  -490.98 -425.05 51.90%
September 12,28 349.85 -625.40 1351.66 -578.86  -493.48 -430.23 52.11%
Rice
March 85.02 486.69 -656.98 1958.77 -611.36  -558.03 -500.39 49.24%
April 95.31 487.93 -673.40 1960.02 -606.31  -548.18 -492.70 48.57%
May 95.70 488.99 -688.26  1998.99 -613.30 -549.21 -491.79 48.34%
June 89.18 489.79  -692.79 2031.72 -621.44  -556.23 -498.03 48.86%
July 86.69 493.12 -718.40 2057.95 -632.19  -563.09 -504.79 49.18%
August 88.62 49452 -731.58 2076.98 -634.90 -565.83 -503.22 48.99%
September 98.54 496.87 -740.40 2145.34 -631.29  -556.47 -494.37 48.22%
October 89.64 497.71  -740.03 2125.09 -642.58  -564.07 -500.37 48.98%

Note: Mean net revenue is in $/acre and the mean of simulated net revenue is drawn from 5000 iteration in @RISK
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Table 7 Mean Net Revenue for Different Months at 50% Forward Contract With no Insurance and Government Support Plans

1% Tail Probability of
Months Mean SD Min Max risk 5% 10% loss
Corn
March 293.99 581.45 -1075.44 2587.57 -785.51 -589.64 -434.25 34.36%
April 325.01 585.06 -1054.81 2601.65 -762.30 -553.99 -404.92 32.25%
May 331.51 586.45 -1058.05 2618.56 -759.12 -552.09 -406.42 31.83%
June 343.10 586.71 -1045.88 2630.71 -748.21 -540.52 -395.60 31.22%
July 306.26 600.60 -1021.31 2818.90 -768.29 -573.26 -436.37 34.22%
August 299.83 607.22 -945.55 2872.75 -784.22 -583.49 -451.06 34.80%
September 288.19 610.27 -930.26 2878.97 -790.47 -602.24 -462.68 35.31%
Soybean
March 18.59 344.13 -760.50 1168.25 -588.96 -485.82 -415.45 51.19%
April 25.25 344.80 -746.73 1171.10 -578.40 -480.98 -409.81 50.63%
May 26.57 345.71 -736.36 1196.72 -574.65 -480.82 -408.36 50.30%
June 36.46 347.89 -699.04 1241.14 -563.86 -471.03 -403.71 49.62%
July 28.01 351.11 -702.31 1274.26 -567.52 -480.17 -410.97 50.80%
August 20.50 353.22 -665.95 1305.19 -574.80 -489.25 -419.24 51.84%
September 14.26 355.04 -615.28 1295.62 -580.06 -491.54 -425.12 52.55%
Rice
March 80.46 480.47 -710.12 1652.00 -622.01 -560.26 -500.90 49.49%
April 101.00 483.66 -715.67 1696.14 -611.87 -544.65 -479.48 48.19%
May 101.85 485.11 -700.78 1726.64 -611.37 -542.54 -483.30 47.91%
June 88.78 486.53 -700.32 1738.98 -626.71 -559.34 -493.36 48.85%
July 83.70 490.36 -740.07 1806.70 -636.57 -567.94 -505.53 49.06%
August 87.76 493.69 -742.41 1884.85 -641.86 -565.59 -504.96 49.08%
September 107.62 498.13 -732.89 1916.89 -633.08 -549.28 -486.41 47.62%
October 89.93 499.27 -745.43 1919.01 -645.12 -566.08 -504.66 48.91%

Note: Mean net revenue is in $/acre and the mean of simulated net revenue is drawn from 5000 iteration in @RISK
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Table 8 Mean Net Revenue for Different Months at 75% Forward Contract without Insurance and Government Support Plans

Probability of

Months Mean SD Min Max 1% 5% 10% loss

Corn

March 297.37 577.07  -1371.40 2401.36 -818.11 -576.23 -431.92 33.00%
April 343.91 580.57 -1283.80 2501.30 -768.64 -525.96 -388.91 30.46%
May 353.67 581.77  -1268.71 2589.29 -745.40 -517.60 -382.29 30.00%
June 371.05 582.13  -1248.29 2611.77 -729.43 -501.61 -363.26 29.09%
July 315.65 602.22  -1075.53 2705.98 -767.61 -570.87 -432.56 32.95%
August 305.92 609.66  -1028.16 2760.62 -785.31 -591.94 -447.08 33.72%
September 288.12 614.73 -959.03 2684.05 -790.80 -603.84 -455.25 35.32%
Soybean

