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Abstract 

This paper develops a model of the impact of introducing a protein payments system on a 

fanner's nitrogen application. The model. specifies a relationship between yield, protein, 

nitrogen and seasonal conditions and incorporates this relationship into a decision framework 

of optimal nitrogen application. The introduction of a protein payments system is shown to 

have a positive impact on nitrogen application if the critical protein level for extra payments is 

less than or equal to the fan11er's existing expected protein level. However, if the reverse 

situation applies, the nitrogen response is ambiguous and dependant on both the critical 

protein level and the level of yield uncertainty. Further empirical work is required. 
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Introduction 

The Australian Wheat Board (AWB) has recently introduced a system of premiums and 

discounts for protein levels in wheat With this system higher'prices will be paid i(measured 

protein levels exceed a specified level, while price discounts will be applied if meas1,1red protein 

levels are below the specified leveL 

The introduction of this system complicates a farmers nitrogen application decision because 

nitrogen may be used by the plant to improve yield or protein level or both. Moreover, initial 

scientific research has shown that estimating these relationships is confounded by the role of 

uncertain seasonal factors in determining the actual relationships. For example "if rainfall is 

low the nitrogen will increase returns through high protein although yields may remain 

relatively low, if rainfall is high, the early nitrogen will increase yield" (Agribusiness Decision 

Jvfarch, 1994 p. 9). Consequently, the introduction of protein payments and discounts means 

that a farmer is now faced with a modified decision environment for nitrogen application 

where the nature of these modifications is uncertain. 

The aim of this paper is to contribute to the understanding ofhow protein payments affect the 

farmers nitrogen decision environment, and hence how these payments affect the level of 

nitrogen application. 

The structure is ofthe paper is as follows. Section 1 sets out the initial model of the fa.rmer's 

nitrogen appli.cation decision. A system of protein payments is then introduced and .its ,effect 

on the farmer's nitrogen decision rule is detennined. It is .shown that, because the system 

contains both incentive and disincentive effects on the level of nitrogen application, rtp 

unambiguous conclusion can be reached regarding the overall effect of the &ystem on ~nitrogen 

application. In view of this, section 2 undertakes a. numerical analy~is ofthe modelin.m:der to 

highlight the sensitivity ofthe nitrogen application decisiorrto tqe components ofthe:ptotein 

payments system. 
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Il is concluded that, although further empirical research is f":'quired, only where farmers are 

producing wheat oft ow expected protein levels relative to the specified level for premiums to 

apply, is the protein payments system likely to result in decreased nitrogen application. 

Moreover, for farmers in this situation, the level of yield uncertainty is an additional important 

factor detem1ining the direction of nitrogen response to the introduction ofthe system, 

whereas the magnitude of protein payments is not. 
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Section .1 The ~1odcl 

In order to focus the analysis on the effect of prot~in payments on nitrogen &pplication it is 

assumed that the fanner produces only one output (ie wheat) with a single variable inpUt (ie 

nitrogen} The relationship between wheat yield (y) and nitrogen application (N) is uncertain 

due to seasonal factors, where this uncertainty is assumed to be multiplicative: 

where: 

y 

gt(N) > 

E(O) = 

= 

Sg(N) 

0 (g ''(N) <0) 

l 

expected yield = g(N). 

(l) 

The relationship between nitrogen application and protein level (r) is uncertain as well, but as 

this uncertainty is also due to seasonal factors) the uncertainty ofprotein level is assumed to be 

a function of the uncertainty of yield: 

r = 

where: 'Y 

yN/y 

parameter relating to soil type 

expected protein level = yNty. 

(2) 

Note that this specification features yield as first claimant. on the available nitrogen ,sqbject to 

seasonal conditions with protein levels relatively high in seasons where yield is relatively low 

(and vice versa). In the absence of clear scientific evidence ofthe relationship betwe~n 

protein, yield and nitrogen for different seasonal conditions, this specific;ation h~s b~en 

adopted on the basis of anecdotal evidence.1 

The price of wheat (p) is. also assumed to be uncertain., but ¥ncouelated with yielg .. Fio~Uy, 

the farmer is assumed to be risk neutral (ls a first ;~pproxim~tion oft he .eff¢cts ofprotein 
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payments on nitrogen application. On this basis, and. in the absence ofprotein paym~nts, 

expected profit is given by: 

E(py) -

V·lhere: 0 

= 

eN 

cost per unit of nitrogen 

expected price. 

