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( i) 

ABSTRACT 

The use of pasture by grazing animals is  the basis of New Zealand pastoral agriculture . Therefore, a 

major part of the management of pastoral-based farms concerns decisions about the allocation of feed 

to livestock .  

The aims of this study were first, to develop a l inear programming (LP) model for the case study farm .  

Secondly, t o  use this model t o  determ ine optimal farm plans and associated i nformation. Thirdly, to 

evaluate the technique as to its suitabil i ty as an aid to farm planning. 

The LP model developed in  this study was built to investigate alternative means of increas ing farm 

profitabil ity for Limestone Downs, a large sheep and beef cattle property situated on Raglan County. 

The model al lows pasture to be used by grazing animals in 1 2  periods throughout the year, subject to 

maximum and minimum constraints on pasture cover which have the effect of l imiting the amount of 

feed that can be transferred from one period to the next. Supplementary feed activities within the model 

include hay and nitrogen. 

The an ima l  product ion activit ies cons idered by the model were : ( 1 )  a breeding sheep system 

producing meat and wool; (2) a beef cattle system comprising breeding and f inishing stock ; and (3) a 

bul l  beef system .  

The model was used t o  optimise farm surplus ($/farm). 

The results demonstrated that farm profitabil ity could  be substancially increased in  direct proportion to 

the rate at which bul l beef substitutes for, firstly sheep, and secondly breeding and finishing cattle. 

However ,  to attain h igher profits, current management constraints, in particular the maximum number 

of Fr iesian bul ls  and/or the min i m u m  number of breeding ewes on the p roperty wi l l  have to be 

overcome. Investigation of these issues as wel l  as the effect of cl imatic variabil ity on the various plans 

derived are clearly identified as areas requiring further study and consideration.  
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1 . 1 I NTRODUCTION 

1 

Chapter One 

INT ROD UCTI ON 

I n  this section, an overview of some aspects of sheep and beef farms in New Zealand is presented. The 

objectives and motivation for the study are described. Finally, an outline of this dissertation is provided. 

1.2 PASTORAL FARM I NG I N  NEW ZEALAND 

The use of  pasture by grazing animals is the basis of New Zealand pastoral agriculture. New Zealand 

sheep and beef cattle graze pasture all year round , i .e . ,  are not housed over the winter. Hay, s ilage and 

feed crops may be used to supplement pasture during winter, particu larly in colder regions, but the 

basic objective is to exploit a general ly favourable cl imate for pastoral production. Thus, stock are 

finished to prime condition on pasture with slaughter peaks following periods of h igh pasture growth 

rate. 

In the New Zealand context, sheep and beef cattle complement each other in pastoral management 

systems, and for this reason most pastoral farms, other than dairy, are sheep and beef farms. 

One of the features of the New Zealand pastoral farming sector is its dependence on export markets. 

For this reason world prices dominate and domestic prices reflect these. 

Even though farm profitability has remained low for 6 years, agriculture has consistently provided 55 to 

60 percent of New Zealand's export receipts from merchandise trade (NZMWBES, 1 99 1  ) .  

As Table 1.1 shows, the sheep and beef sector contributes with 30% of New Zealand's total export 

receipts. 
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Table 1.1: New Zealand's Sheep and Beef Production Exported 

Wool 

Lamb 

Mutton 

Beef 

Production 

Exported 

90% 

95% 

55% 

75% 

Percentage of Total Export Receipts : 

Export Receipts ($M) 

1 989-90 

1 ,3 1 6  

1 ,367 

295 

1 ,369 

$4,347 

30% 

Source: New Zealand Meat and Wool Board's Economic Service 
Department of Statistics 

Furthermore, Table 1 . 1  shows that sheep products equate to 68.5% of total sheep and beef export 

receipts compared with 3 1 % for beef. 

Sheep have consistently provided 65 to 70% of the revenue on sheep and beef farms over the last 20 

years. Beef cattle have increased in importance to reach 20% of sheep and beef farm revenue in the 

early 70's, but in the period mid 70's to mid 80's the beef contribution fel l  as low as 1 3%.  Crop income 

has contributed 9 to 1 3% to the "all classes average" sheep and beef farms revenue over this period. 

(Davison, 1 99 1  ) . 

With the current down turn i n  wool prices, the importance of beef cattle contribution to sheep and beef · farm revenue is l ikely to increase quite markedly. For the 1 990-9 1 season its contribution is estimated 

to reach 23% (NZMWBES, 1 99 1  ). 

In F igure 1 . 1 ,  the trend for sheep and beef cattle num bers since 1 971  is shown. 
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Figure 1 . 1 : Tren d  for Sheep and B eef Cattle N u m bers s ince 1 97 1  
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The growth in sheep numbers in the late 1 970s was due to a sustained improvement in sheep product 

prices until the reverse situation occurred in the 1 980s where the reduction in sheep numbers reflected 

profitabi l ity relative to cattle. 

An increase in beef cattle n u mbers has developed since 1 983 but there was a significant set back in 

1 989 due to a severe drought in East Coast regions and the forced slaughter of capital stock at that 

time. 

Therefore, sheep and beef cattle have been substituted at the margin depending on their relative 

profitabil ity. 

In 1 984 and 1 985, major changes in the New Zealand economic environment were introduced. These 

included the removal of subsidies and support measures to agriculture, deregulation of the financial 

markets and the floating of the New Zealand dollar. Since then, sheep and beef farm profitabil ity has 

been less than half that of the 1 970s and early 1 980s, in inflation adjusted terms (SONZA, 1 989). This 

continual low on-farm profitability has been reflected in low on-farm spending on key inputs such as 

ferti l iser. These factors have been the major cause, apart from the 1 989 drought, for the continuous 

rundown in stock carried on sheep and beef farms. Basically, lower inputs to farming have resulted in 

lower pasture production redeemed by the slaughter of capital stock. 
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At June 1 991 , sheep and beef l ivestock units ( = 1 breeding ewe) are estimated to total 75.6 m il lion, 

1 0% less than at June 1 985. However, sheep stock un its have declined 1 6% during this period and 

were offset by a 6% i ncrease in beef cattle s tock u n its ( NZMWBES, 1 99 1  ). Cattle numbers are 

increas ing particularly rapid ly in  1 990-9 1 with an addit ional 1 40,000 dairy calves retained for beef 

production in the spring of 1 990 (Davison, 1 99 1  ) .  

Un less a sustained improvement in  farm profitabi l ity is realised, l ivestock numbers are unl ikely to be 

rebui lt .  The reality of the economic environment is that, s ince 1 984-85, there has been great exposure 

to risk from interest rate changes, exchange rate changes and the uncertainty of overseas prices. 

Therefore, growth from the current situation wi l l  only be driven by profit. This in turn is a function of 

market prices received at the farm gate, management and stock performance. The relative profitabil ity 

of sheep versus beef production wil l continue to be a major determ inant of profit on any one farm. 

Reassessing these relative profitabil ities and designing systems with an optimum mix of sheep and 

beef is an important task for management. 

1 .3 MOTIVATION FOR THE STUDY 

Large sheep and beef properties, l ike Limestone Downs, have the scope to change profitabil ity quite 

markedly by alter ing the ratio  of sheep to beef. In the current economic situation, th is farm was 

particularly interested in investigating the ful l  range of alternative sheep/beef production systems. This 

coincided with the author's interests in developing knowledge on New Zealand's pastoral sheep and 

beef industry, and in developing analytical farm management skil ls. 

1 .4 OBJECTIVES OF THE STUDY 

The objectives of this study are : 

1 )  To develop a l inear programming model for the case study farm. 

2) To use this model to determine optimal farm plans and associated information. 

3) To evaluate the techn ique as to its suitability as an aid to farm management analysis. 



1 .5 THESIS OUTLINE 

This study consists of eight chapters. 

5 

In Chapter One, an overview of some aspects of sheep and beef farms in New Zealand is presented.  

Also the objectives of the study are specified. 

A description of the case study farm is presented in Chapter Two. 

In Chapter Three, the use of models in agricultural research is considered. 

The methodology used to investigate the case study farm is analysed in Chapter Four. The approach 

chosen for the study is discussed and the procedure for the analysis is descr ibed. 

In  Chapter Five, the l inear programming (LP) model developed for the study is  presented and its 

structure is described . 

Chapter Six reports the optimal p lan derived from the model descri bed in Chapter Five . The key 

elements of this plan are analysed, discussed and compared with the current farm plan. 

The Sensitivity Analysis is provided in Chapter Seven, in which optimal plans for five new situations are 

introduced and discussed. 

Finally, the evaluation of the study in relation to its objectives is presented in Chapter Eight, wh ich also 

discusses the value of LP to th is  study and h igh l ights the areas in which the lack of i nformation 

available l imited further conclusions . 
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Chapter Two 

LIMESTONE DOWNS 

In this chapter, the case study farm is descr ibed. Further information on the farm can be gathered from 

annual publ ications of the C. Alma Baker Trust Series for Limestone Downs, which report the physical 

and f inancial characteristics of each season . Whi le  some performance data is presented i n  th is 

chapter, the bulk of th is information is provided in Chapter Five. 

2 . 1  I NTR OD UCTION 

Limestone Downs i s  a large sheep and beef cattle property situated on the coast 1 5  ki lometres south of 

Port Waikato. The 3,2 1 9  hectares (2 ,530 ha effective) are characterised by a good balance between 

hi l ls and flats, a wide range of soils varying from peat to volcanic origin and a favourable cl imate . 

The property was part of the estate of the late Charles Aim a Baker, CBE, who died in 1 94 1 . The English 

Trustees to Mr Baker 's Will have been able to retain Limestone Downs by setting up the "C. Alma Baker 

Trust" wh ich aims to further the science of agricu lture. In July 1 98 1  the Trustees appointed a New 

Zealand Committee which now administers the farm according to the terms of the Trust. Much of the 

farm has since been transformed into an intensive farm system where new ideas in agriculture can be 

fully explored. 

2 .2 PHYSICAL CHARACTERISTICS 

2.2. 1 C l imate 

Pasture growth at Limestone Downs is largely controlled by soil moisture almost regardless of season. 

Since 1 983, rainfall has been recorded on the farm.  This information is summarized in Table 2. 1 for the 

seasons 1 985 to 1 990. These records indicate an annual rainfall of 1 090 to 1 254mm, with the monthly 

average varying between 76mm in Apri l  (lowest) and 1 1 9m m  in July (highest). 



Table 2 . 1 : 

January 

February 

March 

April 

May 

June 

Ju ly 

August 

September 

October 

Novem ber 

December 

Total 

2 . 2 . 2  Soi ls 

Monthly rainfa l l  (mm) 

1 985 1 986 1 987 

82 1 47 98 

18 1 1 20 43 

68 65 1 48 

60 59 78 

1 1 2 1 51 1 02 

1 1 2 1 07 98 

1 60 2 1 1 83 

1 26 1 2 1  54 

70 62 1 1 6 

61  1 00 72 

1 20 40 1 02 

1 02 46 96 

1 254 1 229 1 090 
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1 988 1 989 1 990 Mean 

20 1 73 48 95 

1 05 60 1 5  87 

1 4 1 52 1 24 1 00 

21  73 1 1 8 76 

1 08 1 48 1 37 1 1 5 

86 1 24 1 03 1 06 

1 1 5 1 1 2  1 4 1 1 1 9  

1 48 93 237 1 1 3  

1 26 58 91 86 

1 1 8 i 7 1  97 1 00 

1 02 1 0 1 1 1 1  90 

1 06 70 27 84 

1 1 95 1 235 1 249 1 1 71  

A comprehensive survey of soils carried out by staff and students of the Department of Soil Science at 

Massey University commenced in March 1 983. Part of this ongoing survey has been the production of 

a reconnaissance soil map adapted and modified from a soil survey of Raglan County. According to 

this, the soils of Limestone Downs are classified as follows: 

1 )  Soils of the Flood Plains 

This group contain soi ls formed from recent al luvial  deposits and those formed from 

accumulations of peat in swampy depressions. These soils are young in age and show l ittle 

horizon differentiation .  



2) Soils of the Terraces 
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The soils on the river terraces are developed from material of alluvial origin. The drainage of 

these soils is imperfect and poaching usually occurs in winter months. 

3) Soils of the Rol ling and Hilly Land 

These soils have developed on a wide variety of parent materials, i ncluding greywacke, 

argil l ite , calcareous sandstone and siltstone, non-marine si ltstone, andesitic basalt, tephra, 

wind-blown sands ,  and pumiceous alluvium . This group contains the majority of the farm 

soils. 

4) Soils of the Steep land 

These are shal low soils with a very wide range of profile expression. 

Ti l lman (Pers. comm.)  provided the results of a soil test analysis taken in May 1 989. This is shown in 

Table 2 .2 .  

The values presented in Table 2.2 indicate that, on average, the pH  level i s  sl ightly below the optimum 

5.8 to 6 . 0  range. Although the Olsen P figure is in  the opt imum range of 1 5  to 30 {Ti l lman, Pers. 

comm.) ,  the correct interpretation of this information will depend on phosphate retention levels. 



