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ABSTRACT

This paper extends the analysis of the impact of a system of protein premiums and discounts to
that on a fanner's planned produgtion. Despite an unﬁmbiguously' negative impact on
expected profits of equally likely premiums and discounts, supply response to the intreduction

of such a system is shown to ':iepcnd‘on the level of seasonal varizbili‘ty faced by the farmer,

In pariicular, farmers in ;egibns which a‘rgmore seasotiaily-unreliable are likely to fcaturej a
negative supply response, whereas those in regions which are more seasonally-reliable are
likely to feature a positiﬂae supply response. Consequently, it is suggested that, overal' protein
payments for what ﬁﬁay have encouraged a shift ofwheab«gr:owing activity towards more

seasonally-reliable areas.



INTRODUCTION

The Australian Wheat Board (AWR) has recently introduced a system of premiums and
discounts for protein fevels in wheat. With this system higher prices are paid if measured -
protein exceads a specified level, while a price discount is applied if measured protein is below

a specified level

For farmers, the impact of this system on income kffmm wheat-growing is complicated by the
fact that the relationship between yield and protein depends on uncertain seasonal conditions,
In partizu'ar, because vield and protein are jointly determined by uncertain season conditions
through an inversg relationship (given available nitrogen), a farmer will find that, in the
presence of“prcitein payments, seaso ns ,of}elatively high yield tend to coincide with relatively
law protein content and therei‘dré: relatively low prices. As shown in Fraser (1996), this
negmive ccnelation,bétwcm price and yield meahsk that the introduction ‘okfa protein payménts,
system centred on fme'pmtein level associated with a farmer’s initial level of expected yield
decreases both the expeclted; level and variability of income.’

The aim of this paper is 1o extend the analysis of the impact of a protein paymems'system to
that on a farmier’s planned produc,tieri; At first plance it may be expected that, fora fanncr '
cencemed primarily with.' the level of expected profits fromwhaat,gmwmg,’ 't;h'ej‘ negative '
impast ¢ . protein payments on this level ‘w“o‘u!d also mean a reduction in p!t;anne,d production,
However, in a model of a risk neutral farmer making an aptiiz planned production decision.
it i shown that the acusal supply rusponge may Be'positive or negaiive depe;jdihg on the fevel
of seascnal variability, and despite a uniformly negative impact on the level of expected |

profiis. This result arises because the introduction of protein payments modifies the condition



2
detennining optimal plafnned praduction in twe conflicting ways. hm, asf;r'ecognis&d\ ,above,ii
introducas u negativa effect through the negative correlation between price and vield. ot |
second, by creating the opportunity for the farmer to reduce the probability bf'g discount and
increase the probability 'ofakpremium; thirough incrmim application of nitrogen {which is
shared between yiel’d and proteib), the system also has a positive gzﬁéct o the evel of planned
produriion, Moremer‘,’;khe level of seasonal variability ;iewnﬁin@s i’ha z:%:!ative stteﬁgth of
these two canﬂimiﬁng’ effects, with fthe; nagative effect increasing in magnitude relative to the
costve effect with the level of scasonal variability. *fhe gu&éﬁiialthmfmu exdsts for the |
balance of these two eﬁf’écss at 2 Jower level of seasonz: variability (o be re‘vérsed ata %i‘ig}xer

wvel

The plan of the paper xs as follows. Section | develops i:i deiail the model éutlinéd above,
tocussing in p{x.,rﬁcu}ar «éniiha ifr&pact of the ;iroteint payments s)’}fszf:m on the first order
condition for optima‘li planned production by a risk neutral famer? Section 2 uses numerical
analysis to illustrate the role of the fevel of seasonal variability in deter:iﬁning the di‘rectioﬁ of

this impact. The paper ends with a brief conclusion.



W

SECTION 1: The Mods!

The model, based on that developed in Fraser (1996), Speciﬁcs' a farmer’s expected level

(Eo(1)) of wheat income per hactare in the absence of protein payments as;

H

ED = YN | | | M
where: P = expected price per tonne |

F(N) = expected yield per hectare given N
™)

Note that this specification assumes the farmer’s uncertain price and season are independent,

A

level of available nitrogen.

It is further assumed that yield (y) ang protein (r) are jointly determined by uncertain seasonal
corditions througi: an inverse relationship (given available nitrogen):* o

e = Ny | @
where: (N} = function relating to soil type end available nitrogen (y(N)>0),
and that yield uncertainty (and therefore protein uncertainty) Iias a rﬁultiplicative relationship
with seasonal uncertainty (8): | ; |

y = o500 | | 0

where:  E(6) = 1

The system of protein payments is specified as:

Pu = Pax if 8 < ¥ty
Pu =P f y/nY s 6 5 viny ), @
Pr *® 'ﬁ'wx if; G > Iy

where: 1, = critical low protein level



T = ertical hvh pmzem lwel

Py = axpmwd price wuh protem premium
PL = expected price with proteiﬁ, discount
X - si#c- of discount/premium,

