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Abstract

Cropping in low-rainfall regions can be risky bwesss. Farms are often characterized by high
climatic and spatial variability, while input preparticularly nitrogen (N) fertilisers, are
rising steadily relative to grain prices. Consedlyemn anticipation of having a poor season,
farmers minimize downside-risk, which is perceiasifar more likely than upside gain in
such risky environments, by applying fixed low satd# N to their cereal crops. However,
farmers might benefit from using higher fertiligates and adjusting the rate of N fertiliser
applied during the growing season, because if ssas@ favourable the crop demands more
nutrients. Using a combination of crop simulatigmnobability theory, profit function and
finance techniques to quantify the trade-offs betwmagnitude and variability in net returns,
we found that the use of higher N rates (relatovéhe region’s average) can reduce risk in a
highly variable dryland environment like the Malleegion in south-eastern Australia.
Overall, typically risk-averse Mallee farmers withw starting N seem likely to benefit from
increasing their N rates to up to 60 kg N*Heom the 15 kg N Ha currently applied, with
less risk-averse farmers being likely do this by@ohg a more tactical approach to N

fertilisation.

Keywords: nitrogen fertilization, risk, crop simulation, eamic net returns, decision
analysis, Mallee



1. Introduction

In the face of high climatic and spatial varialyilitow nutrient use efficiency, and intense
market volatility, identifying the most profitableate of nitrogen (N) fertiliser presents a
challenge to dryland farmers. The situation is b@og even more pressing because fertiliser
costs account for about 60% of all variable cropdpction costs in Australia (ABARE,
2010) and their costs have been growing faster thanprices obtained for grain prices
(Kingwell and Pannell, 2005; Price, 2009; FAO, 2010

Because N is such a significant investment, farraeek to minimize the risk of a loss in poor
seasons by applying standard low rates of N to ttexeal crops. In doing so, their fertiliser
management reflects recommendations for averagsosgaand ignores the fact that N
deficiency is one of the main causes of a gap beivaetual and potential yields, especially
in the wetter seasons (Asseng et al., 2001; SadiRoget, 2004).

Part of the reason for the conservatism on theqdate farmer is the perception that excess
N supply in dry seasons increases their exposuresko which is why N fertiliser is often
considered to be a risk-increasing input in drylagdculture (Russell, 1968; Just and Pope,
1979; Quiggin and Anderson, 1979; McDonald, 1988athers and Quiggin, 199%an
Herwaarden et al., 1998; Sadras, 20R8psen and Hennessy, 20@pun, 2007; Lobell,
2007; Rajsic et al., 2009; Picazo-Tadeo and Wdlll12. This issue is specific to risky
dryland conditions, in contrast to other regionserehthe cost of over-applying N is clearly

lower than the cost of under-fertilising (Rajsidaieersink, 2008; Gandorfer et al., 2010).

In this context, it is timely to explore the sigod&nce of N management in dryland grain
production under high risk and uncertainty, pattdy since the variance in wheat revenue
has more than doubled in every significant wheatwyng state in Australia over the last 15
years (Kingwell, 2011). So we ask the question:lddhose farmers in the low-rainfall

Australian wheatbelt who adopt a low N input stggtén the attempt to minimize economic
risk in fact be missing out on greater returns framre intense cropping in the more

favourable seasons? In short, are dryland farmeendfertilizing with N?

The issue of N management in agriculture has bedelystudied in the context of managing
risk, with one strategy of particular interest lgpithe benefits of responding to seasonal



conditions with extra N applied tactically in-seagdlordblom et al., 1985; McDonald, 1989;
Kingwell et al., 1993; Angus, 2001; Broun, 2007 bketl, 2007; Moeller et al., 2009; Oliver
and Robertson, 2009Most studies have used only a single or few appresdn the risk
analysis, and many have relied on limited dataaddition, only a few have accounted for
seasonal or spatial variation as to trigger tinresite-specific management, or have included
a full risk aversion analysis. In this study we amot only to overcome these limitations, but
also to revisit the issue of N management in lighupdated knowledge and information
specific to the study region (a full risk assessimt@nN fertilisation strategies in the three
most representative Mallee soil types is being icemed for journal publication). In the
process, we expect to address new concerns inath@ng community that have arisen in

recent times as a result of a shift in rainfall amalket trends.

We use a range of tools, including crop growth nlodg Monte Carlo simulation,
economic-risk measures and stochastic efficien@}yais, to evaluate the combined impact
of yield and price risk on long-term performanceNoffertiliser strategies, including those
where rates are adjusted from year to year, acuprii the seasonal outlook, by applying
extra N within the growing season. The resultsthen re-scaled according to the farmers’
level of risk aversion. The main outcome for ousesatudy in the Mallee region in southern
Australia is a response scale associated with gddiat the selected site, which is intended
to help inform farmers in their fertiliser decisgrin particular, higher N input and tactical
management are proposed to be beneficial for fanrgng to cope with an increasingly

risky environment.

2. Methods

2.1. Study area

The focus of this study is Karoonda in the Malladpw-rainfall region that lies south and
east of the Murray River, across part of South flist, Victoria and into New South Wales
(Figure 1). The Mallee region comprises 7 millioectares of land, of which three quarters
are allocated to dryland agriculture (Sadras ¢t28l03). Mallee agricultural fields typically
include sandy dunes and plains that have soils witrong texture contrast between the
surface (sand through to loam) and the subsoilvihekay). The northern part of the Mallee
is dominated by limestone plains with low eastérgnding sand dunes with mean annual



rainfall of 250 - 300 mm and mean annual evaponatib2200 mm. The southern Mallee is
dominated by sand plains with dunes and frequettraps of calcrete. Here, annual rainfall

is around 300 - 350 mm and annual mean evaporetibd75 mm (McLeod, 1989).
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Figure 1. Map of the SA/Vic Mallee region (shaded area).

The region has a Mediterranean-type climate (Asema973; Boyce et al., 1991) and soils
with low plant-available water content, resultimgwinter cereal crops that are often exposed
to varying degrees of moisture stress, includimmieal drought (Sadras, 2002). Farming in
the Mallee is considered risky (Makeham and Malcal®88), and this is the main reason
why agricultural inputs, such as N fertiliser, hatraditionally been kept at low levels
(Sadras, 2002). Recent investigations suggestrduaes in the region are in the order of 10-
20 kg N h& at sowing with some more intensive cropping fasnesing up to extra 50 kg N
ha' applied in-season (J. Braun, consultant 2011,. pgmsim.). For comparisons in this

analysis, we assume an upfront application of 15l kgi* as the current district practice.