Table 2 . 2 :  

Sample 

6 

7 

2 1  

22 

38/39 

4 1 /37 

44 

76 

82 

85 

87 

95 

97 

1 07 

1 1 5 

1 2 1  

1 26 

1 32 

1 50 

1 56 

MEAN 

2.2.3 Fertil iser 
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Soil Test Analysis R e sults 

pH Olsen P Exch . K 804 

5.6 2 1  1 .2 1  1 1 .5 

5 .7 2 1  0 .55 6 .5 

6 .8 8 0 .9 1  5 .5 

5 .9 1 5  1 .04 9.0 

5.8 1 3  1 . 1 5  9.0 

6 .2 1 5  0 .52 4.5 

5.9 1 3  1 .63 1 2.0 

5 .6 1 9  0.87 4.5 

5.6 30 0 .73 5 .0 

5 . 1  28 0 .72 29.5 

5.5 29 1 . 1 6  7.5 

5.5 1 4  1 . 1 3  1 0 .0  

5 .4  1 6  0 .53 9.0 

5.2 1 9  0 .26 45.5 

5.7 1 2  0.80 8.0 

5.2 1 4  0 .74 42 .0 

5 .4  20 0.38 7.5 

5.3 26 0.95 6.0 

5.6 1 2  0 .96 1 1 .5 

5 .9  27 1 .00 5.5 

5.7 1 9  0 .86 1 2.4  

Prior to  1 984 Limestone Downs received 600 tonnes of  superphosphate (235Kgjha). Since then, 

400kgjha of reactive phosphate rock has been applied to half of the farm each year. 
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Lime was applied on the flats ( 400ha) in 1 990 at 2.5 tjha. The results will be monitored. 

An area of 1 50ha responsive to molybdenum was detected and received molybdenum in 1 986. This 

area will be monitored to see if further appl ications are necessary. 

A nitrogen tria l in six paired paddocks started in 1 989 on the flats . For three pairs, the average 

response rate was 1 0 : 1 ,  i .e . ,  1 0  Kg of dry matter per Kg of nitrogen applied. On the remainder three 

pairs there was no pasture growth response detected. The reasons for this are not clear. 

2.2.4 Pastures 

Following original development out of bush in the 1 930's, English grasses and clovers were sown. New 

species have not been introduced in 1 0 years.  These pastures are now characterised by a strong 

ryegrass (Lol ium perenne) white clover (Trifol ium repens) association. The presence of the summer 

grass K ikuyu (Pennisetum clandestinum ) ,  particularly on the coastal area of the property, is qu ite 

considerable. 

2.2.5 Subdivision and Facil ities 

Limestone Downs is subdivided into 1 68 main paddocks of 1 5-20 ha, on average, with conventional 

and electric fences. Trough water is reticulated to 95% of paddocks. Three major gravel led tracks and 

a central lane al low access to all areas of the property all year. 

The farm has a comprehensive stock of handling facil ities, including covered sheep yards, two sets of 

cattle yards and scales for both sheep and cattle weighing. 



1 1  

2 .2.6 Livestock M anagement 

Breeding Ewes: 

In 1 98 1 , the present management of Limestone Downs took over a flock of 1 2000 "old style" Romneys, 

i .e., short stature, wooly heads and low growth rates. A ram source was needed to meet Limestone 

Downs improvement requirements and to provide an opportunity to select for facial eczema tolerance. 

To this end,  a ram-breeding programme was developed. Twinning two-tooth and four-tooth ewes were 

screened by ultrasound for entry into a fully recorded Romney flock at Tuapaka, a hi l l  country sheep 

and beef farm operated by Massey University. These ewes are run under strict commercial conditions 

and are excluded on failure to rear twins. This flock has been closed at about 700 ewes from which all 

ram lambs are moved to Limestone Downs at weaning. Hogget growth rate , fleece weight and facial 

eczema tolerance are then recorded to complete the selection index. Rams with very high index are 

used for one year over the recorded flock and then are returned to Limestone Downs. The value of this 

scheme to the farm has now become apparent through increased animal performance. 

At Limestone Downs, lambing starts in mid-August and weaning is in December. The shearing months 

are : ewes, December and May; lambs, January; hoggets, September;  and two-tooths in February. 

Ewes are rotational ly grazed post-weani ng, cleaning up paddock s .  The  length of rotations is 

determined by ewe feed demand and feed avai labil ity. In December, cul l  ewes are drafted on the basis 

of age, poor mouths, bad feed and low condition . 

Over the f lushing-tupping period, the ewes are on a faster rotation to bui ld up pasture for lambing. 

Crayons are used with the rams in order to determine early, mid and late lambing ewes. As lambing 

approaches the rotation is shortened and, on the basis of the information obtained at tupping, mobs 

are set stocked just prior to lambing according to their pregnancy status (early, mid or late-lambing). 

This system is used to improve rationing of feed to ewes at lambing. The ewes remain set stocked until 

weaning. 

Lambs: 

After weaning (December), the lambs are grazed over several paddocks at low stocking rates. Lam b  

sell ing is  dictated by feed supply. Usually, most lambs have been sold by February. 
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Replacements Ewes: 

After weaning, the replacement ewe lam bs are shuffle grazed until the end of May when the rotation is 

slowed down for the winter. I n  August, the hoggets are placed on a faster rotation to increase their 

llvewelghts.  Following shearing In  Septe m ber they are set stocked until January to help maintain 

pasture quality. In January the hoggets (now two-tooths) are placed on a rotation again. They are 

shorn in February and join the mixed age ewes at the start of flushing in March. 

Breedina Cow : 

A three-breed rotational crossbreeding programme was I nitiated In 1 982 . This programme started with 

the base herd Angus cows being mated to Hereford bulls .  To Improve milk production and therefore 

calf weaning weight, the Friesian was used as the third breed In the rotation ( Morris and Lowe, 1990). 

The heifer progeny from each cross are mated at 1 5  months to the next breed of bull in the rotation 

sequence (see F igure 2. 1 ). The male progeny are either sold as weaners or finished on the farm at 1 8  to 

24 months of age. The Charolais bull is used as a term inal sire over aged cows. 

Figure 2. 1 :  

Steers for sale 
or rinishing 

Rotational crossbreeding programme at Limestone Downs 
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...___ _ ____ ___, 
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or rinishing 

Hereford sired 
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� Friesian-sired � Steers for sale 

heifers or finishing 
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This crossbreeding programme has performed u p  to expectations, and is now at a stage where cows of 

all sire breeds are in the herd which has averaged 90% calving (calves marked) over the fast 4 seasons. 

Mating starts in fate October and weaning is in April. After weaning, the breeding cows are rotationally 

grazed, cleaning up paddocks. As the calving period approaches, the breeding cows are moved onto 

the coastal area of the property, approximately 548 ha, where feed is set aside for calving. They are 

break-fed behind electric fences and shedded out as they calve. Cows and calves remain set-stocked 

in this area until weaning . 

.Steers and Heifers 

After wean ing ,  steers and he ifers are placed on good qual ity pastures u nt i l  M ay ,  when they are 

separated. At that time, the steers are moved onto the flats where they are set-stocked m ixed with 

Friesian bul ls until slaughtering. The heifers are wintered on rotation with the ewe hoggets . 

B uff Beef 

The bull beef enterprise has been located on the flats adjacent to the Kaawa Stream ,  in  part because 

this area is subject to sudden flooding and running sheep there could result in h igh fosses. I n  addition, 

this area which is well subdivided has been relatively easy to electrify fences to control bul ls .  

Friesian bul ls are purchased from sale yards or directly from dairy farmers in Nove m ber, at 1 0-1  2 weeks 

of age. Their weight at that time is about 90 kg fiveweight. 

The general management strategy is to run the bull calves in mobs of about 1 00-1 50 ,  shifting them as 

necessary to ensure that they have good quality feed in front of them. This usually continues until the 

autumn,  when they are set-stocked on paddocks with about two-thirds bulls and o ne-third steers. This 

has the major advantage that stocking rates can be adjusted by moving steers in  or out depending on 

levels of pasture cover without causing behaviour problems. In general, they are s laughtered at about 

1 6-20 months of age at a bout 250 kg carcass weight. However, some bulls can be taken through a 

second winter and slaughtered at heavier weights if feed s upply permit. 
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Pasture improvement through subdivision and rotational grazing has al lowed a greater number of the 

progeny to be taken through to slaughter. Table 2.3 shows the changes in stock numbers for the last 

six seasons. 

Table 2.3 Stock Numbers 

1 984/85 1 985/86 1 986/87 1 987/88 1 988/89 1 989/90 

Shee p :  

Ewe Hoggets 7,488 5,964 6 , 1 30 6,803 5,800 6 ,836 

2th Ewes 6,453 5,895 4,932 4,456 4,850 3,432 

Older Ewes 1 5, 537 1 3,326 1 1  '78 1 9,993 1 0,500 1 0 ,838 

Rams 1 68 203 1 90 227 270 21 7 

Other Sheep 591 551 530 651 66 457 

Total Sheep 30,21 9 25,939 24,663 23,270 22,866 21 ,330 

Catt le : 

Cows 1 ,202 992 1 ,023 1 ' 1 1 5  925 1 ,067 

R 1 yr Heifers 353 480 402 507 5 1 3  427 

R2yr Heifers 58 7 4 

R 1 yr Steers 1 27 1 1 7 303 434 357 

R2yr Steers 2 7 1 02 

Breeding Bull 25 33 24 1 7  23 25 

R 1 yr Beef Bulls 454 571 580 655 680 8 1 4 

Other Cattle 44 1 1 7  8 1 1 8 

Total Cattle 2,036 2,247 2,321 2,6 1 2  2,586 2,9 1 0 

Sheep s.u.  27,745 23,923 21 ,508 22, 1 00 2 1 ,9 1 1 1 9,21 2 

Cattle s .u .  1 0,236 1 0 ,761 1 1 , 1 5 1  1 2,380 1 1 ,956 1 3 ,955 

Total s .u .  37,981 34,684 32,659 3 4,485 33,867 33, 1 67 

s.u.jha 1 5.01  1 3 .71 1 2.9 1  1 3. 63 1 3 .39 1 3.20 

As Table 2.3 shows, cattle numbers have increased over that period, particularly Friesian bulls. Since 

the 1 988/89 season , a decision was made to retain al l  calves for finishing rather than sell weaners. By 

contrast, sheep numbers have decreased. 
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The breeding  programme for both sheep and cows has shown benefits which are most eas i ly 

measured by the improved growth rate of young stock and improved production .  For example, the cut­

off mating weights for 1 5  month heifers was 2 1 5kg in 1 982, raised to 230kg in 1 985 and 250kg in 1 987. 

The wool production per sheep stock unit wintered was 4.3kg in 1 985,  increased to 4.8kg in 1 986 and 

1 987 and 5.2kg in 1 988. 

Indices such as lambing percentage have also increased. In  the 1 989/90 season this figure exceeded 

1 OO% for the first time.  This achievement was repeated in the 1 990/91 season which experienced 

1 08% lambing. 

2.2.8 Financial Performance 

The farm working accounts for the seasons since 1 985/86 are presented in Table 2 .4 .  

As shown in Table 2.4, some costs such as animal health rose significantly. However, these reflected 

the increased proportion of young stock carried. 

The big increase in farm surplus in 1 988/89 reflected the results of improved performance, a relatively 

good wool price and the increased contribution from bull beef. 



16 

Farm Working Account 

1985/86 1986/87 1987/88 1988/89 1989/90 

Income: 

Sheep 192,470 147,419 223,887 153,512 329,187 

Cattle 208,879 299,680 342,750 551,034 466,395 

Wool and Skins 364,052 440,679 412,939 475,499 373,105 

Other 3,737 2,550 2,850 3,663 554 

Total Farm Income 769,938 890,328 982,426 1,183,708 1 '169,238 

Expenses:  

Wages 174,656 174,716 186,643 209,052 207,714 

Animal Health 34,754 43,528 34,803 45,070 65,324 

Breeding Expenses 7,305 4,492 4,195 3,105 6,054 

Electricity 7,956 9,301 10,940 11,220 10,655 

Ferti l iser 123,712 26,632 96,308 103,202 120,113 

Freight 37,924 * * * * 

Horses, dogs, etc 5,836 5,270 3,095 3,632 1,949 

Shearing 82,534 79,483 85,516 91,864 93,081 

Sundry 1,777 2,141 3,597 2,013 2,656 

Weed and Pest 4,575 5,215 15,299 20,294 11 ,450 

Cookhouse 5,599 7,646 8,044 ** ** 

Travel 7,936 8,186 7,379 10,376 10,861 

Vehicle Running 20,147 15,742 17,932 18,978 15,365 

Telephones 3,755 5,114 4,453 5,188 4,896 

Buildings R & M 8,407 14,973 15,343 7,695 20,797 

Improvements R & M 6,483 12,138 13,634 17,884 20,411 

Plant & Machinery 4,621 2,714 3,753 6,246 5,021 

Rates 17,741 26,872 31,586 30,700 31 '145 

lnsurances 4,591 4,263 6,147 4,761 3,051 · Admin istration 23,942 26,019 25,483 28,908 25,809 

Accounting & Audit 17,620 14,835 18,000 18,300 9,500 

Depreciation 54,688 57,655 60,810 69,403 *** 

Total Farm Expenses 661,559 546,935 652,960 707,888 665,862 

Farm Surplus 107,579 343,393 329,466 475,820 503,376 



Notes : 
* 

** 

*** 

1 )  
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An accounting change was introduced from the 1 986/87 season onwards with freight cost 

debited against particular items e .g .  stock, wool, fertil iser, to give a clearer picture of real 

costs and prices . 

The cook-house was closed when self-contained unmarried staff quarters were completed. 

Depreciation is not included as farm expenditure from 1 989/90. 

Lack of ki l l ing space or market changes can lead to sales being held over after June 30th 

which can exaggerate differences in results between seasons. 

2) Care must be taken in drawing conclusions from the figures above as some ite ms are 

. distorted by major policy changes implemented over this period. For example, the increase 

of some 2 ,000 stock units in beef cattle in 1 989/90 represented a forgone income of about 

$ 1 50 ,000. This, in effect, was the price paid to increase beef and reduce sheep numbers. 

Taking this into account, the 1 989/90 season was financially very successfu l , despite a big 

reduction in wool price. 

