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Abstract. While the profitability of farming in southeastern Australia s decressig, the complexily is mereasing, Many farms i southern
New South Wales produce a mix of wheat, luping, oats, barley, wool and lambs. The proportions of land allocated 1o these enleTprises are
variable belween fams, and may be adiusted on individual farms according to Huctuations in prices. but whal combination 1s optimal? Wide
fuctuations n commadity prices cccurred in the 1980s, and these presented opportunities and threats many farmers. This study
retrospestively assesses the tmpacts of the commodity prices of the |980s on mixed farms i southern New Soulh Wales, Models of furming
systems are cost-effective wols for researching this and other farm management issues, and & Hnear and mieger programmng model 15 used
inn this study o identity optimal G iy pice date. Differences between vears in the esimated
operating profit and management systens of o 1000 be farm were mlommative, Aithough farm operating profit varied {rom 380,000 w
$240.000 p.a. the optanum crop rotation svsten was almost constant, The oplimum maia totation has a pasture phase (2 o 4 vearss

Tty mriama vt Fevr s latiotiaed il carnqqiaa
1T MAanagement tor the lustorical conumod

followed by a sequenee of wheat, lupins and wheat crops
change in the livestock svstern [rom Lamb production (o o

Large mereuses i the wool prive in the late 198U created a potentially protitable
bred ewes) W wool and lamb production (rom Merine ewes and welhers ).

l g5 concluded that the PRISM miode] has the potential to identtv mmaproved farm management strategies, though some modifications could

make the analvses more realistic,

1. INTRODUCTION

Agriculiure has progressed from a sinple, labour itensive
activity to a complex, profit-oriemed business.  Cropping
systems have existed since 10.000 BC, and by 6U0 BC farming

was sufliciently complex to warram e establishment of

agricultural schools in Cluna. Peasants learned about rotations.
machinery and economics [ Trager 19921, Tn Europe, new crop
rotations were developed i the 7th and 8th centuries. and in the
{9th century coal and diesel powered iractors began replacing
anumal and hunan power.

The green revolution of the post-war period (1946-) has seen

substantial ncreases in the size of fanms rough e use of

powerlul machinery, chenucals and new crop varieties. Farmer
numbers have consequently declined in developed countrics,
from 72% of the US worktoree in 182010 2.5 % i 1991 {USDA
19931, Farmers m developed countries now vonduel large
complex busuesses, where appropriste farm management
strategies  scparate  the  profitable  from the  bankrupt.
Yechnological inmovalion and wiematonal competitiveness have
made fazm budgeling and business planming valuable sud
commonplace [Malcolm 199G The microcomputer and
computer software such as spreadsheets are nuw importan tools
for researchers, tarm advisors, and some farmers.

In Australia, mathematical progranuniog models have been
vatuable for analysing tarmung svstems. MIDAS (Modet of an
Integrated Drvland Agricultural Svstem [Muomison er o, T986];
hus been successfully applied W boccenomic problems in
several areas of Western Australia, and the MIDAS convept has
been adapted for use in soulheastern Australia as the PRISM
models (Profit-Resource  Inlegration - Southern MIDAS,
Rebinson ef el HL995]) These models {PRISM-Wagga and
PRISM-Wimmera) represent the ditferent enterprises that
vperate on mixed farms and the mleractions between them.
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Uther anatvses of fam economies, such as gross margin
cuntpansons. il o take e account the mieractions between
enterprises, ard typreally show that cropping has higher margins
than pasiure-hased selivities. Less restrictive analyses than gross
marguss provide more uselul information. What s needed is a
systern that aceuwrately accounts lor both the direct and indirect
financial benelits of enterprises. For example. the benefits of
begurmpons pastures to following crops mclude weed and discase
suppression snd biological nirogen lixalion. Likewise, crops
have benelts for Dvestoch, including grazing value from
stubbies. PRISM represents these interactions, and therelore
way be used with confidence w identify the most profitable
combinations ol Tarm activitivs for & given set of bivlogical and
ceonomic  cucumsiances.  PRISM-Wagga represenls  the
agricultural production systems i southern New South Wales
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Figure 1. The geographical coverage ol the PRISM-Wagga
broeconomic model.



