
INTEGRATED PRODUCTION AND MARKETING RISK MANAGEMENT 

FOR CASH GRAIN PRODUCERS OF VIRGINIA'S NORTHERN NECK REGION 

A TARGET MOTAD ANALYSIS 

By 

Viswanath Tirupattur 

Thesis Submitted to the Faculty of the 

Virginia Polytechnic Institute and State University 

in Partial Fulfillment of the Requirements for the Degree of 

Master of Science 

in 

Agricultural Economics 

  

  

APPROVED 

two) Pengo AY EE 
James W. Pease r. David E. Kenyon 

o-Chairperson) (Co-Chairperson) 

. S Lor wo None 

r. Daniel/B. or Dr. Eluned ones” 

December 1990 
Blacksburg, Virginia



LD 
565> 
V855 
1990 

T5107 
C9.



INTEGRATED PRODUCTION AND MARKETING RISK MANAGEMENT 

FOR CASH GRAIN PRODUCERS OF VIRGINIA’S NORTHERN NECK REGION 

A TARGET MOTAD ANALYSIS 

By 

Viswanath Tirupattur 

Dr. James W. Pease and Dr. David E. Kenyon 

(Co—Chairpersons) 

ABSTRACT) 

Cash grain producers of Virginia’s Northern Neck region face 

considerable yield and price uncertainty resulting in substantial income 

risk. This study evaluated several alternative production and marketing 

strategies in a portfolio analysis using the Target MOTAD framework. 

The alternative risk management strategies evaluated included hedging 

using options and futures, cash contracting, and participation in 

government commodity programs and crop insurance programs. Unlike most 

previous studies which have treated the decision making process as a 

single period process, this study formulates the problem as a recursive 

two stage model. The mean forecast deviation approach was used to model 

activity risk. The results suggest that even though government program 

participation is the most risk efficient strategy, a great deal of 

complementarity in risk management exists between the government 

programs and marketing strategies using commodity futures and options. 

Crop insurance was found to be ineffective for the representative farm 

under consideration.
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CHAPTER 1 

INTRODUCTION 

1.1 CASH GRAIN FARMING IN VIRGINIA’S NORTHERN NECK REGION 

Cash grain production is an important component of the 

agricultural sector of Virginia's Northern Neck region’. Cash grains 

account for about 90 percent of the total harvested crop land in the 

region (U.S. Department of Commerce). The cash grain crops typically 

raised in the region are corn, wheat, soybeans, and barley in addition 

to limited cultivation of rye and oats. Cash grain farming in the 

Northern Neck region is often characterized by a two year crop rotation 

of corn and/or full—season soybeans and wheat or barley double cropped 

with soybeans. 

During the past three decades, the Northern Neck region has 

emerged as a significant production region of cash grains in the state, 

registering a steady increase in both acreage and production. 

Currently, the four counties that comprise the Northern Neck region 

account for about 8 percent of state corn acreage, 12 percent of state 

wheat acreage, 11 percent of state soybean acreage and 19 percent of 

state barley acreage. In terms of production, the region currently 

contributes about 9 percent of state corn production, 13 percent of 

  

1 The four counties that comprise the northern neck region of 
Virginia are Lancaster, Northumberland, Richmond and Westmoreland. 

1
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state wheat production, 11 percent of state soybean production and 19 

percent of state barley production (Virginia Department of Agriculture 

and Consumer Services). 

1.2 RISK IN CASH GRAIN FARMING 

An important phenomenon of cash grain cultivation is increasing 

price and yield uncertainty. Since 1973, agricultural producers have 

experienced wider variation in prices received than previously. Table 

1.1 depicts variability recorded in prices received by Virginia 

producers during 1974 through 1988. Between the periods of 1960 to 1973 

and 1974 to 1988, the coefficient of variation (CV) for corn and barley 

prices has increased by as much as 150 percent. The increases in 

soybean and wheat prices have also been substantial. 

Table 1.1 Price Variability In Corn, Wheat, Soybeans and Barley 

  

Crop Coefficient of Variation (CV)? 
1960 — 1973 1974 — 1988 

Corn 15.4 38.2 

Wheat (25.2 33.4 

Soybeans 19.2 34.6 

Barley 12.3 32.1 

Source: Virginia Agricultural Statistics, various issues. (All prices 
were converted to 1982-1984 constant terms for the computation of the 

CVs.) 

1 Coefficient of Variation (CV) = (Standard Deviation / Mean) * 100
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In addition, there has also been growing yield variability. Table 

1.2 depicts yield variability in the four cash grain crops across the 

past three decades in the Northern Neck region. Yield variability has 

increased in the Northern Neck region in corn, soybean and barley 

yields, while wheat yield variability has decreased. The increase in 

variability in corn and soybeans yields during the 1980s is considerable 

and is indicative of growing riskiness in cultivating these crops. It 

should be noted that the CVs in the Table 1.2 have been computed using 

county yields which can be expected to be less than those of individual 

farms. 

Table 1.2 Yield Variability In Corn, Wheat and Soybeans Across 

Decades: Northern Neck Region of Virginia 

  

Crop Coefficient of Variation (CV)? 

1960s  j|§$$ 1970s = 1980s 

Corn 9.68 15.67 33.21 

Wheat 13.41 15.58 8.67 

Soybeans 15.07 18.08 23.73 

Barley - 5.85 9.27 

Source: Virginia Agricultural Statistics (Various Issues) 

Corn and soybeans producers recorded all time high yields in 1982, 

1984 and 1985 while the yield levels in 1983 and 1986 were close to all 

  

2CVs have been computed with detrended yields. Detrending was done by 
regressing the crop yields on time. Residuals of the regression were used to 

compute the CVs.
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time lows. Adverse conditions such as droughts, floods and crop disease 

lead to fluctuations in crop yields, with drought as the primary cause 

of crop failure in Virginia. Pease and Tirupattur reported that 

Virginia recorded lower yield trends and higher yield variability over 

the past three decades (vis-a-vis national yields) in most of the cash 

grain crops, indicating a potential for competitive disadvantage in 

production. 

1.3 PROBLEM STATEMENT 

The substantial variability in both prices and yields impacts the 

net farm income of producers. In the short run, net farm income 

variability could disrupt the farming business due to cash shortfalls 

and increased borrowings, and in the long run may lead to business 

failures. 

Farmers have to make crucial managerial decisions in such an 

environment, with the consequences of their decisions being largely 

uncertain. Before planting, producers are faced with several 

alternative production and marketing strategies. Typically, production 

decisions farmers have to make include crop acreage allocation, input 

usage and varietal selection. In addition, commitments about 

participation in the government commodity programs and crop insurance 

programs have to be made. Even though marketing decisions are not 

irrevocably made at planting time, a choice is often made among several 

marketing alternatives such as selling the product for cash after
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harvest, hedging using futures markets, options markets or cash 

contracts. These different production and marketing strategies have 

varying levels of risk associated with them, and thus varying 

effectiveness as yield and price risk management strategies. 

Alternatives with higher incomes normally have associated higher risk 

with them and the converse is true for alternatives with lower incomes. 

On the other hand, low risk — low return and high risk — high return 

strategies may also exist. Consequently, there is a range of trade offs 

between high income — high risk alternatives and those with low income —- 

low risk. The choice depend upon individual risk preferences. Given 

the competitive disadvantage faced by the Virginia farmers relative to 

the midwest producers, it is critical that producers use appropriate 

risk management strategies to compensate for their production — 

marketing disadvantage (Pease and Tirupattur). The aim of this research 

is to develop a risk portfolio management tool that will facilitate a 

better evaluation of the tradeoffs between returns and risks for cash 

grain producers of Virginia's Northern Neck region. 

L.4 OBJECTIVES OF THE STUDY 

The overall objective of this studv is to evaluate risk - return 

choices for different production and marketing strategies for a 

representative cash grain farm in the Northern Neck region of Virginia 

for the 1990 farm planning year. The risk management strategies to be 

modelled, in the context of planting time decision making are:
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-— diversification of cash grain crop production 

- marketing some or all of the commodities in cash at harvest 

— marketing some of the expected production using cash contracting 

- hedging some of the expected production using futures markets 

—- hedging some of the expected production using options markets 

— participation in crop insurance programs 

- enrollment in government commodity programs 

The specific objectives of the study are: 

1) to analyze farm level impacts of different marketing and production 

strategies as possible means of reducing income risk. 

2) to evaluate the effectiveness of the crop insurance and the 

government commodity programs in conjunction with different 

marketing strategies in managing income risk. 

3) to evaluate the sensitivity of optimal risk — return choices to 

changes in targeted income levels. 

The results of the study are expected to be useful in agricultural 

extension programs for providing conditionally normative recommendations 

which are conditional on the expressed goals and information available 

at the time of decision making. In other words, the study enables 

regional level prescriptions that will facilitate a better understanding 

of the tradeoffs between returns and risks for cash grain producers. 

A review of recent literature revealed that risk analysis for farm 

level decision making which incorporates the use of options markets,
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government commodity programs and crop insurance programs has not been 

attempted in a Target MOTAD framework. Evaluation of such strategies in 

the context of Target MOTAD framework, which has superior theoretical 

foundations to alternatives like MOTAD and computational advantages over 

quadratic programming, are the major contributions of this study. 

1.5 SUMMARY OF PROCEDURES 

Farm level decision making were modelled using a Target MOTAD 

approach. The model was developed using historical yield data of the 

Northern Neck region for the period 1974 — 88 plus projections for 

1989 — 90. The study uses a model framework which allows the two 

elements of income uncertainty namely, price and yield uncertainty to be 

incorporated into the farm planning model. Risk is defined as negative 

deviation below a targeted income level, such that average short falls 

in revenues with respect to a target are minimized for generating risk 

efficient solutions. The choice of an appropriate target is crucial 

when using a Target MOTAD model. Allowing the nature of the specific 

economic situation being analyzed to dictate the number and magnitude of 

targets examined is a general norm in risk analysis studies using this 

framework. As such, the appropriate target for the proposed study would 

be a level of returns to assure the long run survival of producers. In 

other words, the targets chosen reflect a level of income that would 

cover all the variable and a proportion of the fixed costs of a 

representative cash grain farm, providing in addition for a reasonable
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allowance for living expenses of the operator’s family. Solutions were 

generated showing efficient trade-offs between expected returns and 

average negative deviations below the target, and risk efficient 

frontiers were traced under alternative scenarios. 

1.6 A GENERAL OUTLINE OF THE THESIS 

The theory of risk programming is presented in chapter 2 which 

details the theoretical and computational advantages of the Target MOTAD 

model. A review of recent farm level risk programming applications is 

presented in chapter 3 to form a background for the present empirical 

research. Chapter 4 describes the development of the empirical model. 

The results of the analysis under alternative scenarios are summarized 

in chapter 5, which is followed by the conclusions and the limitations 

of the study in chapter 6.



CHAPTER 2 

THEORY OF RISK PROGRAMMING 

2.1 INTRODUCTION 

This chapter treats the theoretical foundations of risk 

programming. Concepts related to expected utility theory, and 

theoretical aspects of quadratic risk programming are elaborated. This 

is followed by a critique of the linear alternatives to quadratic risk 

programming, especially MOTAD and discussion of Target MOTAD and its 

theoretical superiority. 

2.2 EXPECTED UTILITY THEORY 

A decision making situation can be described as being "risky" if 

there exists variability in its possible outcomes. Several economists 

(Knight, Boisert and Jensen) have distinguished between risk and 

uncertainty in decision making based upon the empirical information 

available to the decision maker for generating probabilities. If the 

probabilities of all outcomes are known, the decision problem is 

categorized as one of risk, while if no information exists about the 

probabilities of possible outcomes, then it is a problem of uncertainty. 

Use of subjective information for estimating subjective probabilities 

implies that the problem is one of risk. However, this distinction is 

9
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not particularly useful in the context of farm planning models, as small 

time series samples, or, at times, subjective anticipations held by 

farmers serve as data for estimating income distributions (Hazell and 

Norton). In the present research effort, the two terms have been used 

interchangeably to describe a lack of certainty about the consequences 

of a decision. All outcomes are risky and the problem that decision 

makers face is then one of choosing among alternative probability 

distributions. Yet another anomaly found in risk analysis literature 

pertains to the concept of treating variability in incomes as a risk 

measure which classifies both "good" and "bad" outcomes as being risky. 

It is intuitively appealing to consider only down side risks or "bad" 

outcomes as risk rather than just variability. In this study, only down 

side risks have been treated as risky outcomes. 

Expected utility theory forms the major conceptual basis for 

modelling decision making under conditions of uncertainty. It is 

prescriptive in that it orders risky choices according to the 

preferences or attitudes of the decision makers which are described by a 

set of axioms. If the axioms hold true, an ordinal utility function can 

be derived to assign utility values to the expected outcomes. An 

optimal risky choice is based on the maximization of expected utility 

(Robison and Barry). Theory predicts that given any two farm plans A 

and B, plan A will be preferred to 8 if and only if the expected utility 

over the range of all possible income outcomes is larger for A than for 

B. Utility functions can be elicited directly from an individual by 

conducting carefully designed gambling games with the individuals or
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through econometric analysis (Binswanger; Scandizillo and Dillon). 

However, such methods are often expensive and practical considerations 

force analysts to assume functional forms that are computationally 

convenient. A farm model can then be developed for alternative values 

of functional parameters and farmers are assumed to make the final 

choice from amongst the set of farm plans so constructed. 

Expected income, E [Y], and associated income variance, V [Y], are 

often used by economists as a proxy for expected utility, when personal 

utility is not assessed. Expected utility theory leads to an 

intuitively appealing principle in modelling firm behavior under risk: 

that for a given level of mean income, farmers prefer the farm plan that 

has the lowest income variance (Hazell and Norton). Similarly, given 

plans of equal variance, plans with higher means are preferred. 

Evaluation of this expected income —- variance trade-off is referred to 

by convention as the E-V decision rule. If the personal utility 

function can be approximated by a functional form in which only the mean 

and variance (location and scale) define the function, expected utility 

can be approximated by the E-V rule. However, E-V decision rule is 

consistent with the expected utility theory if and only if the decision 

maker has a quadratic utility function and the returns are normally 

distributed. In other words, it should be noted that despite 

widespread acceptance of the E-V criterion as being consistent with the 

expected utility theory, it assumes that all farmers are risk averse 

with convex iso-utility curves. This assumption while reasonable, can 

not be universally applied.



12 

2.3 APPROACHES TO RISK ANALYSIS 

Simulation and optimization modelling constitute the two broad 

methodological approaches to risk analysis. Simulation modelling is an 

analytical technique through which a system of relationships in a 

decision making environment is modelled but individual objectives do not 

drive solutions. Alternative solutions are generated given different 

values of key variables in the decision making process. Many 

agricultural risk problems have been modelled using this technique 

(Lutgens and Helmers; Anderson). Despite its flexibility for 

incorporating stochastic variables and different families of 

distributions, simulation has several limitations. Since it does not 

generate a single optimal plan and is essentially descriptive in nature, 

its use as a prescriptive tool is limited. Mapp and Helmers observe 

that “ ... few simulation models in agricultural economics have been 

generated and documented for modification and reuse" (p. 123). 

On the other hand, optimization is a prescriptive approach to 

decision making. Its purpose is to optimize ~— maximize or minimize, 

depending upon the context, desired objectives subject to constraints 

inherent in the decision making situation. In the context of risk 

analysis, optimization is usually accomplished through quadratic 

programming or linear alternatives to quadratic programming. The 

conceptual basis for the use of these programming methods in risk 

analysis problems is reviewed below.
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2.4 MEAN VARIANCE ANALYSIS AND QUADRATIC PROGRAMMING 

Mean-variance or E-V analysis has provided the conceptual basis 

for a wide range of risk analysis studies at the farm level. E-V 

analysis bases the selection of risky prospects on the means and 

variances of revenue probability distributions. The efficient E-V set 

of farm plans — minimum variance for a given level of income, can be 

derived with the aid of quadratic programming algorithms. Markowitz 

(1952) formulated the problem of selecting an optimal portfolio of 

stocks under budget constraints in a quadratic programming framework. 

The objective function in this model was specified to minimize portfolio 

variance, V (Z), for alternative levels of expected returns, as shown 

below. 

an 2 

(2.1) Minimize V(Z)=% Z O,0 ,,0, 
fa1i-1 

subject to, 

n 

Z0O,V,;2M £8: f; 

a 

ZQ,;71; 9,20 for i=l..... n. 
i-1
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where, Q; is the proportion of each risky investment i; V; are expected 

returns for investment i; oj; is the variance and covariance matrix and 

M is the expected income level. The system is solved by parametrically 

varying M to derive a set of risk efficient solutions. 

The model formulated by Markowitz can be extended to any problem 

involving multiple activities, thus making it particularly significant 

for farm planning problems. Freund developed the first risk programming 

model in agriculture. He described the risk situation by assuming that 

", the money outcome of a process carried on under risk conditions is 

in the form of a random variate which follows a probability 

distribution, which is defined as representing some measure of the 

degree of belief that particular outcomes will occur" (p. 253). He 

hypothesized that this "subjective probability" may be evaluated from 

observed actions or past experience of the individuals. From the 

distributions of net revenue of the various activities, a distribution 

of net revenues due to some plan can be developed. He assumed that S;, 

the net revenue of each activity ; is normally distributed with mean pz 

and variance o? 

(2.2) Si:N(p 430%),
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and the covariance between the net revenue of the two processes is 

defined as o;;, then the net revenue of a portfolio of activities, r, 

will also be normally distributed, as: 

(2.3) ri N(p’X, X/=X), 

where pw’ is the vector of mean net revenues, X is the activity level and 

x is the covariance matrix for the S; net revenue. It is appropriate to 

note that appeal to the central limit theorem is often made to claim 

normality revenue distributions even though S; may not be normally 

distributed. However, Buccola showed that returns from farming are not 

normally distributed under a wide range of price — yield distributions. 

He observed that "... in the absence of information about the joint 

distribution of price, yield and cost, it seems safest to assume that 

returns are nonnormal" (p. 342). He found that net farm returns are 

likely to be positively skewed for low or moderate price — yield 

correlations and negatively skewed for high price — yield correlations. 

In evaluating risky alternatives, Freund assumed the following 

functional form to represent the utility as an exponential function of 

net revenues: 

(2.4) O(r)-1-e*!
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where U is the utility; r is net revenue and a is a constant indicating 

the manager’s risk preference. Expected utility can then be derived as 

a function of the first two moments of revenue by integrating the above 

function from positive to negative infinity: 

(2.5) E{U(r)]=p-o? 

Substituting these parameters into the programming model, the following 

quadratic programming formulation can be obtained: 

(2.6) Maximize E(U) - p! X-2 x/ EX 

subject to the usual linear restrictions such as, 

TX< V
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where T is resource use per unit activity, V is some form of capacity or 

resource availability constraint and X is a non-negative activity 

constraint. 

Freund used a representative eastern North Carolina farm and 

obtained an optimal combination of crops. He made a subjective 

assumption about the producers’ risk aversion by assigning a value of 

1/1250 for the risk aversion coefficient. 

Since the first application by Freund, many quadratic programming 

models have been constructed to address farm level risk (see for 

example, Bolen et al., Lin et al. and Barry et al.). While quadratic 

programming as an approximation to the expected utility approach, is 

consistent with the existing body of decision theory, and as such has a 

sound theoretical basis, its practical application has presented several 

problems. Specification of the risk aversion coefficient is arbitrary, 

yet critical for determining a risk efficient plan. Estimation of 

variance-covariance matrices presents numerous methodological pitfalls 

(Mapp and Helmers). Further, from a very practical standpoint, high 

computational cost of using quadratic programming algorithms has proven 

to be a major limitation. Available computer programs can only handle 

problems of limited dimension. In addition, available programs tend to 

suffer severely from computer rounding errors arising within the 

parametric subroutines (Hazell and Norton). Problems related to 

multiple solutions when the variance — covariance matrix is only 

positive semi-definite rather than positive definite have also been 

reported (Hazell). In view of these limitations for realistic modelling
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of farm level risk, many analysts have chosen to search for linear 

alternatives to quadratic programming. 

2.5 MOTAD - A LINEAR ALTERNATIVE TO QUADRATIC PROGRAMMING 

Roy (1952) proposed the use of the "safety first" approach, in 

which the optimization criterion is; 

(2.7) Minimize P(Z<Z,), 

where P denotes "the probability of" and Z) is a prespecified level of 

disaster net revenue and Z is net revenue. If the distribution of Z is 

fully described by 2Z and o,?, then this criterion is equivalent to; 

(2.8) Max   

The main advantage of this approach is that the disaster level, 

(Z,), is an objective criterion (Boussard). Telser modified Roy’s 

criterion on the ground that the possible existence of riskless 

activities eliminated the need for minimizing the probability of a 

disaster. He incorporated a quadratic constraint into the linear model 

which increased computational difficulties. Other efforts to linearize 

risk modelling included Separable Programming (Thomas et al.) and 

Marginal Risk Constraint Programming (Chen and Baker).
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Hazell (1971) developed another linear alternative to E-V 

analysis, called Minimization of Total Absolute Deviations (MOTAD), 

which has been widely used by agricultural economists. The basic concept 

is of MOTAD is to minimize total (or negative) absolute deviations 

around expected income, subject to constraints on expected income and 

other resources. It has been claimed by some researchers that the MOTAD 

approach yields solutions which closely approximate quadratic solutions 

(Hazell) and due to the linear formulation offers substantial cost and 

computational advantages in conducting decision analyses. 

Paraphrasing from Boussard, under the MOTAD formulation, if Chj 

(h=1..... s; j = 1....n) are the observed net revenues of the unitary 

levels of the activity j under s equally likely states of nature h, and 

gj, their sample mean is given by: 

("h=l..... s"; "fj = l....n"). 

The mean absolute deviation of net revenue Z of the portfolio X is 

(where X = x1, X2 ...... X, are unit activity levels): 

1 2.10 A-— Ditlc,,-g)x,, ( ) sng tt FI*S
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where, A is an unbiased estimator of mean absolute deviation of total 

income from its mean and can be used in place of o, for drawing a 

dispersion or expectation indifference curve (Boussard). Solving 

parametrically, (z, being a fixed income level), the formulation would 

be: 

(2.11) Minimize XY, 
b 

such that 

2LgjX;~ Zp 
J 

{Zo = O to unbounded), 

UW (Chg G3) Xy + Yn 2 0 

(for all h, h=1......... s), 

i 
Bass <b, 

(for all i, i = 1....m), 

Xj, Yn 2 0 

(for all h, j), 

where the a;; matrix includes the standard technical coefficients Y, is 

the negative deviation for the state of nature h. 

It may be noted that Hazell’s formulation of the MOTAD model 

involves minimization of only negative deviations from their mean
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income. From the implicit normality assumption, it follows that the sum 

of negative deviations around the expected return equals the sum of 

positive deviations. 

(2.12) Yn = Y;, 7 BE (Cny-9y) Xf 

Therefore, in the formulation of MOTAD, minimizing the sum of 

absolute values of negative total gross margin deviations yields the 

Same results as minimizing total deviations provided that revenues are 

normally distributed. This assumption of normality, on which the MOTAD 

formulation hinges, has been called into question (Buccola). 

Thomson and Hazell demonstrated that while the efficiency locus 

generated by the MOTAD approach is not identical to the E-V efficient 

locus, there is little difference in activity mixes. In other words, 

the MOTAD solutions reasonably approximate the E-V efficient solutions. 

The data requirements for MOTAD are similar to those of quadratic 

programming, but unlike the latter the MOTAD approach does not require a 

variance-covariance matrix. MOTAD represents the covariance 

relationships among the activities as deviations from the mean of the 

series for each activity, by summing across all activities. Positive 

deviations in one activity may cancel out negative deviations in another 

activity, thus accounting for interdependence amongst the activities. 