2.2. Yield simulation and response curves

The Agricultural Production Systems Simulator (AM¥[(Keating et al., 2003) was used to
model water-limited yield potential and grain-yididresponse curves over the 1950-2010
growing seasons. The model was validated againsaiwield response to N application in
2009 and 2010 at the Karoonda site to ensure cligditf long-term simulations. The fit of
actual yield versus predicted yield is approxima@B.To simulate yields, the APSIM wheat
module was used in conjunction with the soil-watedule (SOILWAT?2), the soil-nitrogen
module (SOIL N) and the surface-residue model (RES) (Probert et al., 1998, Oliver and
Robertson, 2009). Daily climate data came from tthenship of Karoonda source in the
SILO historical climate database. The wheat cultiYatpi, was planted at 150 plants“in
every season, between™Bpril and 14" July, following 10 mm of rainfall within a five-ga

period.

The model was parameterised for a representativie tgoe based on soil and crop
measurements for the hill-top position within thed at a site near Karoonda in the Southern
Mallee region of South Australia (Whitbread et ab08, 2009; Whitbread, 2010). This soil
type is characterised by sandy soils with low sulzsmstraints, low initial fertility status and
good response to fertilizers, and corresponds gugh30% of the typical farm and region
(Whitbread, 2010). Ten representative soil coresewaken for the soil type and the ‘average’
value of the analyses of these cores at depthvadteof 0-10, 10-20, 20-40, 40-60, 60-80 and
80-100 cm were used as the model input values ¢Jané Whitbread, 2010). These bulked
soil samples were analysed for organic carbonnisgliboron, chloride, total nitrogen and

crop lower and upper limit.

Annual yields were simulated for wheat on the Mak®il over60 years from 1950 to 2010.
The simulation treatments comprised N fertiliseplegal as urea at sowing (upfront) at rates
of 0, 7.5, 15, 30, 60, 90, 120 and 150 kg N, tes well as a tactical (i.e. a split approach) tha
tested all sowing N rates in combination with @&, 7.5, 30, 60, 90, 120 and 150 kg N'ha
applied at Zadoks crop growth stage 31-40 (GS31(2&)oks et al., 1974) when soil water,
soil N and rainfall rules were met. Tactical orispbplication of N was triggered by the

simultaneous occurrence of threshold values ofvgaiér (greater than crop lower limit), soil



N (less than 100 kg N H} and rainfall greater than 10 mm over 3 days) within GS31-40.
Because crop yield potential is not known when thetical N application treatment is
triggered, there are some seasons where the cetippotential is too low to warrant extra N
addition but the GS31-40 conditions trigger N aggion, or GS31-40 conditions do not
trigger N application but yield potential may besqdate to warrant extra N application. On
average, in 21 seasons (35%) the tactical appicat N was not triggered.

Simulated wheat crops were grown based on a gjamimeral soil N of 18 kg N ha(0-

110cm) based on actual soil test values in the 2009 growing seasons. Soil N and surface
organic matter (1.5 t/ha) were reset on April lhegear while soil water was reset each year
on Dec 12 at crop lower limit to remove the effettthe previous crop and season on the
following crop response to season and N treatnfetdtal of 64 scenarios were investigated

for Karoonda.

2.3. Data sets

In addition to the 60-year time-series wheat-yigdéda sets generated in APSIM, two farm-
gate-price datasets were created, one for Austr&tandard White (ASW) wheat and the
other for N fertiliser (urea, 46% N) from a rangedata sources including historical pool
returns (AWB 2010), commodity statistics (ABARE,12) and farm budget guides (Rural
Solutions SA, 2009; 2010; 2011). The highly vetsaASW wheat with medium-to-low-

protein white wheat grain is represented best iIBIMR even though protein, which partly
determines the price received for wheat, is nosiciared. Real prices (in Australian dollars,
AUD) were used to capture long-term deflation over hgehrs from 1970 to 2010 (adjusted

to 1998, using the consumer price index).

Correlation between wheat and N prices over thaiogewas calculated, along with the
means and variances of each price series (TabWHgat prices were found to be logistically
distributed, whereas N prices best fitted a Betae®ad distribution, which is positively

skewed and best captures the increasing priceiltglabserved in the late 2000s.



Table 1. Mean, variance and correlation coefficients of vitagal nitrogen prices.

Wheat Nitrogen
Mean price (AUD t*) 210 1030
Variance 0.16 0.22
Correlation coefficient 0.12 0.12

A coefficient of 0.12 reflects a relatively weakattoonship between both prices because grain
price depends primarily on the global grain supgphg N price is affected by the cost of
energy (Kingwell, 2000). Based on the correlatettepdistribution at Karoonda, 1000
random draws were generated using @RISK (Palisaaipotation, 2002). These price
distributions were used in calculating economicretiirns from growing wheat at a range of

N fertiliser rates by two different methods, aswhdater in Equation 2.

2.4. Crop yield variability

Given the stochastic nature of climate (KingweB94, 2011; Pannell et al., 2000; Quiggin
and Anderson, 1979), climate-driven variability anop yields, and thus variability in

agricultural net returns over a given time frame b& quantified using probability theory
(Hardaker et al., 2004b; Hardaker and Lien, 2010).

A suitable framework to characterize yield variapiinvolved the generation of frequency
distributions of wheat yields for each of the Natraents. Using the @RISK software, the
yield frequency distributions were then fitted wgia range of suitable probability density
functions (PDF) including InvGauss, Weibull, Peasonormal, logistic, uniform and beta
distributions. We chose thenderson-Darling statistics test (Anderson and iDgrl1952) to
measure the goodness of fit of each distributioncdmparisons of power, Stephens (1979)

found A% to be one of the best empirical distribution fumictstatistics for detecting most

departures from normality, in other words, the dinat best fits the distribution tail. We
calculated the Anderson-Darling statistid¥’, to measure the goodness of fit of each
distribution using Equation 1.
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Where,

n total number of data points (crop yield)

g2

M. number of¥i ¢ |ess thax

The probability density function with the best §is measured by the Anderson-Darling

statistic test was selected for use in Monte Csirtaulation of net economic returns.

2.5. Net returns function

Crop yield risk and price of inputs/outputs or nerkisk are among some of the major risks
faced by farmers (Hardaker et al., 2004b; Kingw2000, 2011), particularly in marginal
regions such as the Mallee (Makeham and Malcol881L9The effects of rainfall and soil
variability, as well as of market volatility, on@wmic net returns from dryland agriculture
in the study area are accounted for by quantificatif variability in net revenue from sale of

wheat grain produced per hectare less the fixedrandble costs incurred in its production.

Economic net returns for wheat were calculatedaviofit functionas shown in Equation 2,
with the prices and costs (in AUDptained from a range of sources (ABARE, 2010; Rura
Solutions SA, 2009, 2010, 2011).