This study is @ relrospective assessment of some of te ECOROMIC
circumstances of the 1980s. 1t assesses the effects of farm
cormodity prices on farm management and profil, mdependent
of climatic effects and technological advances, The aims of this
study are towdentify:

4 the eifects of price variability on larm profit,

4 the management syslems that maamise profit for
various prices, and

& the Kev prices or price rativs thal determine the

ophimum managenent system.

. METHODS
21 The PRISM-Wagea maodel

PRISM-Waggs is a linear and integer programming medel that
caleulates the long-term profitability of farming systems on the
red earth soils near Wagpa Wagga in New South Wales
[Robimson ef ol 1995] Eeonomic and biotogical data, such as
gosts, prices and yields. and the relationships between farm
activities are used 10 seleet management strategies that maxinise
farm operaling profit.  Operating profit includes operating
ineome and expenditure, depreciation of assets and  the
opportunity sost of capital, bui nol larm business costs (such as
consuliant’s  foes), debl servicig, laxation or personal
expenditure.

Farming systems in southern Mew South Wales are relatively

corpplex and tlexible, and the model represents a wide rangs of

farming actvities, including the production and sale of wheat,
oats. barley, canola and lupins.  Continuous vropping s not
represented, as fow famners have been able W overcome the
hazards of plant disease epidemios and herbicide resistance m
weeds that are nherent in crop-intensive systems, Various sheep
enterprises  chietly produce lambs  and  wool,  utilising
sublerranesn clover and amual rvegrass pastures amd erop
stubhles. Crain and pasture hay are also utilised by livestook at
tirmes of lintted paddock teed availability, though the use ol these
is restricied by their relative expense. Two of the four sheep
enlerprises eam income mandy rom wool sales; Merine wollers
and seff-replacing Mennes, The frst cross Merno-Brilish bread

and second cross Merino-British broed enterprises camn more
income from lamb sales. Pastore is usually 100% utilised by
livestock in PRISM, resulling in stocking rates that are higher
than tvpical commercial rates by up o 30%, but are sumilar to
rates sustamable in research tnals.

2.2 Bivlogical and economic farm data

The pasture prowth data in the model are based on feld
experiments [Wolle and Southwoud 1980, Resve and Sharke;
19%0] and farm paddocks [Robinson ez af. 1993 ] Potential crop
vields are estimated [rom rainfall data via transpiration estimates
and efficiencies [de Wit 1938, Doyle and Fischer 1979] The
transpiration efliciencies, 1o i, were caleulated from grain
production and growing-season rainfall data collected on locat
Farts [Butler and Layeock 1994]. The actual vield of crops
depends on the paddock history, as set by the rotaton. in
general, i a cereal crop such as wheal or barley 15 preveded in
the rotation by a legume such as lupins or pasture. it has a higher
vield due 10 weed and disease control benelits and mtrogen
fixation.

All farming technology represented in the model, weluding
machinery use, crap vasieties and pesticides, 15 based on 1995
standards, Canola (rapeseed) s excluded from the simulations
dug te a lack of prive data for the period of interest.

The 1980s were potable for chimatic and sevnomic volaliity

The wouol price in particular varied from low levels to record
highs. The model uses gross price data collated tor the relevant
commoditics (Tuble 1) The net (fann-gate) prices for cach
commodity is caloulated using constant (1995} ransport costs
and levies. A 1000 ha farm s simulated, on which the
msmagement sysiem was alowed Lo vary compietely W maxanise
profit in each wvear, I praciice. however, there are mang
constrains limiting vear-io-vear management exibility, and these
restits may tieretore overestimate the magnitude of changes and
the financial returns from making changes, Separale invesunent
or development apalysis s required (0 exanune 11 grealer detand
the fmplications of management changes indicated by PRISM.