MOTAD has been widely used for risk analysis of farm level 

decision making. However, there are certain theoretical limitations of 

the model that have necessitated modifications in the model. A brief
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digression into efficiency criteria is necessary at this juncture in 

order to demonstrate the theoretical limitations of MOTAD. 

An efficiency criterion, as noted by Levy and Sarnot, divides 

decision alternatives into two mutually exclusive and collectively 

exhaustive sets: an efficient and an inefficient set. The efficient set 

contains the preferred choice of all individuals whose preferences 

conform to the restrictions associated with that criterion. Efficiency 

criteria are useful tools in analyzing policy prescriptions or in 

deriving widely applicable theoretical results. The following discussion 

on efficiency criteria is drawn mainly from King and Robison. 

The E-V efficiency criterion assumes risk aversion. A distribution 

F with mean Ey and variance V; is preferred over a distribution G with 

mean Eg and variance Vg if E¢ >= Eg and V+ <= Vg, and if at least one of 

the inequalities is strict. The MOTAD criterion is an approximation of 

the E-V criterion, even though MOTAD is not linked directly with a 

specific utility functional form. Outcome distribution F with mean Ey, 

and mean absolute deviation, As of the observed outcome from the 

expected level is preferred to a distribution G with mean Eg and mean 

absolute deviation Ag, if Es >= Eg and if Ay <= Ag and if at least one of 

the inequalities is strict. 

The First Degree Stochastic Dominance (FSD) is the most 

universally applicable efficiency criterion which holds for all decision 

makers with positive marginal utility for the performance measure being 

considered. Under FSD, an alternative with outcome distribution defined 

by a cumulative distribution function F(Y) is preferred to a second
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alternative with a cumulative distribution function G(Y) if and only if: 

(2.13) F(Y) < G(Y) 

for all possible values of Y and the inequality is strict for some value 

of Y. In other words, the probability of obtaining an outcome at or 

below Y is always less for F than G. 

Second degree Stochastic Dominance (SSD) is more discriminating 

than FSD and holds for all risk averse decision makers whose utility 

functions have positive, non-increasing slopes at all outcome levels. 

Using the same cumulative distribution functions used in describing FSD, 

the rule would be mathematically expressed as; 

Y Y 

(2.14) fromay) < focmay, 

for all values of Y and where the inequality is strict for some value of 

Y. The comparison in SSD is based on accumulated area under the two 

distributions. SSD is widely used and the assumption of risk aversion 

can be held as being reasonable for most individuals. 

Stochastic dominance criteria have been widely used in portfolio 

analysis for ordering risky choices by E — V or MOTAD criteria. 

Stochastic dominance techniques are theoretically more appealing because 

they require only that utility function properties, rather than specific 

functional forms be specified. SSD has emerged as an accepted principle 

in risk analysis. Hence solutions generated by other approaches such as
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E-V analysis or MOTAD should be SSD efficient to have wide theoretical 

validity. Eidman questions the assumption of revenue distribution 

normality associated with E-V analysis and suggests that stochastic 

dominance criteria be used to facilitate applications more in agreement 

with the expected utility hypothesis. Levy and Hannock have shown that 

E-V solutions are SSD efficient and consistent with the expected utility 

theorem only if returns are normally distributed. King and Robison note 

that "... when distributions are not normal, ordering by MOTAD may 

poorly approximate ordering by SSD" (p. 74). Tauer showed that MOTAD 

results are not necessarily SSD efficient. Since both yields and 

prices, the major source of income risk in agriculture, may not be 

normally distributed, MOTAD application for farm level risk analysis can 

lack theoretical appeal. Since most MOTAD applications treat risk as 

deviation from mean outcome, if distributions are not normal or at least 

symmetric, the entire formulation may become untenable. Watts et al. 

critiqued the MOTAD model and concluded that "... comparing risk based 

on different risk reference points, (as is the case with MOTAD since the 

mean outcome is the risk reference point) is undesirable if not 

erroneous and misleading" (p. 177). If two farm plans lie on the E-A 

(Expected Income — Absolute Deviation) frontier developed by MOTAD with 

one having both higher mean and higher risk measured as deviations from 

the mean, the E-A criterion would not provide an unambiguous ranking of 

the two plans.
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2.6 TARGET MOTAD: 

Markowitz (1959) used variance as a risk measure. He maintained 

that despite its convenience from a practical standpoint, it may be 

invalid to employ the variance measure, since it considers both very 

high and very low returns as undesirable. Conversely, semivariance 

focusses on low returns. Porter explored the relationship between 

stochastic dominance and semivariance and concluded that efficient sets 

developed with semivariance around the mean correspond to SSD sets more 

closely than E-V efficient sets. Porter further suggested that 

expressing semivariance around a target represents a further 

improvement. It is intuitively reasonable that decision makers 

associate risk with failure to attain a target level of return and hence 

risk could be expressed as deviation below a target level. Fishburn 

measured risk as a"... probability weighted dispersion below a target, 

as it recognizes the desired outcome in the long run while avoiding 

potentially disastrous set backs or embarrassing failures to perform up 

to standard in the short run" (p. 118). He further showed that 

minimizing negative deviations from a turget level of returns is 

congruent with expected utility axi:ns and stochastic dominance 

relationships. 

Tauer proposed a modification to the MOTAD model called Target 

MOTAD which generates solutions meeting the second degree dominance 

test. Under this formulation, income deviations below target are 

multiplied by the probabilities of states of nature in which they occur
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to give the expected value of deviations below the target income. In 

other words, while expected return is measured as the sum of expected 

returns of activities multiplied by their individual activity levels, 

risk is measured as the expected value of negative deviations from a 

target return level. Risk can be varied parametrically so that a risk - 

return frontier is estimated and plans can be developed suitable for 

various manager risk preferences. It may be noted that risk aversion is 

still assumed. 

Following Tauer, the model is mathematically stated as 

n 

(2.15) Maximize E(Z) = 2 CX, 
j-1 

subject to 

n 

Za,4X%, < b je KIS k 

n 

Po 2 CriXy-¥, sx 0
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n 

EP,Y,-4 
rel 

(A = M ———> 0), 

for all Xj and Yj >= 0, where E (Z) is expected returns of the plans or 

solutions; Cj is expected returns per unit of activity j; Xj is level of 

activity j; A,j is the technical requirement of activity j for resource 

or target level of return; C,; are the returns of activities j for state 

of nature or observation r; P, is the probability that state of nature 

or observation r will occur; A’ is a constant (Mean Deviation below 

Target, MDBT) parametrized from M to 0; m is the number of constraints 

and resource equations; S, number of states of nature or observations 

and M is a large number. Equation 2.15 maximizes expected returns of 

the solution set. The first constraint fulfills the technical 

constraints. The second constraint measures the revenue of a solution 

under state r. If that revenue is less than the target level T, the 

difference is transferred to the last constraint via variable Y,. The 

last equation also sums up the negative deviations after weighing them 

by their probability of occurring, P,. 

Since deviations are not measured from the mean, as is the case 

with MOTAD, total negative deviations below the target do not as a rule 

equal total positive deviations. Using a target, this framework 

standardizes risk reference points across all activities considered, 

(while in MOTAD the risk reference point is equal to and moves with the 

mean). Further, Watts et al. observe that ".... Target MOTAD will never 

choose a dominated plan, regardless of the target selected" (p.179).
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This facilitates increased discrimination among alternative choices in 

the portfolio solutions thus identifying a relatively smaller set of 

preferred activities. Even though it seems logical to penalize negative 

returns as a source of risk, it does not appear palatable also to view 

positive deviations as a source of risk (as is done in MOTAD). In other 

words, it is irrational to attach disutility to high income as is done 

with low income. Since Target MOTAD treats risk only as negative 

deviations from a target level, it offers considerable advantages for 

examining risk -— return trade offs in the context of whole farm 

planning. Yet another significant feature of Target MOTAD is that no 

restrictive distributional assumptions are made in its formulation, 

unlike in case of MOTAD, where regardless of its contextual validity, 

normality is assumed. This, together with the fact that all Target 

MOTAD solutions are efficient by the SSD criterion, enables the 

framework to be applicable to cases where income distributions are not 

normal. Given that non-normally distributed income streams are more the 

rule than the exception in the context of whole farm planning, Target 

MOTAD emerges as a more appropriate methodology to evaluate risky 

alternative production and marketing strategies. 

2.7 SUMMARY 

The conceptual aspects of risk programming were examined in this 

chapter. The concepts of expected utility as related to whole farm 

planning were explored. Hazell’s MOTAD formulation developed as an
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alternative to computationally complicated quadratic programming 

approach was described and critiqued. The theoretical validity of the 

MOTAD formulation when the critical assumption of normality is violated 

was examined. Subsequently, the target MOTAD approach was described and 

considered to have stronger theoretical foundations and computational 

advantages for modelling risk in the context of whole farm planning.



CHAPTER 3 

A REVIEW OF PREVIOUS WORK 

IN FARM LEVEL RISK 

3.1 INTRODUCTION 

Previous work concerned with risk in farm level decision making, 

in terms of choosing optimal production and marketing strategies under 

different methodological approaches is reviewed briefly in this section. 

The chapter ends with a summary of various studies and identifies the 

issues that need to be addressed in the current research effort. 

3.2 LITERATURE REVIEW 

Lutgens and Helmers used simulation modelling to evaluate 

production and marketing alternatives for cash grain farmers under 

uncertainty. Using data from an eastern Nebraska farm, they compared 

five production alternatives ranging from specialized to diversified 

crop production. The marketing stratexies modelled included harvest 

selling, periodic selling throughs:.: the year and routine hedging. The 

results showed wider differences in ret income among production 

alternatives than among marketing aiternatives. Surprisingly, higher 

average returns resulted from selling at harvest than from other 

30
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marketing strategies. This may have been due to the strict hedging 

strategies used, which did not allow hedging strategies based on price 

movements. Diversification of crop production lowered income 

variability. Among specialized production alternatives, wheat 

cultivation was found to be least risky. 

Bolen et al. used a quadratic programming approach to generate 

optimal marketing strategies for farmers with specific financial and 

risk characteristics. The study modelled a 600 acre farm in central 

Illinois using historical time series data for the period 1965-74. It 

focussed on choice of optimal marketing strategies as these changed in 

response to variations in credit, cash flow expenditure, farm size and 

risk aversion, but did not consider yield risk. Strategies that yielded 

the smallest variance for a given mean price or strategies that had 

highest mean price for a given level of variance were chosen for 

analysis with quadratic programming. Twelve marketing strategies that 

satisfied this criterion were selected for each crop representing 

several marketing alternatives such as selling at harvest, hedging using 

futures and selling after storage. The study considered minimal income 

requirements for meeting production and household obligations and 

covariance relationships among returns from different production 

strategies. A risk aversion coefficient was specified and optimal 

strategies were generated at different assigned values of the 

coefficient. The analysis indicated that optimal marketing plans are 

sensitive to risk preferences. Contrary to what might be expected, the 

results suggested only limited use of commodities futures contracts as a
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risk minimizing strategy. On the other hand, forward contracting was 

prominent among the optimal marketing plans generated by the model. One 

reason for such a result was the exclusion of production risk from the 

model. Fears of harvest shortfalls were not allowed to inhibit the use 

of pre-harvest sales commitments. The comparative advantage of grain 

buyers in terms of risk management is reflected in gains to the farmer 

in contracting his crops for future delivery, leaving the management of 

commodity futures contracts through hedging to the grain buyer. 

Schurle and Erven used a MOTAD approach to evaluate enterprise 

choices between cash grain crops, tomatoes and/or cucumbers. They used 

eight years of historical yield data from three farms integrated into a 

Single yield series. The model focussed on yield risk. The study 

resulted in the presentation of a range of risk-return possibilities to 

aid farmers in choosing optimal plans depending upon their level of risk 

aversion. While this study incorporated yield risk, aspects of price 

risk and alternative marketing strategies for cash grains were not 

examined. 

Klinefelter developed a static decision model for devising optimal 

marketing strategies under uncertainty for a representative farm for the 

central and southern Illinois, given the interaction of production, 

marketing and finance considerations with varying degrees of risk 

aversion. The study analyzed a number of marketing strategies with 

different combinations of cash sales and forward contracting for corn 

and soybeans. Results of the study indicated that diversification in 

marketing strategies is stimulated by increasing levels of risk
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aversion. 

Schurle used the MOTAD framework for evaluating production, 

marketing and storage decisions for cash grain and hog farms in west — 

central Indiana. Risk was defined as variance in net income. 

Combinations of cash sale and forward contracting, formulated as forty 

four different strategies were incorporated into the model. The author 

concluded that marketing strategies, rather than acreage mix decisions 

are crucial determinants of income variability. Further, it was also 

indicated that storage decisions can significantly influence marketing 

decisions; and that at higher levels of risk aversion, higher levels of 

storage were considered unwarranted. Incorporating storage decisions in 

such static planning models can be deceptive because of their 

formulation of intertemporal marketing decisions and their assumptions 

about on-farm and off-~farm storage capabilities of the representative 

farm under consideration. 

Groover evaluated different production and marketing strategies 

for an eastern Virginia cash grain farm, using the MOTAD framework. The 

study considered evaluation of acreage allocation for corn, wheat, 

soybeans and barley; and marketing choices such as sales at harvest, 

pre-harvest and post-harvest hedging, storage and participation in 

government commodity programs. Data for the study were obtained from 

an individual farm with historical yield data for specific crops for the 

period 1975-85. The yield data was classified on the basis of two soil 

productivity classes. Deviating from the traditional approach of using 

variability in historical returns as a proxy for risk, he used the mean
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forecast method for calculating net revenue deviations linearizing the 

mean squared forecast error approach. Basis-adjusted futures prices 

were used to reflect expected harvest prices. Government commodity 

programs were modelled as per the provisions of the 1985 farm bill. All 

decisions pertaining to crops that are planted during spring or fall 

were assumed to be made during the first week of February. The results 

favored participation in government programs at all levels of risk 

aversion for each crop and soil type. Removal of government programs 

from the available alternatives brought about a significant reduction in 

net returns and increase in risk at all levels of risk aversion. 

Further, idling some land was found to be a preferred decision at all 

levels of risk aversion given the expected prices of February, 1987. 

Hedging strategies using options markets were not evaluated in this 

model. 

Novek et al. formulated a Target MOTAD model for determining risk 

minimizing sustainable rotation schemes that would optimize expected 

returns for a typical central and southern Alabama farming operation. 

The model evaluated four feasible rotation schemes at different targeted 

income levels. Results of the analysis indicate that regardless of 

income targeted, a three year rotation of cotton, winter legume — corn, 

rye — double cropped soybeans emerges as the best risk-return 

alternative. However, since the model did not consider, price risk 

issues, its use in a whole farm planning context is limited. 

Curtis et al. used the Target MOTAD approach in an extensive 

marketing model to select efficient marketing strategy mixes. They
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defined risk as "... the occurrence of actual prices received below a 

target per bushel return level (p. 195)". However, defining the target 

in terms of price per bushel assumes that the decision maker focusses 

only on price and not income. Further, using a price as the target 

level ignores the uncertainty in farm planning brought about by yield 

variability. A total of 103 alternative soybeans marketing strategies 

were examined. These strategies fell into one of the following four 

categories; unhedged cash sales, static or routine hedging, "cost plus" 

hedging on based a price objective and selective hedging on technical 

Signals, based on dual moving averages. The data pertained to six years 

between 1978 and 1983. The basis adjusted nominal price series was 

corrected for inflation before computing deviations below the target. 

The authors discuss the issues of choosing a particular target level and 

Suggest that the appropriate target level would be "... a level of 

returns to assure the long run survival of the firm" (p. 201). The 

results indicated hedging as a preferred portfolio strategy. The 

authors caution against the generalized application of these results and 

feel that incorporation of newer marketing techniques like options 

markets would change the prescriptions of the study. 

Frank et al., extended the above described study of Curtis et al., 

to include agricultural options contracts and compared the returns and 

risks of soybean marketing strategies employing options with those of 

the previous study. Twelve options strategies were added to the set of 

marketing activities examined earlier. The gross price received from 

each marketing activity was determined using futures prices data series.
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Prices were adjusted to reflect storage costs. Trading profits (losses) 

received from all round-turns during the market period were added to 

(subtracted from) the gross price received. Premium costs for options 

and commission and margin costs for futures deducted from the gross 

price. Net prices were adjusted for inflation. Incorporating options 

strategies improved the risk efficiency of expected returns. The 

authors conclude that "... properties inherent in commodity options may 

provide the producer with increased marketing flexibility and 

potentially higher, less risky returns (p. 218)". 

3.3 SUMMARY 

In this chapter, a review was made of some previous work with 

special emphasis on risk analysis in the context of production and price 

risk management for cash grains. Most studies incorporated either price 

risk or yield risk in the analysis, but not both. From the perspective 

of whole farm planning, integration of the two major sources of risk as 

income risk is more relevant as producers can realistically be expected 

to consider risk in terms of farm incomes and not merely in terms of 

yield or price risk. Routine hedging using futures was not found to be 

very effective in terms of risk management, which is contrary to a 

priori expectations. On the other hand, forward contracting and even 

cash sales at harvest were found to be relatively risk efficient in the 

absence of yield risk considerations. Introduction of options into the 

portfolio indicate that options could well emerge as effective price
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risk management strategies. Government programs were favored as risk 

efficient when compared to a portfolio that included cash sales and 

different hedging strategies using futures. In fact, government program 

participation overwhelms all other approaches as a risk management 

strategy. 

These results point out the need to include an exhaustive set of 

possible marketing strategies including cash sales, cash contracting, 

hedging using futures and options and participation in government 

commodity programs. Integrating price risk with yield risk and 

modelling the resultant income risk appears to be more appropriate from 

both theoretical and application stand points. Exclusion of crop 

insurance programs which have been designed with the sole purpose of 

risk management is a significant omission in most studies. Further, 

treating winter planting and spring planting decisions in a single 

period decision framework amounts to ignoring useful market information 

between the two planting times. These research needs that have emerged 

from a review of previous work constituted the motivation for, and 

guided the current research effort.



CHAPTER 4 

THE EMPIRICAL MODEL 

4.1 INTRODUCTION 

This chapter is concerned with the development of the empirical 

model for evaluating risk-return choices of a representative cash grain 

farm in the Northern Neck region of Virginia for the 1990 cropping year. 

The two step risk programming model is discussed first, followed by a 

discussion of the Mean Forecast Deviation approach. Later, the data 

sources and the assumptions made in model formulation are described. 

The procedures used for modelling expectations of prices and yields, as 

well as computations of forecast errors are presented along with a 

numerical illustration of the calculations. The chapter ends with 

formulation of the empirical model. 

4.2 THE TWO STEP RISK PROGRAMMING MODEL 

Previous studies in risk analysis for cash grain farming are 

generally formulated as one step decision making models, where all 

production and marketing decisions for cash grain crops are assumed to 

be made at the same time. For instance, Groover assumed all such 

decisions to be made during the first week of February for both wheat 

38
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and barley, which are actually planted in the previous fall and corn and 

soybeans, which are planted in spring (May-June). However, farmers do 

not typically make all production and marketing decisions at the same 

time. At the time of planting wheat and barley, farmers do not decide 

about corn, soybean acreage allocation for the following spring season 

or marketing strategies. However, the expected market prices for corn 

and soybeans do influence their decisions concerning wheat and barley 

acreage allocation. 

In other words, farmers decide about wheat and barley planting in 

fall, evaluating wheat and barley cultivation versus corn and soybean 

cultivation based on the information available at that time about 

harvest time prices of corn and soybeans. Wheat and barley acreage 

decisions are also binding for double cropping with soybeans in spring. 

In the spring, the remaining land is allocated between corn and full 

season soybeans based on the updated market information available at 

that time. Thus, the decision making can be considered a two stage 

process rather than a static one stage decision process. The market 

information available at the two stages is not the same. 

The modelling effort undertaken in this study captures this two 

stage decision making process, separately. Although viewed 

realistically, that farmers’ decision making process is in fact not 

restricted to only two periods and they do revise their marketing 

strategies even after planting. While it is argued that the 

incorporation of the two period decision making will enrich the 

modelling process, it needs to be emphasized that modelling farmer's



40 

decision making in two stages is a simplification of a rather complex 

multi stage process. 

In the first stage of the decision making, the model includes all 

marketing strategies for wheat and barley, and only a cash sale at 

harvest strategies for corn and soybeans. For corn and soybeans, even 

though the prevailing futures prices would serve as the best reflectors 

of the market’s current best expectations of eventual prices at contract 

expiration, it is considered that such price information so early in the 

contract life is not adequate to justify hedging decisions. This was 

the motivation behind including only cash marketing strategies for corn 

and soybeans at this stage of the model. In the second stage, with 

updated market information, the model permits all production and 

marketing strategies for corn and soybeans, but wheat and barley 

decisions are fixed at the optimal levels from the first stage. 

Based on information on normal planting and harvesting times for 

different crops furnished in Virginia Agricultural Statistics and in 

discussions with extension personnel, the following dates were 

established as typical planting and harvesting dates for different crops 

in the model for the Northern Neck region. Accordingly, September 15th 

and April 15th were treated as the two decision points in the model.
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Table 4.1: Planting and Harvesting Dates of Cash Grain Crops in 

  

  

  

  

  

  

Virginia 

Crop Planting Date Harvesting date 

Wheat September 15th July 15th 

Barley September 15th July lst 

Corn April 15th September 15th 

Full Season Soybeans May 15th November lst 

Double Crop Soybeans 
- following Wheat July 15th November 15th 
— following barley July 1st November 15th           

4.3 DATA SOURCES 

4.3.1 Yield Data 

The model was developed using historical county level yields for 

the period 1974-75 to 1988-89. Several alternatives of developing 

representative yield series data were considered. These included: 

1) yield data from an individual cash grain farm, as in Groover, 

2) historical county yields of one or more counties to represent a 

region as in Klinefelter and, 

3) soil type-specific yield data under development by researchers at 

Virginia Polytechnic Institute and State University. Soil type-specific 

yield series were not available and hence regional yield data was used. 

Historical yields of the Northern Neck counties — Lancaster, 

Northumberland, Richmond and Westmoreland, aggregated to obtain a yield
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series for the Northern Neck region. Such an aggregation can be 

expected to underestimate farm level yield variability and thus under- 

represent the yield riskiness. Coefficients of variation of the 

aggregated yields and the individual county yields have been presented 

in the table 4.2. For barley and wheat, regional CV is lower than any 

specific county and for corn and soybeans the regional CV is close to 

the lowest county, which indicates that aggregation did reduce 

variability to an extent. However, as may be seen, the regional CVs 

were well comparable to the individual county CVs. 

Table 4.2 Comparison of Coefficients of Variation: 
Northern Neck Region and Individual Counties 

  

  

  

  

  

            

County / Region Corn Wheat Soybeans Barley 

(%) (3) (%) (%) 

Lancaster 18.1 14.5 11.5 9.2 

Northumberland 15.7 13.7 13.1 8.6 

Richmond 17.4 14.6 17.4 9.6 

Westmoreland 16.0 13.2 13.4 9.0 

Northern Neck 16.0 13.1 13.4 8.1 
      
Source: Virginia Agricultural Statistics, various issues. 

Acreage, production and yields of full season soybeans and double 

cropped soybeans following barley and following wheat are not reported 

separately. Since incorporation of different rotations was an important 

consideration in the development of the model, a procedure was devised 

for estimating these yields using a few critical assumptions. Since
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wheat and barley acreages were known for all four counties under study, 

it was assumed that all wheat and barley acreage was double cropped with 

soybeans. Subtracting the sum of these two acreages from the total 

soybean acreage reported, the acreage of full season soybeans was 

derived.*? From the acreages and production thus determined, a separate 

yield series was generated for full season soybeans and, double cropped 

soybeans following wheat and barley. There are limitations to the use 

of such a fixed ratio and to assuming that all barley and wheat acres 

are double cropped. A causality of these assumptions is that 

differences in the variability of the yields of full season soybeans, 

double cropped soybeans following wheat and barley are not adequately 

reflected. However, in the absence of appropriate data, this procedure 

was required to represent crop rotation schemes. 