2.3 CONCLUSION 

With diminishing returns from sheep forecast, a decision to increase cattle numbers was made back in  

1 984/85. The gradual increase in  beef has been made by means of  carrying more stock through to 

slaughter, in particular bull beef. This has proved to be financially successful as wel l  as fitting in well in 

terms of labour requirements. Although the bull beef operation continued to provide excellent returns, 

this is in part due to the fact that they are given h ighest priority for feed. 

S i n ce r edeve lopment  is n ow la rge ly completed, there is scope to further i ncrease f inanc ia l  

performance at  Limestone Downs. 

This wi l l  need to com e  from further increases in an imal performance and perceptive management 

decisions. 
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Chapter Three 

SYSTEMS MODELLING 

Scientific research has been traditionally based on the two concepts of reductionism and mechanism 

(Dil lon, 1 976 ;  Menz, 1 980). More recently, however, scientists have used a systems approach to assist 

their understanding. In  this section both principles and the use of models in agricu ltural research are 

discussed. 

3.2 THE REDUCTIONISM RESEARCH CONCEPT 

According to Di l lon ( 1 976) ,  the concept of reductionism implies reducing the systems being studied to 

their components; analysing these components as independent entities to explain their behaviour; and 

then explain ing total system behaviour in terms  of the sums of the behaviour of the components. The 

idea of reductionism re l ies on the concept of mechanism which i mp l ies that phenomena can be 

explained in terms of mechanical-like cause and effect relationships. 

In recent years some researchers have expressed some dissatisfaction with that scientific approach .  

Dil lon ( 1 976) states that as  phenomena are ordered into smaller and smaller categories, the concerns 

of the disciplines associated with each category move further away from the problems of the real world. 

D i l lon also e m phas izes that fol lowing that approach it  is difficu l t  to cons ider concepts such as 

objectives, goals or choices, and as such, researchers spent little time addressing those aspects. 

Research conducted under the concepts of reductionism and mechanism provides precise answers for 

component relationships. However, when applied to the larger phenomena the answers tend to be 

inaccurate (Menz, 1 980). Menz { 1 980) suggests two reasons why this happens. F i rstly, reductionist 

research is conducted with all but one or two factors held constant, whereas in real ity many factors are 

constantly changing. Secondly, most phenomena occur on a large scale and under the reductionist 

approach they are studied on a small scale. 

Concern with these problems has increas ing ly led science today to gain an u nderstanding of the 

structure of the parts from an understanding of the functioning of the whole (D il lon, 1 976), therefore 



1 9  

indicating a 'systems approach' whereby the parts or phenomena under study are seen as parts of a 

larger system or systems. 

3.3 THE SYSTEMS R ESEARCH CONCEPT 

The term 'systems research' was used by Wright ( 1 97 1 ) to "encompass all activities involving the study 

of large complex systems. "  A definition of what is meant by 'system' becomes crucial. Spedding ( 1 988) 

stated that "a system consists of a group of interrelated components that interact for a common 

purpose and react as a whole to external or internal stimul i .  lt is unaffected directly by its own outputs 

and has a specified boundary based on the inclusion of all significant feed backs". Spedding's definition 

high lights the importance of the external environment in which the system performs and the ability of 

the system to react to this environm ent.  Broc k ington ( 1 979) stated that the main characteristic 

distinguishing systems from non-systems is the existence of l inks between constituents parts. 

A system is thus characterised by complexity, interaction and feedback. A sheep and beef farming 

system composed of an area of land occupied by pasture and animals, and affected by climatic and 

market factors as well as al l  the interrelationships that may exist between these factors clearly fits these 

criteria. According to Wright ( 1 97 1  ), a farming system is an attempt to control biological systems in an 

uncertain environment in order to achieve some goal which is predominantly economic in nature. lt 

encompasses both a production system and a management system . Wright (undated) states that 

information is an output from the production system and, in turn, an input to the management system . 

The system s  approach p rovides a framework for the description and analysis of agricu ltura l  

product i o n .  A l l  agr icu l tural  production system s can be described in terms  of their  purpose,  

components, inputs, interactions,  resources, p roducts and constraints . A systems approach to 

agricultural research is  particularly useful because of the complexity of agricultural systems and the 

imperfect knowledge associated with decision-making on farms. 
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3.4  THE P R INCI PLES OF FAR M  MANAGE M ENT 

The principles of managing a farm are no different from the principles of managing any other complex 

business firm. To be successful farmers must be 'efficient' in allocating the l imited supply of physical, 

financial and human resources so as to best achieve their objectives. Determining these objectives and 

then achieving them as efficiently as possible is known as the management problem. 

Farm management is qu ite different from plant, soi l  and animal sc iences, accountancy, f inance, 

economics and sociology. Efficient farm management usually requires at least a basic knowledge of al l  

these disciplines, for these are the manager's tools (Dent et al ., 1 986). 

Management is  a separate discipl ine concerned with the efficient attainment of objectives. Di l lon 

( 1 980) defines farm management as "the process by which resources and situations are manipu lated 

by the farm manager in trying,  with less than ful l information,  to achieve goals.· 

Farm management is com mon ly acknowledged as havi n g  three major components : plann ing ,  

implementation and control. Plans which will best achieve the farmer 's objectives are formulated, then 

put into effect and constantly monitored to assure that the farm business remains on target in terms of 

the specified plans and objectives. 

Although re latively s imple  p lann ing tech niques are avai lable,  farmers undertake a fundamental 

replanning of their business "no more than once or twice in  their working lifetime" (Longbottom, 1 980 ; 

Hardaker and Anderson ,  1 98 1  ) .  This apparent lack of p lanning by farmers can be associated with the 

amount of time required and the lack of empathy that farmers show towards office tasks (Lockhart, 

1 990). 

Hardaker and A nderson ( 1 98 1 ) suspect that for most farmers "management is a matter of routine". 

Major changes to this routine are seldom considered and many of the changes that are made occur 

more by a process of constant adaptation rather than by a decision to change. 

Farmers operate in a dynamic and uncertain environment in which physical and economic variables 

are constantly suffering alteration . Successful farmers are almost continually involved in the process of 

assessment and adjustment of their farming systems. P lanning is therefore an ongoing process. This 

does not mean that farmers are constantly making major modifications to their system. l t  means that 

they regularly have their program under review making marginal changes on a day-to-day basis and 

occasionally making more substantial policy changes. The extent to which later stages of a plan must 
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be reformulated is determined not only by external factors such as weather , diseases, pests and 

product prices ,  but also by the skil l with which the first stages of the plan are implemented and the 

quality of the control that is exercised. 

Some variation in relation to the planned outcome is expected and can be accepted. Establishing the 

causes for differences between target and actual performances may not be simple as often several 

factors are involved. If that is the case, a re-evaluation of the objectives might be necessary. 

3.5 FAR M  PLANNING MODELS 

The mode l l ing process begins by carefu l ly observing and for m u lating  the problem and then 

constructing a scientific model that attempts to abstract the essence of the real problem. lt is then 

hypothesized that this model is a sufficiently precise representation of the essential features of the 

situation , so that conclusions obtained from the model are also valid for the real problem. 

Many farm decisions originate from informal planning procedures whereby farmers initially make 

assessments, weigh alternatives and finally decide on a particu lar course of action . There is a whole 

range of procedures that may be used to put planning on a more systematic basis. Irrespective of the 

technique used, the same basic idea is being applied :  

- a  model of  the farm business is  created ;  and 

- this model is used to assess what courses of action can be undertaken and their l ikely 

outcomes. 

The use of models in systems research is becoming more widespread for several reasons : 

1 )  Computers make model ling faster and easier than model ling systems by hand as was done 

in the  past .  Modern computers are faster ,  more user-friendly and have considerably 

increased capacity. 

2) Experimentation using models can be conducted more quickly and at lower cost than 

experimentation on the real system. 

3) Modelling enables research priorities to be more clearly established. 
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Nevertheless, it is  important to remember that a modelling approach should complement the study of 

real systems since a model must u ltimately generate solutions that are biologically valid and also 

concerned with the practical management in  terms of providing understandable conclusions to the 

decision maker. 

3 . 6  MODEL DEFINITION 

Models have been widely used to analyse and des ign farming systems (Jeffers, 1 978; Mi l ler, 1 983 ;  

McCal l ,  1 984; R idler et a l . ,  1 987) .  

Spedding ( 1 988) defined a model as "an abstraction and simplification of the real world, specified so as 

to capture the princ ipal in teractions and behaviour of the system under study ,  and capable of 

experimental manipulation in  order to project the consequences of changes in the determinants of the 

system's behaviour . "  While this defin i t ion may seem rather long,  it highl ights important features of 

models: 

1 )  Models are a simplification of the real world. This implies that certain assumptions must be 

made in order to allow the model to be used. 

2) The model should capture the principal interactions an behaviour of the system which are 

relevant to the research. 

3)  Since the main o bjective of the research  is usually to improve the understanding of the 

particular system ,  the model must be capable of predicting changes in behaviour caused by 

alterations on the system. 

Models  provide an important means of understanding livestock production systems since they are 

. 
constructed on the basis of existing  knowledge. Gaps in the current knowledge are therefore readily 

identified. By this means research priorities can be established (McCall, 1 984). 

3.7 NATURE OF M ODELS 

Models can be classified by their properties as being QUalitative or Quantitative. Qualitative models are 

classified as iconic or analogue. Some agricultural research stations use smal l  scale farm lets to 
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investigate farming systems. Such farmlets can be thought of as iconic models of normal sized farms 

where alternative managements can be imposed and the outcomes evaluated. The idea is to gain 

confidence that the real system will react in the same way as the iconic model. 

Analogue models are also physical representations of the real system. However , they are not simply 

miniaturisations. They represent the entire system. A farm map is an analogue model.  These models 

assist planning by defining and indicating the availability of resources. 

Mihram ( 1 972) classifies quantitative models as: 

a) Static or dynamic 

Static models are independent of time. 

Dynamic models are time-dependent and may be either continuous or discrete depending 

on whether they use continuous or discrete variables. 

b) Deterministic or stochastic 

Deterministic or "normative" models do not account for risk or variability. Therefore they 

assume that the outcome from any set of initial conditions is known with certainty. 

Stochastic models are better suited to biological systems because they contain the intrinsic 

variability associated with biological phenomena. However, data indicating the variability of 

com ponent  be h aviour  is often not avai lab le  or can not be readi ly  expressed as a 

mathematical relationship. I n  practice, most models are therefore deterministic because 

they are easier to build and the output is genera lly simpler to interpret. The effect of 

uncertainty can be estimated in deterministic models by parametrizing input variables . 

Models are also optimising or non-optimising. Non-optimising models require the user to make some 

. informal judgement outside of the model when selecting from among alternative systems. Simulation 

models are non-optimising models primarily concerned with describing the bahaviour of the system 

under a given set of assumptions (Wright, 1 971  ) . They can, through experimentation,  approximate 

solutions to problems, although their primary role is not problem-solving. 

Optimising models require an objective function (e .g .  profit maximisation or cost minimisation) to 

evaluate different decision rules. They find the optimal combination of inputs required to best attain the 

objective function specified. Linear programming is a classic example of such models .  
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The type of model chosen is dependent on the nature of the system,  the objectives of the research ,  and 

the purposes for which the model is to be used. 

The purposes of modell ing can be summarized as: 

- to improve the understanding of how a complex system functions (Wright, 1 976) .  

- to generate a quantitative hypothesis about the descri bed system (Spedding,  1 977 ; 

Baldwin and Koong, 1 980) and possibly an 'optimal ' combination of inputs. 

- to evaluate the output from a proposed system in  relation to existing systems (Wright, 

1 973). 

- to determine the requ ired economic conditions (e .g . ,  input/output prices) for sub-optimal 

systems to become relevant (Wright, 1 973) .  

- to predict how a system wil l  respond to natural or induced disturbance (Wright, 1 976) and 

thus, provide an aid to the design of ' improved' systems ( McCall ,  1 984). 

- to generate practical management decisions, i .e . ,  to provide understandable conclusions 

to the decision maker(s) (Hi l l ier and Lieberman, 1 990) 

- as a focus for communicating or coordinating basic research needs in relation to current 

and future objectives (McCal l ,  1 984) and to solve problems related to manipulation of the 

system to achieve given ends (Wright, 1 976) .  

- for extrapolation of system effects over longer time/climate sequences and to other s ites 

(Seligman & Arnold, 1 980) .  

Whatever the  purpose, the model building exercise must be justified. Such justification can be that 

experimentation with the model is more feasi ble than experimentation and observation of the real 

system.  Model construction and use may also be justified in relation to time-consumption, physical 

resource requirements, accuracy and cost (Dent & Anderson, 1 97 1  ). 
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3.9 PROBLEMS IN APPLYING PLANNING MODELS 

Model ling use in farm planning assumes that the model is a realistic representation of the farm system.  

As a l l  farm models are acknowledged as being 's implifications of  the real world' ,  the information 

obtained from using a model can only be viewed as a guide to what the farmer might expect to happen 

on the property. Therefore, important issues m ust be considered. These are: 

Rel iabil ity of Data 

The ideal source of data for any farm planning model is the farmer's own records. Where records are 

not available or data are required for activities not previously or recently carried out on the property, 

district data should be used. H istorical data on prices and costs may be of little value, but some market 

outlook information will always be valuable. 

R isk 

Single-value estimates of input and output data fail to reflect the unpredictability of results . Thus, some 

form of sensitivity analysis should be performed to verify the stability of the selected plan . This would 

involve reworking the analysis using alternative estimates for key parameters such as yields and prices. 

All models suffer from limitations.  This does not mean that they are not useful .  Model ling , to some 

degree, is an inevitable necessity. The creation of an abstract representation of a particu lar system 

which incorporates a number of assu mptions should not raise concern.  What is important is to 

recognise that these assumptions have been made, and to check their reasonableness in the particu lar 

decision situation. 