Table 1. Gross conunoedity prices (AUDS} m Ausiralia from TURG/] 0 198990, Suurce: ABARE [1983-92]
Prices are free-on-hourd al port for grain, the clean wool auction prive, aud the meart dressed price lor lamb at the saleyard,

Harvest Wheal Barley {ats Lupins Vool Lamb Wheat:woul
{$/lonne? (c/kg) toikoy bk
1980781 155 142 124 179 411 128 (1377
1981 13% [34 90 L350 432 124 13.308%
1982 1749 156 137 152 443 13 (1404
983 164 {50 HY 169 485 {05 (1338
1984 7 137 95 127 526 105 0327
1985 168 121 Hosd 156 533 93 (1315
1986 151 121 Ho0 HOT 626 129 (.241
lgn7 103 133 fos 70 HIS0 124 0§53
1988 212 172 126 199 1026 134 207
|98y 195 174 108 174 Y11 139 U214
mean BU/81-89/90 172 143 Lo 163 044 1i¥ {2493




3. RESULTS

The annual optima are shown w Table 20 The volaule
commodity prices of the 1980s had a relatively Jarge effect on
farm profitability, but a modest effect on the rotation and sheep
enterprise strategies that maximise profil. In 9 oulof 10 vears,
the optimum rotation strategy was oriented to maxumising the
output of wheat, as the PPWLW rotation has o high eropipasture
ratio and higher wheat vields (3,14 vha) than alternative
rotations, such as PPWW and PPWWW . The pasture fey and
grain legume {lupim) crop support the high wheat vields by

suppressing weeds and diseases and Ixing nirogen. In addition
they derive direet profits from  lamb and wool and grain sales,

The modelled profit varied by a factor of 3 {580-239.000)
between 1981 and 1988, proportionally 2 greater range than the
price i1

gy s tor wheatl or wool, This is because the high Oxed

=3
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msh of cropping make the break-even price of grain relatively
high. Products from pastures have low break-even prices, Bl
have low relative profitability. These elfects combing o seversly

Lt profit when grain prices are low, and magnify the etfects of

price increases. Half (49%) of the total profit came from the 3
best vears {1987-89), indicating the strongly skewed distnbution
of profit between vears. I this type of distribution alse exists
over longer periods it s likely to have mmportant management
consequences. Studies of climatic variation using the MIDAS-
related MUDAS model {Kingwell er ol 1992] have also
indicated a skewed distribution of income betwesn vears, and
emphasised the importance of a small proportion of climatically
benign years on long-tenm farm profit.

In spite of the widely varving annual profit, the main rotation is
nearlv constant, PPWLW was used on approximately 95% of the
farm area m 9 of the 10 vears. The 1988 rotation strategy that
produced $239.000 profit s very simadar to the 1981 strategy that
only produced $80,000.

The departure from the PPWLW totaton occurred when the
wheatiwoo! price ratio fell to an exceptionally low value in 1987
(Tables 1 and 2). The returms from woeol mereased the length of
the pasture phase 1 the main rotation lrem 2 0 4 vears, amd
mereased the total stock numbers carried on the farm. In dny
sheep equivatents (D5, =1 wether/ha), the stocking rate rose
from approximalely 6,020 m T986 10 8.690 m [9RT.

There were more sigmlicant changes i the sheep oliterprises
than iy the rotations. Sell-replacing Mermnos were selected m
1986 when the wool price increased to 630 o/kg and the lamb
price o 129 o/kg (3 one third inerease over thewr prices i the
early 1980s).  They were mncluded from 1986 o 198Y, and
contributed significantdy to the high fann ircome and profit in
F98T (Table 2) The wool:lamb price ratio was a poor indicator
of the gpl_m]_:\m] shee e :‘T‘s!i“l'T\}l\(* - hwh wios]-lamb price ralios

veetrred 194 and 1985 when a Ist cross lamb entemprise was
optimal.

Table 3 shows the hay and grain feeding strategies in greater
detanl. Hav 1s cut n spring and fed o livestock over the late
sunnner ~ autumn pertod. i 1984 lupins were ted o the sheep
rather than barley or oats. The PPWLW rotation was vptumun
i this vear due to the ngh wheat vields i the rotation and the
maoderately ngh price of wheat. Although the barlev price was
higher than fupins, i was opimum o grow Jupms not barley
e beneficial effects of lupms on subsequent wheal vields in the
retations aceounts for this. [n the motations. barley crops are
either substitutes for wheat crops or used o extend the cropping
phase of rotations, providing slored grain tor sheep. o 1984
barley was an uneconomic substitule tor wheat due to the high
wheat price, and lupins were an coonomical sumee of stored
teed.