4.3.2 Price Data 

Futures prices used in the model were obtained from the 

Statistical Annual published by the Chicago Board of Trade (CBOT) up to 

the year 1987 (the publication was discontinued after 1987). For 

subsequent years, futures prices were obtained from the Wall Street 

  

3The Northern Neck Cooperative extension Service budgets 
(Perkinson) are constructed assuming that the yields of double cropped 

soybeans following barley are 87 percent of full season soybeans and 
that of double cropped soybeans following wheat are 62 percent of full 
season soybean yields. Using the same proportions, the total production 
of the region was subdivided into the production of each type of 
soybeans for each year.
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Journal. Cash prices used were the Wednesday prices in the Northern Neck 

region, obtained from the Farm Price Weekly, a joint publication of the 

Virginia Department of Agriculture and USDA. 

The decision to model options marketing strategies necessitated 

compilation of appropriate strike prices and put option premiums. The 

first out-of-the-money put option (the first strike price under the 

prevailing futures price) was used as the strike price. Agricultural 

options began trading in October 1984. Premiums before 1984 October had 

to be simulated.* Frank et al. (1989) and Jordan et al. (1987) suggest 

that the Black's model performs reasonably well in pricing options. 

Hence, it was decided to use Black’s model to generate estimated put 

option premiums for the period 1974 - 1985. Black’s model is specified 

as: 

(4.1) P--elTé(F-N(-d,)-£:N(-d,)] 

where, 

F o? 
d- [In(—)+(—>) t] 
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‘Option premiums for the period after they began trading were 
obtained from CBOT Statistical Annuals and the Wall Street Journal.



45 

where, 

P = premium price for a put option 

F = the price of the underlying futures contract 

r = riskless interest rate per period 

E = exercise price 

t = number of days to expiration 

N (d) = value of the cumulative standard normal probability function 

around d, and 

a = standard deviation of the percent change per period in the price 

of the underlying commodity (volatility) 

Interest rate on 6 month U.S. treasury bills was used as a proxy 

for riskless interest rates. When calculating an option premiun, F, E, 

r and t are known, but volatility must be estimated. Researchers in the 

past have used different time periods to estimate historical 

volatilities. Wilson and Fung and Wilson et al. suggest the use of data 

from 20 trading days before the valuation of option premiums in grain 

futures. They reported no difference in results using 10 days or 30 

days. Webb noted that "market participants generally measure volatility 

in futures prices over short time periods, such as 14-20 trading days 

(p. 335)". Anderson, Melonas and Kenvon et al. found the use of 20-21 

days for estimating historical price volatility to be appropriate. From 

the studies cited above, use of 20 trading days before the valuation of 

option premiums was considered appropriate for estimating historical 

price volatility and was used for estimating the fair market premiums
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for put options. The riskless interest rates used were the interest 

rates on 6 month U.S. Treasury bills, obtained from the Federal Reserve 

Bulletin, a monthly publication of the Federal Reserve Board at 

Washington. | 

Historical basis was required to be computed to estimate expected 

basis. The historical basis was generated as the difference between 

cash price at harvest in the Northern Neck market and the appropriate 

futures contract price at the same time. The average of the previous 

three years was used as the expected basis to adjust futures prices to 

local conditions. 

4.3.3 Government Commodity Programs 

Data required for modelling the government commodity programs 

were: the program parameters such as the target price, national 

statutory loan rate, national effective loan rate, local loan rate and 

set aside requirements of the current program (1990), and the 5 month 

and 12 month US average prices required for computing deficiency 

payments for corn, wheat and barley. All program parameters except the 

local loan rate were based on USDA announced program provisions for the 

1990 crop year. The local loan rates for the four counties that 

constituted the Northern Neck region were obtained from the Virginia 

ASCS office (Weston) and their mean was used to reflect local loan rates 

of the Northern Neck region. The 12 month US average prices after 1985 

are published monthly in Agricultural Prices. Since these prices prior
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to 1985 were not published, they were computed based on the US average 

monthly prices published in Agricultural Prices and the farm marketing 

proportions by month obtained from National Agricultural Statistics 

Services (NASS) (Mellon). The 5 month average prices for the entire 

period were obtained from the same NASS sources. The table 4.3 lists 

the program parameters used in the study. 

Table 4.3 Commodity Program Parameters for Northern Neck 

(1990 Crop Year) 

  

  

  

  

  

  

  

            

Parameter Wheat Barley Corn Soybeans 

Target Price 4.00 2.36 2.75 - 

National Statutory Loan Rate 2.44 1.60 1.96 - 

National Effective Loan Rate 1.95 1.28 1.57 4.53 

Local Loan Rate 1.98 1.20 1.75 4.74 

Estimated Deficiency Payment 0.90 0.26 0.79 - 

Set-aside Factor 0.526 0.1111 0.1111 -       

4.3.4 Variable Costs 

Estimated production expenses were obtained from North East 

Cooperative Extension Service crop budgets (Perkinson) for the current 

crop year. Variable costs were assumed to be known with certainty. 

Further, no consideration was given to changes in variable costs due to 

yields. Following Groover, fixed costs such as operator labor and land 

charges were excluded as they are not relevant for the decision making 

process being modelled.



Variable costs per acre differ depending upon participation in the 
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government commodity programs, as participation in the government 

programs requires that some pre-specified proportion of land be set 

aside for conservation purposes. 

the cost of seeding is incurred on it. 

The set-aside land is seeded and only 

The following table lists the 

variable costs used in the study, with and without government programs. 

4.4 Estimated Variable Costs ($ per acre) for Northern Neck Region 

  

  

  

  

  

  

      

Crop With Government Without Government 

Program Program Participation 

Participation 

Wheat 116.91 122.85 

Barley 106.86 118.97 

Corn 160.92 179.78 

Full Season Soy 121.58 121.58 

Double Cropped Soy 

- following Barley 104.72 104.72 
- following Wheat 99.65 99.65 
  

4.4 MODELLING EXPECTATIONS 

4.4.1 Yield Expectations 

The first step in developing the empirical model was to make 

assumptions regarding the nature of yield expectations. Several 

alternatives for modelling yield expectations were considered. They 

were: 

1) use of naive expectations, in which the observed yield of the 
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previous year would be treated as expected yield for the next year; 

2) using a weighted mean of the past three years’ yields (the most 

recent year having the highest weight), as advocated by Weersink et al.; 

3) projecting yields based on a time trend; and 4) the use of trimmed 

(olympic) mean as used by the United States Department of Agriculture 

(USDA) for computing government program yields. 

Of these, the naive method and using weighted means were 

considered too arbitrary and were discarded. Either of these would 

imply that farmers consider the last year or last three years’ yields 

for forming expectations. Projecting yields based on time trend was 

evaluated by using the past ten years’ yields regressed against time and 

making a one period ahead forecast. The results of these regressions 

are presented in Appendix A. Significance of the time variable was 

inconsistent across different time periods and crops. Over the whole 

period under consideration, there was a significant time trend at 5 

percent significance level in wheat and barley yields but no significant 

time trend was discernible in corn and soybean yields over the whole 

period under consideration. When forecasts using windowed data? of 10 

years were made, both the sign as well as significance of the time 

coefficient varied for different time periods in the same crop. In the 

case of corn, the time trend was statistically significant for the first 

four years and insignificant for the rest of the period. The results 

  

*Windowing using 10 years data refers to the use of previous 10 
years’ actual historical data for forecasting yields for each year. For 
example, to forecast yield for 1974, the data of 1964-73 was used and to 
forecast yield for 1975, the data of 1965-74 was used and so on.
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with soybean yields were similar. With wheat yields, which showed a 

significant time trend for the whole period, there was no significant 

time trend in the first four years and again in the eighth and ninth 

years, but there was significant time trend during the subsequent years. 

Lack of a consistently significant time trend coefficient as well as 

varying signs discouraged use of the time trend for projecting expected 

yields. 

The trimmed mean method is the method adopted by USDA for 

computing program yields for the commodity program payments. Farm 

yields of the past five years are considered, the highest and the lowest 

are dropped and the mean of the remaining three years is considered the 

program yield. While this approach is also lacking in that it assumes 

that farmers consider only the last five years as significant, it has 

certain clear advantages over other approaches. From a practical stand 

point, as it is the procedure used by USDA, farmers can be expected to 

be familiar with this approach and as such it may be a better 

approximation of the farmers’ expectations process. Both very high or 

very low yields are eliminated from consideration. Further, a 

comparison of forecasts using the olympic method and one period ahead 

forecasting methods revealed that the olympic mean method performs at 

least as good and in some instances better than the other. Hence, the 

olympic mean method was used to model farmers’ expectations regarding 

yields. A comparison of the estimated yields using the olympic mean 

method and observed yields is presented in table 4.5. Although dynamic 

regression models can probably capture the expectation process better,
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such an effort is considered to be beyond the scope of this study. 

Table 4.5 Estimated and Observed Yields (Bu/Acre): A Comparison 

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

Year | Wheat Barley Corn Full Season 
Soybeans 

Exp. Obs. Exp. Obs. Exp. Obs. Exp. Obs. 

1 42.96 | 32.86 | 53.62 {| 52.75 {| 89.09 | 102.00 | 28.86 31.73 

2 39.14 | 35.64 | 53.33 | 56.28 | 95.76 87.50 | 30.65 | 26.81 

3 37.78 33.25 | 53.53 | 48.29 | 95.76 56.74 | 29.71 | 21.11 

4 35.87 35.99 | 53.53 | 52.48 | 94.10 85.63 | 29.71 | 35.16 

5 34.96 | 38.87 | 53.64 | 53.81 | 89.69 93.73 | 27.71 | 33.36 

6 34.96 | 39.58 53.01 | 55.16 | 88.95 54.28 30.63 18.91 

7 36.83 | 46.92 | 53.81 | 65.96 | 76.62 92.90 {| 27.09 36.55 

8 38.15 | 44.31 | 53.81 | 62.49 78.42 110.07 | 29.88 37.11 

9 40.92 | 44.40 | 57.15 | 66.69 | 90.75 47.55 | 35.02 | 23.04 

10 42.76 | 48.20 | 61.20 | 63.57 80.30 | 114.80 | 30.98 31.66 

11 45.21 | 41.04 ) 64.01 |} 53.24 | 85.75 91.61 | 30.42 | 31.93 

12 45.21 | 43.67 | 64.01 | 53.03 | 98.19 44.69 33.38 | 26.78 

13 44.12 | 50.05 | 59.77 | 65.23 | 83.08 74.19 | 30.12 | 23.62 

14 45.42 | 58.55 | 60.68 | 73.01 | 71.12 78.60 | 27.35 28.82 

15 47.31 | 49.87 | 60.68 | 64.39 | 81.47 | 117.96 | 29.09 | 42.47                         

4.4.2 Price Expectations 

Just and Rausser (1981) reported that prices from futures markets 

provide forecasts that are at least as good as those provided by large
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econometric models. Based on these findings, McSweeny, Kenyon and 

Kramer argue that futures prices adjusted by local basis estimates, 

provide realistic estimates of expected prices at the farm level. If 

futures markets are assumed to be efficient, they generate an unbiased, 

best current price expectation of harvest time prices. 

Futures markets exist for corn, wheat and soybeans, but no U.S. 

futures markets exist for barley. Barley is planted during mid— 

September and harvested during the first week of July in the Northern 

Neck region. Corn futures are used as a proxy for barley futures, as 

both are feed grains and close substitutes in livestock feed. 

Discussions with extension specialists revealed that farmers and 

elevators in the Northern Neck area use the July corn contract as a 

proxy for barley futures price. Basis was computed as the difference 

between the harvest time cash prices of barley and July corn contracts 

prices at barley harvest. The expected basis computed as the mean of 

the past three years was used to adjust the July corn futures for local 

conditions. The table 4.6 below lists the futures contracts used for 

price expectations. A comparison of the expected and observed prices is 

presented in table 4.7. The wheat and barley expected prices presented 

in the table are the expected prices as on September 15th and the corn 

and soybeans expected prices are the expected prices as on April 15th of 

each year.



Table 4.6 Futures Contracts Used 
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for Formulating Price Expectations 

  

  

  

  

  

  

        

Decision date Commodity Futures Contract 

September 15th: Wheat July of the following year 

Corn December of the following year 

Soybeans November of the following year 

Barley July corn of the following year 

April 15th: Corn December of the current year 

Soybeans November of the current year       

Table 4.7 Estimated and Observed Prices ($/Bu): A Comparison 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

              

Year | Wheat Barley Corn Soybeans 

Exp. Obs. Exp. Obs. Exp. Obs. Exp. Obs. 

1 3.67 3.27 2.65 1.50 2.29 2.60 5.28 4.33 

2 3.63 3.21 1.96 1.88 2.33 2.53 4.66 6.38 

3 2.95 1.99 1.82 1.48 2.35 1.72 7.05 5.91 

4 2.27 3.05 1.16 1.53 2.23 1.98 6.00 6.14 

5 2.85 4.36 1.45 1.60 2.33 2.64 6.67 6.36 

6 4.30 3.75 2.06 2.25 2.76 3.50 6.28 8.45 

7 4.84 3.18 2.64 1.80 3.70 2.62 8.04 5.93 

8 4.17 3.01 2.19 1.71 2.79 2.12 6.33 5.48 

9 3.29 3.21 1.56 1.73 2.79 3.74 6.29 8.21 

10 3.60 3.27 2.30 2.23 2.83 3.05 6.93 6.13 

11 3.24 2.88 1.76 1.45 2.64 2.27 5.92 5.11 

12 2.72 2.46 1.10 1.33 2.03 1.58 5.01 4.94 

13 2.15 2.46 0.75 1.35 1.84 1.67 5.08 5.64 

14 2.61 3.44 1.15 2.00 2.19 2.90 6.75 7.28 

15 3.43 3.46 2.21 1.98 2.58 2.36 7.15 3.71 
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4.5 COMPUTATION OF FORECAST ERRORS 

Traditionally, risk modelers have treated the mean of a historical 

returns series as a forecast of expected returns and measured risk as 

the deviation between mean and observed returns. McSweeny, Kenyon and 

Kramer noted that such an approach may not adequately represent risk as 

perceived by farmers. They argued that the Mean Squared Error Forecast 

(MSEF) is a better approximation of farmers’ risk perceptions. The 

approach describes risk in terms of "disappointments" between what was 

expected and what eventually occurred. They argued that "...... it is 

the variability in forecast errors rather than the variability in the 

forecasts that is an appropriate measure of risk (p. 91)". They 

computed expected gross revenues using expected prices as the futures 

contract price prior to planting and a measure of the historical basis 

expected yields as the projection of the recent time trend. The same 

calculations were made with realized prices and yields to compute 

realized gross revenues. The realized and forecast gross returns were 

differenced to form forecast errors. Since this approach was developed 

originally for quadratic programming applications, Groover modified the 

approach for use in a linear framework and developed the Mean Forecast 

Deviation (MFD) approach and adapted it for MOTAD. However, this 

approach could not be used directly in the Target MOTAD formulation as 

the risk rows in the traditional Target MOTAD formulation consist of net 

returns and not deviations from the mean as is the case with MOTAD 

formulation. To facilitate the incorporation of forecast errors in the
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Target MOTAD formulation the following procedure was followed. For each 

activity, expected and observed gross revenues and the deviations 

between the observed and the expected revenue were computed which 

constitutes a column vector of forecast errors for that strategy. 

Objective function coefficients for each strategy, which are the 

expected revenues for the 1990 crop year were then added to the column 

vector of forecast errors, respectively. The matrix thus computed 

formed the risk adjusted net returns matrix for each of the two steps of 

the Target MOTAD tableau. This approach facilitated the incorporation 

of two types of risk in the modelling process: activity risk as measured 

by forecast errors and whole farm income risk measured as negative 

deviations from the targeted income. 

The model was formulated such that each production activity 

transfers the quantity from one acre of production to the marketing 

activities of the model. In other words, the production and marketing 

strategies were integrated to constitute the activities modelled in one 

acre units. If cjj represents the observed net returns per acre and Cjj;, 

the expected net returns per acre and e;j;, the error or the deviation 

between the observed and expected returns, for the it crop and j* year, 

the deviation or the error is expressed as follows. 

(4.4) yy = (yy - Czy)
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The objective function values were a special case of the expected 

net returns. For the first step of the model, the objective function 

values were the expected net returns for all activities included in that 

step of the model computed as of September 15 1989. For the second 

step, the objective function values were expected net returns as of 

April 15 1990. Variable costs were subtracted from expected gross 

returns to obtain expected net returns. 

The activities modelled can be grouped into the following 

categories: 

a) cash sales at harvest 

b) cash contracting 

c) hedging using futures 

d) hedging using options 

e) participation in the government commodity programs and 

£) participation in the crop insurance program. 

Since U.S. futures and options do not exist for barley, the 

portfolio of marketing strategies for barley was restricted to cash 

sales at harvest, participation in the government commodity programs and 

the crop insurance programs. The computational specifics of expected 

and observed gross revenues and deviations for the marketing strategies 

are detailed in sections to follow. The expected and observed gross 

revenues and the forecast errors for a few sample strategies for corn 

are detailed in Appendix B.
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4.5.1 Cash Sales at Harvest 

Expected and observed returns for cash sales at harvest were 

calculated from the following equations. 

(4.5) Ciy > (Fyy+ EBy;) “EY, 

(4.6) Ciy "Pry Viz 

where C;; is the expected return per acre, cjj is the observed returns 

per acre, Fjj is the opening futures price at the appropriate decision 

making point and pjj is the actual cash price observed at harvest for 

the it* crop and 4th year. EB;; is the expected basis, EY;j is the 

expected yield and y;j is the observed yield for the it crop and j* 

year.
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Cash Marketing at Harvest - An Illustration: 

The computations of expected and observed gross revenues for. the: 
cash marketing strategy | for corn for 1989 are illustrated below. 

‘The expected yield. for. corn. ‘in 1989. was. 81. 5 ‘bu/acre, the December 

futures price at planting time was $ 2.66. and. the expected basis 
for 1989 was $ +0,08. - Following. equation, 4. Sy _ the expected gross 
revenue was computed as _ _ 

Exp. Cross Revenue: 81: 5+ “2. 66 ~ 0. 08) od § 210. 2? 

The observed. yield for 1989 was “118. 0 and the: cash price at. 
harvest. was~ S$ 2. 36. giving an observed gross revenue of: 

Obs Gross “Revenue? 118, 0 * 2. 36 = 5 278. 48 

4.5.2 Cash Contracting 

Several cash contracting strategies with varying proportion of 

expected yields contracted were incorporated. Keeping the general level 

of yield variability of different crops in view, the proportions cash 

contracted were decided in consultation with the state grain marketing 

specialist (Kenyon, 1990). The maximum proportion contracted was never 

large enough to permit a short fall in contract fulfillment. The 

proportions used were up to 50% of the expected corn yield in increments 

of 10% each, up to 60% of the expected soy yield in increments of 10% 

each and up to 75% of the expected wheat yield in increments of 15%. 

Contract price was price of the relevant futures contract at the 

appropriate stage of decision making (September 15 or April 15, as
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applicable) adjusted for basis minus 5 cents to account for the 

elevator’s costs and basis risk adjustment. The expected and observed 

returns were calculated from the following equations. 

(4 . 8) Ci = { (Fy 4+ 2B, ,-ERA) ‘q°EY;;) + ( (Viy- DW EY 3) Diy) 

where, Cjj is the expected returns per acre, cjj is the observed returns 

per acre, Fjj is the starting futures price at the appropriate decision 

making point and p;jj is the actual cash price observed at harvest for 

the it? crop and j'" year. EB;; is the expected basis, ERA is the 

elevator’s risk adjustment, q is the proportion of the expected yield 

cash contracted, EY;; is the expected yield and yj; is the observed yield 

for the it crop and j* year.
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Cash Contracting —_An Illustration: 

The computation of expected and. observed gross revenues. per acre 
for the corn cash contracting strategy with. 50 percent of the- 
expected production contracted at planting - for 1989 is illustrated 

below. 

With expected production of 81. 5. bu/acre, - the basis. adjusted. 
futures price at planting, § 2.58 per bu, and an allowance of. 5 
cents for elevators’ costs, the expected pross revenue. was. 
computed. (following equation 4.7) to be: 

Exp. Gross Rev: . 81. 5 * 0.5% (2. 58. ~ 0, 05), + 

. 81. 5 * 0.5 * 2.58 
oF 208, 23 

The. observed yield was 118.0 ‘bu/acre and the observed ‘cash price. 
at harvest was. $ 2.36 per. bu. Production in excess of the. ce 

contracted quantity ¥ was sold at the cash market price. ana 

Obs. Cross: Rev: 81.5°* 0,5 * (2,58 - 0,05) + 
aes, —1Q17.96 ~ (81.5 - 0: 5)) * 2, “sey oS 0 ph tees oe | 

4.5.3 Hedging Using Futures 

A number of routine hedging strategies using futures were included 

in the model. All the strategies are static in the sense that each 

strategy involved the placement of a short hedge at a pre determined 

time regardless of the prevailing futures price or price expectations. 

The strategies can be grouped into, single and multiple period hedging 

strategies. Single period strategies refer to routine hedging with 

different proportions of the expected yield hedged at planting time. 

Multiple period strategies refer to routine hedging in which 

predetermined proportions of the expected yield are hedged by placing
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hedges at different periods during the cropping season. 

The proportions considered for single period routine hedging were 

the same as those used in cash contracting. The expected and observed 

gross revenues for the different single period hedging strategies were 

computed from the following equations. 

(4.9) Cyy7 (EY, ;° (Fyj;+EBy,;) ) 

(4.10) Cyy™ (Qi EY sy (Fyy~ £44) + (iy Puy) 

where, C;j is the expected returns per acre, cjj is the observed returns 

per acre, Fjj is the starting futures price during appropriate decision 

making point, fj; is the ending futures price observed at harvest and pj; 

is the actual cash price observed at harvest for the it? crop and j** 

year. EB;; is the expected basis, q is the proportion of the expected 

yield hedged using futures, EY;; is the expected yield and y;; is the 

observed yield for the i* crop and jth year.
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' Single Period Hedging using Futures: An Illustration 

The computation of expected revenue is similar to that of cash 

marketing at harvest strategy illustrated before. The observed 
revenue for the single period hedging strategy using futures. 
follows equation 4,10, . | 

The observed revenue is the net revenue made. per bushel on hedging. 
given by the difference between the closing futures price | 
(September 15,°1989. in this case) and opening futures price’ (Apr 

15, 1989), “ which were $ 2:29 and $ 2.66 respectively, multiplied 
by the quantity*hedged and the revenue from cash sale of the 
realized Production. 

Obs. Gross Rev: (81.5 * 0.5) * (2.66 — 2. 29) + 118. o * 2. 36 

= 293.55 

For multiple period hedging, even though the strategy is to hedge 

at different time periods during the growing season, at the time of 

decision making the only futures prices known are current prices. Under 

the efficient market hypothesis, they also form the currently best 

available unbiased estimators of the prices of the same contract in 

future periods. Hence, for the purpose of computing expected revenue, 

the prevailing futures price of the appropriate futures contract was 

used as a proxy for the futures prices in later time periods. The 

different periods and proportions ot the expected yield considered for 

hedging were as follows. For corn, at the 15th of the month from April- 

August, in 10 percent installments each time; for soybeans, at the 15th 

of month from April-September, in 10 percent installments each time, and 

for wheat, September 15th, November 15th, January 15th, March 15th and



63 

May 15th in 15 percent installments each time. The expected and 

observed revenues were obtained from the following equations. 