NRn: (ynxpw)_((Rnl + (RnZ *f)) XPn)_(Ct Xf) _Co (2)



Where,

NR, netreturns by total N rate(AUD ha’)

Y,  crop yield by total N rata (kg ha')

P,  price of ASW wheat grain (AUD kb

Ru. rate of N applied at sowing (kg N'Ha

R rate of N applied in-season (kg N'ha

Pn price of N (i.e. price of urea/0.46) (AUD kd\)

Ci operational cost of applying extra fertiliser irasen (AUD h&)
f frequency of seasons with tactical N applicatiosé@ason

C,  other costs (AUD h3

Other costs, assumed unchanged over time, incladable costs of growing wheat (e.g. seed
purchase and treatment, herbicides, fuel and wod, fartilisers other than N), fixed costs of
production apportioned on an AUD hhasis (e.g. repairs and maintenance, labour,anser

and levies), interest on variable costs (8%), agpreciation of machinery investment (10%

of AUD 200 h&" in machinery investment).

Variability in net returns for each scenario wasufified by using @RISK to generate 1000
Monte Carlo simulations of net returns using Equat2 with random samples for both the
yield parameteiYnz, drawn from the modelled probability density fuoos for yields, and
the price parametei’, andP,, based on the correlated distributions of thegmeprover the
defined period. In the same way as for yield, weedi probability density functions to
frequency distributions of net returns under alersrios, and selected the best using
goodness of fit and Anderson-Darling test (see Eoud).

2.6. Economic-risk measures

Farmers in the Mallee region are faced with thdlehge of choosing from a range of N rates
and timing of application with uncertain net retiin each season type. In a similar analysis
comparing the benefits of four options for entesprimix diversification, Kandulu et al.
(2012) identified in the financial risk managemditgrature four measures for assessing
potential trade-offs between expected net retuntsaverall variability in net returns. Like

them, we propose that variance or standard dewiaised alone is an insufficient measure of



risk to inform an N application decision, so wedisecombination of eighhain indicators to
guantify the expected magnitude and variabilityyield and net returns from each scenario.

These are:

1. Mean of expected net returns, i.e. the magnitudesbfeturns;

2. Mode of expected net returns, i.e. the most freguen return value in the
distribution;

3. Standard deviation of net returr&), i.e. a measure of variance or dispersion
from the mean;

4. Coefficient of variation,CV, i.e. a measure of dispersion of a probability
distribution @/mean);

5. Probability of break-everB(NR.d> 0), i.e. the probability of returning a profit;

6. Conditional value at risk of the lowest 10% of pbsoutcomesCVaRo., i.e.
the mean of the lowest 10% net returns or, in otiends, the risk of extreme
financial loss associated with unfavourable ev€@tsgvas and Holt, 1996);

7. Return on total fertiliser investment at risR\|, i.e. a measure of the
investment in total N fertiliser made with the leesrtainty of return;

8. Return on tactical fertiliser investment at r{g¥y), i.e. a measure of the value

of extra tactical N fertiliser applied in-season.

Calculation of the return on total/tactical N feser (Ry/ Ryr) is shown in Equations 3 and 4:

_NRn—NROnN
cn

Ry 3)

_NRn2—-NRONn2

Rur =i @

cn2

Where,

NR, /NR., netreturns by total N rate/ tactical N rate2 (AUD ha?)
NRo, / NRonz net returns by total zero N / tactical zero N (AU®")
Co/ Cnz cost total N / tactical N (AUD ha)

Calculating the probability of break-even a@WaRo.1 allows for a more clear estimation of
magnitude and risk of net returns, as well as ibbias of low-end net returns from

alternative options (Uryasev and Rockafellar, 20®dg¢kafellar and Uryasev, 2002).



2.7. Farmers’ preferences

Farmers with different degrees of risk aversionléedy to have different preferences for N
strategies (Hardaker et al., 2004b; Kingwell, 199athers and Quiggin, 1991; Pannell et al,
2000). Therefore, assessmehnutrient management strategies is likely to lwalifitred when
attitude to risk is considered. This is becausegrwtisk matters, an individual's objective
shifts from maximizing expected profit to maximigiexpected utility, or overall satisfaction
(Arrow, 1971; Lambert, 1990; Pratt, 1964).

Fertilization preferences under risk were revealedthis study through a Stochastic
Efficiency with Respect to a Function (SERF) aniglyslardaker et al., 20048ERF ranks a
set of risky alternatives (N fertilization applicat rates and methods in this case) in terms of
Certainty Equivalence (CE), or willingness to pfoy, a specified range of risk attitudes. The
risk attitude range is typically measured by a raslersion coefficient, measuring either
absolute or relative risk aversion (Hardaker et28l04a), based on the magnitude and spread
of the distribution of net returns. In this studyConstant Absolute Risk Aversion (CARA)
coefficient, also known as Pratt's Measure of Rdslersion (Arrow, 1971; Pratt, 1964) is
used to represent the risk attitude of the farip@sed on a pooled variance-covariance matrix
for the relevant type of farming (i.e. dryland adreropping) (Abdullahi et al., 2003;
Hardaker et al., 2004a; Lien, 2002).

Constant aversion to risk implies a particular €lasutility function, for example the
negative exponential utility function (Andersoraét 1977; Hardaker et al., 2004a, 2004b)
which is particularly relevant for evaluating margji risky investments that are small relative
to the equity of the business, such as risks affgcinly next year’s income (Hardaker and

Lien, 2007) (Equation 5):
uw)=1-eW (5)

Where,

w wealth or income expressed as a wealth elgunva

c constant absolute risk aversion (CARA) ceedht (€ > 0)



In SERF analysis, simultaneous comparison of gredeby their utility determines the most
efficient strategy for a farmer with a particul@skr attitude. The CARA coefficient typically
varies between 0.0 (risk neutral) and 0.0266 (w&sly averse), based on the relative risk
aversion scale of 0.0 to 4.0. Here, we use wideplate risk aversion bounds, from 0.0 to
0.035, for a better illustration of the impact ahking alternatives (Hardaker et al., 2004a).

3. Results

In this section, we present results on variabilitypoth crop yield and economic net returns,
assess the potential benefits of different N iedil management strategies, and consider how

a set of preferred strategies might change acapfdirmers’ attitude to risk.

3.1. Yield variance analysis

A vyield variance analysis is conducted here becausld variance was found to have a
greater impact than price variance on variance heaw revenue (Kingwell, 2011). Mean
wheat yields ranged from 192 kg havith zero applications of N fertiliser to 2235 kg™
with applications of 150 + 90 kg Haof N (Tables 2). Overall, the lowest coefficierft o
variation of the mean yield was achieved with 15kj of N applied at sowing (CV of 0.23),
indicating that farmers currently target lower gighriance (Tables 2).

Generally, application of higher N rates, both @wisg and in-season, contributed to higher
yields. Gains in crop yield arising from extra Nbuts are often, but not always, accompanied
by greater yield variance (reflected in larger d&d variation and coefficients of variation),

which may translate to higher economic risks, asufised later.