Table 2. Optimum rotations and sheep eoterprises for & 1LOOO ha mixed farm for historical comumodity prices 198071 o 1989190,
=Pasture, W=Wheat, L=Lupins, O=Oats, B=Barley: MW=Menmno Wethers, SEM=Seli-Replacing Merine, st X=]st cross lamb.

Year Profit Rotation Cirain sales Sheep enterprise/s
main wthe wheat lupins Vi number’
(RO0) e {ha) e fhuti {lonnes)  {lonnes)
1980 BG PPWLW? 946 PPPOLWE 54 1211 414 Jst X 2798
191 LI ! ! ' ) ' ' '
1982 oe " ! " ! " ’
1983 ytr oo ! " i " ! " !
1984 87 PPWLW 1000 “ - 1234 385 " 27484
1985 92 PPWLW Uiy PPPOLWES 54 1214 418 ! 2798
1986 95 " ) " " 1212 " SR 2865
1987 141 PPPPWLW BH2 PPPPOLWE B HIK 299 BAW 3672
SR 2214
1954 239 PPWLW Y34 PPPOLWE OG 1202 447 MW 2673
St 1472
1989 197 PPWLW 9y PRW( 91 1224 3RO SRM 29 e

! sheep nuimbers are based on a wether or breeding unit {Le. 1 Menno ewe + followers = 2 wethers)
TPPWLW 13 a five vear sequence of pasture, pasture, wheal, lupins and wheal (undersown with pasture;



Table 3. Uptimum strategies for e supplementary feeding of livestuch

Year Pasture area Hay making Urain feedmp
(ha) {bales) bale stze) {eul) Uereals (lonnes) Lupins {(tonnes )

1980-3 402 380 large(430 kg) Sept, P4 barley + 27 vats il

1984 404 v h nil 39

1983-6 402 A ) P4 barley + 27 cats il

1986 N 370 : " "

1987 363 9500 small (23 kgy Ot 20 barlev + 351 vats !

1R 402 G3on " ! 17 barley + 33 vats "

198y 409 380 large (430 ke Sept. 42 oals )

4. CONCLUSIONS While the PRISM model s results are mieresting and

The 1980s were very challenging lor farmers. The carly vears
were marked by drought and low commodity prices. Even
under average yield conditions. PRISM-Wagga indicates that
the most profitable farming systems schieved less than
$100/ha operating profit. Servicing a farm debt and personal
expenditure from this return would be ditficult in many
circumstances. The coincidence of drought with low prices
was a further difficulty.

A major cconomie feature of the late 1980s was the effect of
the wool price rise on lasm profit, as shown in Table 2. The
profit results of the mudel for 1987/8, 1983/4 and 1289/90
indicaie the potential for farmers with Merino tlocks to
capilalise on the opportunities of volatile prices

informative, there are some limitations. These includs:
(1} management was completely Hexible between vears. and
(11) vields were set W the long-term average,

1 these mitations of PRISM and some otlier farm
management models are overcome (and there Is no techiical
reason why ths is difficult), scenarios could be examined m
the more realisue ways shown i Table 4. Dynanie annual
crop and pastare vields could be denved from historical
climatic mformation. Wheat vields have been simulated from
ramnfall and evaporation data |Cornish and Murray 19891, bw
2 system has vet Lo be developed for relating pasture yvields w
rainlall.

Table 4. A range of price, vield and management conditions apphieable in larm model sludies,
I

Simulation Prices adjusted  Vields adjusted Management adjusted (to optimise)
This study annually fined annuatly (current vear)
{perfeet oresighty
. Fully dynamic annually annually annually (eurrent vear)
H. Realistic annually annually limted anmual change {whole period)
[l Hindsight annually armually annually (previous vear )
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