(4.11) Cy" (EY, 5° (Fy3+ ZB;5) ) 

a 

(4.12) Cyy7 BEY y" (Piy- Liye) +¥ig “Pig 

where, Cj; is the expected returns per acre, c;jj is the observed returns 

per acre, Fij, is the starting futures price at tt time period, n is the 

total number of time periods when hedges were placed (6 in case of 

soybeans and 5 in the case of corn and wheat), f;jj is the ending futures 

price observed at harvest and pj; is the actual cash price observed at 

harvest for the i* crop and jth year. EB;j; is the expected basis, q is 

the proportion of the expected yield hedged using futures, EY;; is the 

expected yield and y;j is the observed yield for the it" crop and jth 

year.
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Multiple Period Hedging using Futures * An. Illustration 

The expected. gross reyenue is the same as. ‘the cash marketing ate 
harvest strategy. The observed revenue is the sum of | 

' profits/losses made on the: different hedges made, which. are: 10 

percent of the expected production (81.5 * 0.10 = 8.15 Bu) hedged 
on April 15, May 15, June 15, July 15 and August 15 plus the 
revenue from cash marketing of the realized. production, In 1989, 
the opening futures: prices for December corn on April 15, “May 15, 
June 15, July 15 and August 15 were, $ 2.66, $.2.55,°$ 2.45,.$.. 
2.40 and $ 2.37,. ‘Tespectively and the closing futures. Price was § 
2.29). 

Obs. Gross Rev. 8. 15 * (2.66 —- 2. 29) + 8.15 * (2. 55. - - 2 229) - be 
B15 * (2.45 - 2.29) + 8.15 * (2.40. > 2. 29)" + oo 
8.15 * (2.37 — 2,29) + 118. 0 * 2. 36. we 

- 286. 4 7 

a
)
 

4.5.4 Hedging Using Options 

Several hedging strategies using options were incorporated in the 

model. As was the case with hedging using futures, the option strategies 

modelled can be described as static, as each strategy involved the 

placement of a short hedge at a pre-determined time regardless of the 

prevailing futures price and option premium. However, they can be 

grouped into single period and multiple period hedging strategies using 

options. The single period strategies involve routine hedging of 

varying proportions of the expected yield hedged at planting. The 

multiple period strategies refer to routine hedging with predetermined 

proportions of the expected yield hedged by placing hedges at different 

periods during the cropping season.
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The different proportions considered for the single period hedging 

were the same as those used in cash contracting and hedging using 

futures. The expected and observed gross revenues for the different 

single period routine hedging strategies were computed from the 

following equations. 

(4.13) Cyy = GT EY,; (SP14+EBy;-SOP,;) + (EY, (1~-@) *(Fyy+EB;;) ) 

(4.14) If £04;? SPyy : Cyy7~ Viz Pye (GQ EY; *SOP;;) 

If £0,;<SP jy : Cyy~ Q°EY,;;° (EOP; ,;~ SOP, ;) *V 43 °Pij 

where, Cjj is the expected returns per acre, cjj is the observed returns 

per acre, Fjj is the starting futures price at planting (September 15 or 

April 15, as the case may be), SP;jj is the strike price observed at 

planting, fojj is the futures price observed at the time of option 

expiration, SOP;j is the starting put option premium, EOP;; is the ending 

put option premium and pj; is the actual cash price observed at harvest 

for the i crop and j'® year. EB;; is the expected basis, q is the 

proportion of the expected yield hedged using options, EYj;; is the 

expected yield and yj; is the observed yield for the it? crop and j"™ 

year.
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Single Period hedging using options — An Illustration: | 
  

The expected ‘and. observed gross: ‘revenue: for ‘single period hedging 
strategies using options is illustrated below. for corn with 50° 
percent. of | the: expected production hedged using (options ato 
planting. oe co, 

The strike. price | on’ april. 15. 1989. was $$ 2. 60, ‘the put option. 

premium was 17 cents and the expected basis. was $ -0.08.. ‘The 
December’ corn futures Price was $ 2.66. Following equation: 4.13: 

Exp. Gross— ‘Rev: (81.5 5. * 0, 50) * (2. 60 —- 0. 08: -~ 0. 17). + 

(81.5 * 0, ) 50) * (2.66 - 0. 08) 
= 200. 90. 

The | futures. price at: option expiration in 1989 was. 5 2.29. and the 

closing premium was: 31 ‘cents. _ Following equation 4) 14: 

Obs. Gross Rev (at. 5 * 0.50) * (0. 31 — 0. 7) + 118, 0- * 2. 36° 
= 284. 19) 

In the case of multi-period hedging using options, an additional 

issue must be handled. Unlike as with futures, in which the prevailing 

futures price was used as a proxy for future cash prices the prevailing 

option premiums could not be used for computing expected gross revenues. 

While the prevailing historical volatility as well as interest rates can 

be used as proxies for the same in latter time periods, the days till 

expiration for placing hedges at latter periods is different and known 

with certainty. This necessitated generation of expected premiums for 

the ensuing time periods when hedges were to be placed. For instance, 

in the case of corn, as of April 15th, while prevailing premium, futures 

price, strike price, historical price volatility are known, premiums for
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hedges to be placed on May 15th, June 15th, July 15th and August 15th 

are not known. Hence, using the prevailing futures price, strike price 

and volatility, expected premiums for May 15th, June 15th, July 15th and 

August 15th were computed with Black's model, varying the days till 

expiration in each case. These expected premiums were used for 

computing expected gross revenues for multi-period hedging using 

options. It may be noted that the computation of observed gross revenue 

is similar to that in case of single period hedging, except that the 

futures price at option expiration is compared to the strike price in 

each period and the gain or loss is computed at each period and 

progressively added for all the periods to get the observed gross 

revenues. The equation below describes the computation of expected 

gross revenues. 

(4.15) Cyy7Q BY, ,° (SP, ,+EB,;;-SOP,4) + 

m 

2B eq BY 13° (SP13+EBi3- ESOP, ;.) + EY; (1-N) *( Fy ,+HB,;) ) 

where C;; is the expected returns per acre, Fjj is the starting futures 

price at planting (September 15 or April 15, as the case may be), SPj; 

is the strike price observed at planting. SOPj; is the starting put 

option premium, EOP;; is the ending put option premium, ESOP;j, is the 

expected starting put option premium at tt” time period (m is one minus 

the number of time periods when hedges using options are placed, 5 for 

corn and wheat and 6 for soybeans) and pj; is the actual cash price 

observed at harvest for the it? crop and j‘" year. EB;; is the expected
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basis, q is the proportion of the expected yield hedged using options, N 

is the total hedged proportion in all periods together, EY;j is the 

th expected yield and yj; is the observed yield for the i' crop and qth 

year. 

  

The computation’ “of expected and observed gross” revenues “for 

multiple period hedging strategies using options, is illustrated 
below. for corn. Mae | _ 

The strike prices’ for December orn: ‘on April. 15 was. $ 2. 60° and. the™ 
corresponding put. option premium was 17 cents, The estimated | 
premiums for May: 15, June 15, July 15 and August 15 were, 10. 
cents, 9. cents,. 7. cents. and. 6 cents respectively.. Since: 10. 
‘percent: ‘of. the expected ‘production (8.15 Bu). was hedged at” ‘each 
time, following: equation 4. AS, , the- expected | gross revenue under” 
‘this strategy. would be: oe    

            

        

  

   

  

“on sb a0e “is. EXp: Gross. Revenue 8.15 * | 0 + 
a gn Pee * (2.60: ~ 0.08 - 0.10) 4° 

_* (2.60 — 0.08 - 0.09) "+. 
“© (2.60°— 0.08 - 0.07) +. 
5 (2.60 ~ 0.08 - 0.06) +. 
a 0. aan * 2. 66 - 0,08). = 203. OL 

  

me, futures, price’ at option: ‘expiration res 2. 29): ‘and ms 

sate 1s (63° cents). - The. observed strike: * prices, on. 

(0.31 = 0.17). + 8.15°% (O. 21 - 0: 16). + ro 
‘0.11 ~0.13) # 8.15 * (0.11 ~ 0.13) +: 
(0.01 ~ 0. 14) + 118.0. * 2.36 = 278.64. 

P
N
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4.5.5 Crop Insurance Programs 

A description of the crop insurance program provisions is required 

before proceeding to discuss the modelling procedures. The following 

description is drawn mainly from Jose (1990). Crop insurance is 

available in two forms: 1) limited peril insurance including commercial 

and fire insurance (H/FCI) and 2) multiple peril crop insurance (MPCI). 

H/FCI in turn is offered in two types of plans — spot and area. "Spot" 

(acre-by—acre) plans pay for losses based on the percentage loss 

occurred due to hail/fire on the damaged acres. Normal yields on 

undamaged acres do not reduce payments. In contrast, under the "area" 

plans, indemnities are paid based upon the percentage of yield loss due 

to hail/fire averaged across the total insured unit. Both spot and area 

plans offer limited insurance protection, and offer no protection 

against causes of loss other than hail/fire, such as drought. For cash 

grain farming in Virginia, drought is a major source of yield losses. 

On the other hand, MPCI guarantees a yield per planted acre for 

the insured unit. If the average yield falls below the guarantee 

specified in the insurance policy, the insurance company agrees to pay 

on the difference. Growers may find MPCI to be attractive over H/FCI 

because it offers an opportunity to substitute a known cost (annual 

premiums) for unpredictable yield/quality losses, particularly those 

that are catastrophic in nature by transferring a part of the risk to 

the insurance company. Besides, MPCI increases the attractiveness of 

sophisticated marketing strategies such as cash forward contracts and
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hedging using futures since the risk of not being able to perform in 

accordance with the contract is reduced. In view of these 

considerations, MPCI was incorporated into the model. MPCI is also 

offered without the hail and fire insurance component, in which case 

growers will have to purchase a separate hail and fire insurance policy. 

For the purpose of this research, the comprehensive MPCI that covers 

unavoidable production losses caused by drought, excessive moisture, 

hail, wind, frost/freeze, tornado, lightning, flood, insect infestation, 

plant disease, excessive temperature during pollination, wildlife 

damage, fire and earthquake was considered. 

The starting point for calculating yield guarantee is the 

insurance yield given by the actual production history (APH). APH yield 

is the average yield of the crop on the insured unit for the past 10 

years. Growers have the option of purchasing any one of the following 

three levels of coverage, 1) 75 % of the APH yield, 2) 65 % of the APH 

yield and 3) 50 % of the APH yield. Indemnity payments are made by the 

insurance company, if the observed yield falls below the guaranteed 

level. Indemnity payments are calculated based on one of three 

commodity indemnity price selection choices available. If the average 

yield per acre is less than the yield guarantee, the indemnity paid is 

equal to: 

4.16) Yield Guarantee = (APH Yield * Level of Coverage Chosen) 

4.17) Indemnity paid = (Yield Guarantee — Average observed yield for 
the insured unit) * Indemnity price election
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Initial computations revealed that observed yields do not fall 

below 60 percent of the APH yields at any time during the period under 

consideration. Hence, for purposes of the current research, only 65 

percent and 75 percent coverage levels were considered. As for the 

price election, only the medium price election was considered. 

Premiums for the two coverage levels and the medium price 

selection were generated using Crop Insure (Gantz and Black) using 1990 

price selections. Depending upon the appropriate APH yield applicable 

for each of year under consideration, the premiums so generated were 

deflated. The deflator used was the Prices Paid by Farmers (Source: 

Agricultural Prices, various issues). The expected and observed gross 

revenues were obtained from the following equations. 

(4 . 18) Cry - (ERaxet Max ( (YGLi,; APH, ;) ~EYs3, 0) PE; 3) -IPR,; 

(4 e 19) Cry - (OGRyy_ +t Max (YGL,; APH; ;) “Vize 0) PE;;) -IPR,, 

where, C;j is the expected returns per acre, cjj is the observed returns 

per acre, EGRy;, is the expected gross revenue from the tt marketing 

strategy, OGRm+ is the observed gross revenue from the tt} marketing 

strategy, PE;; is the price election, IPRjj is the insurance premium 

(deflated) for the it? crop and j** year. EY;j is the expected yield 

and y;j is the observed yield, YGL;j is the yield guarantee protection 

level, AH;j; is the AH yield for the i crop and j*® year. EGR and
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OGRmt are different for each strategy evaluated. It may be seen from 

the above equations that the effect of insurance program participation 

is added to all the marketing strategies individually, for both the 

levels of coverage modelled. Table 4.7 summarizes the premiums and 

price selections for the different crops for the 1990 crop year. 

Table 4.7 Premiums and Price Selections for 1990 Crop Year 

  

  

  

  

Particulars Wheat Barley Corn Full Season 

Soybeans 

Premuim — 65% 3.49 1.82 4.17 2.88 

Level (S$/acre) 

Premium — 75% 7.30 3.89 8.70 6.03 

Level ($/acre) 

Price Selection 3.34 1.69 1.65 5.25 

($/bu)               

4.5.6 Government Commodity Programs 

Government programs have been designed to stabilize returns from 

farming by insuring against price decreases (through loan rates) and 

provision of income support (through target prices). The general 

framework of the Food Security Act of 1985 (popularly known as the 1985 

Farm Bill) was used in this study. [n addition, the prevailing 0-92 

program has also been incorporated 

Modelling the government commodity programs posed crucial 

methodological questions, considering that the nature and structure of
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the programs have changed substantially during the period under 

consideration. There were two modelling choices: a) to treat the 

government programs as varying over years and hence model the riskiness 

of participation using the historical program parameters b) to disregard 

historical program parameters as being redundant in the current decision 

making context, and to impose the current program parameters for the 

entire period under consideration treating the current program 

specifications as if they have been in effect throughout the period. In 

other words, the latter approach would evaluate risk, as if the 1990 

program parameters and program logic have been in place through 1974 - 

89. McSweeny and Kramer argued that as government programs have changed 

over the years, using historical program parameters (historical target 

prices and loan rates), would not correctly depict the decision maker's 

context given current program specifications. They stated that "it is 

not clear whether a forecast error in 1975 would necessarily be better 

than the one in 1983, simply because it was smaller in magnitude, when 

the programs in effect during those years differed (p. 164)". Further, 

they proposed a general methodology of modelling the government 

programs, which was also used by Groover in his work. Their approach 

has been used for the current study. 

The current target price, local loan rate, national effective loan 

rate, national statutory loan rate and the estimated deficiency payments 

were required to be deflated to make them appropriate for the different 

years under consideration. Deflation was done using the Prices Paid by 

Farmers index because the parameters considered in the construction of
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this index are most appropriate in the context of this study. 

The total payments received by a participating producer has been 

modelled to consist of three components — non-recourse loan payments, 

primary deficiency payments and final deficiency payments. Producers 

place their grain in the custody of the Commodity Credit Corporation 

(CCC) and receive a loan on the grain deposited at the local loan rate. 

If the market price realized through the different marketing strategies 

is higher than the local loan rate, producers would choose to pay the 

loan back, or else forfeit their deposited grain. In other words, the 

non-recourse loans act as a price support mechanism, in which 

participating farmers receive the higher of market price or the local 

loan rate. These are applicable to all crops considered in the model. 

Deficiency payments are made to eligible crops. Among the four 

crops being modelled, only soybeans is not eligible for deficiency 

payments. Deficiency payments are determined by the difference between 

the target price and the higher of the market price or the loan rate. 

For the purpose of computing deficiency payments, market price is an 

average of major commodity markets all over the country. To be eligible 

for deficiency payments, a producer must agree to set aside a pre- 

determined proportion of his farm land. The 1985 legislation prescribed 

that deficiency payments be made in three parts, called the advance, 

primary and final deficiency payments. 

The primary deficiency payment per acre is obtained by subtracting 

from the target price the larger of the United States 5 month average 

price or the national statutory loan rate and then multiplying this



difference times the program yield. This result is multiplied by base 

acres set aside (see section 4.4.1 for further details on program yield 

computations). The final deficiency payment per acre is calculated by 

subtracting from the national statutory loan rate the higher of the 

United States 12 month average price and the national effective loan 

rate and multiplying the difference with the program yield, reduced by 

the set-aside factor. Program yields were frozen at the 1985 levels by 

legislation. Hence, the 1985 program yields have been used for all 

years under consideration. Because of lack of information on soil 

productivity, it has been assumed that all land is of uniform 

productivity and the productivity of the set-aside land is no different 

from that of the cropped land. 

The following equation adapted from McSweeny and Kramer (p. 164) 

has been used to compute the different components of the government 

payments. 

(4.20) [Max (MP,,,LLR,,]-Y,; + 
(TP,;-Max (US5P;;,NSLR;;] *PY;;*(1-SA;)+ 
[NSLR,4-Max (US12P,;, NELR,;) ] *PY¥,;°(1-SA,) 

where, MP;j is the market price, LLRj|j is the local loan rate, Yj;j is the 

crop yield, TP;j is the target price, US5P;j; is the 5 month US average 

price, NSLRjj is the national statutory loan rate, PY;j; is the program 

yield, SAj;j is the set-aside factor, US12P;; is the 12 month US average 

price and NELR;; is the national effective loan rate, for the it’ crop 

and jt year. The market price is the weighted average market price. 

75
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Since a number of marketing strategies were incorporated, the comparison 

of local loan rate and market price received was made for each marketing 

strategy separately, which enabled the evaluation of government 

programs together with marketing strategies. 

To evaluate risk in government program participation, the expected 

and observed gross returns were computed using the above general 

equation. To compute expected returns, the expected market price was 

obtained by dividing expected gross revenue from each marketing strategy 

by expected yield for each year. The 12 and 5 month US average prices 

are not known at the time of planting and therefore a producer making 

planting time decision making will have to form expectations with regard 

to these prices. Following Groover, appropriate expected basis 

generated using the three year historical basis was used together with 

futures prices to model expected 12 and 5 month US average prices. The 

underlying futures contracts used were the same as explained in the 

context of cash prices (see section 4.5.2). The three year average 

basis for the 5 and 12 month US average prices was arrived at by 

subtracting the 5 or 12 month average price from the futures contract 

midway between the 5 and 12 month period. 

The expected gross returns, Cjj, from participation in the 

government programs was calculated using the expected values as 

explained above and the observed gross returns, cjj, were computed using 

the actual Northern Neck cash prices and the actual 5 and 12 month US 

average prices. The difference between Cj; and c;jj generated the 

deviation in the gross returns.



77 

In addition to the government commodity programs as described 

above, the 0/92 program is also available to farmers for wheat, corn and 

barley. Under this program, producers can plant as little as none of 

their base acreage base to the program crop, yet receive deficiency 

payments as if they had planted 92% of the acreage permitted to be 

planted. The deficiency payments are paid at the rate of estimated 

deficiency payments announced prior to planting (which are guaranteed). 

There is no production or marketing activity involved, no acreage is 

planted and hence there is no risk. The deviations column for this 

activity is a column vector consisting of zeros. The 1990 estimated 

deficiency payments form the expected values and enter the model as 

objective function values for this strategy. While the choice exists 

for the producer to keep some proportion of the land under this program 

and be paid deficiency payments on that proportion on the 0/92 basis and 

to receive regular commodity program participation payments from the 

rest of the land, such strategies have not been included in the current 

model. 

4.6 MODEL STRUCTURE AND PARAMETRIC SOLUTIONS 

The model was solved in two steps ‘see section 4.2.1). The first 

step evaluated a portfolio of marketing strategies for wheat and barley 

together with cash marketing strategies for corn and soybeans. In the 

second step, the activity levels from solutions of the first step for 

wheat and barley were treated as fixed. The land remaining after wheat
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and barley allocation was allocated among corn and full season soybeans. 

Further, the model also evaluated marketing strategies for double 

cropped soybeans following wheat and barley. It was assumed that all 

wheat and barley planted in winter is double cropped in spring with 

soybeans. This enabled measurement of negative deviations from an 

annual income target, common to both the steps. 

In order to trace out risk efficient expected income — mean 

deviations below target (E-MDBT) frontiers, the maximum allowable 

deviation below the target was increased from zero till the first 

feasible solution was obtained. Once a feasible solution was obtained, 

the maximum allowable deviation below the target was parametrically 

increased in increments of $ 100 and the model was solved repeatedly 

till the objective function value did not increase. All basis changes 

were identified. Activity levels for wheat and barley from each basis 

change in the first step were transferred to the second step of the 

model and treated as being fixed. In other words, the second step of 

the model was run as many times as the number of basis changes in the 

first step. Since each run included parametric incrementation of the 

maximum allowable negative deviation, each run resulted in a series of 

efficient solutions at increasing levels of risk. As such, each basis 

change in the first step generated a unique risk efficient E-MDBT 

frontier. Second degree stochastic dominance criteria were used to 

evaluate these different risk efficient frontiers and present a series 

of alternative portfolios of production and marketing strategies that 

are most risk efficient for a given level of targeted income.
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The specifications of the farm used in Groover’s study in the 

Northern Neck region of Virginia were used to construct a representative 

farm for the current study. The only restrictions used to impose 

resource use constraints were: total land, maximum short grain 

harvesting capacity and base acreages for participation in the 

government programs. No resource constraints on operating capital were 

imposed, following the results of Groover’s study which indicated that 

operating capital was not a binding constraint. The farm crop land size 

was considered to be 750 acres. The government program base acreages 

considered were: corn, 200 acres; wheat double cropped with soybeans, 

250 acres; barley double cropped with soybeans, 150 acres. A maximum of 

400 acres was considered the upper limit for harvesting small grain 

(wheat and barley) because of harvesting capacity.



CHAPTER > 

RESULTS OF THE ANALYSIS 

5.1 INTRODUCTION 

This chapter presents the results of the risk programming analysis 

described in chapter 4. The planning model results pertain to the 1990 

farm planning year with government program provisions and the price and 

quantity expectations for that year. Different risk management 

alternatives were evaluated separately at varying target income levels 

in different scenarios. 

5.2 RESULTS OF THE RISK PROGRAMMING ANALYSIS 

Five different scenarios were analyzed. The scenarios range 

across a gamut of marketing choices modelled and target income levels. 

Three different target income levels were used: $40,500; $61,100 and 

$70,500. The targets were established following the general 

prescription of Curtis et al. that the appropriate target would be " a 

level of returns to ensure long run survival of the firm (p. 201)". The 

target of $40,500 was estimated considering an annual family living 

expense of $20,000 plus annual debt servicing expense of $20,500. The 

debt servicing expense was arrived at by assuming a 20 percent debt-— 

asset ratio. Using the 1987 Census of Agriculture, land and machinery 

80
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values for the four counties of the Northern Neck region were obtained. 

The average land and machinery values of these farms with annual sales 

exceeding $10,000 were used as total farm assets for the representative 

farm. The farm assets averaged $580,135. Assuming a 20 percent debt-— 

asset ratio and that the debt is financed over a period of 10 years at 

an annual interest rate of 12 percent, the debt servicing charges 

including annual principal and interest were computed to be $20,500. 

The target of $61,100 was similarly estimated using a 40 percent debt- 

asset ratio. The target of $70,500 included an additional 3 percent 

return on owner investment above the family living allowance of $20,000 

and debt servicing expense assuming 20 percent debt—asset ratio. 

The five different scenarios analyzed were: 

1) No participation in the government commodity programs and crop 

insurance program and an annual target income of $40,500; 

2) No participation in the government commodity programs but including 

crop insurance program participation and a target income of $40,500; 

3) Possible participation in the government commodity programs and crop 

insurance program and an annual target income of $40,500; 

4) Possible participation in the government commodity programs and crop 

insurance program and an annual target income of $61,100; 

5) Possible participation in the government commodity programs and crop 

insurance program and an annual target income of $70,500. 

