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Fraser (1997) considered the impact of protein premiums and discounts on a
grower's income stream and willingness-to-pay for a forward contract where the
protein premium and discount system is centred on a grower's existing expected
protein level. This article extends these results to consider the impact of a protein
premium and discount system which is not centred on a grower's existing expected
protein level. The article suggests that the grower's existing expected protein level
plays a crucial role in determining the impact of the system.

1. Introduction

Fraser (1997) showed that, due to the negative correlation between wheat
price and yield, the e¡ect of a protein premium and discount system centred
on a grower's existing expected protein level is a decrease both in the
expected level and variance of income. Additionally, Fraser (1997) found
that protein premiums and discounts increase a grower's willingness-to-pay
for a forward contract, and that this relationship is positively related to both
the size of the premium or discount and the grower's level of seasonal
variability.
This article extends these results to consider the role of a grower's existing

expected protein level relative to the central point of the system in
determining the impact of protein premiums and discounts. This role is
examined over a realistic range of expected protein levels for wheat growers
(9 per cent^13 per cent) and it is shown that, depending on this level, both
the expected level and variance of income e¡ects can be negative, or the
former positive and the latter negative. This analysis determines not only the
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expected protein level at which these e¡ects are in con£ict, but also which
e¡ect dominates in determining the overall impact on grower utility. In
addition, it is suggested that the impact of the protein premium and discount
system on a grower's willingness-to-pay for a forward contract is dependent
on the expected protein level.
The structure of the article is as follows. The second section develops the

model of the impact of protein premiums and discounts which allows for a
range of levels of expected protein. The third section reports the results of a
numerical analysis of this model in relation to a grower's income stream and
willingness-to-pay for a forward contract. The article concludes with a brief
summary.

2. Modelling the impact of the protein premium and discount system

The model is based on that developed in Fraser (1997), with two main
modi¢cations. The ¢rst is a simpli¢cation of the speci¢ed relationship
between yield and protein. In Fraser (1997) this relationship was represented
by a hyperbolic form:

y � g=r �1�
where:

r � uncertain protein level;
g � parameter relating the joint variability of yield and protein;
y � uncertain yield per hectare.

In what follows this relationship is simpli¢ed to a linear form:

y � aÿ br �2�
where:

a � notional maximum yield;
b � parameter relating the joint variability of yield and protein.

Note that while the parameter a is simply a scaling factor, the parameter b
represents the biological trade-o¡ between yield and protein level in the
development of the wheat crop. As pointed out in Fraser (1997), the
accuracy with which this linear form can be substituted for the hyperbolic
form depends on the extent of seasonal variation. For example, a coe¤cient
of yield variation of 20 per cent means that 70 per cent of the probability
distribution lies within one standard deviation of the mean. Consequently,
while such a substitution in the context of the relatively stable-yielding
wheat-growing regions of Western Australia (WA) appears to be acceptable,
its application to other less-stable wheat-growing regions in Australia is
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questionable.1 Nevertheless, in these situations sensitivity analysis can clarify
the signi¢cance of the simpli¢cation in question, and in what follows the
sensitivity analysis veri¢es the robustness of the pattern of results to changes
in the slope of the linear relationship. Moreover, since any hyperbolic form
can be closely approximated by a series of linear segments, our view is that
this simpli¢cation does not signi¢cantly weaken the applicability of our
analysis.
The second modi¢cation is a generalisation of the relationship between

price and protein. In Fraser (1997) this relationship was restricted to only
three discrete grades of wheat: `high, medium and low protein' (ibid., p. 142).
It has subsequently become apparent that a weakness of this speci¢cation is
that it substantially inhibits analysis of the role of di¡ering protein levels in
determining the impact of protein premiums and discounts on the wheat
grower's income stream. Consequently, in what follows, the relationship
between price and protein is speci¢ed to represent more accurately the
Australian Wheat Board's (AWB) existing protein premium and discount
scale. Since this scale is based on protein premium and discount increments
for each 0.1 per cent of protein (AWB 1998), the (uncertain) price the grower
receives �p� can be represented by:

p � pB � �rÿ 0:1�x �3�
where:

pB � uncertain base price per tonne for wheat;
x � premium or discount per unit of protein above or below 10 per cent.2