3. 1 0  CONCLUSION 

As a means of overcoming some of the problems  associated with reductionist research,  scientists have 

undertaken  a systems approach to research .  The pr inc ip le  of the systems approach is t hat 

understanding is achieved from studying the system as a whole rather than its individual components. 

A farm is essentially a business undertaking, and plans for the future organisation and progress of the 

farm business need to be developed along systematic l ines. Given the complexity of the decision­

making  problem ,  farm managers have been concerned to devise techniques which will aid in  the 

planning process. 
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Model l ing is an important tool in agricultural research .  The representation of both whole systems and 

the i ndividual relationships with in  systems a l lows an i nvestigation of the l ikely effects of change on 

existing systems, or evaluation of new systems. The model should be used in a thoughtful and creative 

manner. 

The resu lts from the p lanning analysis do not replace the existing information. Rather, they augment 

the present knowledge so that fuller and more certain information upon which to base a decision can 

be used. 

If the model is wel l  formulated and tested the resulting solution should tend to be a good approximation 

to the ideal course of action for the real problem . Therefore, the test of the practical relevance of 

research is whether it provides a better guide for action that can be obtained by other means. 
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Chapter Four 

M ETHOD OLOGY 

This study required a model ling method which could: 

1 ) accurately simulate the production system on the case farm;  

2) represent the physical and financial characteristics of several production options ; and 

3) al low the effects of market price variation on the physical and financial performance of the 

case farm to be investigated. 

In this section the methodology used to investigate these issues for Limestone Downs is reviewed. The 

main features of the model are discussed and the procedure for the analysis is described. 

4.2 CHOICE OF M ODEL 

Farm planning may be viewed as the process of selecting an appropriate set of activities for the farm,  

and the optimum level at which each activity is  to be conducted. This choice is  made in order to attain a 

stipulated objective (e.g. profit maximisation) knowing the supply of each of the available resources to 

carry out these activities and the stipulated payoff for each activity. 

For some planning problems, it is not feasible to determine the optimal activity levels by whole farm 

bu dgeting ,  partial budgeting or gross margin analysis (R ickards and McConnel, 1 967; Dent et al . ,  

1 986;  R id ler and Hurley, 1 988). These methods involve a large number of repetitive calculations if 

several alternative farm plans are to be investigated. Even if carried out with the aid of a computer, they 

enable neither a thorough search of a l l  combinations of activity levels nor a methodic approach 

towards the determination of the optimal combination. 
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I n  addition, a major part of the management of pastoral-based farms concerns decision s  about 

al locating feed to livestock. The quantity and quality of feed likely to be available for grazing at any 

time is dependent on factors that can be controlled (e .g .  soil fertility and plant species) and those that 

cannot be controlled (e.g. climatic factors). The efficiency with which livestock will utilise available feed 

is also dependent on a series of factors (e.g. genetic and physiological) .  A crucial task of livestock and 

pasture research is to quantify the relationships between inputs and outputs with the objective of 

increasing the confidence with which managers can estimate outcomes from alternative strategies. 

Assuming that some information on these relationships exist, the dilemma is still how to process this 

information to greatest advantage. 

Feed budgeting and analogous simple computer models have shown to be useful aids to short-term 

grazing decision making ( Mc Rae, 1 987 ; R idler and Hurley, 1 98 8 ;  Lockart, 1 989) .  However ,  more 

complex management decisions demand the use of different types of models which al low investigation 

of longer-term decisions and which incorporate financial as wel l  as physical relationships. 

Linear Programming (as discussed in section 4 .3 )  is a mathematical technique suitable for solving 

problems where an objective function is to be maximised or minimised for a number of variables which 

are subject to a number of constraints is well suited for such app lications, and for this reason was 

chosen for this study. 

4 .3  THEORETICAL ASPECTS OF LP MODEL B UILDING 

4. 3 . 1  I n troduction 

Linear programming (LP ) was originally developed for use during World War 1 1  as a method for the 

eval uation of alternative routes for sh ipping supp lies to the A l l ied troops, with the objective of 

minimising travel distance for the limited shipping facilities available, and for determining the best 

method of al locating scarce labour and capital resources to produce war materials. Since then it has 

been used as a research tool in agriculture to define the optimum organisation of resources and 

enterprises on farms; to suggest desirable farm adjustments ; to specify profit maximizing mixes of 

commodities produced by marketing firms; to specify cost minimizing methods of processing p roducts 

such  as ferti l izer or mixed feeds ;  to indicate opti m u m  p atterns of resource use and p roduct 

specialization in agriculture; and related types of problems. 
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In fact, it has application opportunities in any type of problem for which an objective can be determined 

in quantitative terms. As a rule ,  the objective will be one of maximizing or m in imizing quantities. The 

quantity to be maximized can be profits of a farm , feed units of an agricu ltural area, or  calories and 

other food components of an agricultural sector. The quantity to be minimized may be the cost of a 

teed, the cost of transportation between the origins and destinations of a product, or the amount of 

labour required to provide the food needs of a particular population. 

4.3 . 2  Def in it ion 

Linear programming (LP ) is  a planning technique wl1 ich given suitably formulated data is capable of 

producing optimal mathematical solution i n  terms of either maximising or minimising some stated 

objective. According to Yang ( 1 958) ,  LP as appl ied to farm planning and budgeting  represents a 

systematic method of determining mathematically the optimum plan for the choice and combination of 

farm enterprises (technically known as activities) so as to maximise the income (or to min imise the 

cost) within  the l imits of the available resources (technically also known as constraints) on an individual 

farm. 

Linear programming i s  a mathemat ical  techn ique for solving a problem that has the fol lowing 

characteristics: 

1 )  a function or objective to be maximised or minimised: 

2) l imited resources to be used in the attainment of this objective; and 

3) alternate means of exploiting the available resources. 

The Objective 

The objective of a linear programming study may be expressed in physical ,  monetary, or other terms, 

depending upon the problem being analysed. 

For the typical farm management problem the objective wi l l  be maximum income or min imum cost. 

However , in practice, there is no reason why the objective should be so restricted. For i nstance, the 

farmer may be interested in the maximum farm income, subject to the inclusion of an Autumn-lambing 

plan or may be wil l ing to maintain a pedigree herd even if it involves a financial sacrifice. 
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Limited Resources 

A l inear programming problem does not exist unless resources are restricted or l imited. Although 

physical resources represent the main types of restrictions, e.g. land ,  machinery, capital and labour, 

again there also can be subjective or other types of restrictions, e.g. the manager himself may place 

restrictions on the minimum or maximum size of certain enterprises. 

Alternate Methods or Processes 

Unless the specified objective can be atta ined in more than one way there is no problem to be 

analysed. Given several methods or processes (different activities and different methods or techniques 

of producing these activit ies) by which the objective can be attai ned,  the methods or processes 

(activities) which are most efficient in transforming resources into the objective are chosen. 

On many farms it may appear initial ly that the activity options are very limited. On a sheep and beef 

property, for instance, the options would seem to be l imited to s heep and cattle production. On close 

inspection ,  however, it can be seen that these activit ies are aggregates of a much larger set of 

activit ies . That is ,  with in the broadly defined l ivestock activity , many alternative arrangements of 

production are open to the farmer (e.g .  cattle finishing options, sheep shearing policies) each using a 

un ique com binations of i nputs to produce a parti cu lar output .  I ndeed the number of possible 

combinations is  enormous and one of the first problems in farm planning is to limit the number of 

alternatives to be evalutated to a realistic set. 

The Characteristics of LP Problems 

The requirements for constructing an LP model for a given farm situation as described by Hazel !  and 

Norton (1 986) are : 

(a) the alternative farm activities, their unit of measurement, their resource requirements, and 

any specific constraints on their production ; 

(b) the fixed resource constraints of the farm; 

{c) the forecast return (or cost) for each activity. 



4.3.3 Assumptions of L inear Programming 

3 1  

Implicit in an  LP  model are a number of important assumptions. These are: 

1 )  Additivity 

lt is assumed that the resource demands and net profit (gross margin) per unit of an activity 

are independent of the level of that activity, and of any other activity. This assumption 

implies that there are no interaction effects between activities. Therefore , complementary 

and/or antagonistic interactions between activities are compromised. In order to handle this 

s ituation a new activity that includes the relationsh ip between other activities m ust be 

specified. 

2) Linearity 

The assumption of l inearity is directly related to that of additivity. A constant gross margin 

per unit of activity used is assumed, i .e. ,  the gross margin and resource requirements per 

unit of activity are assumed to be constant regard less of the level of the activity used ,  

leading to a li near relationship.  Hence, no  adjustment for economies of scale is made. To 

represent non-linear production relationships requires that these be approximated by l inear 

segments where each segment is represented by an activity. 

3) Fin iteness 

lt is assumed that t h ere are a l i m i ted n u m ber of alternative activit ies and resource 

constraints which need to be considered so that a solution may be sought. 

4) Non-negativity 

lt is assumed that none of the activities can be carried out at negative levels. 

5) Divisibil ity 

Activities and resources are assumed to be capable of util ization at any positive fraction and 

that any p roport ion of each resource can be used in the product ion .  Because the  

mathematical proced ure requires complete d ivisib i l ity of inputs and outputs, a practical 

interpretation of the results requires the judgement of the analyst For example, a solution 

that includes the purchase of 0.5 of a tractor does not make sense since this would not be 

poss i b le .  I n  t h i s  case t h e  pro b l e m  wou l d  have to be set u p  d ifferently or i nteger 

programming used. 
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6) Determinism 

lt is assumed that the resource supply, input-output coefficients and prices used are known 

constants. 

In fact, the same assumptions are made in almost a l l  other analysis procedures, including budgeting 

and gross margin analysis .  However ,  in  the l i near programming procedure prices and production 

coeffic ients can easi ly be varied and the res u lt ing sensitivity analysis can i l l ustrate the effect of 

variation on resource allocation and returns. 

4 .3 .4  Algebraic Formulation of an  LP Problem 

In a situation where the maximisation of the objective function is to be attained the problem is to find 

the optimal values for the variables X 1 , . .  ,Xj· · · ·Xn which include al l  the possible activities that can be 

undertaken and al l the various ways of producing them. This can be algebraically expressed as fol lows: 

n 
1 )  Maximise Z = .L

_
CjXj for j = 1 ,2 ,  . . ,n .  

J = 1 
Where : Z is the objective function , e .g.  farm income; 

Ci is the return or cost per unit of the jth activity; 
Xi is the level of the jth activity. 

Su bject to the conditions given by a set of m l inear constraints expressed as: 

n 
2) . 

.L ai( j :::: , :S or = bi for i = 1 ,2 ,  . .  , m .  
J = 1 

Where : only one of the signs holds for each constraint; 
aij is the input-output coefficient which specifies the amount of the ith resource requ ired to 
produce one unit of the jth activity; 
bi is the amount available of the ith resource. 

3) Xi :::: 0, i .e . ,  each activity must be carried out at a non-negative level. 

Any selection of values for X to Xn + m  is cal led a "solution" to the problem. 

If the solution satisfies al l  the constraints of the problem it  is said to be a "feasible solution" and if it is 

also the solution which gives the highest objective function value (for a maximisation problem )  or the 

lowest objective function val ue (for a minimisation problem) it is said to be an "optimal solution". 
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If it is impossible to solve an LP problem then it is said to be either an "infeasible" or an "unbounded" 

problem. 

A problem is said to be infeasible when it is impossible to satisfy all the constraints simultaneously. The 

simplest type of infeasibil ity would be the one where one constraint specified that an activity had to 

exceed a certain level while another constraint l imited that same activity to less than that value. These 

two constraints cannot be satisfied at the same time, therefore any problem containing both of them 

would be infeasible. 

A problem is said to be unbounded when there is no l imit in the supply of an activity which contributes 

favourably to the objective function, i .e . ,  it is possib le to select an infin ite number of units of that 

activity. This is generally due to a matrix construction error. 

4.3 . 5  Solv ing an LP Problem 

The general procedure for solving LP problems is called the Simplex method and was developed by 

George Dantzig in 1 94 7. Although this procedure has since been revised and extended to improve its 

computational efficiency for modern computers , the pr inciples of the solution procedure remain 

unchanged. (Hazel! and Norton , 1 986) 

The mathematics and computational procedures of the simp lex method are extensively reviewed in 

such texts as Hi l lier and Lieberman ( 1 990), Hazel ! and Norton ( 1 986), Hadley ( 1 962) and Heady and 

Candler (1 958 ) ,  and,  in  practice, i t  is not imperative to understand the mathematical details of the 

Simplex method since LP problems are invariably solved with the aid of a computer. 

In this section a brief description of the Simplex method is presented. 

The S I MPLEX Method 

The Simplex method is based on the economic concept of opportunity cost. 

As stated by Dent et al. ( 1 986) "expressed simply, the opportunity cost of undertaking an action is the 

value of the best alternative action that has to be forgone." The concept of opportunity cost applies to 

resources as well as activities. The opportunity cost of a resource is the value that the resource would 
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generate if used in the best alternative way. I ndeed the opportunity cost of an activity is the sum of the 

opportunity costs of the resources required by that activity. If a resource is not fully uti l ised it has zero 

opportun ity cost. 

The S implex method is an algor ithm .  i . e . ,  a process In which a systematic procedure is repeated 

( iterated) over and over again until a desired result Is ach ieved. 

In Figure 4 . 1  the general structure of an algorithm is presented. 

F igure 4 . 1 :  Structure of A lgorithm s  (Adapte d from H i l l ier and  Lieberma n ,  1 99 0 )  

I NITIALIZATION STEP 

ITERATIVE STEP 

SET UP TO START ITERATIONS 

I PERFORM AN ITERATION 

HAS THE DESIRED RESULT BEEN ACHIEVED? 
( Is the solution optimal?) 