The following sections describe the results of the analysis under
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each of the five scenarios. §& The optimal portfolio choices for wheat 

and barley are obtained from step 1 and for corn and soybeans are 

obtained from step 2 of the model. The results of each scenario have 

been summarized in separate tables (Tables 5.1, 5.3, 5.5, 5.7). Each 

basis change in step 1 of the model leads to a risk efficient frontier 

in step 2. Optimal portfolio selections along each risk efficient 

frontier have been summarized for low, medium and high risk levels. The 

low and high risk levels represent the two extremes of each frontier and 

the medium risk level represents a solution approximately at the mean of 

the Expected Income—Mean Deviation Below Target (E-MDBT) frontier. 

5.2.1 Scenario 1: No Participation in the Government Programs and 

Crop Insurance Program 

In this scenario marketing strategies described in chapter 4 were 

considered without allowing participation in government commodity 

programs and crop insurance programs. An annual target income level of 

$40,500 was considered. Since government program participation was not 

included, no base acreage restrictions were applied. An upper limit of 

400 acres for small grains (wheat and burley), based on harvesting 

capacity constraints was imposed. Further, keeping rotational practices 

in mind the model was constrained so that wheat or barley acreages 

individually did not exceed 250 acres each. 

  

Sappendix B contains a listing of the abbreviated names and a 

descriptive summary for the different activities in the model.
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A summary of results for this scenario is presented in table 5.1. 

Detailed risk efficient portfolios along all points of the E~MDBT 

frontier is presented in appendix D. No basis changes were observed in 

step 1 once a feasible solution was obtained, thus leading to only one 

set of risk efficient farm plans. The E-MDBT frontier has been traced 

out in fig. 5.1. 

The targeted income is achievable for the current farm planning 

year when deviations below the target of $6,400 to $7,800 were allowed. 

Table 5.1 indicates that in as many as 7 years the targeted income would 

not be achieved. If revenues were symmetrically distributed, these 

results may imply a "break-even" scenario in the long run. However, if 

they are not, these results indicate that without participation in the 

government programs, the firm may face difficulties for survival. 

Crops selected in risk efficient plans were wheat and barley 

double cropped with soybeans and full season soybeans. Barley double 

cropped with soybeans is preferred to wheat double cropped with soybeans 

because soybean yields are higher following barley. Significantly, corn 

does not enter the basis at any level of risk preference, implying that 

without government programs corn production is risk inefficient for the 

representative farm under consideration. Relatively higher yield risk 

in corn may be the reason for the absence of corn from risk efficient 

plans.
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Table 5.1 Scenario 1 (No Participation in Government Programs and Crop 

  

  

  

  

  
  

  

          

Insurance 

Target Income: $40,500 

OPTIMAL SOLUTIONS Relevant Statistics 
from Steps 1 & 2 

Step 1 Step 2 (Combined) 

Strategies Acres Strategies Acres 

Wheat: Soybeans: Obj.Fn.: $38,651 

SPH-Futures 113 SPH—Options 423 MDBT : $6,400 

Cash Mktg 37 Cash Mktg 327 Max Neg Dev: $22,214 
Barley: Yrs Below Target: 7 
Cash Mktg 250 Risk Level: Low 

(Basis #1) 

Soybeans: Obj.Fn.: $40,470 
SPH-Options 95 MDBT : $7,200 

SPH—Futures 21 Max Neg Dev: $30,642 
Cash Mktg 634 Yrs Below Target: 7 

Risk Level: Medium 
(Basis #4) 

Soybeans: Obj.Fn.: $41,573 

SPH-Futures 125 MDBT : $7,800 

Cash Mktg 625 Max Neg Dev: $31,351 

Yrs Below Target: 7 
Risk Level: High 

(Basis #7) 

Notes: SPH -— Single Period Hedging. 

MPH - Multiple Period Hedging. 
MDBT — Mean Deviation Below Target 
All proportions under each strategy have been summarized 
in broad categories. For specific portfolios at all points 

along each frontier, see appendix D. 
All numbers have been rounded to the closest integer. 
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The choice of marketing strategies varied with the level of risk 

preferences across crops. For wheat, the results favored hedging 75 

percent of the expected production at planting using futures, the 

maximum permitted in the model and cash marketing the rest at harvest. 

This choice did not change at any level of risk. In the case of barley, 

the only marketing strategy allowed was cash marketing at harvest. For 

soybeans, at low levels of risk the optimal portfolio was a mix of 

single period hedging strategies using options and cash marketing at 

harvest. At low risk levels, the proportion of expected production 

hedged using options was close to the maximum allowed in the model (60 

percent of the expected production). As risk increased, options based 

strategies declined to 20-30 percent of the expected production. At 

higher levels of risk, single period hedging using futures entered the 

basis along with cash marketing strategies, and options strategies 

disappeared from the portfolio. 

A comparative analysis of the increase in expected income and 

riskiness was made to determine the producer return for risking an 

additional dollar. Table 5.2 presents the return-risk ratio defined as 

the ratio of change in expected income to change in risk as indicated by 

MDBT for this scenario.
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Table 5.2 Increase in Expected Returns for Risking An Additional Dollar 

(Scenario 1) 

  

  

  

  

  

  

  

  

Basis # Exp.Inc. { Mean Dev. Change in | Change in | Return-Risk 
($) Below Exp. Inc. | MDBT ($) Ratio:Col.D/ 

Target (S$) (S$) Col.E 
(MDBT) 

(Col.A) (Col. B) (Col .C) (Col. D) (Col. E) 

1 38,651 6,400 - - - 

2 38,878 6,500 227 100 2.27 

3 39,561 6,800 683 300 2.28 

4 40,470 7,200 909 400 2.27 

5 41,077 7,500 607 300 2.02 

6 41,263 . ,600 186 100 1.86 

7 41,573 7,800 310 200 1.55                   

To increase the expected income from the lower end of the risk 

efficient frontier to the upper end (an increase of 7.6 percent), the 

risk levels were required to be increased from $6,400 to $7,800, (an 

increase of 21.9 percent). Over the entire range of the risk efficient 

frontier, the expected income increased by $2,922 while the 

corresponding risk levels were increased by $1,400, a ratio of 2.1: 

However, this ratio was about the same till the 4th basis change after 

which it declined significantly. It is significant to observe that the 

soybean marketing portfolio was dominated by options based strategies 

till this basis change, after which thev were replaced by futures based 

hedging strategies at higher risk levels. This indicates that the risk— 

return tradeoff is more favorable to the producer at low to medium risk 

levels at which options strategies prevailed, demonstrating the risk
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efficiency of options strategies for soybeans. 

In summary, it may be noted that in the absence of participation 

in government commodity programs and crop insurance, there is a high 

element of risk involved for producers attempting to achieve an annual 

target of $40,500, given a 750 acre representative farm in Virginia's 

Northern Neck and the stated yield and price expectations for the 1990 

farm planning year. The expected income can fall below the target by as 

much as $22,214 at low risk levels and $31,351 at high risk levels. 

5.2.2 Scenario 2: Participation in the Multi-Peril Crop Insurance 

Program 

The first scenario was then extended to include potential 

participation in crop insurance programs. As explained in chapter 4, 

all levels of protection were considered using the medium price election 

under the crop insurance program. Inclusion of crop insurance 

alternatives did not change the results of the analysis from scenario 1. 

No strategy with insurance program participation entered the basis at 

any level of risk. The explanation probably lies in the nature of the 

yield data used. The yields used in the model are based on county level 

data and as such may have lower means and less yield variability 

compared to actual farm conditions. Analysis of individual farm level 

data might indicate risk effectiveness of crop insurance programs, but 

such a scenario is not observable in the absence of farm level yields.
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5.2.3 Scenario 3: Considering Participation in the Government Program 
and Crop Insurance Program and an Annual Target Income of 

$ 40,500 

Scenario 3 extends the previous scenario to include possible 

government commodity program participation. This scenario modeled all 

available production and marketing risk management choices to the 

producers. Since government programs were included, base acreage 

restrictions were incorporated as additional constraints in the model. 

The base acreages considered were the same as those used by Groover. 

They were: 200 acres for corn, 250 acres for wheat and 150 acres for 

barley. Base acreage was not applicable for soybeans. 

A summary of the results under this scenario is presented in table 

5.2. Risk efficient portfolios along all points of the frontier are 

detailed in appendix E. Since no basis changes were observed in step 1 

of the model once a feasible solution was obtained, step 2 resulted in 

only one E-MDBT frontier. Fig 5.2 presents the graph of the risk 

efficient frontier. 

From the objective function values, it may be seen that the target 

of $40,500 was easily achieved for the current planning year while 

allowing for mean deviation below the target as little as $100. Step 2 

results reveal that the number of years below the target varied between 

1 and 4, indicating that in most years, the target was achieved while 

accepting relatively lower levels of risk. Like scenario 1 the "highest 

miss" represented by the maximum negative deviation below the target 

increased with increasing risk levels, but shortfall was relatively
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small. For the low, medium and high risk levels summarized, the worst 

possible disaster levels were $1,493, $8,955 and $21,617 respectively. 

To achieve a targeted income of $40,500, these worst case scenarios seem 

reasonable. 

Table 5.3 Scenario 3 (With Government Program Participation and Crop 
Insurance) 

Target Income: $40,500 
  

  

  

  

    

  

  

        

MPH —-— Multiple Period Hedging. 
MDBT — Mean Deviation Below Target. 

All proportions under each strategy have been summarized 
in broad categories. 
along each frontier, see appendix E. 
All numbers have been rounded to the closest integer. 

OPTIMAL SOLUTIONS Relevant Statistics 

from Steps 1 & 2 
Step 1 Step 2 (combined) 

Strategies Acres | Strategies Acres 

Wheat: Corn: Obj.Fn.: $52,988 
SPH-Futures 0-92 200 MDBT : § 100 

+ Govt Prog. 188 Soybeans: Max Neg Dev: $1,493 
Cash Mktg SPH-—Options 284 Yrs Below Target: 1 
+ Govt Prog. 62 SPH-Futures 46 Risk Level: Low 

Barley: Cash Mktg 220 (Basis #1) 
Cash Mktg + 150 ; 
Covt Prog. Corn: Ob j .Fn.: $54,947 

0-92 174 MDBT : $ 600 
SPH-Futures 13 Max Neg Dev: $8,955 
Cash Mktg 13 Yrs Below Target: 1 

Soybeans: Risk Level: Medium 
SPH~Futures 102 (Basis #6) 

Cash Mktg 448 

Corn: Obj.Fn.: $56,086 
Cash Mktg + MDBT : $ 2,500 

Govt. Prog 200 Max Neg Dev: $21,617 
Soybeans: Yrs Below Target: 4 
SPH—-Futures 14 Risk Level: High 
Cash Mktg 536 (Basis #11) 

Notes: SPH — Single Period Hedging. 

For specific portfolios at all points 
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The results indicate that at all levels of risk, corn, wheat and 

barley double cropped with soybeans and full season soybeans enter the 

basis. Even though corn enters the basis at all levels of risk, at low 

risk levels the "0-92" alternative enters and at higher risk levels corn 

is produced under the government program provisions. These results are 

similar to those obtained by Groover. 

The choice of marketing strategies presents an interesting 

picture. At all levels of risk, for wheat, barley and corn, the optimal 

portfolio consisted of different marketing strategies integrated with 

government programs. For wheat, hedging of 75 percent of the expected 

production using futures and sale of the rest in cash at harvest plus 

government program participation was found to be efficient at all levels 

of risk. For barley, at all levels of risk, cash marketing at harvest, 

the only marketing strategy allowed in the model, together with 

government program participation was found to be optimal. For corn, at 

low risk levels participation in the "0-92" program was the optimal 

strategy. As risk was increased to the medium level, the "0-92" 

strategy was gradually replaced by hedging 50 percent of the expected 

production using futures and the rest sold in cash at harvest plus 

government program participation (CHF. 1G). At high risk levels, cash 

marketing of the entire production at harvest plus enrollment in 

government programs (CCASHG) emerged as the optimal strategy. In the 

case of soybeans, at lower risk levels, the optimal portfolio was a mix 

of single period hedging strategies using options and futures and cash 

marketing strategies. The proportion hedged or contracted was 60
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percent of the expected production (the maximum allowed). The 

proportion hedged declined at higher levels of risk. Gradually, as risk 

levels increased, cash marketing of all production at harvest 

sequentially replaced the options and futures based strategies. 

No strategy involving government programs entered the basis for 

soybeans. This is hardly surprising since the government program for 

soybeans is restricted to minimal loan price supports. No options based 

strategies ever entered the basis for wheat and corn. The deficiency 

payments and other government program provisions such as "0-92" are free 

to the individual producer (except opportunity costs of set aside and 

base acreage maintenance) thus acting as relatively costless options in 

case of wheat and corn. Since options based hedging costs by way of 

premiums, in the presence of relatively costless options through strong 

government support programs, hedging using options is not an attractive 

proposition for producers of corn and wheat. However, the absence of 

target prices and deficiency payments in soybeans facilitates price 

movements above planting time exercise prices which can be exploited by 

the use of options. As such, the predominance of hedging strategies 

using options in soybeans and their absence in corn and wheat is not 

surprising. 

A comparison of the increase in expected income and riskiness was 

made to determine the returns to the producer for risking an additional 

dollar is presented in table 5.3.



94 

Table 5.4 Increase in Expected Returns for Risking An Additional Dollar 

(Scenario 3) 

  

  

  

  

  

  

  

  

  

  

  

        

Basis # Exp. Inc. Mean Dev Change in | Change in | Return — 
(S$) Below Exp. Inc. | MDBT (S$) Ratio: 

Target ($) (S$) Col.D/Col.E 

(MDBT) 
(Col .A) (Col. B) (Col. C) (Col. D) (Col. E) 

1 52,988 100 - - ~ 

2 53,586 200 598 100 5.98 

3 54,003 300 417 100 4.17 

4 54,419 400 416 100 4.16 

5 54,796 500 377 100 3.77 

6 54,957 600 161 100 1.61 

7 55,098 700 141 100 1.41 

8 55,502 1,000 404 300 1.35 

9 55,544 1,100 42 100 0.42 

10 55,793 1,700 249 600 0.42 

11 56,086 2,500 293 800 0.37           

It is evident from the table above that the risk return trade-off 

is extremely favorable in this scenario till the 5th basis change after 

which it progressively decreases. At higher risk levels, returns for 

risking an additional dollar are as low as about 40 cents implying that 

beyond an income level of about $55,500 the firm has little to gain by 

increasing the riskiness of the portfolio. It may be noted that it is 

about this level that the optimal portfolio for soybeans changes from 

hedging using options and futures to cash marketing at harvest and for 

corn the "0-92" alternative gets replaced completely by the cash 

marketing strategy. This indicates that options and futures hedging for
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soybeans and "0-92" participation for corn are risk efficient and the 

firm only stands to lose by shifting to cash marketing. 

From the increase in objective function values and decrease in 

MDBT levels in this scenario as compared to the first scenario, it is 

evident that government program participation is crucial for effective 

risk management. However, marketing strategies such as hedging using 

futures and options do emerge as risk efficient strategies and are 

optimal in conjunction with the government programs. This indicates 

that the use of price risk management strategies can complement 

enrollment in the government programs in corn and wheat and be effective 

by themselves in the case of soybeans. 

5.2.4 Scenario 4: Increasing the Target Income to $ 61,100 

This scenario considered the same gamut of marketing alternatives 

as in scenario 3 but measured risk as deviation below a higher annual 

targeted income of $ 61,100. This targeted income represents an annual 

family living allowance of $ 20,000 and annual debt servicing expenses 

assuming a 40 percent debt to asset ratio. The constraints in the model 

were same as in scenario 3. 

A summary of the results under this scenario is presented in table 

5.3 and the optimal portfolio selections along all points of the E-MDBT 

frontier are presented in appendix F. There were no basis changes 

observed in step 1 of the model once a feasible solution was obtained. 

The graph of the E-MDBT frontier is presented in fig 5.3.
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Table 5.5 Scenario 4 (Target Income $ 61,100) 

  

  

  

  

    

  

  

        

OPTIMAL SOLUTIONS Relevant Statistics 

from Steps 1 & 2 

Step 1 Step 2 (combined) 

Strategies Acres | Strategies Acres 

Wheat: Corn: Obj.Fn.: $52,732 
SPH-Futures 0-92 200 MDBT : $ 7,400 
+ Govt Prog. 188 Soybeans: Max Neg Dev: $ 21909 
Cash Mktg + SPH-Options 324 Yrs Below Target: 9 
Govt Prog. 62 MPH-Futures 6 Risk Level: Low 

Barley: Cash Mktg 220 (Basis #1) 

Cash Mktg + 150.0 , 
Govt Prog. Corn: Obj.Fn.: $54,840 

0-92 190 MDBT : $ 8,500 
SPH—Futures Max Neg Dev: $29,257 

+ Govt Prog. 5 Yrs Below Target: 10 
Cash Mktg + Risk Level: Medium 
Govt Prog. 5 (Basis #5) 

Soybeans: 

MPH-Futures 330 
Cash Mktg 220 

Corn: Obj.Fn.: $56086 
SPH-Futures MDBT : $11,400 

+ Govt Prog. 96 Max Neg Dev:$39,008 
Cash Mktg + Yrs Below Target: 9 
Govt Prog. 104 Risk Level: High 

Soybeans: (Basis 10) 

Cash Mktg 550 

Notes: SPH -— Single Period Hedging. 
MPH -— Multiple Period Hedging. 
MDBT — Mean Deviation Below Target 
All proportions under each strategy have been summarized 
in broad categories. 
along each frontier, see appendix F. 
All numbers have been rounded to the closest integer. 

For specific portfolios at all points 
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The first feasible solution was obtained only when mean deviation 

below the target of $7,400 was allowed, which indicates that the target 

is difficult to attain, given the production and marketing alternatives 

available in the model as well as the quantity and price expectations 

for the current year. In 9-10 years of the 15 years analyzed, realized 

income fell below the target. As with the earlier scenarios, the 

maximum negative deviation below the target increased with increasing 

risk levels, the most extreme deviation was also much higher. For the 

low, medium and high risk levels summarized, the "highest miss from the 

target" was $21,909, $30,311 and $39,008. These negative deviations 

would not permit the payment of principal and interest in these years. 

These results help explain why 40 percent debt—asset ratio is generally 

considered a critical bound of feasible financial solvency (Groover). 

The firm in this scenario would not be able to pay its debts in nearly 2 

out of 3 years. 

In terms of production choices, the results of this scenario were 

the same as those of scenario 3. Even in the choice of optimal 

marketing strategies there were no changes in the strategies chosen for 

wheat, barley and corn except for some small differences in the activity 

levels. However, for soybeans, the optimal portfolio selection in this 

scenario differed from the optimal choices of the earlier scenarios. At 

lower risk levels, the optimal portfolio was a mix of single period 

hedging strategies using options and multiple period hedging strategies 

using futures and cash marketing at harvest. The difference in this 

scenario was the replacement of single period futures based hedging
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strategies by multiple period hedging strategies. Cash marketing of the 

entire production gradually replaced the hedging strategies as higher 

risk levels were allowed. The continued predominance of the options 

based strategies suggests that the model maximized returns using options 

by taking advantage of higher than the contracted strike prices. 

The range of objective function values in this scenario was 

similar to that of the scenario 3, which suggests that given the farm 

size of 750 acres, the distribution of risk adjusted historical net 

returns and the price and yield expectations, measuring risk from a 

higher target level of $61,100 renders the portfolio choices to be 

riskier without any increase in the expected returns. This is evident 

from the decrease in the risk return trade-off in this scenario 

(presented in table 5.6) compared to scenario 3. The highest increase 

in expected income by risking an additional dollar in this scenario was 

only $ 2.00 as against $ 5.98 in scenario 3. Further, as against 

return-risk ratio of 2.00 at the lower end of the frontier, the ratio 

declined to 0.41 at the upper end of the frontier.
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Table 5.6 Increase in Expected Returns for Risking An Additional Dollar 
(Scenario 4) 

  

  

  

  

  

  

  

  

  

  

  

Basis # Exp. Inc. | Mean Dev Change in | Change in | Return-Risk 
(S$) Below Exp. Inc. | MDBT ($) Ratio: 

Target ($) (S$) Col.D/Col.E 

(MDBT) 
(Col.A) (Col .B) (Col.C) (Col .D) (Col.E) 

Ll 52,732 7,400 - - - 

2 52,932 7,500 200 100 2.00 

3 53,332 7,700 400 200 2.00 

4 54,132 8,100 800 400 2.00 

5 54,840 8,500 708 400 1.77 

6 54,967 8,700 127 200 0.64 

7 55,010 8 , 800 43 100 0.43 

8 55,095 9,000 85 200 0.43 

9 55,181 9,200 86 200 0.43 

10 56,086 11,400 905 2,200 0.41                 
5.2.5 Scenario 5: Increasing the Target Income Up to $ 70,500 

In this scenario, the annual target income was further raised to ) 

include a 3 percent return on investment over and above an annual family 

living allowance of $ 20,000 and debt servicing expense assuming a 20 

percent debt-—asset ratio. The constraints imposed on the model were 

similar to those used in scenarios 3 and 4. 

A summary of the results under this scenario is presented in table 

5.4. Optimal portfolio selections have been detailed in appendix G. 

Fig. 5.4 shows the graph of the E-MDBT frontier.
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Scenario 5 (Target Income $ 70,500) 

  

  

  

  

    

  

  

        

OPTIMAL SOLUTIONS Relevant Statistics 

from Steps 1 & 2 
Step 1 Step 2 (combined) 

Strategies Acres | Strategies Acres 

Wheat: Corn: Obj.Fn.: $52,770 

SPH—Futures 0-92 200 MDBT : $14,500 

+ Govt Prog. 188 Soybeans: Max Neg Dev: $31,714 
Cash Mktg + SPH-Options 330 Yrs Below Target: 3 
Govt Prog. 62 Cash Mktg 220 Risk Level: Low 

Barley: (Basis 1) 

Cash Mktg + j 
Govt Prog. 150.0 | Corn: Obj.Fn.: $55,450 

0-92 97 MDBT : $15,800 
SPH-Futures Max Neg Dev: $42,872 
+ Govt Prog. 52 Yrs Below Target: 13 
Cash Mktg + Risk Level: Medium 
Govt. Prog 51 (Basis 5) 

Soybeans: 

MPH—Futures 330 
Cash Mktg 220 

Corn: Obj.Fn.: $ 54,660 
SPH-Futures MDBT : $ 18,800 

+ Govt Prog. 82 Max Neg Dev: $ 57,061 

Cash Mktg + Yrs Below Target: 11 
Govt Prog. 118 Risk Level: High 

Soybeans: (Basis 9) 

Cash Mktg 550 

Notes: SPH — Single Period Hedging. 
MPH —-— Multiple Period Hedging. 
MDBT — Mean Deviation Below Target 
All proportions under each strategy have been summarized 
in broad categories. 
along each frontier, see appendix G. 
All numbers have been rounded to the closest integer. 

For specific portfolios at all points 
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The first feasible solution was obtained only when mean deviations 

below the target as high as $14,500 were permitted. The number of years 

with income below the target varied between 12 and 13 out of the 15 

years under analysis. The maximum negative deviation below the target, 

depicting the worst case disaster scenario at low, medium and high 

levels of risk were $31,714, $42,337 and $48,914 respectively. The 

target is nearly impossible to attain given the representative farm 

under consideration and the current yield and price expectations. Given 

the outcome associated with attaining a target income of $61,100, a 

higher degree of difficulty in achieving the target income was to be 

expected. 