With this speci¢cation, the grower's uncertain income per hectare in the
absence of protein premiums and discounts �I0� is given by:

I0 � py

� pB�aÿ br� �4�

so that expected income �E�I0�� and the variance of income (Var�I0�) are
given by:3

E�I0� � pB�aÿ br� �5�

1We are grateful to an anonymous referee for pointing this out to us.

2Note that this speci¢cation implies a symmetrical impact of the protein premium and
discount system on expected price. Because an asymmetrical system has clear implications
for its impact on expected price, and therefore on expected income, this complication is not
considered here.

3 See Mood, Graybill and Boes (1974), p. 180.
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Var�I0� � �aÿ br�2Var�pB� � p2
Bb

2Var�r� � b2Var�pB�Var�r� �6�
where:

pB � expected base price;
r � expected protein level;
Var�pB� � variance of base price;
Var�r� � variance of protein level.

Note that, as in Fraser (1997), the grower's uncertain base price and protein
level (as determined by seasonal uncertainty) have been assumed to be
independent.
In addition, the grower's uncertain income per hectare in the presence of

protein premiums and discounts �I1� is given by:

I1 � py

� �pB � �rÿ 0:1�x��aÿ br� �7�

so that expected income �E�I1�� and the variance of income (Var�I1�) can be
represented by:4

E�I1� � pB�aÿ br� � E��aÿ br��rÿ 0:1�x�
� pB�aÿ br� � a�rÿ 0:1�x� b0:1xrÿ bx�Var�r� � r2�

�8�

Var�I1� � �aÿ br�2�Var�pB� � x2Var�r�� � �pB � �rÿ 0:1�x�2b2Var�r�
ÿ 2�pB � �rÿ 0:1�x��aÿ br�bxVar�r�

�9�

4Note that: E�X2� � Var�X� � �E�X��2, and
Var�XY � � Y 2Var�X� �X 2Var�Y � � 2XY Cov�X; Y �

(see Mood et al. 1974, p. 181).
Therefore,

Var�I1� � �aÿ br�2Var�pB � �rÿ 0:1�x� � �pB � �rÿ 0:1�x�2b2Var�r�
� 2�pB � �rÿ 0:1�x��aÿ br�Cov��pB � �rÿ 0:1�x�; �aÿ br�� �A�

Since:
Var�pB � �rÿ 0:1�x� � Var�pB� � x2Var�r�; and
Cov��pB � �rÿ 0:1�x�; �aÿ br��

� E��pB � �rÿ 0:1�x� ÿ �pB � �rÿ 0:1�x���aÿ br� ÿ �aÿ br��
� ÿbxVar�r� �see Mood et al: 1974, p. 178)

it follows that (A) can be rewritten as:
Var�I1� � �aÿ br�2�Var�pB� � x2Var�r�� � �pB � �rÿ 0:1�x�2b2Var�r�

ÿ 2�pB � �rÿ 0:1�x��aÿ br�bxVar�r�
This equation is reproduced as equation 9 in the main text.
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On this basis, the impact of the protein premium and discount system on a
grower's income stream is represented by the di¡erences between the pairs of
equations 5 and 8, and 6 and 9. For r � 0:1, these di¡erences can be shown
to reproduce the special cases of Fraser (1997): a decrease in both the
expected level and variability of income (for `small' values of x). However,
for other values of r these di¡erences are analytically ambiguous. Therefore,
the numerical analysis of the next section will explore the role of the level
of r in determining the impact of the protein premium and discount system.
In addition, this analysis will extend that of Fraser (1997) by considering the
role of the expected protein level in determining the impact of a protein
premium and discount system on a grower's willingness-to-pay for a forward
contract.