Solution is o 

The Simplex method is a mathematical procedure that examines the "corner points" of the-production 

possibi l ity boundary as a means to detect the optimal p lan. The starting point Is the origin where all the 

activities are at zero level and all the resources are completely In  surplus. Since all resources are i n  

surplus they will initially have zero opportunity cost. Due  to the fact that the activities require resources 

which initially are not scarce, they wil l also have zero opportunity cost. 



35 

The next step is to introduce one of the activities (usually but not necessarily the one with the highest 

return per  un i t )  to a level at wh ich  one of the resources becomes scarce.  S u bsequent ly ,  the 

introduction of any other activity that requires the same resource wil l involve an opportunity cost since 

the level of that first activity will have to be reduced. A second activity is introduced into the plan only if 

the return from this activity exceeds the opportunity cost of including it in the plan. The level of this 

activity increases until a second resource becomes scarce. Activities are then progressively introduced 

until a stage where no activities remain for which the returns exceed the opportunity costs. At this point 

the optimal plan is found. 

4.3. 6  I nformation Provided b y  t h e  Optimal Solution 

The optimal solution 's output for an LP problem provides several pieces of information . These are : 

1 )  The optimal objective function value which represents the maximum profit or the minimum 

cost plan ; 

2) The activity's level ,  i .e . ,  the level at which each activity is present in the optimal plan ; 

3) The activity's status,  as follows : 

(a) A "basic" activity represents an activity that is part of the optimal plan at a level 

greater than zero; 

(b) A "non-basic" activity represents an activity that is not part of the optimal plan; 

(c) A "degenerate" activity represents an activity that is included in the optimal p lan 

but at zero level. This suggests that there is a redundant constraint in the problem 

limiting the activity to a zero level. 

(d) A "mu lt ip le" activity ind icates that although  the activity i s  not present i n  the 

optimal plan there is an equally profitable plan which does include it. 

4) The activity's shadow cost, i .e. , the increase in the objective function value t hat would be 

necessary to make a "non-basic" activity become a "basic" activity. Basic activities have a 

shadow cost of zero since they are already included in the optimal p lan. 
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5) The constraint's slack, i .e . , the difference between the use of a resource or constraint and its 

l imit value. For example , if there are 5 tractors available for use but the optimal plan only 

uses 3, the tractor constraint row will have a slack of 2 tractors. Alternatively, if the problem 

specifies that there must be at least 1 000 sheep and the optimal plan includes 1 500 the slack 

for the sheep minimum row will be 500 sheep. "Equals" constraints must have, by 

definition ,  zero slack. 

6) The constraint's shadow price, i .e . ,  the amount by which the objective function value would 

increase if an extra unit of the constra int was avai lable. For example, a shadow price of 

$2000 for land indicates that an extra hectare of land would increase the value of the plan by 

$2000. Therefore it is worth leasing at any price less than $2000. 

For " less than" constraints, shadow prices may be positive or zero if the constraint is "slack". 

A positive shadow prices ind icates that an increase in the constraint l imit would increase 

profit. 

"Greater than" constraints may have negative or zero shadow prices. A negative shadow 

pr ice i n d icates that a decrease i n  the constraint l im it would increase profit .  "Equals" 

constraints may have positive , negative or, very rarely, zero shadow prices. I f  an equals 

constraint has zero shadow price it means that the constraint would have been met even if it 

had not been specified in the matrix. Positive or negative shadow prices are interpreted as 

for "less than" or "grater than" constraints, respectively. 

7) The range analysis specifies the upper and lower l imits within which the objective function or 

constraint l imits could be varied without affecting the mix of activities selected.  However, the 

level of the selected activities is l ikely to change in response to changes within those ranges. 

4.3.7 Sensitivity Analysis 

An optimal solution to an LP problem cannot be taken as the final plan for implementation without 

carrying out further tests on the stability of the plan. This testing of the stability of the optimal solution 

by making small changes in the costs, prices, resources supply and input-output coefficients in order 

to determine whether or not i t  depends critically on the exact values of particu lar data is cal led 

sensitivity analysis or post-optimality analysis. 
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The general rule is to vary one parameter at a t ime, otherwise there is a possi bi lity of obtain ing an 

unclear result with no indication of the relative importance of each parameter changed. The exception 

to this rule is where there is a correlation between two or more parameters. 

T h e  sens i t iv i ty ana lys i s  p rov ides a n swers to m a n y  q uest ions w h ich  cont r i b u te to a more 

comprehensive understanding of the planning situation . Beneke and Winterboer { 1 973) l ist some of 

these questions as fol lows : 

- How great is the advantage of the activities which entered the plan over those which did 

not? 

- How would increasing or decreasing one or more resources affect the optimum mix of 

activities and the value of the p lan? 

- How would changes in price relationships affect the solution? 

Answers to questions such as these allow the decision-maker to appropriately decide on the final plan 

to be imp lemented.  According to Hi l l ier and Lieberman ( 1 990) find ing an optimal solution is the "fun  

part" whilst the "real work" comes with the sen
,
sitivity o r  post-optimality analysis. I n  fact, i n  many real 

appl ications of LP models, these observations are even more important than finding the optimal plan . 

The abil ity to quickly vary returns, costs , resource levels and input-output coeffic ients in LP models 

allows for a wide-range analysis of the sensitivity of the optimal solution . This is very convenient in risky 

situations or in s ituations where the accuracy of some input data could be questioned. 

When LP is used as planning tool for decision making,  r isk can sometimes be assessed outs ide the 

framework of the model, and the farm p lan indicated as optimal may be adjusted in a subjective way as 

in this study. However, it is  also possible to incorporate risk formally into the planning framework using 

l inear (e.g. MOT AD 1 ) or quadratic risk programming. 

MOTAD = m i n i m u m  o f  total absolute deviations m ethod.  For r i s k  programm i ng reference s e e  Hazell a n d  

Norton { 1 986) . 
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4.3.8 Step s  for LP Model-bu i ld ing 

Before a LP problem can be solved a model to describe the problem must be bu ilt. The process of 

constructing the model can be divided into five main steps as follows: 

1 )  Define the objective function 

In LP models the objective is either profit maximisation or cost minimisation .  

The first step is to define the objective function and to determine the values for the objective 

function row which correspond to the return or cost values for each  of the activities. The 

signs of the coefficients are determined as explained in step ( 4 ) .  

2)  Define the activities 

The second step is to determine what activities are being carried out or could be included in 

the problem. 

In a farm planning LP model the activities could take a variety of forms. Beneke ( 1 973) l ists 

the most common ones as follows: 

- Producing or growing crops. 

- Raising andjor feeding livestock . 

- Sel l ing products. 

- Buying or hiring inputs or services including labour and capital. 

- Harvesting crops. 

- Transferring inputs or intermediate products from one activity or time period to another. 

- Paying fixed costs and/or fami ly l iving expenses. 

The unit  chosen for measuring the level of each activity should be practical and must be 

used consistently a l l  through the model when def in ing each of the coeff icients for the 

activities. 

3) Define the constraints 

In this step constraints are defined. 

There are two major types of constraints which may limit the level of the activities that may 

enter the optimum plan. These are: 
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(a) Resource constraints, i .e .  the total amount of land, capital ,  labour and machinery 

avai lable per period of time; 

(b) Activity constrai nts , i . e .  the maximum or min imum amount al lowable for some 

activities. 

Each resource or activity constraint is i dentified as a maximum, minimum or an equality 

constraint, depending on the purpose of the restriction . For example, the restriction could 

be due to the max imum amount of resource (such as land,  capital, etc . )  available to the 

farm ;  or there could be external restrictions such as government programs ;  or the farmer 

could impose subjective restrictions forcing in activities which he/she requires for other than 

economic reasons ; or designed for risk aversion reasons. 

4) Define the input/output coefficients 

The fourth step is to determine the relationship between the activities and the resources in 

the p roblem in terms of resource needed per un it of output. These are referred to as 

inputjoutput coefficients. 

A positive or a negative sign of the coefficient indicates whether the activity is a user or a 

source of the resource, respectively. However,  th is ru le does not apply to the objective 

function for which , in a maximisation problem ,  a positive coefficient indicates the quantity by 

which the value of the plan is increased, and a negative coefficient indicates the quantity by 

which the value of the p lan is reduced when the activity level is increased by one unit. In a 

minimisation problem the interpretation of the signs in the objective function row is exactly 

the opposite of this. 

5) Construction of the LP matrix 

Having determined the objective, all the possible activities, the resources (or constraints) 

and the inputjoutput coefficients , the next step is to elaborate the model layout. The model 

takes the form of a matrix of coeff ic ients wh ich  s h ow the relat ionsh i p  between the 

production activities and the resources in the problem.  Within the matrix, columns represent 

the production activities and rows represent the resources (constraints) as wel l  as the 

objective function. 
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The values of the resources (or constraints) are generally p laced on the right-hand side of 
the matrix and hence referred to as the "right-hand sides" or "RHS". 

By convention, this way of presenting an LP model is referred to as a "tableau". The layout of 

the LP matrix may generally look as shown in Table 4. 1 .  

Table 4 . 1 :  An LP Tableau 

R ow Name 
R esource Constraints 

OBJECTIVE FUNCTION 
1 

2 

m 

4 .4  C O NCLUSION 

X1  

c 1 

a1 1 
a2 1  

Activit ies Amount  of 
Resource Avai lable  

X2 Xn 

c2 Cn 
a1 2  a1 n  b1 
a22 a2n b2 

The importance of bui lding the model is to enable the planner to set up the problem in a mathematical 

relationship for easy computation. As expressed by Wagner ( 1 975) , "constructing a model helps to put 

the comp lexit ies and poss ib le uncerta inties attending a decision -making  problem into a logical 

framework amenable to comprehensive analysis. Such a model clarifies the decision alternatives and 

their anticipated effects, indicates the data that are relevant for analysing the alternatives, and leads to 

informative conclusions. In short, the model is a veh icle for arriving at a wel l  structured view of reality." 

The use of pasture by grazing animals is the basis of New Zealand pastoral agriculture where farmers 

have learned ,  general ly through experience, to integrate their animal and pasture resources. The 

decisions they have to make include choice of stocking rate, time of lambing and calving, how much 

supplements to make and how long mobs of stock should stay in a paddock. The ski l ls required to 

balance the feed supply and demand of grazing livestock include a knowledge of the seasonal feed 

requirements of grazing animals and the ways in  which these can be met from pasture. 

The model created for this study is an attempt to investigate some of these issues for the case farm. 



41  

Chapter Five 

THE MOD EL 

I n  this section the l inear programming (LP) model developed for this study is described.  The structure 

of the model is presented .  The objective function is specified in terms of production alternatives 

(activities) and constraints. 

5. 1 I NTRODUCTION 

The model al lows farm surplus (gross income less fixed and variable costs) to be maxim ised for 75 

activities (production alternatives) and su bject to 62 constraints. A complete presentation of  the LP 

matrix is included in Appendix 1.  

The basic production data used i n  th is  study was obtained from farm records and/or provided by the 

farm manager. 

5.2 ACTIVITIES 

The activities included i n  the model encompass a l l  the production possibilities analysed in  th is  study. 

With in the matrix, each column represents an activity. 

0 5.2.1  Pasture Produ ction 

The pasture production activity inc luded i n  the model (PASPRO) represents the monthly supply of 

pasture expressed in ki lograms of dry matter per hectare (Kg DMjha) of land in pasture. 

Pasture production is a function of pasture growth rate (Kg DMjhajday) and pasture quality (MJ 

ME/Kg DM), and can be specified for a particular farm locality. The pasture growth rates used in this 

study are presented in Table 5.1 and represent the net accumulation in  pasture mass (cover) expected 
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in each period, i .e . ,  the amount of pasture which can be harvested per unit of time either by grazing 

stock or by cutting. lt was derived from the analysis of pasture cover measurements using the rising 

plate technique (Earle and McGowan, 1 979) and the level of livestock performance ach ieved on the 

case farm.  Table 5 . 1  also shows the pasture quality values which were derived by Walker ( 1 984) for h i l l  

country and assumed to be relevant to this farm.  Feed quality or feeding value is a function of both 

intake and nutritive value (Holmes and Wilson, 1 984) . Ulyatt et al .  ( 1 980) defined nutritive value as the 

nutrient concentration per unit of feed. This is commonly expressed as megajoules of metabolisable 

energy per ki logram of dry matter (MJMEjKgDM) .  

The qual ity of pasture as a feed depends on its species composition and on the chemical and physical 

composition of the species present ( Holmes and Wilson , 1 984). The energy content of pasture wil l  

therefore vary over the season due to the type of species present and the stage of growth of these 

species. 

Feed qua l ity decl ines rapidly if the sward is al lowed to seed (Korte , 1 982) .  The low preference of 

livestock for pasture at reproductive stage means that most of it senesces and dies. This dead material 

then depresses both pasture d igestibi l ity and energy content (Rattray and Clark, 1 984 ) .  G razing 

management should therefore aim to maintain the sward in a leafy vegetative thus highly digestible 

state. 