In terms of the production and marketing strategy choices, no 

differences were observed between the results of this scenario compared 

to the scenario 4. However, riskier strategies entered the basis 

earlier than they did in scenario 4. In the case of corn, at the lowest 

risk level, as against the entire 200 acres under "0-92" program in 

scenario 4, hedging using futures plus government program participation 

entered the basis along with the "0-92" program participation. Cash 

marketing the entire production at harvest (CCASHG) entered the basis in 

relatively higher proportion. Similarly in soybeans, the advent of the 

riskier cash marketing strategies was earlier than the previous 

scenario. This indicates that as the targeted income increased the 

model tended to make relatively riskier portfolio choices implying that 

the model is sensitive to changes in targeted income.
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5.3 SUMMARY 

Participation in government programs is critical to risk 

management in cash grain farming in the Northern Neck region. Further, 

integration of sophisticated marketing strategies with government 

programs is a useful complement for effective risk management. In other 

words, a great deal of complementarity exists between government program 

participation and the use of sophisticated marketing mechanisms such as 

options and futures markets for risk efficient whole farm planning. 

The choice of marketing strategies is not consistent across crops. 

Amongst alternative price risk management instruments, options based 

strategies have been found to dominate others for soybeans at lower risk 

levels. It is important to emphasize that hedging using options, a 

relatively new price risk management strategy which is still perceived 

as being too complex by farmers, actually emerged as being less risky. 

Similarly, hedging using futures seems effective for wheat. The risk 

efficient strategy for corn is participation in the "0-92" program at 

low to medium risk levels. Options based strategies did not emerge as 

being optimal for corn or wheat. Significantly, cash contracting which 

is one of the most prevalent risk management practices in the region was 

not found to be attractive for any crop. An analysis of the return-risk 

ratios revealed that the firm stands to lose in terms of return—-risk 

tradeoff by shifting to cash marketing. Crop insurance was not found to 

be an effective risk management strategy, given the low variability in 

yield data used and the price expectations for the year 1990,
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Evaluation of the strategies at higher target levels increased the 

riskiness in the farm plans without increasing the objective function 

values in similar proportions. 

For the representative farm model used, the income range of the 

solutions is not wide compared to the risk (MDBT) along the frontiers. 

Substantial increases in the expected income were obtained following the 

addition of government program participation alternative to the 

marketing strategies. This implies that the marketing strategies in 

themselves do not contribute to increase in incomes but complement the 

government programs by probably by reducing risk levels. These results 

are consistent with recent evidence reported by Fortenberry and Hauser.



CHAPTER 6 

CONCLUSIONS AND SUMMARY 

6.1 INTRODUCTION 

The over all conclusions and limitations of this study are 

discussed first. A chapter wise summary of the thesis, starting with 

the problem formulation until the findings of the analysis is presented 

in the last section of this chapter. 

6.2 CONCLUSIONS OF THE STUDY 

The primary conclusion that emerged from the programming analysis 

pertains to the critical significance of the government commodity 

programs for risk efficient cash grain production in Virginia’s Northern 

Neck. Comparing the results of scenarios 1 and 3 it is evident that the 

government programs contribute significantly to increasing the expected 

returns as well as substantially decreasing the associated risk levels. 

This is an important finding in view of the relatively low rate of 

enrollment in government programs among Virginia's cash grain producers 

and presents an useful educational opportunity for use in agricultural 

extension programs. 

The complementarity of marketing strategies such as hedging using 

futures to the government programs is another significant conclusion 

106
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from this study. It is conjectured from the results of scenarios 1 and 

3 that the role of marketing strategies is more in terms of risk 

reduction than income enhancement. Thus it seems worthwhile to 

integrate the marketing strategies with government program participation 

for effective risk management, and any opportunity costs of hedging 

using futures and options are clearly outweighed by risk efficiency 

benefits. Further research is required to empirically separate the 

effects of the government program participation and the use of price 

risk management strategies separately in increasing expected income and 

decreasing risk. 

Options based hedging, which is yet to find widespread adoption 

amongst producers, emerged as a risk efficient strategy at low risk 

levels for soybeans which is a significant result. This coupled with 

the result that more commonly used strategies like cash contracting did 

not enter the basis for any crop suggests important implications for the 

farm extension programs. 

The two step recursive model formulated represents a methods 

improvement. Unlike one step models, in which the additional marketing 

information generated between spring and winter planting is not 

incorporated into the model, the two step model effectively utilized the 

additional information. A substantial decrease in the risk levels as 

measured by MDBT between the two steps of the model has been observed 

indicating that the price information becoming available between the two 

steps is indeed extremely valuable, as was hypothesized before. The 

table 6.1 illustrates this point by comparing the ratios of expected
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income to MDBT of the step 1 solutions with the step 2 solutions. 

Table 6.1 Comparison of the Ratios of Expected Income to 
MDBT: Step 1 v/s Step 2 Results 

  

  

  

  

  

  

Particulars Ratio of Expected Income to MDBT 

Step 1 Step 2 

Scenario 1 2.6 6.0 (low risk) 

5.3 (high risk) 

Scenario 3 8.9 529.9 (low risk) 

22.4 (high risk) 

Scenario 4 2.4 7.1 (low risk) 

4.9 (high risk) 

Scenario 5 1.6 3.6 (low risk) 

3.2 (high risk)           

It may be seen that the ratios of expected income to MDBT in step 

2 of the model were higher than the same in step 1 at both low and high 

risk levels in all scenarios. The two step recursive modelling approach 

used in this study seems to generate more risk efficient solutions than 

one step models of risk analysis. 

Measuring risk from a higher target tended to make the portfolio 

choice riskier without increasing the objective function values in 

similar proportions implying that the optimal portfolio choice is 

sensitive to the target from which risk is measured. This points to the 

importance of the target, in generating farm plans through Target MOTAD 

analysis. Future research is needed to evaluate this sensitivity at 

greater depth so as to lay down more objective criterion for determining
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the targets in analyzing farm level risk in a Target MOTAD framework. 

The results of this study are useful for the farm extension 

programs, in that it offers a relatively easily explainable framework 

for examining risk-return trade offs. Considering that the study 

evaluated a wide gamut of marketing strategies, these results could also 

be used for making normative regional level prescriptions for effective 

risk management for cash grain farmers of Virginia’s Northern Neck. 

6.3 LIMITATIONS OF THE STUDY 

The major limitation of this study pertains to the yield data 

used. Even though the county level data that was used in this study 

represented the best available alternative at the time of the study, the 

low variability in such aggregated data can be expected to have reduced 

the inherent yield risk addressed by the model. Further, the issue of 

yield variability in different soil types was not addressed due to data 

limitations. Future research should consider farm level and soil type 

specific yield data. 

Secondly, all crop land was assumed to be of homogeneous yield 

class. This assumption may not alwavs be valid and farmers use crop 

land of poorer yield class for fulfiiiing the set aside requirements of 

the government programs. Therefore assuming uniform yield classes may 

limit the applicability of these results. 

Thirdly, it was assumed that there are no contract size 

limitations for hedging using futures and options. Even though mini
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contracts do exist, they sometimes entail some degree of price discounts 

which were not considered in this study. 

Finally, the fact that producers in general strive to maintain 

their base acreage even though it is unprofitable to do so, has not been 

incorporated in this study. 

6.4 THESIS SUMMARY 

The first chapter described the problem of yield and price risk, 

resulting in income risk for the cash grain farmers of Virginia’s 

Northern Neck. Producers have to choose a portfolio of production and 

marketing risk management strategies amongst several alternative 

strategies available to them. This issue directiy pointed to the 

overall objective of this study, that of evaluating risk return choices 

for a representative cash grain farm. The specific objectives were: a) 

to analyze the farm level impacts of different production and marketing 

strategies as possible means of reducing income risk. 

b) to evaluate the effectiveness of crop insurance and the government 

programs in conjunction with different marketing strategies in managing 

income risk. 

c) to evaluate the sensitivity of optimal risk — return choices to 

changes in targeted income level. 

Chapter 2 discussed the theoretical aspects of risk programming. 

The different approaches to risk modelling were explained and MOTAD, the
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linear alternative to quadratic programming was critiqued in detail. It 

was concluded that MOTAD framework imposes too many restrictive 

assumptions, which led to a discussion on Target MOTAD, which was found 

to have theoretical appeal as well as computational advantages. 

Consequently, Target MOTAD framework was used for this study. 

Chapter 3 reviewed several recent works in the context of farm 

level risk. Most of the previous studies considered price and yield 

risk analysis individually, in stead of integrating the two as income 

risk. Further, little exploration of options strategies as well as crop 

insurance program as risk management strategies was found. Further, 

most studies assumed that production and marketing decisions are made at 

a single point. These research gaps, identified through the literature 

review, provided the motivation for model formulation and analysis for 

the current study. 

Chapter 4 described the development of the empirical model. A two 

stage recursive model was formulated with decision points at the two 

planting dates, for winter and spring annuals respectively. In the step 

1 of the model, a risk efficient portfolio was obtained with the market 

information available at that stage. In the step 2 of the model, the 

optimal portfolios were revised for corn and soybeans based on the 

updated market information available at that stage. 

Yield risk and marketing strategies were integrated into the 

model. A wide range of marketing strategies were modelled, including 

strategies using futures and options markets. All the marketing 

strategies were integrated with participation with both government
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programs and crop insurance program. The mean risk forecast error 

approach which expresses risk in terms of disappointments between the 

expected and observed revenues was used to model activity risk. 

Chapter 5 presented the results of the analysis. The conclusions 

of the study were detailed in chapter 6. The major findings of the 

study are as follows: 

a) government program participation is the most effective risk 

management strategy for corn, wheat and barley production. 

Significantly, the model indicated that a great deal of complementarity 

exists between government program participation and price risk 

management strategies such as hedging using options and futures. 

b) hedging using options emerged as risk efficient strategy for soybeans 

at lower risk levels. 

c) crop insurance did not emerge as being risk effective, which may be 

due to the lower variability in the yield data used in the study. 

d) as additional price information becomes available between the two 

stages of decision making risk levels were reduced, thus validating the 

formulation of the problem as a two stage recursive model.
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Appendix A 

Results of Regressions for Yield Expectations: 

(Model: Yield = a + 8 Time) 

The results of the regressions for projecting yields based on time . 

trend for making one period ahead forecasts (refered in section 4.4.1) 

are presented in this appendix. 

Corn Yields; 

  

  

  

  

  

  

  

  

  

  

  

  

  

      

    
  

Year | Coeff. Of t statistic | Coeff. on | t R? 
Constant (Constant) Time statistic 

( Time) 

1974 69.41 13.31 2.14 2.54 | 0.45 

1975 69.87 11.69 2.15 2.55 0.45 

1976 62.53 10.66 3.09 4.23 0.69 

1977 70.90 9.56 1.98 2.39 0.42 

1978 85.98 5.50 —0.08 ~0.53 0.00 

1979 85.90 5.01 —-0.06 —0.04 0.00 

1980 86.30 4.59 0.03 0.02 | 0.00 

1981 112.37 4.84 —2.26 —1.25 | 0.16 

1982 118.68 4.88 —-2.24 -1.3 0.19 

1983 97.55 3.09 -0.68 —0.32 0.01 

1984 115.64 3.02 —2.13 —0.88 0.09 

1985 76.06 1.64 0.51 0.18 0.00 

1986 47.35 1.03 2.06 0.79 0.07 

1987 75.19 1.38 0.22 0.07 0.00 

1988 111.25 1.97 -1.55 -0.54 0.04 

1989 108.32 1.82 ~1.14 —0.48 10.03              



Wheat Yields: 
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Year | Coeff. of t Coeff. on t | ® 
Constant Statistic Time Statistic 

(Constant) (Time) 

1974 32.60 6.55 1.54 1.92 0.32 

1975 36.90 6.13 0.77 0.90 0.09 

1976 44.11 6.79 -0.30 —~0.34 0.01 

1977 51.38 7.23 -~0.11 -1.40 0.20 

1978 59.37 9.22 -1.88 —2.90 0.51 

1979 66.23 14.08 —2.38 -5.51 0.79 

1980 59.49 9.34 -1.71 —3.18 0.56 

1981 48.19 7.57 ~0.78 ~1.58 0.24 

1982 31.73 5.23 0.47 1.06 0.12 

1983 25.15 4.17 0.92 2.26 0.39 

1984 19.67 3.56 1.25 3.56 0.61 

1985 11.24 2.92 1.74 7.58 0.88 

1986 17.64 2.79 1.32 3.71 0.63 

1987 20.61 2.86 1.14 2.96 0.52 

1988 23.05 3.20 1.04 2.84 0.50 

1989 17.19 1.76 1.38 2.93 0.52 
   



Soybean Yields: 
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Year Coeff. of t Coeff. | t statistic |] R? 
Constant Statistic on (Time) 

(Constant) Time 

1974 17.87 8.80 0.71 2.15 0.37 

1975 17.95 7.64 0.66 1.99 0.33 

1976 17.08 6.60 0.75 2.32 0.40 

1977 20.91 7.03 0,26 0.79 0.07 

1978 24.13 5.85 -0.16 —0.39 0.02 

1979 22.86 4.38 0.06 0.14 0.00 

1980 18.25 3.26 0.48 1.01 O.11 

1981 27.97 3.91 —0.37 —0.66 0.05 

1982 24.34 2.99 -0.05 —0.09 0.00 

1983 23.03 2.55 0.09 0.15 0.00 

1984 24.98 2.41 ~O.11 —0.17 0.00 

1985 22.41 2.02 0.06 0.09 0.00 

1986 18.28 1.58 0.29 0.44 0.02 

1987 21.81 1.78 0.09 0.14 0.00 

1988 35.61 3.09 -0.61 -1.04 0.12 

1989 27.63 2.35 —0.22 —0.38 0.19 
   



APPENDIX B 

A List of Variable Names Used in the Model 

The following is a list of variable names used in the model. Each 
variable refers to production of one acre. 

CCASH - Corn, post harvest Cash sale. 

ccc1i0 - Corn, 10% of the production Cash Contracted at planting and 
the rest as post harvest cash sale. 

ccc20 - Corn, 20 % of the production Cash Contracted at planting 
and the rest as post harvest cash sale. 

ccc30 - Corn, 30 % of the production Cash Contracted at planting 
and the rest as post harvest cash sale. 

ccc40 - Corn, 40 % of the production Cash Contracted at planting 
and the rest as post harvest cash sale. 

ccc50 - Corn, 50 % of the production Cash Contracted at planting 

and the rest as post harvest cash sale. 

CHF10 - Corn, 10 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale. 

CHF20 - Corn, 20 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale. 

CHF30 - Corn, 30 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale. 

CHF40 ~ Corn, 40 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale. 

CHF50 - Corn, 50 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale. 

CMPF - Corn, Multiple Period hedging using Futures in increments 
of 10 % of the production on April 15, May 15, June 15, 

August 15 and September and the rest as post harvest cash 

sale. 

CHOP10 - Corn, 10 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale. 

CHOP20 - Corn, 20 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale. 

CHOP30 - Corn, 30 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale. 

CHOP40 - Corn, 40 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale. 

CHOP50 - Corn, 50 % of the production Hedged at planting using 

Options and the rest as post harvest cash sale. 
CMPOP - Corn, Multiple Period hedging using Options in increments 

of 10 % of the production on April 15, May 15, June 15, 

August 15 and September and the rest as post harvest cash 

sale. 

12



CCASHI2 

ccc1012 

CCC2012 

ccc3012 

ccc4012 

ccc5012 

CHF1012 

CHF2012 

CHF3012 

CHF4OI2 

CHF5012 

CMPFI2 

CHOP1OI2 

CHOP2012 

CHOP3012 

CHOP40I2 

CHOP5012 
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Corn, post harvest Cash sale, Insurance protection level 2. 
Corn, 10% of the production Cash Contracted at planting and 

the rest as post harvest cash sale, Insurance protection 
level 2. 
Corn, 20% of the production Cash Contracted at planting and 
the rest as post harvest cash sale, Insurance protection 

level 2. 

Corn, 30% of the production Cash Contracted at planting and 

the rest as post harvest cash sale, Insurance protection 

level 2. 
Corn, 40% of the production Cash Contracted at planting and 
the rest as post harvest cash sale, Insurance protection 
level 2. 
Corn, 50% of the production Cash Contracted at planting and 
the rest as post harvest cash sale, Insurance protection 

level 2. 
Corn, 10 % of the production Hedged at planting using 

Futures and the rest as post harvest cash sale, Insurance 
protection level 2. 

Corn, 20 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, Insurance 

protection level 2. 
Corn, 30 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, Insurance 

protection level 2. 

Corn, 40 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, Insurance 

protection level 2. 
Corn, 50 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, Insurance 
protection level 2. 

Corn, Multiple Period hedging using Futures in increments 
of 10 & of the production on April 15, May 15, June 15, 

August 15 and September and the rest as post harvest cash 
sale, Insurance protection level 2. 

Corn, 10 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, Insurance 

protection level 2. 
Corn, 20 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, Insurance 
protection level 2. 
Corn, 30 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, Insurance 
protection level 2. 

Corn, 40 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, Insurance 
protection level 2. 
Corn, 50 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, Insurance



CMPOPI2 

CCASHT3 

ccc1013 

ccc2013 

ccc3013 

ccc4013 

ccc5013 

CHF1OI3 

CHF2013 

CHF3013 

CHF4013 

CHF5013 

CMPFI3 

CHOP1013 

CHOP2013 

CHOP3013 
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protection level 2. 

Corn, Multiple Period hedging using Options in increments 

of 10 % of the production on April 15, May 15, June 15, 
August 15 and September and the rest as post harvest cash 
sale, Insurance protection level 2. 
Corn, post harvest Cash sale, Insurance protection level 3. 

Corn, 10% of the production Cash Contracted at planting and 
the rest as post harvest cash sale, Insurance protection 

level 3. 
Corn, 20% of the production Cash Contracted at planting and 
the rest as post harvest cash sale, Insurance protection 
level 3. 

Corn, 30% of the production Cash Contracted at planting and 

the rest as post harvest cash sale, Insurance protection 
level 3. 

Corn, 40% of the production Cash Contracted at planting and 
the rest as post harvest cash sale, Insurance protection 

level 3. 
Corn, 50% of the production Cash Contracted at planting and 

the rest as post harvest cash sale, Insurance protection 
level 3. 
Corn, 10 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, Insurance 

protection level 3. 
Corn, 20 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, Insurance 

protection level 3. 

Corn, 30 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, Insurance 

protection level 3. 
Corn, 40 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, Insurance 

protection level 3. 
Corn, 50 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, Insurance 

protection level 3. 
Corn, Multiple Period hedging using Futures in increments 
of 10 % of the production on April 15, May 15, June 15, 

August 15 and September and the rest as post harvest cash 
sale, Insurance protection level 3. 
Corn, 10 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, Insurance 
protection level 3. 
Corn, 20 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, Insurance 
protection level 3. 

Corn, 30 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, Insurance 
protection level 3.



CHOP4013 

CHOP5013 

CMPOPT3 

CCASHG 

CCC10G 

CCC20G 

CCC30G 

CCC40G 

CCCc50G 

CHF10G 

CHF20G 

CHF30G 

CHF40G 

CHF50G 

CMPFG 

CHOP10G 
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Corn, 40 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, Insurance 

protection level 3. 

Corn, 50 % of the production Hedged at planting using 

Options and the rest as post harvest cash sale, Insurance 
protection level 3. 

Corn, Multiple Period hedging using Options in increments 
of 10 % of the production on April 15, May 15, June 15, 
August 15 and September and the rest as post harvest cash 

sale, Insurance protection level 3. 

Corn, post harvest Cash sale, participation in Government 
Programs. 

Corn, 10% of the production Cash Contracted at planting and 
the rest as post harvest cash sale, participation in 
Government programs. 

Corn, 20% of the production Cash Contracted at planting and 
the rest as post harvest cash sale, participation in 

Government programs. 

Corn, 30% of the production Cash Contracted at planting and 
the rest as post harvest cash sale, participation in 
Government programs. 

Corn, 40% of the production Cash Contracted at planting and 
the rest as post harvest cash sale, participation in 

Government programs. 

Corn, 40% of the production Cash Contracted at planting and 
the rest as post harvest cash sale, participation in 

Government programs. 

Corn, 10 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, 

participation in Government programs. 

Corn, 20 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, 

participation in Government programs. 
Corn, 30 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, 

participation in Government programs. 
Corn, 40 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, 

participation in Government programs. 
Corn, 50 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, 
participation in Government programs. 

Corn, Multiple Period hedging using Futures in increments 
of 10 % of the production on April 15, May 15, June 15, 

August 15 and September and the rest as post harvest cash 
sale, participation in Government programs. 

Corn, 10 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, 

participation in the Government programs.



CHOP20G 

CHOP30G 

CHOP40G 

CHOP50G 

CMPOPG 

cO-92 

CCASHP1 

WCASH 

WCC15 

wcc30 

WCC45 

wcc60 

WCC75 

WHF15 

WHF30 

WHF45 

WHF60 

WHF75 

WMPF 

WHOP15 

WHOP30 

WHOP45 
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Corn, 20 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, 

participation in the Government programs. 

Corn, 30 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, 
participation in the Government programs. 
Corn, 40 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, 
participation in the Government programs. 
Corn, 50 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, 
participation in the Government programs. 

Corn, Multiple Period hedging using Options in increments 
of 10 % of the production on April 15, May 15, June 15, 

August 15 and September and the rest as post harvest cash 

sale, participation in Government Programs. 

Corn, participation in 0-92 program provision. 

Corn, Cash sales on harvest, based on information avilable 

on September 15th (Step 1 of the model). 
Wheat, post harvest Cash sale. 

Wheat, 15% of the production Cash Contracted at planting 
and the rest as post harvest cash sale. 

Wheat, 30 % of the production Cash Contracted at planting 
and the rest as post harvest cash sale. 
Wheat, 45 % of the production Cash Contracted at planting 

and the rest as post harvest cash sale. 

Wheat, 60 % of the production Cash Contracted at planting 
and the rest as post harvest cash sale. 
Wheat, 75 % of the production Cash Contracted at planting 
and the rest as post harvest cash sale. 
Wheat, 15 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale. 

Wheat, 30 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale. 
Wheat, 45 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale. 

Wheat, 60 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale. 

Wheat, 75 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale. 

Wheat, Multiple Period hedging using Futures in increments 
of 15 % of the production on September 15, November 15, 
January 15, March 15 and May 15 and the rest as post 
harvest cash sale. 
Wheat, 15 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale. 
Wheat, 30 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale. 
Wheat, 45 % of the production Hedged at planting using



WHOP60 

WHOP75 

WMPOP 

WCASHI2 

WCC1512 

WCC3012 

WCOC4512 

wcc6012 

WCC7512 

WHF151I2 

WHF301I2 

WHF4512 

WHF6012 

WHF751I2 

WMPFI2 

WHOP15I2 

WHOP3012 
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Options and the rest as post harvest 

Wheat, 60 % of the production Hedged 

Options and the rest as post harvest 

Wheat, 75 % of the production Hedged 
Options and the rest as post harvest 

Wheat, Multiple Period hedging using 

cash sale. 
at planting using 

cash sale. 

at planting using 
cash sale. 
Options in increments 

of 15 % of the production on September 15, November 15, 

January 15, March 15 and May 15 and the rest as post 
harvest cash sale. 

Wheat, post harvest Cash sale, Insurance protection level 

2. 
Wheat, 15% of the production Cash Contracted at planting 
and the rest as post harvest cash sale, Ir urance 
protection level 2. 

Wheat, 30% of the production Cash Contracted at planting 
and the rest as post harvest cash sale, Insurance 

protection level 2. 
Wheat, 45% of the production Cash Contracted at planting 

and the rest as post harvest cash sale, Insurance 
protection level 2. 
Wheat, 60% of the production Cash Contracted at planting 
and the rest as post harvest cash sale, Insurance 

protection level 2. 
Wheat, 75% of the production Cash Contracted at planting 
and the rest as post harvest cash 
protection level 2. 