3. Numerical analysis of the impact of protein premiums and discounts on a
grower's income stream

In order to undertake the numerical analysis it is necessary to specify a
functional form for the grower's utility of income. As in Fraser (1997), it is
assumed that this utility function is given by the constant relative risk
aversion form:

U�I� � I1ÿR

1ÿ R

where R � (constant) coe¤cient of relative risk aversion.
Note that Pope and Just (1991) provide empirical evidence to support this

speci¢cation. In addition, Fraser (1991) provides evidence of the robustness
of numerical results with respect to di¡erent forms of the utility function.
The following parameter values have been chosen for a base case:

pB � 150;
CV pB � coe¤cient of variation of base price � 0:2;
a � 3:5;
b � 15;
CV r � coe¤cient of variation of protein � 0:2;
x � 500 ($A5/ per cent protein);
R � 0:5.

Note that pB, a and b have been chosen to approximate actual values. In
particular, the ¢ndings of Robinson (1995) have been used to empirically
inform the value chosen for b to represent the biological trade-o¡ between
yield and protein level in the wheat crop. In addition, Anderson et al. (1988)
provide supporting estimates of seasonal variability for WA wheat growers,
and Bardsley and Harris (1987) provide supporting estimates of attitudes to
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risk in the wheatbelt of Australia. Finally, x is based on the current premium
and discount level (AWB 1998).
Figures 1, 2 and 3 present values for E�I�, Var�I� and Expected Utility
�EU� in the presence and absence of protein premiums and discounts for a
range of values of r. They show that, for r less than 10.19 per cent, the e¡ects
on E�I� and Var�I� with the introduction of protein premiums and discounts
are both negative. However, the overall negative impact on EU shows that
the e¡ect on E�I� is dominating. Whereas for r between 10.19 per cent and
10.33 per cent, the e¡ects on E�I� and Var�I� are both negative, but the
positive impact on EU shows that the e¡ect on Var�I� is dominating. For r

greater than 10.33 per cent, E�I� is increased and Var�I� is decreased, so both
e¡ects are contributing to a positive impact on the grower's EU.
These results both con¢rm those of Fraser (1997) that a protein premium

and discount system centred on the grower's average protein level (i.e. 10 per
cent) reduces E�I� and Var�I�, and generalise them for growers with other
values of r. In particular, although for growers with r greater than 10.33 per
cent E�I� increases, allowing for the fact that the e¡ect on E�I� is not always
the dominating e¡ect, it can be seen that growers with r less than 10.19 per
cent are disadvantaged by the scheme while growers with r greater than this
level are advantaged.
Table 1 contains details of a sensitivity analysis investigating the in£uence

of changes in b, CV r, and x on this pattern of results.5 In column (1) values
of r are presented where the overall impact on EU is equal to 0. For values
of r less than those presented in this column the e¡ects on E�I� and Var�I�
are both negative but the E�I� e¡ect is dominating, resulting in a negative
impact on EU. For values of r greater than those presented in column (2),
the e¡ect on E�I� is positive while that on Var�I� remains negative, and so
both e¡ects are contributing to a positive impact on EU. It can be seen from
table 1 that the overall impact of protein premiums and discounts changes
little under each scenario.6

Finally, table 2 presents estimates of a grower's willingness-to-pay for a
forward contract in the presence and absence of protein premiums and

5This article does not report the e¡ect of changes in a grower's attitude to risk. However,
unreported numerical analysis shows that di¡erent levels of risk aversion do not signi¢cantly
modify the ¢ndings of this analysis.