The first order condition for maximising expected profit is given by: 
_a-y 
Pa-N = c. 

(3) 

(4) 

Now consider the introduction of a system of protein discounts and premiums. In what 

follows it is assumed that this system features a critical protein level (r0) above which a 

constant per unit of output price premium is paid and below whlch a constant per unit of 

output price discount is deducted. It is also assumed that this payment system is symmetrical 

with respect to the expected market price:l 

= P + a.; Pt = P -a. (5) 

and so: <P'2 + 'Pt)/2 = p. 

Given this system, the farmer will have an expected price for wheat as follows: 

if 
(6) 

if 

Since: r = rNtey 

(6) may be rearre1nged to give: 

P2 if 9 < 'YNircY 
(7) 

P1 if e ~ yN/rcY· 

As a consequence, with this sy~tem expected ~profit i~ given l:>y: 

'. 
:1 
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when~: f(e) - probability distribution function ofe. 

In this situation, the .first order condition is given by:3 

!(PaJJ Nl'r~Yaf(9)d{9)+ p1 J;NitcYer(e)de) 

+(p2 -'Pdf{yN/rcy) =c. (9} 

Equation (9) shows that in the presence of the system of protein. payments the farmer 

detennines optimal nitrogen appli.cation as in the absence ofthc. system by comparing the 

marginal cost of nitrogen with the expected marginal revenue. However, wherea$ in the 

absence of the system expected marginal revenue depends simply on the expected market price 

CP') and the expected marginal productivity of nitrogen application (oy I aN); with the 

system in place. expected marginal revenue is more complex, The first term onthelefl~hand.,. 

side of (9) shows that the marginal expected price now depends on a weighted sll,m of the 

expected market price with premium and with discount (ih and p1 )~ where the weishts depend 

on th~ critical protein ]evel relative to th¢ expected level (r0 ~ r). Moreover; the seconc.i term 

on the left~hand .. side of(9) shows that expected mar,ginal revenu.e with protein payroe,nt$'is 

also determined by the opportunity to increase the likelihood ofreceivingthe protein premium 

that arises from applying additional nitrogen {f( y N l r0y)). 

Given this model development, the focus of the analysis in this paper is on the lev¢ls ofoptimal 

nitrogen application implied by eql1ations {4) aud (9) (ie without and with.prote.in-paYments 

respectively). ·However, comparing equations .(4) and (9) resttlts oruy in,amilytical,~rnbiguity 

regar,diqg these levels. 

For example consider the situation where the c.riticaiJevet ofprc>teit'l,fot":lht}:pre.miu.m~t:tn4 the 

discount is set eqtlal to the e}{pecte41¢vel of prQtein in th¢ '(lb~~nq~ ,Pf ptgt~in p:~rto.ents {roJ ~ 



ln this situation the weight attaGhf!d to P'2 in the fitst tenu of equation (9) is based .;on.ia ~¢t,pr 

values ore aU.less than unity~ while the weight attach~d to Pt is based on a set ofval\l~S·ofa 

an in excess ofunityl with the same overall probability weight applying in e3~h <;~$~{0r,a 

symmetrical }1eld distribution. This implle,s the overall value of the we~ght attached to. P2 is 

less than that attached to p1 .~ and so their weighted sum b less than p. 1ifpwever,. th¢ secon<J 

term in equation (9) is always positive anq so the overall value ofthe left; .. hand .. $1Ae o£1(his 

equation relative to that of equation (4) in unclear. Only in the situation wherer0 is small 

relative to r is it possible for the weighted sum ofprlces in the first term of r.quation. (~) lo 

exceed p, thereby providing an unambiguous stimulus to nitrogen application. But, ev(m in 

this si~uation the shape of the yield distribution is also a relevant factor. Otherwise, the rol¢ of 

the two terms on the left..hand~side of eqtlation (9) wilt typically be in conflict regarding their 

overall value relative to the left-hand-side of equation (4). 

Prompted by this ambiguity, in the next section a. numerical analysis is undertaken·ofthe model 

developed in this section in order to investigate further the .impact of protein/ paynwnts on 

nitrogen application. 