The proportion of seasons that achieve wheat yieddisw 0.25, 0.5, 1.0 and 2.0 thand
greater than 5.0 t Hawas also calculated (Tables ¥ery poor yields (Decile 1 and 2) were
generated when no N was applied to the crop, vdrileipfront rate of at least 60 kg N*ha
was required to achieve consistent yields betwe6nahd 2.0 t hd The yield variance
analysis suggests that applying upfront N ratetou® kg N h& could be beneficial in terms
of increasing yields, while managing yield varianBecause a rate of 60 kg N*hm-season
was the point at which the highest yield varianceuored in most cases, only economic

results for scenarios with rates up to 60 kg N applied tactically will be presented.



Table 2. Measures of yield variability for selected N ragenarios (upfront N on left and
extra in-seasorN on right in first column; current practice inl@dont).

Mean SD Ccv % years

-1
Kg N ha (kgha') (kg ha?d)
<0.25tha <0.5that <1.0tha <2.0tha >5.0that

+0 192 48 0.25 92 100 100 100 0
+15 368 182 0.50 40 67 100 100 0
+ 30 382 195 0.51 40 67 100 100 0
° + 60 390 201 0.52 38 65 100 100 0
+ 90 394 203 0.52 38 65 100 100 0
+ 150 398 206 0.52 38 65 100 100 0
+0 405 92 0.23 7 85 100 100 0
+15 749 393 0.52 7 35 60 100 0
+ 30 783 418 0.53 7 35 55 100 0
1 + 60 811 437 0.54 7 35 55 100 0
+90 827 449 0.54 7 35 55 100 0
+ 150 852 503 0.59 7 35 55 98 0
+0 727 199 0.27 5 12 95 100 0
+15 1246 647 0.52 7 12 43 85 0
+ 30 1300 697 0.54 7 12 42 83 0
%0 + 60 1324 728 0.55 7 12 42 80 0
+ 90 1329 735 0.55 7 12 42 78 0
+ 150 1332 740 0.56 5 12 42 78 0
+0 1271 466 0.37 3 12 23 98 0
+15 1797 1011 0.56 S 12 22 62 0
+ 30 1871 1084 0.58 3 12 22 57 0
°0 + 60 1913 1153 0.60 S 12 22 57 0
+ 90 1923 1163 0.61 3 12 22 57 0
+ 150 1928 1173 0.61 S 12 22 57 0
+0 1788 751 0.42 3 12 22 53 0
+15 2056 1228 0.60 S 12 22 52 0
+ 30 2125 1342 0.63 3 12 22 52 2
% + 60 2147 1386 0.65 S 12 22 52 2
+90 2156 1403 0.65 3 12 22 52 3
+ 150 2158 1410 0.65 S 12 22 52 3
+0 2227 1229 0.55 3 12 22 52 0
+15 2224 1472 0.66 8 12 22 52 3
+ 30 2229 1489 0.67 3 12 22 52 3
150
+ 60 2234 1500 0.67 8 12 22 52 3
+90 2235 1510 0.68 3 12 22 52 3
+ 150 2234 1513 0.68 S 12 22 52 3

* Tactical N applied only in the 39 seasons thaettbke trigger conditions outlined in section 2.2.



3.2. Economic-risk performance

The magnitude and variability of economic net nesuacross the full range of N management
strategies at the Karoonda site were assessedsagagmt economic-risk indicators: mean
and mode net returns; standard deviation and cosfiti of variation of the mean net returns;
P(NR > 0); CVaRy1; and return on the total/tactical N fertiliser @stment (see section 2.6 for

detailed descriptions).

Overall, mean net returns varied between —AUD 122(6 + 150 kg N hd, not shown here)
to AUD 228 ha (90 + 30 kg N ha) (Table 3).The highest returns occurred with mid to high
N rates (> 30 kg N K8 applied upfront and/or tactically, and the lowestirns resulted from
zero N input as well as very high in-season N apfibns (> 60 kg N h§ with poor

selection of initial inputs at sowing (either taw or too high) (Table 3).



Table 3.Economic risk measures across a selection ofés (atpfront N on left and extra in-
seasonN on right in first column; current practice inlddont).

Mean Mode SD CV P (NR>0) CVaRy1 Ry Ry

KgNha'  auDha?) (AUD ha') (AUD ha’) (%) (AUD ha’) (ASNRIASN) (ASNR/SNy)
+0 -60 59 12 0.21 0 77
+75| 37 72 38 1.02 16 -100 2.9 2.0
0 +15 -38 -50 4 1.09 19 -106 14 1.0
+30 -45 -32 44 0.99 15 -118 05 0.3
+60 -63 78 44 0.70 8 -138 0.1 0.0
+0 -50 -53 16 0.32 1 74 12
+75 7 -29 60 8.01 43 -106 33 3.8
75 +15 -6 11 64 11.36 45 112 23 2.0
+30 11 18 68 6.16 42 123 13 0.9
+60 -29 -39 69 2.36 32 -145 0.4 0.2
+0 -30 41 24 0.81 11 -68 19
+75 27 42 79 2.92 57 -78 3.7 5.1
15 +15 27 -61 87 3.21 54 -84 2.8 26
+30 24 -01 93 3.84 53 -96 18 12
+60 10 -96 98 9.92 47 117 0.9 0.4
+0 22 31 49 o, 69 -67 2.6
+75| 103 25 123 1.19 79 78 42 7.2
30 +15 117 40 146 1.24 77 -84 38 4.2
+30 118 123 157 1.33 76 -96 2.9 2
+60 102 -33 159 157 70 -114 17 0.9
+0 106 = 109 1.02 82 -84 2.7
+75| 185 182 203 1.10 82 -149 35 6.8
60 +15 200 162 222 111 82 128 3.4 43
+30 206 42 236 114 81 -139 2.9 23
+60 198 78 260 131 77 -150 2.1 1.0
+0 183 273 171 0.93 83 -125 2.6
+75| 208 186 243 117 81 -195 2.7 2
90 +15 225 187 274 1.22 80 -167 2.6 18
+30 228 57 290 1.27 79 147 23 1.0
+60 215 376 310 1.44 75 -199 18 0.3
+0 178 210 230 1.30 73 -170 19
+75| 212 107 277 1.30 78 -198 2.1 3.1
120 +15 220 53 308 1.40 76 -200 2.0 1.9
+30 216 173 320 1.48 74 -209 18 0.8
+60 198 53 322 1.63 71 227 14 0.2
+0 215 307 274 1.27 73 -196 18
150
+75| 202 45 323 1.60 72 222 16 1.8




+15 198 -121 328 1.66 71 -222 15 -1.1
+ 30 188 73 329 1.75 69 -235 1.3 -0.9

+ 60 171 -32 330 1.94 66 -252 1.1 -0.8

The risk profile of each scenario was further dedirby interpretation of th®(NR > 0),
CVaRy1, Ry and Ryt (see section 2.6)n that regard, the probability of breaking everswa
relatively high & 50%) where high mean net returns occurred anck tivese typically where
mid-high N rates were applied upfront, and with ralles applied tactically after a sowing
application of up to 60 kg N Ha The probability of generating a profit was low $8%)

when low or zero rates of N were applied at sowiFeple 3).