Finally, the critical protein levels are set svmmetrically in relation to the protein level
associazed with the initial level of expected vield.?

w-vIi¥ e ¢ I1§-n. | | (5

On this bast: the expected level (Ey(1)) of income in the presence of protein payments is given

hy
E(M = i 6??(9)&9+p[$§§,{,6yf(9)d6
Subsutunng (4) and simolifying gives:
E(I} = ‘;’i xy(»st wz) k S )
where g = ‘f?;”‘”? 8f(p)do
Wy = ‘I“,LY 9f(9)d9
Since for § symme:trisaiiy“diétributcc{: oW Wy, ' 3

the second term on the right-hand-side of (7) is negative so thiat for given™N:

Ey (D) < ;30(1)' , ‘ G o . e

O



Consider now the impact of the introduction of the protein payraents system on 1h‘¢ optimal
level of planned production. ¥n the absence of the system expected profit (E.{r)) per hectare -
is given by:

E,() B v eN.F ‘ O ag

#

where: ¢ = cost per unit cf ditroger.
F £

fixed costs per hectars,

Consequently, cptimal planned production is given by:

pYYN = o o

Whereas in the presence of protein payments éxpemed profit (Ey(r)) pér hectare is given by
B = B0 ¢ Jrou-ow)-oN-F - m
so that optimal planned p‘roducﬁbn,is given by’ | |
(ﬁ+x(’w1‘ = w;,)) 8y(N)/eN
e Tty 1 v3) + £y 1 .5)) = ¢ i | (13‘:5
where  f(y /1y¥) = value of th’c«’ probability‘dénsity ‘function of @at y / ¥ |

fy /1,¥) = value of the pmbability density function ofBaty/ ny.

Based on (8), the first term in the left-hand-side of (13) is smaller than the left-hand-side of
(11). This is the manifestation of th~ negative impact of p'réte'in payments on zxpected income
at the level of the marginal expected income from increased plannéd production. However;
the second term on the lemhahd-si'de of (13) is positive and represents the ;opéo;tuhityl bothto

decrease the likelihood of a discount and to increase the likelihood of a premium that follows
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from increasing planned production by inétga'sing nitrogen and the associated sharing of this
nitrogun between yield and protein. Consequently, a comparison of (11) and (13)5110?«‘; that
the overall impact of the introduction of protein pry=. “nts.on the optimal level of planned
production as algeb’raigallygmbigucus. Fe ooossit can be seen from (13} that the relaiive
strength of these conflicting effects depends on the level Qf,scas;onai variability. In particular,
a greater level of seasonal variability can be éxpeczed to increase the magnitude of ws relative
to wy, thereby increasing the magnitude of the negative effect on § in(ljﬁ)l Moreover, a
greater level of seasonal variability typicél!y reduces the value of the probability density
function at a given point, thereby reducing the magmitude of the posifi\vé effect on ¥ in (13).
Consequently, the pctent’ial’ exists for two farmers, who differ only in terms of their respective
leveis of seasonal vaﬁabi‘lity, to ba\?e gp‘posﬁe supply réépohses to the ‘irit,r‘oducﬁon ofa

protein payments system.

This situation is illustre.ed numerically in the next section.



SECTION 2: Numerical Analysis

In order to undertake a numerical analysis of the model developed in the previous section the
yield response function is assumed to take the Mitscherlich forra:®

m(1- de™) o (14)

e

y

where: m maximum yield

it

i

dxis parameter

o
It

curvature parameter,

In addition, the futctional relationship between protein, yield and nitrogen is specified as:

YN ‘ o
BB e {15)
- 5y | (s

This form satisfies the requirement of the model that, for given seasonal conditions (8),
additional nitrogen is shared between yielg and protein,” Finally, it is assumed tiiat the
probability density finction of seasonal conditions can be represented by the normal

distribution. On this basis:*

L GQZ(yN/rH‘y)) | 3
= Fv : 6)
Wi _('{N‘/ru?)(l BN Tmr3) ; (16)

W= (“W?N/rri))[l,'r(%Z(w““m} k(f'17)f

1-F(yN/rgy)))
where:  Z(yN/ £,7)= ordinate of the ‘s:éndard normal d{g;ﬁbuti«)ﬁ Wi Ofg
corresponding to the high crtical protein leve
Z(yN/ 1,3)= ordinate of the standard normal d’is&ﬁbutibn at the value of 8

corresponding to the low critical protein level



F(YN [ t,¥)= cumulative probability of @ being less than ¥ N/ny
F(yN/ rﬁ‘) = cumulative probability of 0 being less than YN/ §

Oy = standard deviation of 6.

Note that this distributional assumption is consistent with the requirement of the model that 0

be symmetrically distributed.

Turning to the paramster values for the Aumerical .anﬁlysis, base case assumptions are as
follows:

m = 110

d = 80

b = 035

c o= 700

P = 200.

In the absence of protein payments these assumptions result in the following initial optimal
values:
Yt‘a : = 100.00 ’ (Nn £ 1937)

E,(n) = 644025.