Table 5 . 1 :  

Month 

January 

February 

March 

. April 

May 

June 

July 

August 

September 

October 

November 

December 

Pasture Growth Rates and Pasture Qual ity 

Pasture Growth Pasture Quality 
KgDM/hajday KgDMjhajmonth MJ ME/Kg D M  

27 837 1 0 .3 

22 6 1 6  9 .3  

1 7  527 1 0.0  

1 5  450 1 0.8  

1 3  403 1 0 .8  

1 0  300 1 1 .0 

1 7  527 1 1 .2 

22  682 1 1 . 2  

2 5  750 1 1 .3 

30 930 1 1 .0 

40 1 200 1 1 .0 

30 930 1 1 .0 
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I n  the context of this model ,  pasture growth rate represents the net accumulation of pasture defined as 

k i lograms of dry matter per hectare per month (KgDMfhajmonth) .  Whi le the components of net 

pasture accumulation (pasture growth less animal intake, less losses due to senescence and decay) 

may be expected to vary in relation to the level of dry matter of the pasture, the pasture growth rates 

used in this study are assumed to be fixed within the range of pasture cover allowed in the model . (See 

pasture cover constraints in section 5 .3 .2 . )  

The cost of  the pasture production activity is $200/ha. l t  represents the costs which are d irectly 

proportional to the level of that activity in the plan (e .g .  ferti liser, weed and pest control) and the costs 

associated with running the farm (e.g. work ing expenses, repairs and maintenance, electricity) which 

are assumed to be constant over the range of production possibil ities considered in this study. These 

costs were derived from the 1 989/90 farm accounts and are presented in Appendix 2 .  

As a result, the objective function optimised represents farm surplus. 

5 .2 .2  Pasture Cover 

The pasture cover activities (PCJULY .. PCJUNE) allow the model to choose the pasture cover at the 

start of each month as a function of feed supply, feed demand and the amount of feed transferred i n  

and out of each period .  According t o  the model, the pasture cover activities can be constrained with in 

pre-determined l imits. (See section 5 .3 .2) 

There is no monetary value associated with these activities, i .e . ,  the are no costs or returns incurred by 

the level of pasture cover in the optimal plan. 

5.2.3 Feed Wasting 

The feed wast ing activit ies for each month (JULWST . .  J UNWST) represent feed that is neither 

consumed in that period nor transferred to the following period due to senescence and decay. These 

activities are also related to the range of pasture cover allowed in the model .  (See section 5.3.2) 

There is no monetary value associated with the feed wasting activities, i .e. ,  there are no costs or returns 

incurred by the level of these activities in the optimal plan. 
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The hay making activities (H MAKDEC .. HMAKFEB) allow hay to be made in December, January and 

February at a cost of $2.50 per bale (25 KgDM) made. (See Appendix 3) 

According to Barry et al .  ( 1 980) field dry matter losses in making pasture hay are expected to be in  the 

order of 1 5-25%;  dry matter losses for 5-7 months storage are about 4-8%; and feeding out losses are 

about 1 5-35%. Thus, overal l  losses are assumed to be 50% for this study. (See Section 5.2 .5) 

Within the model each bale of hay made requires 25 KgD M from the feed row in  that month and 

supplies 1 bale to the hay pool row ( HAYPOOL). 

5.2 .5  Hay Feeding 

The hay feeding activities (HFEDMAY . .  HFEDSEP) al low hay to be fed out monthly from May through to 

September .  Within the model , each bale of hay fed out uses 1 bale from the hay pool row (HAYPOOL) 

and suppl ies 1 2.5 KgDM to the feed row in that month. Therefore, losses between conservation and 

feeding are assumed to be 50%. (See section 5.2.4 above. )  

5.2.6 N itrogen 

The n itrogen activities in  the model (NJUN . .  NSEP) al low nitrogen (N)  to be applied (as urea) from June 

through to September at a cost of $ 1  per ki logram of nitrogen (see Appendix 4). A response of 1 0  Kg of 

dry matter per Kg of nitrogen appl ied is  assumed to occur over a two-month period, 75% in the first 

. month and 25% in the second month after the application . 

With i n  the m odel ,  each k i logram of n itrogen applied uses 1 Kg of N from the nitrogen pool row 

(NPOOL) and suppl ies 7.5 and 2.5 K g D M  to the feed rows i n  the two months subsequent to the 

appl ication ,  respectively. 
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5.2.7 Animal Production Activities 

The an imal  production activit ies  inc luded in the model  are based on actua l  performance levels 

achieved in the case farm.  The feed requirements for each activity were calculated using a series of 

computer spreadsheet models developed by Brookes (Pers. comm.) .  Liveweight profiles, calving and 

lambing per iods and p erform ances , shear ing  dates and wool c l ip  are en tere d .  Month ly feed 

requirements are calculated converting metabolisable energy requirements to k i lograms of dry matter. 

As the model comprises twelve periods in which feed is on offer ,  for activities that continue for longer 

than 1 2  months the feed requirements in each month represent the sum of the requirements for the 

recurrent months. 

Dressing out percentages were provided by Morris (Pers. com m . )  and supported by on farm data. 

A) Sheep Activit ies 

Breeding Ewe 

The breeding ewe activity (BR D EWE)  included in the model represents one Romney ewe with the 

characteristics presented in Table 5 .2 :  

Table 5 . 2 :  Breeding Ewe Activity - BRDEWE 

Cost: 

Lambing date: 

Lam bing % :  

Weaning:  

Shear 1 :  

Shear 2 :  

Losses:  

-$9 .75/ewe 

1 5th August 

1 00 

mid-Novem ber 

December = 2.3 kg wool 

May = 2 .6  kg wool 

6% . 

The cost value represents animal health , breeding and shearing  expenses plus the opportunity cost of 

capital associated with a breeding ewe (see Appendix 5) .  The lambing percentage figure represents 

lamb survival to weaning. 
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The l iveweight profile (ewe) and feed requirements (ewe and its lamb until weaning) are presented in 

Table 5 .3 .  

Table 5 .3 :  Breeding Ewe - Liveweight and Feed Requirements 

Month Liveweight Feed Requirement 
(Kg) (Kg DM/Day) (Kg DMjMonth) 

July 54 1 . 1  37 

August 56 1 .2 38 

September 5 1  2.0 60 

October 54 2 .5 77 

Novem ber 52 ' 1 .2 35 

Decem ber 53 1 .5 46 

January 54 1 .  1 36 

February 54 1 . 3 36 

March 55 1 . 4 42 

April 55 1 . 1 34 

May 55 1 .0 30 

June 54 1 . 3 40 

Within  the model,  each breeding ewe suppl ies 0 .50 ram lambs to the ram lamb row (MALAMB) ,  0 . 50 

ewe lambs to the ewe lamb row (FELAMB) ,  0. 1 9  cul l  ewes to the ewe cul l  row (EWECULL) and 4 .9 Kg of 

wool to the wool pool row (WOOLPOOL). Each breeding ewe requires 0 .25 replacement hoggets from 

the ewe replacement row (EWE REP)  and 1 breeding ewe from the minimum sheep row (M INEWE) .  

Replacement Ewe 

With in  the mode l ,  25% of the bree d i n g  ewes are replaced annualy. The characteristics of the 

replacement hogget activity (REPHGT) are presented in  Table 5.4. 
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Table 5 .4 :  Replacement Hogget Activity - REPHGT 

Cost: -$ 1 2.35 

Shear ing:  Lam b  (January) = 1 .3 Kg Wool 

Hogget (September) = 3 .3  Kg Wool 

2-Tooth (February) = 2.7 Kg Wool 

Losses : 3.5% 

The cost figure is made up of animal health and shearing expenses plus the opportunity cost of capital 

of a replacement hogget (see Appendix 6) .  

The replacement hogget activity represents a ewe lamb reared for 1 5  months (from weaning to mating) 

when, in  the context of this model, it becomes a breeding ewe. 

The liveweight profile and feed requirements for a replacement hogget are presented in Table 5 .5 .  

Table 5.5 : 

Month 

December 

January 

February 

March 

April 

May 

June 

. July 

August 

September 

October 

November 

December 

January 

February 

March 

Replacement Hogget - Liveweight and Feed R equirements 

Liveweight Feed Requirement 
(Kg) (Kg DM/Day) (Kg DM/Month) 

25 0.8 27 

27 1 .4 44 

30 1 .4 40 

32 1 . 1  35 

33 1 .0 29 

34 1 .0 3 1  

35 1 .0 29 

36 0 .9 28 

37 1 .4 42 

38 1 .6 47 

40 1 .5 44 

44 1 .4 42 

46 1 .2 40 

48 1 .7 52 

52 3.0 83 

54 1 .8 53 
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According to the model ,  each replacement hogget requires 1 .035 ewe lambs from the ewe lam b  row 

( F E LA M B ) ,  therefore a l lowi ng for 3 . 5 %  losses, and  supp l ies  7 . 3  Kg  of wool to the wool pool 

(WOOLPOOL) row (wh ich  corresponds  to the three shear i n g s  specif ied i n  Tab le  5 . 4 )  and 1 

replacement hogget to the rep lacement ewe row (EWEREP) .  

Cul l  Ewe 

The cul l  ewe activity (CULLEWE) al lows 1 9% of the breeding ewes (25% replacements less 6% losses) 

to be sold for $ 1 5 . 

Within the model each cul l  ewe to be sold requires 1 ewe from the ewe cull row (EWECULL). 

Ram Lamb activities 

Ram lambs can be sold store (STMALMB) at weaning for $ 1 7.60 or can be finished (FATMALMB)  and 

sold in  February for $29.90. The characteristics of this ram lamb finishing activity in which a ram lamb is 

reared for three months after weaning are presented in Table 5 .6 .  

Table 5 .6: Ram Lamb Sel l ing  Activity - FATMALMB 

Return : $29.90 

Shearing:  January = 1 .3 Kg Wool 

Final  Weight:  35 Kg 

Carcass Wt: 1 4 Kg 

Los ses : 3% 

The return f igure represents the income from sel l ing the lamb to the freezing-works less the animal 

health costs, shearing expenses and the opportun ity cost of capital associated with that ram lamb. 

(See Appendix 7). 
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The liveweight profile and feed requirements for this ram lamb are presented in Table 5 .  7. 

Table 5.7 :  

Month 

Decem ber 

January 

February 

Ram Lam b - Liveweight and Feed Requirements 

Liveweight 
(Kg) 

25.0 

29.5 

32.0 

Feed Requirement 
(Kg DM/Day) (Kg DM/Month) 

1 .3 

1 .9 

2.4 

42 

58 

35 

Within the model each ram lamb to be sold store at weaning (STMALMB) requires 1 ram lamb from the 

ram lamb row (MALAMB) ,  while each ram lamb to be finished requires 1 .03 ram lambs (to cover losses 

of 3 % )  from the ram lam b row ( MALA M B )  and supp l ies 1 . 3 K g  of wool to the wool pool  row 

(WOOLPOOL). 

Ewe Lamb activities 

Ewe lambs can be sold store (STFELMB) at weaning for $ 1 5.60 or can be reared and sold as hoggets 

(H GTSELL) for $24 .65 in Septem ber .  The character istics of this ewe hogget se l l ing activity are 

presented in Table 5.8. 

Table 5.8: Ewe Hogget Sell ing Activity - HGTSELL 

Return : $24.65 

Shearing: Lamb January = 1 .3 Kg Wool 

Hog get September = 3.3 Kg Wool 

Losses: 3.5% 

The return figure represents the income from the sell ing of each ewe hogget less the animal health 

costs, shearing expenses and the opportunity cost of capital associated with this ewe hogget. (See 

Appendix 8). 
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The l iveweight profile and feed requirements for this ewe hogget are presented in Table 5 .9 .  

Table 5 . 9 :  Ewe Hogget Activity - Liveweight a n d  Feed Requirements 

Month Liveweight Feed Requirement 
(Kg) (Kg DM/Day) (Kg DMjMonth) 

Decem ber 25 0.8 27 

January 27 1 .4 44 

February 30 1 .4 40 

March 32 1 . 1 35 

Apri l  33 1 .0 29 

May 34 1 .0 3 1  

June 35 1 .0 29 

July 36 0.9 28 

August 37 1 . 4 42 

September 38 1 .6 47 

Within the model each ewe lamb to be sold store at weaning (STFELMB) requires 1 ewe lamb from the 

ewe lamb row (FELAMB) .  Each hogget to be sold in September (HGTSELL) requires 1 .035 ewe lambs 

(to cover for 3.5% losses) from the ewe lamb row (FELAMB) and supplies 4.6 Kg of wool to the wool 

pool row (WOOLPOOL) corresponding to the two shearings specified in Table 5.8.  

Wool Selli ng 

The wool sel l ing activity (WOOLSELL) al lows the wool produced from any of the sheep activities 

selected to be sold for $3 .55/Kg. 

With i n  the model, each k i logram of wool to be sold uses 1 Kg of wool  from the wool pool row 

(WOOLPOOL) . 



B) Beef Cattle Activities 

Breeding Cow 

5 1  

T h e  breed ing  cow ( B R D C OW ) i n c l u ded i n  t h e  model  represents one breed ing  cow w i t h  the 

characteristics presented in  Table 5 . 1 0 .  

Table 5. 1 0 : Breeding Cow Activity - B RDCOW 

Cost: -$67.55/Cow 

Calving Date: 1 st August 

Calving % :  90 

Weaning : 28th February 

Calf Wt: 1 90 Kg 

Losses :  3% 

The cost figure represents animal health costs, breeding expenses and the opportunity cost of capital 

associated with a breeding cow (see Appendix 9) .  The calving percentage figure represents calf 

survival to weaning. 

The l iveweight profile (cow) and feed requirements (cow plus its calf until weaning) are presented in 

Table 5. 1 1 .  