Wheat, 15 % of the production Hedged 
Futures and the rest as post harvest 

protection level 2. 
Wheat, 30 % of the production Hedged 
Futures and the rest as post harvest 
protection level 2. 
Wheat, 45 % of the production Hedged 
Futures and the rest as post harvest 

protection level 2. 
Wheat, 60 % of the production Hedged 
Futures and the rest as post harvest 

protection level 2. 

Wheat, 75 % of the production Hedged 

Futures and the rest as post harvest 

protection level 2. 

Wheat, Multiple Period hedging using 

sale, Insurance 

at planting using 
cash sale, Insurance 

at planting using 
cash sale, Insurance 

at planting using 
cash sale, Insurance 

at planting using 
cash sale, Insurance 

at planting using 
cash sale, Insurance 

Futures in increments 

of 15 % of the production on September 15, November 15, 

January 15, March 15 and May 15 and the rest as post 
harvest cash sale, Insurance protection level 2. 
Wheat, 15 % of the production Hedged 
Options and the rest as post harvest 

protection level 2. 
Wheat, 30 % of the production Hedged 

at planting using 
cash sale, Insurance 

at planting using
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Options and the rest as post harvest 

protection level 2. 

Wheat, 45 % of the production Hedged 
Options and the rest as post harvest 
protection level 2. 
Wheat, 60 % of the production Hedged 
Options and the rest as post harvest 

protection level 2. 
Wheat, 75 % of the production Hedged 
Options and the rest as post harvest 
protection level 2. 
Wheat, Multiple Period hedging using 

cash sale, Insurance 

at planting using 
cash sale, Insurance 

at planting using 

cash sale, Insurance 

at planting using 

cash sale, Insurance 

Options in increments 

of 15 % of the production on September 15, November 15, 

January 15, March 15 and May 15 and the rest as post 
harvest cash sale, Insurance protection level 2. 

Wheat, post harvest Cash sale, Insurance protection level 
3. 
Wheat, 15% of the production 

and the rest as post harvest 
protection level 3. 

Wheat, 30% of the production 
and the rest as post harvest 

protection level 3. 

Wheat, 45% of the production 
and the rest as post harvest 

protection level 3. 

Wheat, 60% of the production 
and the rest as post harvest 

protection level 3. 
Wheat, 75% of the production 
and the rest as post harvest 
protection level 3. 

Cash 

cash 

Cash 

cash 

Cash 

cash 

Cash 

cash 

Cash 

cash 

Contracted at planting 
sale, Insurance 

Contracted at planting 
sale, Insurance 

Contracted at planting 
sale, Insurance 

Contracted at planting 
sale, Insurance 

Contracted at planting 
sale, Insurance 

Wheat, 15 % of the production Hedged at planting using 
Futures and the rest as post harvest 
protection level 3. 
Wheat, 30 % of the production Hedged 
Futures and the rest as post harvest 
protection level 3. 
Wheat, 45 % of the production Hedged 
Futures and the rest as post harvest 

protection level 3. 
Wheat, 60 % of the production Hedged 

Futures and the rest as post harvest 
protection level 3. 
Wheat, 75 % of the production Hedged 

Futures and the rest as post harvest 

protection level 3. 
Wheat, Multiple Period hedging using 

cash sale, Insurance 

at planting using 

cash sale, Insurance 

at planting using 
cash sale, Insurance 

at planting using 
cash sale, Insurance 

at planting using 
cash sale, Insurance 

Futures in increments 

of 15 % of the production on September 15, November 15,
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January 15, March 15 and May 15 and the rest as post 
harvest cash sale, Insurance protection level 3. 

Wheat, 15 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, Insurance 
protection level 3. 

Wheat, 30 & of the production Hedged at planting using 
Options and the rest as post harvest cash sale, Insurance 
protection level 3. 
Wheat, 45 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, Insurance 

protection level 3. 

Wheat, 60 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, Insurance 

protection level 3. 

Wheat, 75 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, Insurance 
protection level 3. 

Wheat, Multiple Period hedging using Options in increments 
of 15 % of the production on September 15, November 15, 

January 15, March 15 and May 15 and the rest as post 
harvest cash sale, Insurance protection level 3. 
Wheat, post harvest Cash sale, participation in Government 

Programs. 

Wheat, 15% of the production Cash Contracted at planting 
and the rest as post harvest cash sale, participation in 

Government programs. 

Wheat, 30% of the production Cash Contracted at planting 
and the rest as post harvest cash sale, participation in 

Government programs. 
Wheat, 45% of the production Cash Contracted at planting 

and the rest as post harvest cash sale, participation in 

Government programs. 

Wheat, 60% of the production Cash Contracted at planting 
and the rest as post harvest cash sale, participation in 
Government programs. 

Wheat, 75% of the production Cash Contracted at planting 

and the rest as post harvest cash sale, participation in 

Government programs. 

Wheat, 15 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, 
participation in Government programs. 

Wheat, 30 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, 
participation in Government programs. 

Wheat, 45 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale, 
participation in Government programs. 

Wheat, 60 % of the production Hedged at planting using 
Futures and the rest as post harvest cash sale,
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participation in Government prog 
Wheat, 75 % of the production He 

rams. 
dged at planting using 

Futures and the rest as post harvest cash sale, 
participation in Government programs. 

Wheat, Multiple Period hedging using Futures in increments 
of 15 % of the production on Sep 

January 15, March 15 and May 15 
tember 15, November 15, 

and the rest as post 

harvest cash sale, participation in Government programs. 
Wheat, 15 % of the production He dged at planting using 
Options and the rest as post harvest cash sale, 
participation in the Government programs. 

Wheat, 30 % of the production He dged at planting using 
Options and the rest as post harvest cash sale, 

participation in the Government programs. 

Wheat, 45 % of the production He dged at planting using 
Options and the rest as post harvest cash sale, 
participation in the Government programs. 

Wheat, 60 % of the production Hedged at planting using 
Options and the rest as post harvest cash sale, 

participation in the Government programs. 

Wheat, 75 % of the production He dged at planting using 
Options and the rest as post harvest cash sale, 

participation in the Government programs. 

Wheat, Multiple Period hedging using Options in increments 
of 15 % of the production on Sep 

January 15, March 15 and May 15 
tember 15, November 15, 

and the rest as post 

harvest cash sale, participation in Government programs. 

Wheat, participation in 0-92 pro 
Barley, post harvest Cash sale. 
Barley, post harvest Cash sale, 

2. 

Barley, post harvest Cash sale, 

3. 

gram provision. 

Insurance Protection level 

Insurance Protection level 

Barley, post harvest Cash sale, participation in Government 

Programs. 

full season Soybeans, post harve 
full season Soybeans, 19% of the 
at planting and the rest as post 
full season Soybeans, 2(}4 of the 
at planting and the rest as post 
full season Soybeans, 3v% of the 
at planting and the rest as post 

full season Soybeans, 494 of the 
at planting and the rest as post 
full season Soybeans, 50% of the 
at planting and the rest as post 

full season Soybeans, 60% of the 
at planting and the rest as post 

st Cash sale. 

production Cash Contracted 

harvest cash sale. 

production Cash Contracted 

harvest cash sale. 

production Cash Contracted 

harvest cash sale. 

production Cash Contracted 

harvest cash sale. 

production Cash Contracted 

harvest cash sale. 
production Cash Contracted 

harvest cash sale. 

full season Soybeans, 10 % of the production Hedged at
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planting using Futures and the rest as post harvest 

sale. 
full season Soybeans, 20 % of the production Hedged 

cash 

at 

planting using Futures and the rest as post harvest cash 
sale. 
full season Soybeans, 30 % of the production Hedged 
planting using Futures and the rest as post harvest 
sale. 
full season Soybeans, 40 % of the production Hedged 
planting using Futures and the rest as post harvest 
sale. 

full season Soybeans, 50 % of the production Hedged 
planting using Futures and the rest as post harvest 
sale. 

full season Soybeans, 60 % of the production Hedged 

planting using Futures and the rest as post harvest 
sale. 

full season Soybeans, Multiple Period hedging using 
in increments of 10 % on April 15, May 15, June 15, 

15, August 15 and September 15 and the rest as post 
cash sale. 

full season Soybeans, 10 % of the production Hedged 
planting using Options and the rest as post harvest 

sale. 
full season Soybeans, 20 % of the production Hedged 
planting using Options and the rest as post harvest 
sale. 
full season Soybeans, 30 % of the production Hedged 
planting using Options and the rest as post harvest 

sale. 
full season Soybeans, 40 % of the production Hedged 
planting using Options and the rest as post harvest 
sale. 
full season Soybeans, 50 % of the production Hedged 
planting using Options and the rest as post harvest 
sale. 
full season Soybeans, 60 % of the production Hedged 
planting using Options and the rest as post harvest 
sale. 
full season Soybeans, Multiple Period hedging using 
in increments of 10 % on April 15, May 15, June 15, 

15, August 15 and September 15 and the rest as post 

cash sale. 

at 

cash 

at 

cash 

at 

cash 

at 

cash 

Futures 

July 
harvest 

at 

cash 

at 

cash 

at 

cash 

at 

cash 

at 

cash 

at 

cash 

Options 

July 
harvest 

full season Soybeans, post harvest Cash sale, Insurance 

protection level 2. 
full season Soybeans, 10% of the production Cash Contracted 
at planting and the rest as post harvest cash sale, 
Insurance protection level 2. 

full season Soybeans, 20% of the production Cash Contracted
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at planting and the rest as 
Insurance protection level 

post harvest cash sale, 

2. 
full season Soybeans, 30% of the production Cash Contracted 
at planting and the rest as 
Insurance protection level 

post harvest cash sale, 

2. 
full season Soybeans, 40% of the production Cash Contracted 
at planting and the rest as 

Insurance protection level 

post harvest cash sale, 

2. 
full season Soybeans, 50% of the production Cash Contracted 
at planting and the rest as 
Insurance protection level 

post harvest cash sale, 

2. 
full season Soybeans, 60% of the production Cash Contracted 
at planting and the rest as 
Insurance protection level 
full season Soybeans, 10 % 

planting using Futures and 
sale, Insurance protection 
full season Soybeans, 20 % 
planting using Futures and 
sale, Insurance protection 
full season Soybeans, 30 % 
planting using Futures and 
sale, Insurance protection 
full season Soybeans, 40 % 
planting using Futures and 
sale, Insurance protection 

full season Soybeans, 50 % 
planting using Futures and 
sale, Insurance protection 
full season Soybeans, 60 % 
planting using Futures and 
sale, Insurance protection 

full season Soybeans, Multi 
in increments of 10 % on Ap 

15, August 15 and September 
cash sale, Insurance Protec 

full season Soybeans, 10 % 
planting using Options and - 
sale, Insurance protection 
full season Soybeans, 20 % 
planting using Options and 
sale, Insurance protection 

full season Soybeans, 30 % 
planting using Options and 
sale, Insurance protection 
full season Soybeans, 40 % 
planting using Options and 
sale, Insurance protection 

full season Soybeans, 50 % 

post harvest cash sale, 

2. 
of the production Hedged 

the rest as post harvest 

level 2. 

of the production Hedged 
the rest as post harvest 

level 2. 
of the production Hedged 

the rest as post harvest 

level 2. 

of the production Hedged 
the rest as post harvest 

level 2. 
of the production Hedged 
the rest as post harvest 

level 2. 
of the production Hedged 
the rest as post harvest 

level 2. 

ple Period hedging using 
ril 15, May 15, June 15, 

15 and the rest as post 

tion level 2. 
of the production Hedged 

the rest as post harvest 

level 2. 
of the production Hedged 
the rest as post harvest 

level 2. 

of the production Hedged 
the rest as post harvest 

level 2. 
of the production Hedged 
the rest as post harvest 

level 2. 

of the production Hedged 

at 

cash 

at 

cash 

at 

cash 

at 

cash 

at 

cash 

at 

cash 

Futures 

July 
harvest 

at 

cash 

at 

cash 

at 

cash 

at 

cash 

at
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planting using Options and 
sale, Insurance protection 

full season Soybeans, 60 % 
planting using Options and 

sale, Insurance protection 

the rest as post harvest cash 

level 2. 

of the production Hedged at 

the rest as post harvest cash 

level 2. 

full season Soybeans, Multiple Period hedging using 
in increments of 10 % on April 15, May 15, June 15, 

15, August 15 and September 15 and the rest as post 

Insurance protection level 2. cash sale, 

Options 

July 
harvest 

full season Soybeans, post harvest Cash sale, Insurance 

protection level 3. 
full season Soybeans, 10% of the 
at planting and the rest as post 
Insurance protection level 3. 
full season Soybeans, 20% of the 
at planting and the rest as post 

Insurance protection level 3. 

full season Soybeans, 30% of the 
at planting and the rest as post 
Insurance protection level 3. 

full season Soybeans, 40% of the 
at planting and the rest as post 

Insurance protection level 3. 
full season Soybeans, 50% of the 
at planting and the rest as post 

Insurance protection level 3. 

full season Soybeans, 60% of the 
at planting and the rest as post 

production Cash Contracted 

harvest cash sale, 

production Cash Contracted 

harvest cash sale, 

production Cash Contracted 
harvest cash sale, 

production Cash Contracted 

harvest cash sale, 

production Cash Contracted 
harvest cash sale, 

production Cash Contracted 

harvest cash sale, 

Insurance protection level 
full season Soybeans, 10 % 
planting using Futures and 
sale, Insurance protection 
full season Soybeans, 20 % 
planting using Futures and 
sale, Insurance protection 
full season Soybeans, 30 % 
planting using Futures and 
sale, Insurance protection 
full season Soybeans, 40 % 
planting using Futures and 
sale, Insurance protection 
full season Soybeans, 50 % 
planting using Futures and 
sale, Insurance protection 
full season Soybeans, 60 % 
planting using Futures and 
sale, Insurance protection 
full season Soybeans, Multiple Period hedging using 
in increments of 10 % on April 15, May 15, June 15, 

3. 
of the production Hedged at 
the rest as post harvest cash 

level 3. 

of the production Hedged at 
the rest as post harvest cash 

level 3. 
of the production Hedged at 
the rest as post harvest cash 
level 3. 

of the production Hedged at 
the rest as post harvest cash 
level 3. 

of the production Hedged at 

the rest as post harvest cash 
level 3. 

of the production Hedged at 
the rest as post harvest cash 
level 3. 

Futures 
July
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15, August 15 and September 15 and the rest as post harvest 

cash sale, Insurance Protection level 3. 

full season Soybeans, 10 % of the production Hedged at 
planting using Options and the rest as post harvest cash 
sale, Insurance protection level 3. 
full season Soybeans, 20 % of the production Hedged at 
planting using Options and the rest as post harvest cash 

sale, Insurance protection level 3. 

full season Soybeans, 30 % of the production Hedged at 

planting using Options and the rest as post harvest cash 
sale, Insurance protection level 3. 

full season Soybeans, 40 % of the production Hedged at 
planting using Options and the rest as post harvest cash 
sale, Insurance protection level 3. 

full season Soybeans, 50 % of the production Hedged at 
planting using Options and the rest as post harvest cash 
sale, Insurance pretection level 3. 
full season Soybeai.., 60 % of the production Hedged at 
planting using Options and the rest as post harvest cash 

sale, Insurance protection level 3. 

full season Soybeans, Multiple Period hedging using Options 
in increments of 10 % on April 15, May 15, June 15, July 
15, August 15 and September 15 and the rest as post harvest 
cash sale, Insurance protection level 3. 
full season Soybeans, post harvest Cash sale, participation 

in Government programs. 
full season Soybeans, 10% of the production Cash Contracted 
at planting and the rest as post harvest cash sale, 
participation in Government programs. 
full season Soybeans, 20% of the production Cash Contracted 
at planting and the rest as post harvest cash sale, 
participation in Government programs. 

full season Soybeans, 30% of the production Cash Contracted 
at planting and the rest as post harvest cash sale, 
participation in Government programs. 

full season Soybeans, 40% of the production Cash Contracted 
at planting and the rest as post harvest cash sale, 

participation in Government programs. 

full season Soybeans, 50% of the production Cash Contracted 
at planting and the rest as post harvest cash sale, 
participation in Government programs. 

full season Soybeans, 60% of the production Cash Contracted 
at planting and the rest as post harvest cash sale, 
participation in Government programs. 

full season Soybeans, 10 % of the production Hedged at 
planting using Futures and the rest as post harvest cash 
sale, participation in Government programs. 
full season Soybeans, 20 % of the production Hedged at 

planting using Futures and the rest as post harvest cash
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sale, participation in Government programs. 

full season Soybeans, 30 % of the production Hedged 
planting using Futures and the rest as post harvest 
sale, participation in Government programs. 

full season Soybeans, 40 % of the production Hedged 

planting using Futures and the rest as post harvest 

sale, participation in Government programs. 

full season Soybeans, 50 % of the production Hedged 

planting using Futures and the rest as post harvest 

sale, participation in Government programs. 
full season Soybeans, 60 % of the production Hedged 
planting using Futures and the rest as post harvest 
sale, participation in Government programs. 

full season Soybeans, Multiple Period hedging using 
in increments of 10 % on April 15, May 15, June 15, 

15, August 15 and September 15 and the rest as post 
cash sale, participation in Government programs. 
full season Soybeans, 10 % of the production Hedged 
planting using Options and the rest as post harvest 
sale, participation in Government programs. 

full season Soybeans, 20 % of the production Hedged 
planting using Options and the rest as post harvest 

Sale, participation in Government programs, 
full season Soybeans, 30 % of the production Hedged 
planting using Options and the rest as post harvest 
sale, participation in Government programs. 

full season Soybeans, 40 % of the production Hedged 
planting using Options and the rest as post harvest 
sale, participation in Government programs. 
full season Soybeans, 50 % of the production Hedged 
planting using Options and the rest as post harvest 
sale, participation in Government programs. 

full season Soybeans, 60 % of the production Hedged 
planting using Options and the rest as post harvest 
sale, participation in Covernment programs. 
full season Soybeans, Multiple Period hedging using 
in increments of 10 % on April 15, May 15, June 15, 

15, August 15 and September 15 and the rest as post 
cash sale, participation in Covernment programs. 

at 

cash 

at 

cash 

at 

cash 

at 

cash 

Futures 

July 
harvest 

at 

cash 

at 

cash 

at 

cash 

at 

cash 

at 

cash 

at 
cash 

Options 

July 
harvest 

double season Soybeans following Wheat, post harvest Cash 
sale. 
double season Soybeans following Wheat, 10 % of the 
production Cash Contracted at planting and the rest 

harvest cash sale. 
double season Soybeans following Wheat, 20 % of the 
production Cash Contracted at planting and the rest 
harvest cash sale. 
double season Soybeans following Wheat, 30 % of the 
production Cash Contracted at planting and the rest 

as post 

as post 

as post
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harvest cash sale. 
double season Soybeans following Wheat, 40 % of the 

production Cash Contracted at planting and the rest 
harvest cash sale. 

double season Soybeans following Wheat, 50 % of the 

production Cash Contracted at planting and the rest 

harvest cash sale. 

double season Soybeans following Wheat, 60 % of the 

production Cash Contracted at planting and the rest 
harvest cash sale. 
double season Soybeans following Wheat, 10 % of 
production Hedged at planting using Futures and 

post harvest cash sale. 

double season Soybeans following Wheat, 20 % of 
production Hedged at planting using Futures and 

post harvest cash sale. 
double season Soybeans following Wheat, 30 % of 
production Hedged at planting using Futures and 

post harvest cash sale. 
double season Soybeans following Wheat, 40 % of 
production Hedged at planting using Futures and 
post harvest cash sale. 

double season Soybeans following Wheat, 50 % of 
production Hedged at planting using Futures and 
post harvest cash sale. 
double season Soybeans following Wheat, 60 % of 
production Hedged at planting using Futures and 

post harvest cash sale. 

the 

the 

the 

the 

the 

the 

the 

the 

the 

the 

the 

the 

as post 

as post 

as post 

rest 

rest 

rest 

rest 

rest 

rest 

double season Soybeans following Wheat, Multiple Period 
hedging using Futures in increments of 10 % on April 15, 

May 15, June 15, July 15, August 15 and September 15 and 

the rest as post harvest cash sale. 

double season Soybeans following Wheat, 10 % of 
production Hedged at planting using Options and 
post harvest cash sale. 
double season Soybeans following Wheat, 20 % of 
production Hedged at planting using Options and 

post harvest cash sale. 
double season Soybeans following Wheat, 30 % of 
production Hedged at planting using Options and 

post harvest cash sale. 
double season Soybeans following Wheat, 40 % of 
production Hedged at planting using Options and 

post harvest cash sale. 
double season Soybeans following Wheat, 50 % of 
production Hedged at planting using Options and 
post harvest cash sale. 
double season Soybeans following Wheat, 60 % of 
production Hedged at planting using Options and 

the 

the 

the 

the 

the 

the 

the 

the 

the 

the 

the 

the 

rest 

rest 

rest 

rest 

rest 

rest 

as 

as 

as 

as 

as 

as 

as 

as 

as 

as 

as 

as
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post harvest cash sale. 

double season Soybeans following Wheat, Multiple Period 
hedging using Options in increments of 10 % on April 15, 
May 15, June 15, July 15, August 15 and September 15 and 
the rest as post harvest cash sale. 
double season Soybeans following Wheat, post harvest Cash 
sale, Insurance protection level 2. 

double season Soybeans following Wheat, 10 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale, Insurance protection level 2. 
double season Soybeans following Wheat, 20 % of the 
production Cash Contracted at planting and the rest as post 
harvest cash sale, Insurance protection level 2. 
double season Soybeans following Wheat, 30 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale, Insurance protection level 2. 
double season Soybeans following Wheat, 40 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale, Insurance protection level 2. 

double season Soybeans following Wheat, 50 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale, Insurance protection level 2. 

double season Soybeans following Wheat, 60 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale, Insurance protection level 2. 
double season Soybeans following Wheat, 10 % of the 
production Hedged at planting using Futures and the rest 

post harvest cash sale, Insurance protection level 2. 

double season Soybeans following Wheat, 20 % of the 
production Hedged at planting using Futures and the rest 

post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Wheat, 30 % of the 
production Hedged at planting using Futures and the rest 
post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Wheat, 40 % of the 
production Hedged at planting using Futures and the rest 

post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Wheat, 50 % of the 
production Hedged at planting using Futures and the rest 
post harvest cash sale, Insurance protection level 2. 

double season Soybeans following Wheat, 60 % of the 
production Hedged at planting using Futures and the rest 

post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Wheat, Multiple Period 
hedging using Futures in increments of 10 % on April 15, 
May 15, June 15, July 15, August 15 and September 15 and 
the rest as post harvest cash sale, Insurance protection 
level 2. 
double season Soybeans following Wheat, 10 % of the 

as 

as 

as 

as 

as 

as
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production Hedged at planting using Options and the rest as 
post harvest cash sale, Insurance protection level 2. 

double season Soybeans following Wheat, 20 % of the 
production Hedged at planting using Options and the rest as 

post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Wheat, 30 % of the 
production Hedged at planting using Options and the rest as 

post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Wheat, 40 % of the 
production Hedged at planting using Options and the rest as 
post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Wheat, 50 % of the 
production Hedged at planting using Options and the rest as 

post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Wheat, 60 % of the 
production Hedged at planting using Options and the rest as 

post harvest cash sale, Insurance protection level 2. 

double season Soybeans following Wheat, Multiple Period 
hedging using Options in increments of 10 % on April 15, 

May 15, June 15, July 15, August 15 and September 15 and 
the rest as post harvest cash sale, Insurance protection 

level 2. 
double season Soybeans following Wheat, post harvest Cash 
sale, Insurance protection level 3. 
double season Soybeans following Wheat, 10 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale, Insurance protection level 3. 

double season Soybeans following Wheat, 20 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale, Insurance protection level 3. 
double season Soybeans following Wheat, 30 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale, Insurance protection level 3. 

double season Soybeans following Wheat, 40 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale, Insurance protection level 3. 

double season Soybeans following Wheat, 50 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale, Insurance protection level 3. 
double season Soybeans following Wheat, 60 % of the 
production Cash Contracted at planting and the rest as post 
harvest cash sale, Insurance protection level 3. 

double season Soybeans following Wheat, 10 % of the 
production Hedged at planting using Futures and the rest as 
post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Wheat, 20 % of the 
production Hedged at planting using Futures and the rest as 
post harvest cash sale, Insurance protection level 3. 

double season Soybeans following Wheat, 30 % of the
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production Hedged at planting using Futures and the rest as 

post harvest cash sale, Insurance protection level 3. 

double season Soybeans following Wheat, 40 % of the 
production Hedged at planting using Futures and the rest as 

post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Wheat, 50 % of the 
production Hedged at planting using Futures and the rest as 

post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Wheat, 60 % of the 
production Hedged at planting using Futures and the rest as 
post harvest cash sale, Insurance protection level 3. 

double season Soybeans following Wheat, Multiple Period 
hedging using Futures in increments of 10 % on April 15, 
May 15, June 15, July 15, August 15 and September 15 and 
the rest as post harvest cash sale, Insurance protection 

level 3. 
double season Soybeans following Wheat, 10 % of the 
production Hedged at planting using Options and the rest as 
post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Wheat, 20 % of the 
production Hedged at planting using Options and the rest as 
post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Wheat, 30 % of the 
production Hedged at planting using Options and the rest as 
post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Wheat, 40 % of the 
production Hedged at planting using Options and the rest as 

post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Wheat, 50 % of the 
production Hedged at planting using Options and the rest as 
post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Wheat, 60 % of the 
production Hedged at planting using Options and the rest as 

post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Wheat, Multiple Period 
hedging using Options in increments of 10 % on April 15, 
May 15, June 15, July 15, August 15 and September 15 and 
the rest as post harvest cash sale, Insurance protection 
level 3. 
double season Soybeans following Barley, post harvest Cash 
sale. 
double season Soybeans following Barley, 10 % of the 
production Cash Contracted at planting and the rest as post 
harvest cash sale. 
double season Soybeans following Barley, 20 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale. 
double season Soybeans following Barley, 30 % of the 
production Cash Contracted at planting and the rest as post
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harvest cash sale. 
double season Soybeans following Barley, 40 % of the 

production Cash Contracted at planting and the rest as post 

harvest cash sale. 
double season Soybeans following Barley, 50 % of the 

production Cash Contracted at planting and the rest as post 

harvest cash sale. 
double season Soybeans following Barley, 60 % of the 

production Cash Contracted at planting and the rest as post 

harvest cash sale. 

double season Soybeans following Barley, 10 
production Hedged at planting using Futures 

post harvest cash sale. 

double season Soybeans following Barley, 20 
production Hedged at planting using Futures 

post harvest cash sale. 

double season Soybeans following Barley, 30 
production Hedged at planting using Futures 

post harvest cash sale. 

double season Soybeans following Barley, 40 

production Hedged at planting using Futures 

post harvest cash sale. 

double season Soybeans following Barley, 50 
production Hedged at planting using Futures 

post harvest cash sale. 

double season Soybeans following Barley, 60 
production Hedged at planting using Futures 

post harvest cash sale. 