Downside risk was assessed witWaR,1 values up to around —AUD 200 “haalculated
when high sowing N rates were combined with highmaltés in-season (i.e. high downside
risk). There were no positiv€€VaR,; values for these management strategies, and the
smallest negative values were calculated for low-sowing N rates. Overall, the highest
CVaRo.1 value of —AUD 67 ha was calculated for 30 kg N faapplied upfront, and this
value decreased with increasing rates of N appdiedowing (i.e. higher risk of extreme

financial loss associated with damaging eventshl@a).

Finally, the marginal value of the total and ta&kibl fertiliser was assessed wkh andRyr
values. Considering both yield and price risk, biest value for money invested in total N
fertiliser at the start of the season occurredthéngcenarios of 30 kg N hat sowing followed
by 7.5 or 15 kg N hain-season, with around AUD 4.0 net return for edciiar of N
purchased (Table 3Ry was lowest (-AUD 0.4) in the unlikely scenario 180 kg N h&
applied in-season after zero initial N inpultie lowest value foRyr (-AUD 1.8) was found
to result from a small top-dressing application7d kg N hd after upfront 150 kg N Ra
Interestingly, similar small tactical applicatiof®&5 or 15 kg N ha) after mid-high N rates
applied upfront offered the best value for theitattN fertiliser when compared with other

tactical scenarios.

In summary, we assume that the best scenarios lbwergerms of economics and risk

performance indicators (Table 4) meet all the feilgy conditions:

* Mean NR= Mean NRs kgn/ha
e CVL15



*  P(NR>0) = 50%

« CVaRy; > -AUD 150 ha

* Ru>Rniskgwna@ndRy>AUD 2.0 per dollar of N
* R\r>AUDL1.0per dollar of N tactical

The potential benefits from high and tactical Nifeiation can be evaluated by considering
the decision to switch from the Mallee farming skl practice of applying 15 kg N hat
sowing (with a negative mean net return of —AUDh20) to the best scenarios considered in
Table 4.

Whilst a range of tactical N applications perfornveell, typically those including an initial
input of 30 to 90 kg N Hawith a small in-season application of up to 30Nga’, were the
best (Table 4). For example, one of our best ecarrosk scenarios included a tactical N
application of 30 kg N h&following 60 kg N h& at sowing (Table 4). The decision to adopt
this strategy on the sandier soils of the farm wWade mean net returns increase by AUD 236
ha', while reducing the risk byincreasing break-even probabilities by 70%, indreps
CVaRy; by AUD 71 h& and increasindgRy by nearly AUD 1.0 per dollar of invested N
fertiliser. In this case, the coefficient of varat would increase by a relatively small 0.33
relative to the current practice. The results fartencourage a small in-season N application
(Table 4).

Table 4. Best performing scenarios overall according tedyﬁned thresholds of the
economic-risk measures (upfront N on left and extrseasonN on right in first column).

Kg N ha Mean Ccv P (NR=>D0) CVaRg, Ry RnT
(AUD ha®) (%) (AUD ha') (ASNR/A$N) (ASNR/A$N)

+75 103 1.19 79 -78 4.2 7.2
30 +15 117 1.24 77 -84 3.8 4.2
+ 30 118 1.33 76 -96 2.9 2.1

+0 106 1.02 82 -84 2.7
+75 185 1.10 82 -149 35 6.8
60 +15 200 1.11 82 -128 3.4 4.3
+ 30 206 1.14 81 -139 2.9 2.3
+ 60 198 1.31 77 -150 2.1 1.0

% +0 183 0.93 83 -125 2.6
+ 30 228 1.27 79 -147 2.3 1.0

* Tactical N applied only in the 39 seasons thaettbke trigger conditions outlined in section 2.2.

Despite the encouraging results from higher N rdtes decision to increase N inputs above
the district practice of 15 kg N Han the Mallee is likely to depend on farmers’ meral
attitudes towards risk. Whilst one may opt for ghhreturn, high-risk scenario, another may



prefer to ‘play it safe’ by choosing a managemergtegy with lower return and lower risk.
Ultimately, the difference lies in whether the famis managing for the good, high-yielding
years or simply targeting the average season.drfdliowing section, we reassess some of

the apparently best performing scenarios accorifigrmers’ aversion to risk.

3.3. Impact of risk aversion

Our assessment of the N input strategies for angskral Mallee farmer (i.e. one that neither
seeks nor avoids risk) over the 60 years revedlatithe strategies of applying upfront rates
of 30 to 90 kg N ha generated positive net returins80% of the years (Figure 2). When a
tactical application of up to 30 kg N héollowed these initial inputgrofits exceeding AUD
500 ha were found in approximately 20% of the years. Ehsplit-rate strategies often
surpassed their upfront equivalents with relativghér net returns, though with a slightly

higher risk.

Assessing the utility to the farmer by the SERFhudt(see section 2.7), we defined a finite
set of net return values (assumed as net wealth)n each cumulative density function
(Figure 2), which were then converted to theiritytivia the exponential utility function
presented in Equation 6, and the selected valegicd. CARA). For a given utility function,
the point at which the farmer or decision-makerdnees indifferent between the value of the
strategy and its risky outcome gives the CE ofskyriprospect (Hardaker et al., 2004a,
2004b).

1.0 1 — _15+0 kg N/ha
_30+0 kg N/ha
0.8 A1
_30+15 kg N/ha
£ 0.6 _30+30 kg N/ha
S
g — _60+0 kg N/ha
= 0.4 1
o _60+15 kg N/ha
0.2 - e _60+30 kg N/ha
o — _90+0 kg N/ha
0.0 " - i“"‘-—_ e _90+15 kg N/ha
-500 0 500 1.000 1,500
Net Wealth (AUD/ha) - _90+30 kg N/ha

Figure 2. Cumulative density functions for a targeted sabacof well-performing economic-
risk scenarios.



A range of selected N application strategies faraasingly risk-averse farmers is depicted in
Figure 3. Overall, CARA coefficients in this stuthnged from 0.000 (risk-neutral) to 0.035
(risk-averse). For each CARA coefficient level, tNe strategy with the highest CE is
considered the most attractive for those farmeene@lly, there is a shift from higher input
strategies to lower input strategies with incre@sisk aversion, which is consistent with the
premise that most (risk-averse) farmers apply loputs as they perceive N to be a risk-

increasing input.