6 For CVr values of 0.30 and 0.35, which are representative of farming systems in the
eastern states of Australia (Anderson et al. 1988 estimate these values for CVy, however,
given the linear approximation of yield, values of CVy and CVr are interchangeable), the
protein window increases in size and level to 10.46 per cent^10.85 per cent and 10.63 per
cent^11.30 per cent, respectively. Hence, where CVr is very high, the impact of protein
premiums and discounts on a grower's income stream is such that a grower will only be
better o¡ if their expected protein level is substantially above 10 per cent.
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Figure 1 E¡ect of protein premiums and discounts on E�I�

Expected Protein (%)

E(I)

Figure 2 E¡ect of protein premiums and discounts on Var�I�

Var(I)

Expected Protein (%)

Figure 3 Impact of protein premiums and discounts on EU

EU

Expected Protein (%)
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discounts in terms of the certainty equivalent of income using the same
technique outlined in Fraser (1997). In general terms, the results in table 2
extend the ¢ndings of Fraser (1997) by showing that this willingness-to-pay
only increases when the decrease in E�I� associated with the introduction of
protein premiums and discounts is dominant.7 However, in other situations
where the risk bene¢ts of protein premiums and discounts are relatively import-
ant, or where E�I� increases, it is clear that willingness-to-pay for a forward
contract decreases. This latter ¢nding re£ects the associated perception of a
reduced relative value from the risk bene¢ts of a forward contract.

4. Conclusion

This article extends the analysis of Fraser (1997) to consider the role of
expected protein levels in determining the impact of protein premiums and
discounts on a grower's income stream and willingness-to-pay for a forward
contract. Fraser's results that protein premiums and discounts cause

Table 1 Sensitivity analysis of the impact of protein premiums and discounts

(1) (2)

Scenario EU1 ÿ EU0 � 0 E�I1� ÿ E�I0� � 0

Standard solution b � 15 CV r � 0:20 x � 500 10.19 10.33
1 b � 10 CV r � 0:20 x � 500 10.12 10.17
2 b � 20 CV r � 0:20 x � 500 10.33 10.67
3 b � 15 CV r � 0:25 x � 500 10.31 10.54
4 b � 15 CV r � 0:20 x � 1000 10.23 10.33

Table 2 Percentage change in Certainty Equivalent of income
(CE) derived from a forward contract in the absence and
presence of protein premiums and discounts

r (%) % D in CE0 % D in CE1

9.00 1.026 1.097
9.94 1.033 1.033

10.00 1.033 1.029
11.00 1.044 0.969
13.00 1.081 0.869

7Note that although the switching point in table 2 of 9.94 per cent is slightly below the
value of 10 per cent on which the ¢ndings of Fraser (1997) were based, further sensitivity
analysis shows that this is likely to be due to the re-speci¢cation of the protein-yield
relationship. For example, with b � 10, this switching point occurs at r � 10:06 per cent.
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expected income and variance of income to decrease are generalised for
expected protein levels less than 10.33 per cent. Moreover, it was shown that
for expected protein levels less than 10.19 per cent the e¡ect on expected
income is the dominant e¡ect and expected utility decreases, while for
protein levels between 10.19 per cent and 10.33 per cent the variance e¡ect is
dominant and expected utility increases. However, for protein levels greater
than 10.33 per cent, expected income increases while the variance of income
e¡ect remains negative, and so both e¡ects contribute to a positive impact
on expected utility.
A sensitivity analysis conducted on key parameter values did not

signi¢cantly modify outcomes, except where levels of seasonal variability are
extremely high (in these cases, such as applies to the eastern states of
Australia, a grower's level of expected income will only increase if their
expected protein level is substantially above 10 per cent).
When considering the role of expected protein levels in determining the

e¡ect of protein premiums and discounts on a grower's willingness-to-pay
for a forward contract, the ¢nding of Fraser (1997) that a grower is willing-
to-pay more for a forward contract in the presence of protein premiums and
discounts was shown to hold for levels of expected protein less than
approximately 10 per cent. However, at higher levels this ¢nding was not
supported, and growers were shown to be willing-to-pay less for a forward
contract. This perception of a reduced value for price risk management is
typically a consequence of lower levels of income risk, but also in some cases
is because of higher expected levels of income following the introduction of
protein premiums and discounts.
Overall, it may be concluded that a grower's existing expected protein level

plays a crucial role in determining whether the instrument of protein
premiums and discounts is viewed favourably or unfavourably.
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