% of the 

and the rest 

% of the 

and the rest 

% of the 

and the rest 

% of the 

and the rest 

% of the 

and the rest 

% of the 

and the rest 

double season Soybeans following Barley, Multiple Period 
hedging using Futures in increments of 10 % on April 15, 

May 15, June 15, July 15, August 15 and September 15 and 
the rest as post harvest cash sale. 
double season Soybeans following Barley, 10 
production Hedged at planting using Options 
post harvest cash sale. 

double season Soybeans following Barley, 20 
production Hedged at planting using Options 

post harvest cash sale 

double season Soybeans following Barley, 30 
production Hedged at plan:ing using Options 
post harvest cash sale. 
double season Soybeans foliowing Barley, 40 
production Hedged at planting using Options 
post harvest cash sale. 

double season Soybeans following Barley, 50 
production Hedged at planting using Options 

post harvest cash sale. 

double season Soybeans following Barley, 60 

% of the 

and the rest 

%* of the 

and the rest 

% of the 

and the rest 

% of the 

and the rest 

% of the 

and the rest 

% of the 

as 

as 

as 

as 

as 

as 

as 

as 

as 

as
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production Hedged at planting using Options and the rest 

post harvest cash sale. 

double season Soybeans following Barley, Multiple Period 
hedging using Options in increments of 10 % on April 15, 
May 15, June 15, July 15, August 15 and September 15 and 
the rest as post harvest cash sale. 

as 

double season Soybeans following Barley, post harvest Cash 
sale, Insurance protection level 2. 
double season Soybeans following Barley, 10 % of the 
production Cash Contracted at planting and the rest as 
harvest cash sale, Insurance protection level 2. 

double season Soybeans following Barley, 20 % of the 
production Cash Contracted at planting and the rest as 

harvest cash sale, Insurance protection level 2. 

double season Soybeans following Barley, 30 % of the 
production Cash Contracted at planting and the rest as 
harvest cash sale, Insurance protection level 2. 

double season Soybeans following Barley, 40 % of the 
production Cash Contracted at planting and the rest as 
harvest cash sale, Insurance protection level 2. 

double season Soybeans following Barley, 50 % of the 
production Cash Contracted at planting and the rest as 

harvest cash sale, Insurance protection level 2. 

double season Soybeans following Barley, 60 % of the 
production Cash Contracted at planting and the rest as 
harvest cash sale, Insurance protection level 2. 

double season Soybeans following Barley, 10 % of the 
production Hedged at planting using Futures and the rest 
post harvest cash sale, Insurance protection level 2. 

double season Soybeans following Barley, 20 % of the 
production Hedged at planting using Futures and the rest 

post harvest cash sale, Insurance protection level 2. 

double season Soybeans following Barley, 30 % of the 
production Hedged at planting using Futures and the rest 

post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Barley, 40 % of the 
production Hedged at planting using Futures and the rest 
post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Barley, 50 % of the 
production Hedged at planting using Futures and the rest 
post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Barley, 60 % of the 
production Hedged at planting using Futures and the rest 

post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Barley, Multiple Period 
hedging using Futures in increments of 10 % on April 15, 
May 15, June 15, July 15, August 15 and September 15 and 
the rest as post harvest cash sale, Insurance protection 

level 2. 

post 

post 

post 

post 

post 

post 

as 

as 

as 

as 

as 

as
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double season Soybeans following Barley, 10 % of the 
production Hedged at planting using Options and the rest as 
post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Barley, 20 % of the 
production Hedged at planting using Options and the rest as 

post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Barley, 30 % of the 

production Hedged at planting using Options and the rest as 

post harvest cash sale, Insurance protection level 2. 

double season Soybeans following Barley, 40 % of the 
production Hedged at planting using Options and the rest as 
post harvest cash sale, Insurance protection level 2. 

double season Soybeans following Barley, 50 % of the 
production Hedged at planting using Options and the rest as 

post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Barley, 60 % of the 
production Hedged at planting using Options and the rest as 

post harvest cash sale, Insurance protection level 2. 
double season Soybeans following Barley, Multiple Period 

hedging using Options in increments of 10 % on April 15, 
May 15, June 15, July 15, August 15 and September 15 and 
the rest as post harvest cash sale, Insurance protection 

level 2. 
double season Soybeans following Barley, post harvest Cash 
sale, Insurance protection level 3. 
double season Soybeans following Barley, 10 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale, Insurance protection level 3. 
double season Soybeans following Barley, 20 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale, Insurance protection level 3. 
double season Soybeans following Barley, 30 % of the 
production Cash Contracted at planting and the rest as post 
harvest cash sale, Insurance protection level 3. 

double season Soybeans following Barley, 40 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale, Insurance protection level 3. 
double season Soybeans following Barley, 50 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale, Insurance protection level 3. 

double season Soybeans following Barley, 60 % of the 
production Cash Contracted at planting and the rest as post 

harvest cash sale, Insurance protection level 3. 
double season Soybeans following Barley, 10 % of the 
production Hedged at planting using Futures and the rest as 
post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Barley, 20 % of the 
production Hedged at planting using Futures and the rest as 
post harvest cash sale, Insurance protection level 3.
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double season Soybeans following Barley, 30 % of the 
production Hedged at planting using Futures and the rest 
post harvest cash sale, Insurance protection level 3. 

double season Soybeans following Barley, 40 % of the 
production Hedged at planting using Futures and the rest 

post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Barley, 50 % of the 
production Hedged at planting using Futures and the rest 
post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Barley, 60 % of the 
production Hedged at planting using Futures and the rest 
post harvest cash sale, Insurance protection level 3. 

double season Soybeans following Barley, Multiple Period 
hedging using Futures in increments of 10 % on April 15, 
May 15, June 15, July 15, August 15 and September 15 and 
the rest as post harvest cash sale, Insurance protection 

level 3. 
double season Soybeans following Barley, 10 % of the 
production Hedged at planting using Options and the rest 

post harvest cash sale, Insurance protection level 3. 

double season Soybeans following Barley, 20 % of the 
production Hedged at planting using Options and the rest 
post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Barley, 30 % of the 
production Hedged at planting using Options and the rest 
post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Barley, 40 % of the 
production Hedged at planting using Options and the rest 

post harvest cash sale, Insurance protection level 3. 

double season Soybeans following Barley, 50 % of the 
production Hedged at planting using Options and the rest 

post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Barley, 60 % of the 
production Hedged at planting using Options and the rest 

post harvest cash sale, Insurance protection level 3. 
double season Soybeans following Barley, Multiple Period 

hedging using Options in increments of 10 % on April 15, 
May 15, June 15, July 15, August 15 and September 15 and 

the rest as post harvest cash sale, Insurance protection 
level 3. 

as 

as 

as 

as 

as 

as 

as 

as 

as 

as



APPENDIX C 

Computation of Forecast Errors for a Few Selected Strategies 

In this appendix, gross forecast errors for a few select 

strategies for corn have been demonstrated. The expected revenues 

for different strategies is presented first, followed by observed 

revenues and the difference between the two that constitutes the 

forecast error for each strategy and each year is presented at the 

end. 
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Expected Revenue from Different Strategies: 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

                

Year CCASH ccc50 CHF50 CMPF CHOP50 CMPOP 

1975 204 .02 201.80 204 .02 204.02 192.89 194.31 

1976 223.13 220.74 223.13 223.13 217.86 218.25 

1977 225.05 222.65 225.05 225.05 217.39 218.15 

1978 209.85 207.50 209.85 209.85 201.38 202.42 

1979 208.99 206.75 208.99 208.99 205.85 206.21 

1980 245.51 243.28 245.51 245.51 239.28 239.90 

1981 283.50 281.59 283.50 283.50 274.31 275.54 

1982 218.50 216.84 218.80 218.80 214.09 214.41 

1983 253.20 250.93 253.20 253.20 245.03 245.94 

1984 227.26 225.25 227.26 227.26 222.04 222.44 

1985 226.38 224.24 226.38 226.38 220.81 222.70 

1986 199.33 196.88 199.33 199.33 191.48 193.44 

1987 152.86 150.79 152.86 152.86 151.20 150.12 

1988 155.75 153.97 155.75 155.75 151.48 152.62 

1989 210.18 208.15 210.18 210.18 200.82 203.75 

1990 204.48 202.44 204.48 204.48 199.19 199.51 
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Observed Revenue from Different Strategies: 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

                

Year CCASH ccc50 CHF50 CMPF CHOP50 CMPOP 

1975 265.19 249.16 284.79 280.34 256.73 259.05 

1976 221.38 209.41 231.44 227.51 219.46 217.07 

1977 97.59 125.36 64.07 80.64 94.72 93.86 

1978 169.54 178.95 151.66 155.05 164.37 165.97 

1979 247.44 231.30 254.62 243.95 245.20 243.59 

1980 189.99 154.85 212.67 206.45 186.88 185.10 

1981 243.40 282.86 210.83 220.18 238.04 240.72 

1982 233.35 257.66 205.12 215.78 234.13 233.43 

1983 177.85 132.47 199.63 197.00 173.77 173.68 

1984 349.55 338.91 346.34 347.79 349.95 346.10 

1985 207.96 221.68 189.09 195.61 205.81 205.99 

1986 70.60 90.24 52.93 57.74 68.64 69.13 

1987 123.89 128.88 121.81 118.82 124.31 119.99 

1988 227.95 200.92 253.90 235.84 224.39 220.98 

1989 277.79 284.92 262.72 269.81 272.09 273.07 
   



Forecast Errors: 
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Observed Revenue — Expected Revenue 

  

  

  

  

  

  
  

  

  

  

  

  

  

  

  

  

                

Year CCASH ccc50 CHF50 CMPF CHop50 CMPOP 

1975 61.17 47.36 80.77 76.32 63.84 64.73 

1976 - 1.75 - 11.33 8.30 4.38 1.60 - 1.18 

1977 —127.45 —- 97.29 -160.97 —-144.41 —122.67 —124.29 

1978 - 40.31 — 28.55 - 58.19 —- 54.80 - 37.02 —- 36.45 

1979 38.46 24.55 45.63 34.96 39.35 37.38 

1980 - 55.52 — 88.43 — 32.84 —- 39.06 - 52.41 - 54.81 

1981 - 40.11 1.27 - 72.67 — 63.32 —- 36.27 — 34.82 

1982 14.55 40.82 - 13.68 - 3.01 20.04 19.02 

1983 —- 75.35 —118.45 - 53.57 - 56.20 - 71.26 — 72.26 

1984 122.29 113.66 119.08 120.53 127.91 123.66 

1985 —- 18.42 - 2.56 ~- 37.29 — 30.77 - 14.99 - 16.71 

1986 —128.73 —106.64 -146.40 -141.59 —122.84 -124.31 

1987 - 28.97 - 21.91 - 31.05 — 34.04 — 26.90 — 30.14 

1988 72.20 46.95 98.16 80.09 72.91 68.36 

1989 67.61 76.77 52.54 59.62 71.27 69.32 
  

  

 



APPENDIX D 

Scenario 1: Without Crop Insurance and Government Program Participation 

  

    

  

  

  

    

Target Income: 40,500 

Objective MDBT ($) Yrs Below Maximum Variables In | Activity 
Function The Target Negative Basis Levels 

Value ($) Dev. ($) (Acres) 

Step 1: 

32742 12700 10 42943 WHF75 150.0 
BCASH 250.0 

SCASHP1 350.0 
SBCASHP1 250.0 
SWCASHP1 150.0 

Step 2: 
38651 6400 7 22214 WHF75 150.0 

BCASH 250.0 
SOP60 350.0 
SBOP50 250.0 
SWOP30 8.2 
SWOP60 141.8 

38878 6500 7 23100 WHF75 150.0 
BCASH 250.0 

SOP60 350.0 
SBOP20 1.2 

SBOP50 248 .8 
SWOP30 150.0 

39561 6800 7 29311 WHF75 150.0 
BCASH 250.0 
SOP20 63.4 
SOP60 286.6 
SBOP20 250.0 
SWOP30 150.0 

40470 7200 7 30642 WHF75 150.0 
BCASH 250.0 
SOP20 350.0 
SBCASH 250.0 
SWCASH 13.4 
SWHF40 52.7 
SWOP30 83.9             
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41077 7500 30994 WHF75 150.0 
BCASH 250.0 
SHF40 34.4 
SOP20 315.6 
SBCASH 250.0 
SWCASH 85.0 
SWHF40 65.0 

41263 7600 31345 WHF75 150.0 
BCASH 250.0 
SCASH 32.5 
SHF40 120.5 
SOP20 197.0 
SBCASH 250.0 
SWCASH 150.0 

41573 7800 31351 WHF75 150.0 
BCASH 250.0 
SCASH 350.0 
SBHF50 250.0 
SWCASH 150.0              



APPENDIX E 

Scenario 3: With Government Programs & Crop Insurance 

  

  

  

  

  

              

Target Income: $ 40,500 

| Objective MDBT ($) Yrs Below Maximum Variables In Activity 

Function The Target Negative Basis Levels 

Value (S$) Dev. (S$) (Acres) 

Step 1: 

44708 5000 7 30944 WHF75G 250.0 

BCASHG 150.0 

SCASHP1 350.0 

SBCASHP1L 250.0 

SWCASHP1 150.0 

Step 2: 

52988 100 1 1493 WHF75G 250.0 

BCASHG 150.0 

cO-—92 200.0 

SOP60 150.0 

SBHF60 76.6 

SBOP60 73.4 

SWOP60 250.0 

53586 200 1 2985 WHF75G 250.0 

BCASHG 150.0 

Cc0O-92 200.0 

SOP60 150.0 

SBHF60 80.4 

SBOP50 69.6 

SWHF60 88.6 

SWOP30 161.4 

54003 300 1 4478 WHF75G 250.0 

BCASHG 150.0 

CcO-92 200.0 

SOP20 80.8 

SOP60 69.2 

SBHF50 150.0 

SWHF60 49.2 

SWOP30 200.8 
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54419 400 5970 WHF75G 250.0 
BCASHG 150.0 
cO-—92 200.0 
SOP20 150.0 
SBHF10 64.0 
SBHF50 86.0 
SWHF40 174.9 
SWOP30 75.1 

54796 500 7463 WHF75G 250.0 
BCASHG 150.0 
CHF50G 3.4 
cO-92 196.6 
SHF10 150.0 
SBCASH 58.4 
SBHF10 91.6 
SWHF40 250.0 

54947 600 8955 WHF75G 250.0 
BCASHG 150.0 
CHF50G 26.5 
CcO-92 173.5 
SCASH 131.8 
SHF10 18.2 
SBCASH 150.0 
SWHF4O 250.0 

55098 700 10448 WHF7/5G 250.0 
BCASHG 150.0 
CHF50G 49.5 
CcO-92 150.5 
SCASH 150.0 
SBCASH 150.0 
SWCASH 70.4 
SWHF40 179.6 

55502 1000 14349 WHF75G 250.0 
BCASHG 150.0 
CHF40G 19.6 
CHF50G 91.5 
CcO-92 88.9 
SCASH 150.0 
SBCASH 150.0 
SWCASH 250.0              
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55544 1100 15115 WHF75G 250.0 
BCASHG 150.0 
CCASHG 8.3 
CHF40G 109.2 
CcO-92 82.5 
SCASH 150.0 
SBCASH 150.0 
SWCASH 250.0 

55793 1700 19107 WHF75G 250.0 
BCASHG 150.0 
CCASHG 155.4 
CO-92 44.6 
SCASH 150.0 
SBCASH 150.0 
SWCASH 250.0 

56086 2500 21617 WHF75G 250.0 
BCASHG 150.0 
CCASHG 200.0 
SCASH 127.3 
SHF60 22.7 
SBCASH 150.0 
SWCASH 250.0              



APPENDIX F 

Scenario 4: With Government Programs & Crop Insurance 
  

  

  

  

  

  

  

    

Target Income: $ 61,100 

Objective MDBT ($) Yrs Below Maximum Variables In | Activity 
Function The Target | Negative Basis Levels 
Value ($) Dev. (S) (Acres) 

Step 1: 
44708 18300 14 51544 WHF75G 250.0 

BCASHG 150.0 
SCASHP1 350.0 
SBCASHP1 250.0 

SWCASHP1 150.0 

Step 2: 
52732 7400 9 21909 WHF75G 250.0 

BCASHG 150.0 
CO-92 200.0 
SOP60G 150.0 
SBOP50 1.0 

SBOP60 138.7 
SBMPFG 10.3 

SWOP60 250.0 

52932 7500 10 22584 WHF75G 250.0 
BCASHG 150.0 
CcO-92 200.0 
SOP60G 150.0 
SBOP60 87.9 
SBMPFG 62.1 
SWOP60 250.0 

53332 7700 10 23935 WHF75G 250.0 
BCASHG 150.0 
cO-92 200.0 
SOP60G 150.0 
SBMPFG 150.0 
SWMPF 18.6 
SWOP60 231.4 

54132 8100 10 26636 WHF75G 250.0 
BCASHG 150.0 

c0-92 200.0 
SMPF 14.1 
SOP60G 135.9 
SBMPFG 150.0 

SWMPF 250.0           
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54840 8500 10 29257 WHF75G 250.0 
BCASHG 150.0 
CHF50G 10.1 
CcO-92 189.9 
SMPF 150.0 
SBMPFG 150.0 
SWMPF 250.0 

54967 8700 9 30311 WHF75G 250.0 
BCASHG 150.0 
CHF50G 29.5 
c0-92 170.5 
SMPF 150.0 
SBCASH 91.0 
SBMPFG 59.0 
SWMPF 250.0 

55010 8800 9 30792 WHF75G 250.0 
BCASHG 150.0 
CHF50G 36.0 
CcO-92 164.0 
SMPF 150.0 
SBCASH 150.0 
SWCASH 40.6 
SWMPF 209.4 

55095 9000 9 31755 WHF75G 250.0 
BCASHG 150.0 
CHF50G 49.1 
CcO-92 150.9 
SCASH 10.9 
SMPF 139.1 
SBCASH 150.0 
SWCASH 250.0 

55181 9200 9 32684 WHF75G 250.0 
BCASHG 150.0 
CHF50G 62.1 
CcO-92 137.9 
SCASH 150.0 
SBCASH 150.0 

0         SWCASH   250. 
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150. 
150. 
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APPENDIX G 

Scenario 5: With Government Programs & Crop Insurance 

  

  

  

  

  

    

Target Income: $ 70,500 

Objective MDBT ($) Yrs Below Maximum Variables In | Activity 

Function The Target | Negative Basis Levels 

Value ($) Dev. (S$) (Acres) 

Step 1: 

44708 27300 14 64573 WHF75G 250.0 
BCASHG 150.0 

SCASHP1 350.0 
SBCASHP1 250.0 
SWCASHP1 150.0 

Step 2: 

52770 14500 13 31714 WHF75G 250.0 
BCASHG 150.0 
CHF50G 12.1 
c0-92 187.9 
SOP60 150.0 
SBOP60 150.0 
SWOP60 250.0 

52999 14600 12 32939 WHF75G 250.0 
BCASHG 150.0 
CHF59G 32.1 
CcO-92 167.9 
SOP60 150.0 
SBMPF 25.2 
SBOP60 124.8 
SWOP60 250.0 

53679 14900 12 35544 WHF75G 250.0 
BCASHG 150.0 
CHF50G 45.9 
CO-92 154.1 
SOP60 150.0 
SBMPF 150.0 
SWMPF 32.9 
SWOP60 217.1             
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54584 15300 12 39019 WHF75G 250.0 
BCASHG 150.0 
CHF50G 64.4 
CO-—92 135.6 
SMPF 20.3 
SOP60 129.7 
SBMPF 150.0 
SWMPF 250.0 

55379 15700 11 42337 WHF75G 250.0 
BCASHG 150.0 
CHF50G 92.3 
c0-92 107.7 
SMPF 150.0 
SBMPF 150.0 

SWMPF 250.0 

55450 15800 10 42872 WHF75G 250.0 
BCASHG 150.0 
CHF50G 103.2 
cO-92 96.8 
SMPF 150.0 
SBCASH 22.7 
SBMPF 127.3 
SWMPF 250.0 

55620 16200 10 44343 WHF75G 250.0 
BCASHG 150.0 
CHF50G 129.0 
CO-92 71.0 
SMPF 150.0 
SBCASH 150.0 
SWCASH 32.4 
SWMPF 217.6 

55871 16800 10 46430 WHF75G 250.0 
BCASHG 150.0 
CHF50G 167.3 
cO—92 32.7 
SCASH 2.8 
SMPF 147.2 
SBCASH 150.0 
SWCASH 250.0              
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