In addition, it is clear that the more risk-aveeséarmer is, the more likely he or she is to
favour fixed or upfront strategies (continuous $never tactical or split ones (dash lines)
(Figure 3), and despite the slightly lower returfise results seem to show that relying on a
late application of N can increase riskiness bezafishe chance that weather conditions may
not allow application of the N within the window opportunity. As mentioned earlier, in our

APSIM-based analysis in-season applications aggdred by a range of soil and agronomic
conditions which, while attempting to represent Heason, do not guarantee that the in-

season N is being applied to a crop with high ypetential.

Certainty Equivalent (CE) (AUD/ha)

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035
Constant Absolute Risk Aversion (CARA) coefficient

Figure 3. SERF results for a selection of well-performingmamic-risk scenarios over the
CARA range of 0.00-0.035.



The most attractive economic scenario (90 + 30 kgal) was outperformed by its upfront
equivalents (90 and 60 kg N Haat a risk aversion coefficient of around 0.00lbge to risk-
neutral) (Figure 3), meaning that more risk-avei@®ners, such as most in the dryland
regions of Australia, are not likely to adopt itithwill consider upfront fertilisation or lower
tactical applications insteaMore interestingly, the overall favourite strateggiesing lower or
split N rates, including 60 kg N Haand 30 + 30 kg N Kawere slightly outperformed by a
single low upfront application of 15 kg N hat a relatively high risk-aversion coefficient of
0.015 (Figure 3). Therefore, our results suggedttthe average Mallee farmer is likely to sit
around the 0.015 level on the CARA scale, basedhenaverage current N fertilization

practice in the region.

In summary, applying more than a total of 90 kga¥ bn the sandier soils is considered by
farmers as very risky behaviour, despite the p@kmnery high returns, because these
strategies are preferred above any other only etndar-neutral CARA coefficient levels
(close to the zero mark), and are almost the ordgented options that assumes negative CE
values at relatively low levels of risk aversiomp(to 0.01). These are also the strategies
presented with the highest average change in Giaigrthan AUD 500 compared to lower
than AUD 100 in some scenarios with lower N rates)a result of an increase in farmers’
risk aversion from 0.000 to 0.035 (Figure 3).

So we conclude that, when taking into account #renér’s attitude to risk, strategies that
include total applications of 15 to 60 kg N'hare the most likely to be adopted by farmers
(assuming a range of risk preferences, even ifcalisidered risk-averse). As expected,
typically risk-averse farmers prefer consistentimes and are thus willing to take a somewhat

lower, but less variable, expected payoff (Kingw2011).

4. Discussion

The results confirm our hypothesis that drylandnins, who, currently and persistently,
adopt a low N input strategy in an attempt to miagneconomic downside risk, are missing
out on the returns available from more intense girapin the good years on at least part of
their farm. In other words, when both yield andcerrisks are factored in over a long time-
frame, it becomes evident that farmers are beftaf they reduce the probability of under-
fertilizing in the dry seasons (hence making a)loggile increasing the probability of

sufficiently fertilizing when the season developsliwby providing enough N upfront or



‘playing the season’ in some cases). Further supfwor this strategy comes from the
possibility that left-over N from potential over{ajcation in the poor years (assuming that is
not lost or transformed) may be taken up by thepdro the following season, and the
possibility that having extra N in the plant maypimove grain quality, and thus its market

price, although neither has been accounted fdrarahalysis.

In comparison with the current practice of addimpuwt 15 kg N hd, the use of higher
upfront rates up to 90 kg N fhds an attractive strategy on the sandy soils effdrm, in
terms of both long-term economics and risk. Morepseveral of the tactical N fertilization
scenarios can significantly increase farmers’ maah returns while in some cases also
reducing income variance, although the full po&natif tactical fertilization is likely to be
realised when other factors such as grain qualityp rotation and whole-farm budget are
factored in the analysis. Overall, these findings eonsistent with previous studies that
demonstrate the benefits of tactical N managemotdblom et al., 1985; McDonald, 1989;
Kingwell et al., 1993; Angus, 2001; Broun, 2007;betl, 2007; Moeller et al., 2009; Oliver
and Robertson, 2009), and provide supporting egeldor the proponents of higher input
strategies designed to extract higher returns frarginal dry environments (Babcock, 1992;
Asseng et al., 2001; Sadras, 2002; Good, 288dras and Roget, 2003; Spiertz, 2010).

There are several plausible explanations as tofatmyers in low-rainfall environments may
be applying what appear to be sub-optimal ratebl.oThe main reason seems to be that
farmers seek to minimise the risk of a costly yisortfall (and thus reduced profit) arising
from over-fertilization with N in poor seasons. $eeking to manage for average seasons,
conservative application strategies are being recended, and these may result, at least
partly, from a lack of substantial datasets to supihe use of high N rates in dryland regions
(Broun, 2007). Importantly, the decision to applioaer N rate may also be directly linked
to the financial health of the farm business at dtet of the year when most inputs are
purchased, and to the ability to borrow money arecshort-term losses (Pannell et al., 2000;
Hardaker et al, 2004b). The additional expenditurea range of other inputs that would be
required to achieve the anticipated crop yields méyence the decision (Broun, 2007), as
may a recent history of consecutive poor seasasean in the Mallee from 2005 to 2009.
Finally, farmers’ concern for the environment andtainability of their farm may also
impact on the rate of N they choose to apply, asvarage 30% of applied N is lost from
dryland cereal cropping in Australia (McDonald, 298ngus, 2001; Chen et al., 2008).



The results produced here must be interpreted aaitiion, because it is widely accepted that
variance of APSIM yield potentials is generally Evthan the variance of actual crop yields
since the model cannot accurately capture all pimena, including unpredictable damage by
weather, pests, diseases and weeds, or occasiapafaslures caused by ‘haying off' (i.e.
crop damage caused by a combination of water deficl excess N) in extremely dry seasons
(van Herwaarden et al., 1998). Similarly, the mdues been fixed to have the same starting
N conditions for every season in the chosen s@é tyvhich may in fact vary considerably
with prior management. The effect of higher intgnsif cropping on increasing initial soil
test N values, as well as grain protein, could &gtured in a follow-up analysis that tests a
range of N starting values across several soilsyfieMallee farmers are able to establish the
relevance of this analysis to their own farm anil ganditions by, for example, defining the
proportion of the sandy soils on their farm, andtreg the analysis to the initial N fertility on
their given management unit, then these resultsdcosefully inform individual farmers’

decisions.