Within the model each breeding cow supplies 0.45 steer calves to the steer calf row (MACALF) ,  0 . 45 

heifer calves to the heifer calf row (FECALF) and 0 .20 cull cows (23% replaced less 3% losses) to the 

. cul l  cow row (COWCULL) ; and requires 0 .23 replacement heifers from the replacement cow row 

(COWREP).  
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Table 5 . 1 1 :  Breeding Cow - Liveweight and Feed Requirements 

Month Liveweight Feed Requirement 
(Kg) (Kg DM/Day) (Kg DM/Month) 

Ju ly 433 6.7 208 

August 386 9 .0 278 

September 393 9.4 283 

October 400 9.5 296 

Novem ber 407 9. 1 275 

December 4 1 3  9.6 299 

January 420 1 1 .4 352 

February 427 1 4 .5 407 

March 434 4.0 1 23 

April 426 3 .8 1 1 4 

May 421  4 . 1  1 27 

June 4 1 8 6 .0 1 80 

Cul l  Cow 

The cu l l  cow activ ity inc luded in the model (CULLCOW) allows 20% of the breed ing cows (23% 

replacement less 3% losses) to  be sold for $380. 

With in the model each cul l  cow to be sold requires 1 cow from the cull cow row (COWCULL) . 

Replacement Heifer 

Twenty-three percent of the breed ing  cows are replaced annualy.  The character ist ics of t h e  

replacement heifer activity (REPHFR) are presented i n  Table 5 . 1 2 .  
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Table 5 . 1 2 : Replacement Heifer Activity - REPHFR 

Cost: -$ 1 07.30/Heifer 

Ca lving Date : 1 st August 

Ca lving % :  90 

Weaning : 28th February 

Calf Wt: 1 90 Kg 

Losses:  2% 

The cost f igure is made up of an imal  health costs, breeding expenses and the opportun ity cost of 

capital associated with a replacement heifer (see Appendix 1 0) .  The calving percentage figure equates 

to calf survival to weaning.  

The replacement heifer activity represents a heifer calf reared for 23 months after weaning when,  in the 

context of this model , it becomes a breeding cow. The l iveweight profile (heifer) and feed requirements 

(heifer plus its calf until weaning) are presented in Table 5 . 1 3.  

Within the model ,  each replacement heifer requires 1 .02 heifer calves (to cover losses of 2%) from the 

heifer calf row (FECALF) and supplies 0 .45 steer calves to the steer calf row ( MACALF) and 0 .45 heifer 

calves to the heifer he ifer calf row (FECALF) .  Therefore , the net effect on the heifer calf row is the 

requirement of 0 .57 ( 1 .02-0.45) heifer calves. 
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Table 5. 13: Replacement Heifer - Liveweight and Feed Requirements 

Month Liveweight Feed Requirement 
(Kg) (Kg DM/Day) (Kg DM/Month) 

March 1 90 4.0 1 26 

April 1 95 3 .9  1 1 7 

May 20 1 4. 1 1 28 

June 208 4.0 1 2 1  

July 2 1 7 3.8 1 1 9 

August 227 3.9 1 1 9 

September 238 4 .5  1 35 

October 256 6.0 1 88 

November 279 6.4 1 9 1  

December 304 5.9 1 82 

January 322 6.2 1 93 

February 335 6.8 1 90 

March 346 6.2 1 9 1  

April 355 4.9 1 48 

May 362 5 . 1  1 58 

June 369 5.2 1 55 

July 377 5.5 1 7 1 

August 327 8 .6 267 

September 339 9.0 271 

October 351  9.3 287 

November 361  8 .3  249 

December 365 9.0 278 

January 369 1 0.7 331 

February 374 1 3 .8 387 
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Heifer Calves 

Within the model each heifer calf can be sold store at weaning for $320 (STOHFR),  can be reared for 1 3  

months after weaning and slaughtered in April (FATHFR)  or can be reared, mated and slaughtered after 

calving (see Once-bred Heifer Activity on page n) .  

The characteristics of the heifer finishing activity (FATHFR)  are presented in Table 5. 1 4. 

Table 5. 1 4 : Heifer Finishing Activity - FATHFR 

Cost: -$58.00 /Heifer 

Losses: 2% 

Final Wt: 429 Kg 

D/0 % :  5 1 .5% 

Carcass Wt: 221 Kg 

The cost f igure represents the animal health costs plus the opportunity cost of capital associated with 

this heifer. (See Appendix 1 1 )  

The liveweight profile and feed requirements for this heifer are presented in Table 5. 1 5  

With i n  the  model ,  each heifer to be f in ished requires 1 . 02  heifer calves from the heifer ca lf row 

(FECALF) to cover losses of 2%, and supplies 221  Kg of beef to the beef pool row (BEEFS1 ) . 
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Tabl� 5. 1�: Heifer Finishing Activity - FATHFR 
Liveweight, Liveweight Gain and Feed Requirements 

Month Liveweight LWG Feed Requirement 
(Kg) (Kg/Day) (Kg DM/Day) (Kg DMjMonth) 

March 1 90 0.650 5.5 1 70 

April 208 0 . 450 5.2 1 54 

May 222 0 . 400 5 . 1  1 59 

June 233 0 .400 4.5 1 34 

July 244 0 .350 4 .2  1 30 

August 254 0. 400 4.0 1 24 

September 266 0 .700 4.8 1 43 

October 286 1 .000 6 .8 209 

November 3 1 8  1 . 000 7.7 232 

December 347 0 .750 7. 1 22 1 

January 369 0 .700 8 . 1 253 

February 391 0 .500 9.5 268 

March 407 0 .500 8.0 250 

April 422 0.500 7.7 232 

Steer Calves 

Within the model each steer calf can either be sold store at weaning for $ 340 (STOSTR ) or can be 

reared and slaughtered in one of three periods:  April (FATSTAPR) ,  June (FATST JUN) and November 

(FATSTNOV) . The characteristics of these steer finishing activities are presented i n  Table 5 . 1 6. 
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Table 5 . 1 6 : Steer F in ish ing Activities 

FATSTAPR FATSTJUN FATSTNOV 

Cost: -$6 1 .25 -$69.75 -$9 1 .00 

Losses: 2% 2% 2% 

Finai Wt: 429Kg 460Kg 582Kg 

D / 0 %: 5 1 .5% 52.5% 54.0% 

Carcass Wt: 221 Kg 242 Kg 3 1 4 Kg 

The cost figures represent animal health expenses plus the opportunity cost of capital associated with 

each steer f inishing activity. (See Appendix 1 2) .  

The l iveweight profile and feed requirements for these three activities are presented in Table 5 . 1 7. 

With in the model each steer to be finished requires 1 .02 steer calves from the steer calf row (MACALF) 

to cover for losses of 2%, and supplies the carcass weights (Kg of beef) specified for each activity in 

Table 5. 1 6  to the beef pool rows BEEFS 1 , BEEFS 1 and BEEFS2, respectively. 
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Table 5 . 1 7: Steer Finishing Activities 
FATSTAPR (1 ), FATST JUN (2) and FATSTNOV (3) 
Liveweight, Liveweight Gain and Feed Requirements 

Month Liveweight LWG Feed Requirements 
(Kg) (Kg/Day) (Kg DM/DAy) (Kg DM/Month) 

March 1 90 0.600 5.5 1 70 

April 208 0.450 5.2 1 54 

May 222 0 .400 5. 1 1 59 

June 233 0.400 4.5 1 34 

July 244 0 . 350 4.2 1 30 

August 254 0 .400 4.0 1 24 

September 266 0.700 4.8 1 43 

October 286 1 .000 6.8 209 

Novem ber 3 1 8  1 . 000 7.7 232 

December 347 0.750 7. 1 22 1 

January 369 0.700 8 . 1  253 

February 39 1 0 .500 9.5 268 

March 407 0.500 8.0 250 

Apri l  ( 1 ) 422 0.500 7.7 232 

May 437 0 .500 8.4 263 

June {2) 452 0.500 8.0 242 

July 467 0 . 500 7.3 228 

August 482 0.500 7.2 226 

September 497 0.700 8.4 250 

October 520 1 .000 9.2 285 

Novem ber (3)  551  1 .000 1 1 .7 353 

Once-Bred Heifer Activity 

The once bred heifer system consists basically in  rearing a heifer calf which is mated at 1 5  months of 

age and slaughtered after producing a calf. 
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The once-bred he ifer activity i nc l uded i n  the mode l  ( OB H F R )  represents one h e ifer with the 

characteristics presented i n  Table 5. 1 8. 

Table 5. 18: Once-bred Heifer Activity - OBHFR 

Cost: -$90 .00/Heifer 

Calving Date : 1 st August 

Calving % :  90 

Weaning : 31 st December 

Losses: 2% 

Final Wt: 408 Kg 

D/0 % :  50% 

Carcass Wt: 204 Kg 

The cost figure is made up of an imal health costs, breeding expenses and the opportunity cost of 

capital associated with th is  once-bred heifer (see Append ix 1 3) .  The calving percentage figure equates 

to calf survival to weaning.  

The once-bred heifer activity represents a heifer calf bei ng reared for 24 months after weaning when i t  

is slaughtered . The liveweight profile (heifer) and feed requirements (heifer p lus its calf until weaning) 

are presented in Table 5 . 1 9. 

Within the model, each once-bred heifer requires 1 .02  heifer calves (to cover losses of 2%) from the 

h e ifer calf row (FECALF) and  supp l i es 0 . 45 steer calves to the once-bred he ifer steer calf row 

(OBHMACA), 0 . 45 heifer calves to the once-bred heifer heifer calf row (OBHFECA) and 204 Kg of beef 

. to the beef pool row (BEEFS3). 
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Table 5 . 1 9 : Once-Bred Heifer - Liveweight  and Feed Requirements 

Month Liveweight Feed Requirement 
(Kg) (Kg DM/DAy) (Kg DMjMonth) 

March 1 90 4.0 1 26 

April 1 95 3.9 1 1 7 

May 201  4. 1 1 28 

June 208 4.0 1 2 1  

July 2 1 7  3.8 1 1 9 

August 227 3.9 1 1 9 

Septe mber 238 4.5 1 35 

October 256 6 .0  1 88 

Novem ber 279 6 .4 1 9 1 

Decem ber 304 5.9 1 82 

January 322 6.2 1 93 

February 335 6 .8 1 90 

March 346 6.2 1 9 1 

April 355 4.9 1 48 

May 362 5 . 1  1 58 

June 369 5.2 1 55 

July 377 5.5 1 71 

August 327 8 .6 267 

September 339 9.0 271 

October 35 1  9 .3 287 

Novem ber 361  8 .3  249 

December 365 9.0 277 

January 369 8 .4  261  

February 388 1 0.5  294 

Once-bred Heifer Calves 

Within the model each OBH calf can either be sold store at weaning for $270 (OBSTHFR) or can be 

reared for 1 6  months after weaning and slaughtered in April (OBFTHFR).  The characteristics of this 

heifer finishing activity are presented in  Table 5.20. 
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Table 5. 20: OBH Heifer F in ishing Activity - OBFTHFR 

Cost: -$66.00 /Heifer 

Losses: 2% 

Finai Wt: 429 Kg 

D/0 %:  51 .5% 

Carcass Wt: 221 Kg 

The cost figure represents the animal health costs plus the opportunity cost of capital associated with 

this OBH heifer . (See Appendix 1 4) .  

The l iveweight profi le and feed requirements for this OBH heifer are presented in Table 5 .2 1 . 

Table 5. 2 1 : 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

January 

February 

March 

April 

OBH Heifer Finishing activity - OBFTHFR 
Liveweight, Liveweight Gain and Feed Requirements 

Liveweight LWG Feed Requirement 
(Kg) (Kg/Day) (Kg DM/Day) (Kg DM/Month) 

1 47 0.740 4 . 5 1 40 

1 70 0.7 1 0  5.9 1 66 

1 90 0.581 5 .0 1 55 

208 0.467 5.2 1 54 

222 0.355 4.9 1 5 1  

233 0.367 4.5 1 34 

244 0.322 4.2 1 30 

254 0.387 4.0 1 24 

266 0.667 4.8 1 43 

286 1 .032 6.8 209 

3 1 8  0.967 7.7 232 

347 0.7 1 0 7. 1 221 

369 0.7 1 0  8 . 1  253 

391 0 .571  9 .5 268 

407 0 .484 8.0 250 

422 0 .460 7.7 232 
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Within the model, each OBH heifer to be finished requires 1 .02 heifer calves from the OBH heifer calf 

row (OBHFECA) to cover losses of 2%, and supplies 221  Kg of beef to the beef pool row (BEEFS1 ) .  

Once-bred Steer Calves 

Within the model each OBH steer calf can either be sold store at weaning for $ 290 (OBSTSTR) or can 

be reared and slaughtered in one of three periods: April (OBSTAPR) ,  June (OBST JUN)  and November 

(OBSTNOV). The characteristics of these steer finishing activities are presented in Table 5.22.  

Table 5 . 2 2 :  O B H  Steer Fin ishing Activities 

OBSTAPR OBSTJUN OBSTNOV 

Cost: -$69.75 -$78.25 -$99.50 

Losses: 2% 2% 2% 

Final Wt : 429Kg 460Kg 582Kg 

D/0 %: 5 1 .5% 52.5% 54.0% 

Carcass Wt: 22 1  Kg 242 Kg 3 1 4  Kg 

The cost figures represent animal health expenses plus the opportunity cost of capital associated with 

each activity. (See Appendix 1 5) .  