March 19.40 340.14 -904.49 1209.20 -620.97 -489.31 -411.15 50.85%
April 29.44 340.95 -888.35 1229.18 -611.11 -478.85 -399.52 49.96%
May 31.43 341.72 -898.03 1254.62 -600.03 -476.72 -395.58 49.59%
June 46.24 344.04 -793.50 1278.73 -573.81 -460.81 -385.47 48.35%
July 33.57 347.01 -751.68 1244.80 -574.81 -477.24 -404.63 49.84%
August 22.28 348.95 -701.10 1279.94 -582.04 -487.56 -418.61 51.05%
September 12.87 349.82 -631.14 1358.37 -579.78 -491.84 -428.77 51.96%
Rice

March 75.79 477.55 -881.66 1626.11 -679.31 -575.66 -502.56 49.41%
April 106.65 479.60 -870.26 1629.87 -646.27 -550.04 -477.19 47.24%
May 107.81 481.61 -821.32 1746.79 -648.50 -547.10 -470.65 47.16%
June 88.25 482.73 -819.14 1844.97 -658.98 -564.56 -494.54 48.68%
July 80.78 489.22 -772.89 1923.67 -660.34 -576.93 -504.21 49.26%
August 86.59 491.73 -750.25 1980.75 -648.86 -570.29 -502.88 48.89%
September 116.33 497.76 -741.14 2185.84 -629.10 -547.68 -478.93 47.08%
October 89.64 497.71 -740.03 2125.09 -642.58 -564.07 -500.37 48.98%

Note: Mean net revenue is in $/acre and the mean of simulated net revenue is drawn from 5000 iteration in @RISK
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Table 9 Mean Net Revenue for Different Months at 100% Forward Contract without Insurance and Government Support Plans

1% Tail Probability of
Months Mean SD Min Max risk 5% 10% loss
Corn
March 299.49 575.50 -1534.46 2333.29 -866.70 -581.13 -430.87 32.88%
April 361.55 579.19 -1417.67 2466.55 -804.84 -520.37 -376.20 29.25%
May 374.56 580.43 -1397.54 2583.87 -776.24 -504.61 -362.97 28.76%
June 397.73 580.92 -1370.31 2613.84 -749.43 -481.57 -338.38 27.19%
July 323.87 602.19 -1179.41 2754.25 -770.04 -572.49 -425.50 32.34%
August 310.89 610.16 -1076.81 2786.15 -780.58 -589.63 -444.67 33.43%
September 287.17 615.56 -961.37 2684.05 -793.11 -606.13 -457.57 35.38%
Soybean
March 21.87 341.67 -1010.28 1166.64 -654.06 -496.58 -412.32 50.19%
April 35.26 342.47 -988.75 1193.28 -636.61 -480.16 -401.99 48.88%
May 37.91 343.17 -1001.66 1227.21 -625.27 -473.82 -393.76 48.79%
June 57.66 345.60 -862.29 1259.35 -593.95 -453.57 -375.67 46.77%
July 40.77 348.19 -806.53 1214.11 -581.69 -472.67 -398.75 48.80%
August 25.71 349.78 -735.14 1259.61 -585.80 -487.53 -416.29 50.73%
September 13.17 349.83 -634.01 1361.73 -580.56 -493.37 -429.16 52.03%
Rice
March 71.17 479.68 -1058.12 1521.20 -755.10 -600.22 -515.11 49.19%
April 112.32 481.25 -1042.92 1595.43 -694.12 -564.53 -471.39 46.39%
May 113.87 483.12 -976.04 1682.40 -699.87 -561.32 -469.18 46.29%
June 87.79 483.73 -943.86 1751.60 -704.66 -578.97 -493.53 48.11%
July 77.82 489.95 -854.65 1856.52 -698.90 -586.76 -507.15 49.29%
August 85.57 492.16 -805.69 1932.64 -671.58 -578.97 -504.58 48.98%
September 125.23 499.49 -757.61 2206.09 -641.94 -545.23 -471.92 46.50%
October 89.64 497.71 -740.03 2125.09 -642.58 -564.07 -500.37 48.98%

Note: Mean net revenue is in $/acre and the mean of simulated net revenue is drawn from 5000 iteration in @RISK