Section l Num~rical An:.ly$is 

In order to undert(lke a numerical analysis of the model developed in. section lit is nec:~ss~ 

to specifY further the relationship between expected yield and the level ofnitro~¢n ~ppUc~lJQn~ 

In what follows it is assumed that this relationship is, represented bytheMttschetUch,.f\lrwtl9n:4 

y ;::: rn( J,.,de-bN) (IX>) 

whf;!re: m = maxim~m yi~ld 

d - axis .parameter 

b = cqryatur~ .. p~ram~t~r. 



ln adclition, it is &ssumedthat the n1ttltipU~~tivf!·paramel¢r~ovemlQSth<!t.ulc..crtt¥inty or:~teld' 

(0) is characterised by a normal ,qh;tnbQtion.. A$ a :COJ1$(!(lu(!n¢e, the valy~·qffh(} ·weight~. in., . 

equation (9) are given by:s 

JJ NlrcYet(O)dO = F\yN /r¢¥)(1-
0~fJ~~ ~:;r)) (11) 

and JIX!N/· . -Of(6)d6 = 1- JYNlreYer(S)dO Y roY .. . o .. · ·. (l~) 

where: o0 = standard deviation ofO 

F( y N I rcy) = cumulatiVf! pro.bability.ofthe actual protein level e~c;eeqing 

the c:rtticallevel (:r~ 

ordinate of the standard normal distribution at the value of.O 

corresponding to the critical protein levet 

Note also that: 

f{ y N I rc y) = Z( y N I rc:Y)Iao. (13) 

Finally., the following set of parameter values is .specified as a "J3a&e Case": 

m 

d 

b 

p 

c 

cra 

= 

= 
= 
= 
--
= 

6 

20 

5 

0.2. 

Given these parameter values, the value ofy can be adjusted to give a.n initi~l e~p~cteci 1prot¢in 

level often associated with the initial optimal nitroaen ~pplicAtion: 

y = 18.093 

f = 10 

N* = 3.178 



y 

E(n) 

5.75 

99.110. 
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Note that in the absence of a. protein payment.<; system this optimal solution is independent of 

the value of O'Q. 

Next consider the introduction of a prote.in premium and discount system specified as follows: 

if r< rc then Pt = 18 

if r > re then P2 = 22. 

The results oft he system1s impact are demonstrated in Table 1, with rows (2) and (3) 

illustrating the ambiguity of the impact of the system. In particular, the results in row (2) 

represent a situation where the incentive etfect of being able to increase the likelihood of 

receiving a protein premium by increasing nitrogen application (the second term on the LHS'of 

(9)) dominates the disincentive effect of there being some probability of receiving a protein 

discount associated with a relatively high yield (the first term on the LHS of (9)). Note also 

that in this case the increase in optimal nitrogen application is associated with an increa~e in 

the level of expected profits. By contrast, the results in row (3) represent a situation where 

this disincentive effect dominates the incentive effect and optimal nitrogen a,pplicati.on is 

reduced. Overall the results in Table 1 suggest that the higher is the critical protein level 

relative to the farmer's initial expected protein level the more likely it is that optim~l nitrogen 

application will be reduced following the introduction of the protein payments .system, 

Next consider the sensitivity of the results in Table 1 to the specification of the .size of the 

protein payments in the Base Case. Table 2 contains .details of results comp1J.rable with those 

in Table 1 but calculated on the ha,sis of a doubli11g of the size ofthe protein,,premium anci 

discount (ie p1 ::::: 16~ p2 ::::: 24). Overall, the results in Table 2 show that~ a,lthouah with 

increased protein payments the magnitucle of the nitrqgen response is larger, the pa,ttem of 

responses is ~.mchcmged, featl1ring as in Table 1 a change. ofdire.ction ofnitr<>gen r¢~pr.m~.~ 
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between the critical protein levels of 10 and 20. This observation can be explained by notjng 

in equation (9) that an increase In the magnitude of the diflbrence between :Pz and p1 in a 
-:,• 

situation where rc > F increase~ he magnitude of both the incentive (term 2) and disince11tive 

(term 1) etTects on nitrogen response. 