5. Conclusion

Our economic-risk analysis suggests that, in tesfmeaximising average returns, farmers in
a low-rainfall cropping region such as the Mallee ander-fertilizing with N on a significant
proportion of their farm. When accounting for lotegm yield and price risks, the use of
higher rates of N (applied at sowing and in comtixima with a subsequent tactical
application) can be a risk-reducing strategy inighly variable dryland environment. Our
conclusion challenges the widely held belief thaeNiliser is a risk-increasing input in low-
rainfall regions because it increases the farmexposure to risk in very dry seasoWghilst
this may be true, we argue that a more complekeassessment, like the one conducted in
this study, reveals that improved economic retumres marginal region, like the Mallee, arise
from reducing the probability of under-fertilizing the good seasons. To do that, the less
risk-averse farmers will need to increase theiralés, and apply tactical in-season N when
conditions are favourable. The more risk-averseméass may prefer a more convenient (and
less profitable) upfront approach, while still ieasing their rates of N on the sandy soils of

their farm.



Acknowledgements

The authors are grateful to J. Ouzman, J. Kandul@Qureshi, D. Gobbett, A. Whitbread, M.
Robertson and I. Fillery (all from CSIRO) for tharky contribution to this analysis. This
study was financially supported by the Grains aeddrch Development Corporation as part
of the national project ‘Economic assessment afientt use efficiency of the Australian

grains industry’ (CSA00020).

References

ABARE, 2010. Australian Bureau of Agricultural aRésource Economics, Farm costs and returns,
farm sector. Available online at: http://www.aba.au/[25/11/2011].

Abdullahi, O.A., Michael, R.L., Allen, M.F., 200&stimating risk aversion coefficients for dryland
wheat, irrigated corn and dairy producers in Kanéasgl. Econ.35 (7), 825.

Anderson, T.W., Darling, D.A., 1952. Asymptotic tig of certain "goodness-of-fit" criteria based on
stochastic processes". Ann. of Math. Stat. 23, 293—

Anderson, J.R., Dillon, J.L., Hardaker, J.B., 19%@ricultural Decision Analysis, lowa State
University Press Ames.

Angus, J.F., 2001. Nitrogen supply and demand istralian agriculture. Aust. J. Exp. Agric. 41 (3),
277-288.

Arrow, K.J., 1971. Alternative approaches to theotly of choice in risk-taking situations.
Econometrica. 19, 404-437.

Aschmann, H., 1973. Distribution and peculiarityMdditerranean ecosystems, in: Castri, F.D.,
Mooney, H.A. (Eds.), Mediterranean Type Ecosystespsinger, Heidelberg, pp. 11-19.

Asseng, S., Turner, N.C., Keating, B.A., 2001. Awsi of water- and nitrogen-use efficiency of
wheat in a Mediterranean climate. Plant Soil. 24,-143.

AWB, 2010. National Pool - Historical DistributioAgistralian Wheat Board [Online], Available
online at: www.awb.com.au [12/07/2010].

Babcock, B.A., 1992. The effects of uncertaintyoptimal nitrogen applications. Rev. Agric. Econ.
14, 271-280.

Boyce, K.G., Tow, P.G., Koocheki, A., 1991. Comparis of Agriculture in Countries with
Mediterranean-Type Climates, in: Squires, V., TBw(Eds.), Dryland Farming: A Systems
Approach. Sydney University Press, Sydngy,250-260.

Broun, A.N., 2007. Assessing nitrogen applicatioategies for wheat production: a case study.
Honours thesis, School of Agricultural and Resoddcenomics, Crawley, University of
Western Australia.

Chavas, J.P., Holt, M.T., 1996. Economic behavimder uncertainty: a joint analysis of risk
preferences and technology. Rev. of Econ. Stat378,335.



Chen, D., Suter, H., Islam, A., Edis, R., FreneR, JWalker, C.N., 2008. Prospects of improving
efficiency of fertiliser nitrogen in Australian agulture: a review of enhamced efficiency
fertilisers. Aust. J. Soil Res. 46, 289-301.

FAO, 2010. Current world fertiliser trends and ookt to 2011-12. Food and Agriculture
Organization, Rome.

Gandorfer, M., Pannell, D.J., Meyer-Aurich, A., 20Rnalyzing the effect of risk and uncertainty on
optimal tillage and nitrogen intensity for fieldogs in Germany. Agric. Sys. 104, 615-622.

Good, A.G., 2004. Can less yield more? Is reduningent input into the environment compatible
with maintaining crop production? Trends in Plaait 8 (12), 597.

Hardaker, B.J., Richardson, J.W., Lien, G., Gudthran, Schumann, K.D., 2004a. Stochastic
efficiency analysis with risk aversion bounds: ragified approach. Aust. J. Agric. Res.
Econ. 48 (2), 253-270.

Hardaker, J.B., Huirne, R.B.M., Anderson, J.R.nLi&., 2004b. Coping with Risk in Agriculture,
second ed., CABI Publishing, Oxford.

Hardaker, J.B., Lien, G., 2007. Rationalising aslsessment: applications to agricultural business.
Aust. Agri. Rev. 15 (Paper 6), 75-93.

Hardaker, J.B., Lien, G., 2010. Probabilities fecidion analysis in agriculture and rural resource
economics: The need for a paradigm change. Agys. 8)3,345-350.

van Herwaarden, A.F., Farquhar, G.D., Angus, REEhards, R.A, Howe, G.N., 1998. 'Haying-off,
the negative grain yield response of dryland wheaitrogen fertiliser. I. Biomass, grain
yield, and water use. Aust. J. Agric. Res. 49 1057-1082.

Jones, B., Whitbread, A., 2010. Improved predictibwheat yield response to nitrogen curves.
Proceedings of 15th Agronomy Conference, New Zehlaimcoln.

Just, R.E., Pope, R.D., 1979. Production functsiimetion and related risk considerations. Am. J.
Agric. Econ.2, 276-284.

Kandulu, J.M., Bryan, B.A., Kind, D., Connor, J012. Mitigating economic risk from climate
variability in rain-fed agriculture through entega mix diversification. Ecol. Econ. Doi:
10.1016/j.ecolecon.2012.04.025.

Keating, B.A., Carberry, P.S., Hammer, G.L., ProbdtE., Robertson, M.J., Holzworth, D., Huth,
N.l., Hargreaves, J.N.G., Meinke, H., HochmanMt| ean, G., Verburg, K., Snow, V.,
Dimes, J.P., Silburn, M., Wang, E., Brown, S., Brig K.L., Asseng, S., Chapman, S.,
McCown, R.L., Freebairn, D.M., Smith, C.J., 2008 @éverview of APSIM, a model
designed for farming systems simulation. Eur. XofAg18, 267-288.

Kingwell, R.S., 1994. Risk attitude and drylanchfiamanagement. Agric. Sys. 2, 191-202.

Kingwell, R.S., 2000. Price risk management for #aigan broadacre farmers. Aust. Agribus. Rev. 8
(2).

Kingwell, R., 2011. Revenue volatility faced by Anadian wheat farmers. 55th Annual Conference of
the Australian Agricultural and Resource Econorosiety. Melbourne Convention Centre,
Melbourne.