The base case specification nf the protein yayments system is as follows:
1 = 0516 (1N, /7,=01)

fit = 0.105



x = 10 (Pu=210; B =190).

Table 1 contains details of the optimal values for expected yield and profits following the
introduction of such a protein payments system for three leyels of sezsonal vaﬁabiﬁt‘y.? This
table confirms the result presented in equation {9) that suci a symmetrically-positioned protein
payments system would reduce expected profits regardless of the level Qat‘,seasorxal variability,
However, it aléo supports the sugge:;tion made in relation to equation (13) that the potential
exists for the optimal supply response of two farmers who differ only in terms of their
respective levels of seasonal %;'ariahiiity to have qpp’as'ite supply responses to the -inirod’ucﬁon.
of a protein payments system. In particular, an increase in the level of seasonal variability
increases the relative strength of the negative effect of protein payments both nn expected
profit and on margméi ex;_sema profit. Table | shows that for vy = 0.6 this negative effect
outweighs the positive effect relating to :ihe opporturity both to increasc the likelihood of a
premuum and to decrease the likelihood of a discount which follows from increasing nitrogen,
Consequently, a faﬁncr with this level of seasonal variability responds to the introd'uctioh of
the protein payments system by réducingt plﬁnnedprodnciion, whéréas farmers with the lower

levels of seasonal variability in Table 1 would show a positive supply response.”
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CONCLUSION

This paper has extended the analysis of the impact of a p’,,roie‘itt payments system: to ihat on ’a
farmer’s planned produc.ti,on; Because such a system has been shown to have a negative effect
on expected profits even if positioned symmetrically in terms of the likelihood of 4 premium or
discount, it could reasonably be inferred that tnis impact would feature a negative supply
response. |

However, using & mcdél developed in section 1 it was :show.xi that the introduction of a protein
payments systemn has two conflicting effects on the optimal level of planued production. The
first is negative and fellows from the impact on expected pfoﬁts, But the second is positive
and relates to the opportunity the farmer has hoth to reduce the probability of a discount and

i wrease the probability of a premium through increased ap‘plicatidn of nitrogen which is
shared between yié‘lci and protein. Moreover, as illustrated by the numetical analysis in section
2, the relative strenpth of thess effects can be reversed by changes in a farmer’s level of
seasonal variability, In particular, the greater is this 1avel the stronger is the negative effect on

planned production.

Consequently, it is suggested that the introduction of protein payments is more fikely to have
reduced planned production in areas of greater seasonal variability and increased planned
production in areas of Jesser seasonal variabilit‘y; In so déing the AWB’s pmteiﬁ paymehts:
system can be seen to have encouraged overall a shift of wheat-growing activity towards more

seasonally-reliable regions of the wheatbelt.
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FOOTNOTES

The 1mplxcauons for expected income of an asymimetrically-positioned system are quite
straightforward. In particular, protein payments centred above the initial
protein/expected yield level increase the likelihood of a discount and therefore have a
stronger negative impact on expected profit. The reverse applies for a system centred
below the mmal level.

Although the stabilising impact of protein payrnents on the variability of income can be
expected to have a positive impact on the plaxmed production of a risk averse farmer,
this feature of the supply response to protein payments is considered to be of a second
order of importance compared with the expected profit impact. Therefore, in order to
simplify the analysis, further consideration of its role is omitted

This specification is consistent with preliminary scientific evidence. See Robinson
(19%5) for details. ,

Note that it is not statistically precise to refer to v [ § a5 the expected protein level
(T) because r is an hyperbolic function of y.

Note that this derivative assumes an increase in available nitrogen is ¥shared” between
yield and protein for 2 given value of 0. This assumption seems consistent with ‘
scientific evidence and is represented algebraically by:

Ay /105)/ 6N » 0.

See Paris (1992) for details of empirical supgori' for this finctional form
See footnote 5 for further details.
See Fraser (1988) for this rlerivation.

Note that this range seems consistent with existing estimates of wheat yield Vanabxhty
around Aubtraixu See Anderson, Dillon, Hazell, Cowie and Wan (1988).

Further numerical dﬂdlysis shows that this pattern of resuits is not sensitive m the size
either of the critical protein bandwidth or of the protein premium/discount. In each
case a variation in size affects the magnitude of the two terms on the lefi-hand-sidy of
(13) similarly, However, an asymmetrical positioning of the critical protein levels wiil
either increase or decrease the relmwe Strength of the negative effect on marginal
expected profit. Cansequently, if a premium is considerably more likely than

discount, then even = farmer with gy = 0.6 may exhibit a posxtwc: supply response,
While if a diszount is considerably more likely than a premium, then even a fmm»f with
ge =04 may exhibit a negative 5upply response, ‘ ‘
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“Table 1
Results of the Im’phét of Inttaducing a
Protein Payments System on Optimal

Expected Yield and Profits

e

¥  Em
Ne protein payments | 100.00 . 6440.25
G=02 10049 6301.84
ga=04 | : 100.13 - 6130.26

Ga=06 , 99.95 5966.44
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