Finally, consider the sensitivity of the results i.n Table 1 to the ft1rrner's level of yield 

uncertainty. Table 3 contains details of results comparable to those in Te1ble 1 but where the 

standard deviation of yield has been increased (cra = 0.3 instead of0 .. 2). Overall th~ results in 

this Table show that the pattern of nttrogen response for varitJUS critical levels of protein is 

sensitive to the fanner•s level of yield uncertainty~ with a change of direction of response 

occurring at the 20 critical level of protein between Tables l and 3 (ie row {3)). This 

sensitivity reflects the impact of increased yield uncertainty on the size of the disincentive 

effect identified in equation (9). In pruticular, for a critical protein level in exce$s ofthe initial 

expected level, an increase in yield uncertalnw increases the likelihood of receiving a protein 

premium. thereby reducing the size of the disincentive effect In this case optim"l nitrogen is 

increased despite the associated decrease in expected profits. 

Conclusion 

This paper has developed a model of the impact of introducmg a protein payments system on a 

farmer's nitrogen application. It was shown that the farmer faces two conflicting effects from 

the introduction of the system: an incentive eti'ect. arising from the opportunity to increase the 

likelihood of receiving a protein premium by increasing nitrogen application; and a qisincentive 

effect arising from the likelihood of receiving a protein discount in seasons ofrelatively low 

protein (section 1). 

As a consequence of this ambiguous analytice1l response1 the impact of introdl)cing a protein 

payments system was investigated numerically in section 2. lt was shown that if the cdtical 
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protein level is sufficiently in excess of the fanncr•s initial expected level then the optimal 

nitrogen application is reduced following tho introduction of the system. In additi.on, it: was 

shov . .,rn that the potential for a negative nitrogen response is also dependent on the farmers 

level of yield uncertainty. Because higher yield uncertainty increases the likelihood of a 

protein premium in a situation where critical protein level is in excess of the initial expected 

level, the critical protein level at which this disincentive effect dominaJes the nitrogen response 

decision is increased. Finally, it was shown that because the size of the protein payments 

affects the incentive and disincentive effects similarly, this size does not play a significant role 

in determining the direction of nitrogen response, only its magnitude. 

Consequently, this paper has both clarified the role of the components of a protein payments 

system and highlighted yield uncertainty as a farm-specific factor in influencing a farmer's 

nitrogen response to the introduction of such a system. liowever, the model has been based 

on an unverified sttucture of the relationship between yield, protein, nitrogen and se&sonal 

conditions which needs further empirical investigation. 
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FOOTNOTES 

Note in addition to the quote in the Introduction: 11If the nitrogen supply stays the same 
but the yield is increased w due to a high yielding variety or a good season - the 
percentage protein in the grain will fall" Agribusiness Decision June 1994 p.S. 

The implications of an asymmetrical payments system for nitrogen response are clear 
and therefore are not considered in this paper. In additiont extending the system to a 
sliding scale ofprotein payments is considered to be an unwarranted complication. 
M'oreover, subsequent numerical results suggesting the unimportance of the magnitude 
of payments in detcm1ining the direction of nitrogen response support this approach. 

Note that a( y N I rcY) I 8N > 0 as long as the elasticity of expected yield with 
respect to nitrogen is less than unhy. 

Sec Paris ( 1992) for details of empirical support for this functional form. 

See Fraser (1988) for details. 

r •. 
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Table l 

Effect of Introducing Protein Payments on Optimal 

Nitrogen Application: Base Case 

N* 

10 3.178 5.750 

12.789 4.176 5.908 

9.901 3.141 5.741 

E(1t) 

99.110 

106.454 

87.683 
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(2) 10 

(3) 20 
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Table2 

Effect of Introducing Protein Payments on Optimal 

Nitrogen Application with Increased Size 

ofPaymentsn 

N* y 

10 3.178 5.750 

14.330 4.709 5.946 

9.743 3.083 5.725 

Note a: p1 = 16; p2 = 24. All otherBase Case parameter values apply 

E(7t) 

99.110 

113.608 

76.284 
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Table 3 

Effect of Introducing Protein Payments on Optimal 

Nitrogen Application with Increa$cd 

Yield· Unccrtaintya 

N* y 

10 3.178 5.750 

13.017 4.256 5.915 

10.827 3.480 5.815 

Note a: <:ra :;::: 0.3. All other .Base Case parameter values apply 

E(7i) 

99.110 

103.416 

87.874 