Descriptive Statistics mean net return for different levels of forward contracting and

different RP coverage levels on Mean net return of Corn, Rice, and Soybean

Figure 9-11 shows the descriptive statistics of mean net return for corn, soybeans and rice
respectively for different RP coverage levels. Table 10 showcases the mean net revenue for corn,
soybean under different scenarios involving various combinations of ARC and RP insurance
coverage, as well as the different level of forward contracting (FC) provided. The highest average
mean net return for all crops (corn, soybean and rice) was observed with 100% forward contracting
and 85% RP coverage level. With respect to rice we similarly present results for different scenarios
of RP and FC and PLC. Since 2023 faced a relatively high price environment ARC and PLC
coverage plays little to no role in impacting mean net revenues. In general, mean net revenue for
all three commaodities tends to increase as the level of insurance coverage (RP) and the percentage
of FC increase. This is because higher levels of insurance coverage reduce the risks associated
with agricultural production, leading to higher mean net revenues for the producers.

For corn, the mean net revenue increases with the level of FC and RP coverage. Without
ARC and RP, the mean net revenue is $288.39 /acre for 0% FC and increases to $397.73 /acre for
100% FC. Adding RP further increases the mean net revenue at each level of FC, with the highest
mean net revenue observed at $527.52 /acre for the combination of ARC and 85% RP at 100%
FC.

In the case of soybeans, the addition of RP coverage increases mean net revenue, with a
more pronounced effect when combined with ARC. An increase in mean net revenue is associated
with higher RP coverage levels. The highest mean net revenue observed at $253.32 /acre for the

combination of ARC and 85% RP at 100% FC.
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For rice, similar to corn, the mean net revenue demonstrates an increasing trend with higher
levels of FC and RP coverage. The mean net revenue starts at $89.93/acre for 0% FC without RP
and PLC. The highest mean net revenue is observed at $318.45 /acre with PLC and 85% RP

coverage at 100% FC.
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Figure 9 Mean net return of corn on June for different levels of forward contracting at different
RP coverage levels
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Figure 10 Mean net return of soybeans on June for different levels of forward contracting at
different RP coverage level
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Table 10 Mean net revenue for corn, soybean, and rice under different level of forward contracting (FC) with various
combinations of Revenue Protection (RP) insurance coverage and ARC

NO ARC+ ARC+ ARC+ ARC+ ARC+ ARC+ ARC+ ARC+
RP+No NoRP+ 50% 55% 60% 65% 70% 75% 80% 85%
ARC ARC RP RP RP RP RP RP RP RP
Corn (June)
0% EC 288.39 288.39 31394 314.06 336.01 348.67 365.73 383.76  402.06 418.63
250, FC 316.47 316.47 34157 34168 363.63 376.30 393.35 41138 429.68  446.25
50% EC 343.56 34356 369.03 369.14 391.09 403.76 420.81 438.84 457.14 473.71
75% EC 371.05 371.05 396.15 396.27 418.22 430.88 44794  465.97 484.27 500.84
100% EC 397.73 397.73 42284 42296 44491 45757 47462 49265 510.96 527.52
Soybean
(June)
0% FC 13.67 13.77 74.46 90.29 108,53 127.19 14849 16956  189.87  207.75
2504 EC 25.06 25.06 85.86 101.68 119.92 13858 159.88 180.95 201.26 219.14
50% EC 36.46 36.46 97.25 113.07 13131 14997 17127 19235 21265 230.54
75% FC 47.85 4785 108.64 12446 14271 161.37 182.67 203.74 224.05 241.93
100% EC 59.24 59.24 120.04 13586 154.10 172.76 194.06 215.13 23544  253.32
NO No RP+ PLC+ PLC+ PLC+ PLC+ PLC+ PLC+ PLC+ PLC+
Rice RP+No PLC 50% 55% 60% 65% 70% 75% 80% 85%
(September) PLC RP RP RP RP RP RP RP RP
0% EC 89.93 90.61 11466 129.76 14850 170.10 195.73 222.85 251.97 283.06
250 EC 98.77 99.46 12351 138.60 157.35 178.95 204.57 231.70 260.81  291.90
50% FC 107.62 108.31 13236 14745 166.20 187.79 213.42 24055 269.66  300.75
75% FC 116.47  117.15 14121 156.30 175.04 196.64 22227 24940 27851  309.60
100% FC 12532 126.00 150.05 165.15 183.89 205.49 231.12 258.24 287.35 318.45

Note: Mean net revenue is in $/acre and the mean of simulated net revenue is drawn from 5000 iteration in @RISK