Kingwell, R., Pannell, D., Robinson, S., 1993. Taaitresponses to seasonal conditions in whole-farm
planning in Western Australia. Agric. Econ. 8 (3),1-226.

Kingwell, R., Pannell, D., 2005. Economic trendd dnivers affecting the Wheatbelt of Western
Australia to 2030. Aust. J. Agric. Res. 56 (6), 5.

Lambert, D.K., 1990. Risk considerations in theuaibn of nitrogen fertiliser use in agricultural
production. West. J. Agric. Econ. 15 (2), 234-244.

Leathers, H.D., Quiggin, J.C., 1991. Interactioasneen agricultural and resource policy: The
importance of attitudes toward risk. Am. J. Agicon. 73 (3), 757-764.

Lien, G., 2002. Non-parametric estimation of dexignakers’ risk aversion. Agric. Econ. 27, 75-83.

Lobell, D.B., 2007. The cost of uncertainty foragen fertiliser management: A sensitivity analysis
Field Crops Res. 10@-3), 210-217.



Mekeham, J.P., Malcolm, L.R., 1988. The Farming €asixth ed., Rowprint Services, Melbourne.

McDonald, G.K., 1989. The contribution of nitrogkemtiliser to the nitrogen nutrition of rainfed
wheat crops in Australia: a review. Aust. J. Exgrié. 29, 455-481.

McLeod, X., 1989. An economic evaluation of the &opof conservation-oriented land use
regulations on pastoral leases in Mallee landscap@sstern New South Wales, in: Noble,
J.C., Joss, P.J., Jones, G.K. (Eds.), The Mallee4,aa Conservation Perspective. CSIRO
Publishing, Adelaide, pj287-292.

Moeller, C., Asseng S., Berger, J., Milroy, SF09. Plant available soil water at sowing in
Mediterranean environments--1s it a useful criterio aid nitrogen fertiliser and sowing
decisions? Field Crops Res. 1(14, 127-136.

Nordblom, T.L., Ahmed, A.H., Miller, S.F., Glenn,d., 1985. Long-Run Evaluation of Fertilization
Strategies for Dryland Wheat in Northcentral Oregaimulation Analysis. Agric. Sys. 18,
133-153.

Oliver, Y., Robertson, M., 2009. Quantifying thenbéts of accounting for yield potential in spaal
and seasonally responsive nutrient managementiediterranean climate. Aust. J. Soil Res.
47 (1), 114-126.

Palisade Corporation, 2002. Best Fit, Distributitting for Windows v 4.5, New York.

Pannell, D.J., Malcolm, B., Kingwell, R.S., 200Q:€Ave risking too much? Perspectives on risk in
farm modelling. Agric. Econ. 1, 69-78.

Picazo Tadeo, A.J., Wall, A., 2011. Production risék aversion and the determination of risk
attitudes among Spanish rice producers. Agric. EGOn1-14.

Pratt, J.W., 1964. Risk aversion in the small anthe large. Econometrica 32, 122-136.

Price, P.C., 2009. Nutrient Management by the Alisimn Grains Industry. Aust. J. Soil Res.(4), i-
iii.

Probert, M.E, Dimes, J.P., Keating, B.A., DalalCR.Strong, W.M., 1998. APSIM's water and
nitrogen modules and simulation of the dynamicwater and nitrogen in fallow systems.
Agric. Sys. 561-28.

Quiggin, J.C., Anderson, J.R., 1979. Stabilisatiod risk reduction in Australian agriculture. Aukt.
Agric. Econ. 23191-206.

Rajsic, P., Weersink, A., 2008. Do farmers wasttlifeer? A comparsion ofx post optimal nitrogen
rates anax ante recommendations by model, site and year. Agris. 8y(1), 56-67.

Rajsic, P., Weersink, A., Gandorfer, M., 2009. Raskl Nitrogen Application Levels. Can. J. Agric.
Econ -Revue Canadienne D’Agroeconomig3){ 223-239.

Rockafellar, R.T., Uryasev, S., 2002. Conditiorellre-at-risk for general loss distributions. J.
Banking & Finance?6, 1443-1471.

Roosen, J., Hennessy, D. A., 2003. Tests for tleeaforisk aversion on input use. Am. J. Agric. Bco
85(1), 30-43.

Rural Solutions SA, 2009. Farm Gross Margin ancegmise Planning Guide: A gross margin
template for crop and livestock enterprises 2009.

Rural Solutions SA, 2010. Farm Gross Margin ancegmise Planning Guide: A gross margin
template for crop and livestock enterprises 2010.

Rural Solutions SA, 2011. Farm Gross Margin ancegmtse Planning Guide: A gross margin
template for crop and livestock enterprises 2011.

Russell, J., 1968. Nitrogen fertilizer and wheaa isemi-arid environment. 4. Empirical yield models
and economic factors. Aust. J. Exp. Agriq28), 453-462.

Sadras, V., 2002. Interaction between rainfall mitrgen fertilisation of wheat in environments
prone to terminal drought: economic and environiaengk analysis. Field Crops Res. (27
3), 201-215.

Sadras, V., Roget, D., Krause, M., 2003. Dynamapping strategies for risk management in dry-
land farming systems. Agric. Sys. 76: 929-948.

Sadras, V.0., Roget, D.K., 2004. Production andrenmental aspects of cropping intensification in
a semiarid environment of southeastern Australg@oA. J. 96, 236-246

Spiertz, J.H.J., 2010. Nitrogen, sustainable afiticeiand food security. A review. Agron. for Sust.
Devel. 30(1, Jan-Mar), 43-55.




Stephens, M.A., 1979.Test of fit for the logististdbution based on the empirical distribution
function. Biometrika 6§3), 591-595.

Uryasev, S., Rockafellar, R.T., 2001. ConditioralLie-at-risk: Optimization approach, in: Uryasev,
S.P., Pardalos, P.M. (Eds.), Stochastic optiminatidgorithms and applications. Springer,
Dordrecht, pp. 411-435.

Whitbread, A., Llewellyn, R., Gobbett, D., Davoré&h, 2008. EM38 and crop-soil simulation
modelling can identify differences in potential preerformance on typical soil zones in the
Mallee, in: Global Issues, Paddock Action. AusemalSociety of Agronomy, Adelaide.

Whitbread, A., Llewellyn, R., Davoren, B., 2009.rigoterm yield potential and in-season
management of different Mallee soils-the Bimbieraghe. Loxton, CSIRO-Rural Solutions-
Mallee Focus-MSF project.

Whitbread, A., 2010. Karoonda crop reports, CSIRGpublished.

Zadoks, J.C., Chang, T.T., Konzak, C.F., 1974. éirdal code for the growth stages of cereals. Weed
Res. 14415-421.