Revenue Risk During High Mean Net Revenue Months
Revenue risks faced by producers during high mean net revenue months with and without
forward contracting (100%FC) and RP (85% coverage level) are presented in Figure 12-14. Figure
12-14 demonstrates that for corn, the 1% tail risk increases by $36.71 /acre with 100% FC, while
100% FC with 85% RP reduces the risk by $740.66 per acres. Similarly, for soybean, the 1% tail
risk rises by $25 per acre with 100% FC without crop insurance, but it reduces by $578.82/ acre
with 100% FC and 85% RP. Furthermore, for rice, the 1% tail risk decreases by $3.64 /acre with

100% FC and decreases by $559.36 / acre with 100% FC and 85% RP.
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Figure 12 CDF of 0% FC with no insurance (red), 100% FC with no insurance (blue) and 100%
FC with 85% RP (green) for rice
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Figure 14. CDF of 0% FC with no insurance (red), 100% FC with no insurance (blue) and 100%
FC with 85% RP (green) for corn
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Risk Aversion Under CE

Figure 15, 16, and 17 present the estimated certainty equivalents (CE) for corn, soybeans,
and rice, respectively, under different scenarios and absolute risk aversion coefficients (ARACS).
Based on the results presented in figure 15 through 17, it is recommended that farmers who are
not very risk-averse use a strategy of 100% forward contracting with 85% RP coverage level for
all crops. However, very risk-averse farmers may prefer to use a strategy of 25% forward
contracting for corn, rice and soybean when crop insurance is not available. This indicates that
very risk averse farmers prioritize risk reduction over maximizing profits, where higher levels of
risk are associated with more aggressive forward contracting (100%) versus (25%) due to greater
non-production/delivery risk. This is consistent with our 1% tail risk net returns presented in
tables 5 through 9. Although crop revenues insurance cannot eliminate all net returns risk,
insuring at the 85% level while forward contracting 100% of expected production always yields
higher CEs in comparison to either simply selling in the harvest cash market without insurance
or forward contracting; or forward contracting at low (25%) levels without insurance; or forward

contracting at high (100%) levels and without insurance.
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CHAPTER VI
CONCLUSIONS

The agricultural sector faces significant challenges due to the inherent risks associated
with production, market, and financial factors. Forward contracting and crop return insurance are
essential risk management tools that can help farmers navigate these challenges and maintain
financial stability. As the price of agricultural commodities follows seasonality and tends to have
higher prices during summer, producers can catch that price to increase their return by forward
contracting during summer. However, with a higher level of the forward contract, the production
risk increases due to a high chance of non-delivery. This problem can be mitigated with RP crop
insurance. This study aims to assess the risk and return at different time and level of forward
contracting coupled with the various RP coverage level.

The findings emphasize the efficacy of adopting a strategy integrating 100% forward
contracting with 85% RP coverage, particularly during June for corn and soybean and September
for rice. This approach has proven optimal for risk-neutral to moderately risk-averse producers,
leading to increased mean net revenue and high CE. Our results may in part be driven by the fact
that commaodity prices in 2023 are at relatively high levels with the likelihood of harvest prices
being higher than forward contract prices also relatively low. In addition, we assumed that farm
yields are uncorrelated with harvest cash prices and forward contract prices. If instead farm yields
are negatively correlated with prices, aggressively forward contracting high percentages of
expected production could add to overall net return risk. This is an interesting avenue of further
research.

The risk factors faced by producers during high mean net revenue months with and without

forward contracting (100%FC) and revenue protection (RP) (85% coverage level) vary across
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different crops. The results showed that for corn, soybean, and rice, using 100% FC in conjunction
with 85% RP can help reduce the 1% tail risk, which may be beneficial for producers looking to
manage their revenue risks.

In this study, the impact of government payment plans such as the PLC and ARC was not
found to have a significant effect on the overall results, primarily due to the simulation yielding
high MYA prices. The high MYA prices resulted in minimal or no PLC/ARC payments, thus
reducing their relevance in this risk management strategy analysis.

Investigating the impact of forward contracting at low yield and high-futures price during
harvest would be a valuable extension of our research. This could help to provide insights into the
potential benefits or drawbacks of using forward contracting as a risk management tool in
situations where crop yields are lower than expected or where market prices are unfavorable.
Additionally, exploring the basis risk of rice on its optimal level of forward contracting would

also be a worthwhile extension of our research.
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