The liveweight profile and feed requirements for these three activities are presented i n  Table 5.23.  
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Table 5 . 2 3 :  OBH Steer F in ish ing Activities 
OBSTAPR (1 ), O B ST JUN (2) and OBSTNOV (3) 
Liveweight,  Liveweight Gain and Feed Requirements 

Month Liveweight LWG Feed Requirements 
(Kg) (Kg/Day) (Kg DMjDay) (Kg DM/Month) 

January 1 47 0 .740 4.5 1 40 

February 1 70 0.7 1 0 5 .9 1 66 

March 1 90 0 .58 1 5.0 1 55 

Apri l  208 0 .467 5.2 1 54 

May 222 0.355 4.9 1 5 1 

June 233 0 .367 4 .5 1 34 

July 244 0 .322 4.2 1 30 

August 254 0 .387 4.0 1 24 

September 266 0 .667 4.8 1 43 

October 286 1 .032 6 .8 209 

November 3 1 8  0 .967 7.7 232 

Decem ber 347 0 .7 1 0  7. 1 22 1 

January 369 0.7 1 0 8. 1 253 

February 39 1 0 .571 9 .5 268 

March 407 0 .484 8 .0 250 

April ( 1 ) 422 0.500 7.7 232 

May 437 0.484 8.4 263 

June (2 ) 452 0.500 8.0 242 

July 467 0 .484 7.3 228 

August 482 0 .484 7.2 226 

September 497 0 .767 8 .4  250 

. October 520 1 .000 9 .2  285 

November (3) 551 1 .033 1 1 .7  353 

Within the model each OBH steer to be finished requires 1 .02 steer calves (to cover for losses of 2%) 

from the OBH steer calf row (OBMACA) and supplies the carcass weights (Kg of beef) specified for 

each activity in Table 5.22 to the beef pool rows BEEFS1 , BEEFS1 and BEEFS2, respectively. 
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Bull Beef Activities 

The bul l  beef system in the model comprises several activities: one buying in activity (FBCABUY) which 

represents the purchase of each Fries ian bull calf in November for $31 0; and five finish ing activities 

represent ing five slaughtering options, four as yearl ings either in December (FB 1 YDEC), February 

( F B 1 Y F E B ) ,  Apr i l  (FB 1 YA P R )  or June  (FB 1 YJ U N ) ,  and one as two-year old bul ls in December 

(FB2YDEC). The characteristics of these bull beef finishing activities are presented in Table 5 .24.  

Table 5 .24:  

FB 1 YDEC 

FB 1 YFEB 

FB 1 YAPR 

FB 1 YJUN 

FB2YDEC 

Friesian Bull Finishing Activities 

Cost 
($/bull) 

-57 .40 

-65 . 1 5  

-72.90 

-80.65 

- 1 03.90 

F inal Lwt 
(KG) 

455 

520 

575 

6 1 9  

65 1 

DjOut 
(%) 

50.0 

5 1 .0 

5 1 .5  

52.0 

52.5 

Carcass Wt 
(Kg) 

228 

265 

296 

322 

342 

Losses 
(%) 

3 

3 

3 

3 

3 

The cost figures represent animal health expenses plus the opportunity cost of capital associated with 

each activity (see Appendix 1 6) .  

The liveweight profile and feed requirements for these bull beef activities are presented in Tables 5 .25 

and 5 .26 .  
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Table 5.25 : Friesian Bul l  Finishing Activities 
F B 1 YDEC ( 1 ), FB 1 YFEB (2), FB 1 YAPR (3),  FB 1 YJUN (4) 
Liveweight, Liveweight Gain and Feed Requirements 

Month Liveweight LWG Feed Requirement 
(Kg) (Kg/Day) (Kg D M/Day) (Kg DM/Month) 

November 90 0 .850 3 . 1  93 

December 1 08 0.850 3 .6 1 1 2 

January 1 44 0 .850 4 .7  1 46 

February 1 67 0.850 6 .3  1 76 

March 1 9 1  0 .850 6 .2 1 92 

Apri l 2 1 5  0 .850 6 .2 1 86 

May 238 0 .750 6.7 208 

June 257 0 .500 5.9 1 77 

July 271 0 .500 5 .6 1 74 

August 294 0 .750 6.3 1 95 

September 3 1 9  1 . 300 8 .5  255 

October 357 1 .500 1 0 .4 322 

November 399 1 .500 1 1 . 3 339 

December ( 1 ) 439 1 . 200 1 0 .6 329 

January 488 1 .000 1 1 .6 360 

February (2 ) 5 1 6  1 .000 1 4.7  41 2 

March 544 1 . 000 1 3 .8 428 

April (3) 570 0.700 1 1 .3  339 

May 589 0 .700 1 2 .3  38 1 

June (4) 609 0.700 1 2.2  1 95 
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Tabl� 5.26: Friesian Bul l  F in ishing activity - FB2YDEC 
Liveweight and Feed Requirements 

Month Liveweight LWG Feed Requirement 
(Kg) (Kg/Day) (Kg DMjDay) (Kg DM/Month) 

November 90 0 .85 3 . 1  93 

December 1 08 0 .85 3.6 1 1 2 

January 1 44 0.85 4.7 1 46 

February 1 67 0.85 6.3 1 76 

March 1 9 1  0.85 6.2 1 92 

April 2 1 5 0.85 6.2 186 

May 236 0 .50 5.7 1 77 

June 249 0.25 4.9 1 47 

July 256 0 .25 4.6 1 43 

August 266 0 .25 4 .5 1 40 

September 275 0.50 5.2 1 56 

October 296 1 .50 9 .2 285 

November 338 1 . 50 9.8 294 

December 378 1 .20 9.6 298 

January 425 0.75 9.2 285 

February 446 0.75 1 1 .5 322 

March 467 0 .75 1 0.9 338 

Apri l  488 0.75 1 0 .4 3 1 2 

May 507 0.50 9.8 304 

June 5 1 9  0 .25 8.4 252 

July 526 0 .25 7 .8 242 

August 537 0 .25 7.5 233 

September 546 0.50 8.4 252 

October 567 1 .50 1 4.3 443 

November 609 1 .50 1 5 . 1  453 

A clearer picture of the liveweight profiles is provided in graph 5 . 1  which also shows the slaughtering 

options for these bull beef activities. 
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Friesian Bu l l  Activities 
Liveweight Profi les and Slaughtering Options 

N D J F M A M J J A S O N D J F M A M J J A S O N D 
Month 

1 --- Policy 1 -+- Policy 2 

Figure 5 . 1 shows that the 'Pol icy 1 '  bul ls require higher gains than the 'Policy 2 '  ones from May through 

to September In  the first year and from January through to June in the second year. This equates to a 

d ifference i n  l iveweight  ga i n  of 0 . 4 1 0  and 0 .225  Kgjday, on average , du r ing those two periods, 

respectively. 

With in the model each Friesian bul l  to be fin ished requires 1 .03 bull calves from the bul l  calf row 

(BULLCALF),  thus covering losses of 3%, and supplies the carcass weights (Kg of beef) specified in 

Table 5.24 for each activity to the bul l  beef pool rows BBFSCH 1 ,  BBFSCH2, BBFSCH3, BBFSCH4 and 

BBFSCH5, respectively. 

Beef Schedules 

The beef cattle activities included In  the model al low beef (as Kg  of carcass) to be sold according  to 

f ive bu l l  beef schedu les  ( B B SC H 1 . .  B B SCH5) and three beef schedules (BSC H 1  . .  B SCH3) .  The 

characteristics of these schedules are presented In Table 5.27. 
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Table 5 .27:  B eef Schedules 

Schedule Weight Range 
(Kg LW) 

BBSCH 1 220.5-245 

BBSCH2 245.5-270 

BBSCH3 295.5-320 

BBSCH4 320.5-345 

BBSCH5 Over 345 

BSCH 1 220.5-245 

BSCH2 295.5-320 

BSCH3 1 95.5-220 

Source :  Deighton,  (Pers. comm.) December 1 990 

5.3 CONSTRAINTS 

Schedule Price 
($/Kg C/C) 

2 .40 

2 .45 

2.50 

2 .55 

2.60 

2.30 

2.50 

2.20 

The constraints included in the model comprise the resource util isation l imits which must be satisfied 

by the activities selected in the optimal plan. Within the matrix each row represents a constraint. 

5.3. 1 Land 

The land constraint (LAND) ensures that: 

LAND USED :5 LAND AVAILABLE 

The model can be used either in a farm basis or in  a per hectare basis.  Thus, within the model : 

LAND USED :5 1 HA or 

LAN D  USED :5 2530 HA 



5.3 .2  Feed Constraints 
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Twelve feed rows (JULYFD .. J U NEFD)  are used to constrain the model so that for each month of the 

year : 

FEED DEMAND � FEED SUPPLY 

Nithin the model: 

FEED DEMAND - FEED SUPPLY � 0 

rhe feed rows also ensure that the amount of feed that can be transferred from one period to the next is  

.::onstrained according to some pre-determined pattern of grazing management (see Section 5 .3 .3 ) .  

n properties l ike Limestone Downs feed resources are often managed through the monitoring of  the 

lVerage pasture cover so that an evaluation of the feed status can be made. 

rhe pasture cover at a time can be expressed as follows: 

Nhere : 

PC(t + 1 )  is the pasture cover at the start of period (t + 1 )  or, 

is the pasture cover at the end of period (t); 

PC(t) is the pasture cover at the start of period (t); 

S(t) is the feed supply during period (t) ; 

D (t) is the feed demand during period (t), and 

W (t) is the feed wastage during period (t). 

n LP notation (see section 4.3 .5)  th is is transposed to: 

. . . . . . . . . . . . . . . .  ( 1 ) 

::: q u a t i o n  ( 1 )  r e prese n t s  t h e  g e n e ra l  f o r m  of t h e  f e e d  cons t rai n t  row f o r  e a c h  m o n t h  

:JUL YFD . . J UNEFD). 
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Thus,  activities that 'supply' feed (feed supply and opening pasture cover) have negative coefficients,  

wh ilst activities that 'require' feed (feed demand, closing pasture cover and wastage) have positive 

coeffic ients. S im i larly, supplementary feed making activities ' require '  feed from the monthly feed 

supply rows and 'supply' i t  to the feed pool rows whi le activit ies that use supplementary feeding 

'require' feed from the feed pool rows and 'supply' it to the monthly feed supply rows. 

5.3 .3  Pasture Cover Constraints 

Twenty-four rows (JULM I N , J ULMAX . . .  J UN M I N ,JUN MAX) are used in the model to constrain the 

pasture cover activities within  pre-determined limits, so that : 

Where : 

MONTHM I N  ;:o: X 

MONTHMAX � Y 

"X" and "Y" represent pasture cover l im its expressed i n  k i lograms of dry matter per hectare 

(KgDMjha). 

Therefore, the pasture cover at the start of each period is chosen so that: 

X � PASTURE COVER � Y 

B ircham ( 1 984) and Hodgson and Maxwell ( 1 984) suggest that pasture growth rates are relatively 

constant over the range of pasture cover between 1 00 0  and 2000 KgDMjha. They found that for 

pasture covers below 1 000 K g  D M/ha pasture growth rates are reduced due to below optimum leaf 

area. For pasture covers above 2000 Kg D M/ha pasture growth rates are reduced due to h igh levels of 

pasture senescence. Based on the above, the model selects a pattern of pasture cover within that 

range. 

Withi n  the model: 

1 000 KgDMjha � PASTURE COVER � 2000 KgDM/ha 



5.3 .4  Hay Row 

The hay constraint row ( HAYPOOL) ensures that: 

HAY FED OUT s HAY MADE 

Within the model :  

HAY FED OUT - HAY MADE s 0 

5.3.5 Nitrogen Row 

7 1  

The n itrogen constraint row (NPOOL) specifies that nitrogen cannot be used at a rate greater than 

25Kg per hectare. 

With in the model :  

N USED $ 25 KgNjha 

5.3 .6 Sheep Constraints 

5. 3 . 6. 1 L a mb 

Two lamb constraints, one for ram lambs (MALAMB) and the other for ewe lambs (FELAMB) ,  ensure 

that if the breeding ewe activity is selected the number of lam bs used in the plan must be less than or 

equal to the number of lambs born. 

Within the model: 

LAMBS USED - LAMBS BORN s 0 
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5 . 3 . 6. 2  W o ol Row 

The wool constraint row (WOOLPOOL) ensures that: 

TOTAL WOOL SOLD :::; TOTAL WOOL PRODUCED 

Within  the mode l :  

TOTAL WOOL SOLD - TOTAL WOOL PRODUCED :::; 0 

5. 3 . 6. 3  R epla c e m e n t  E w e  Row 

fhe replacement ewe constraint row ( EWEREP) ensures that 25% of the breeding ewes are replaced 

aach year. 

Nithin the model ,  each breeding ewe (BRDEWE) requires 0.25 replacement hoggets (REPHGT). 

5. 3 . 6 . 4  C ull Ewe Row 

The cul l  ewe constraint row (EWECULL)  ensures that 1 9% of the breeding ewes (25% replaced less 6% 

losses) are sold each year. 

With in  the model each breeding ewe (BRDEWE) supplies 0. 1 9  cul l  ewes (CULLEWE)  to the cul l  ewe 

row (EWECULL). 

5. 3 . 6. 5  Minimum S h e ep Row 

The minimum sheep constraint row (MINEWE) incorporates the farm manager's minimum requirement 

of ten thousand breeding ewes on the property (or 3.953 ewesjha) as an essential part of the pasture­

Need management control. 
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With in the model :  

BREED I NG EWE (head) ::o: 3.953 (heads/ha) or, 

BREEDING EWE (head) ::o: 1 0 ,000 (head) 

5.3 .  7 Beef Cattle Constraints 

5 . 3 .  7. 1 Calf R o w  

Two calf  constraint rows, one for steer calves ( MACALF) and the other for heifer calves (FECALF) ,  

ensure that i f  the breeding cow activity is  selected the number of calves used in the p lan must be less 

than or equal to the number of calves born.  

Within the model : 

CALVES USED - CALVES BOR N � 0 

5. 3 . 7. 2 R epla c e m e n t  Cow R o w  

The replacement cow constraint row (COWREP) ensures that 23% of the breeding cows are replaced 

each year. 

Within the model ,  each breeding cow (BRDCOW) requires 0.23 replacement heifers (REPHFR) .  

5 . 3. 7 . 3  C ull Cow Row 

The cul l  cow constraint row (COWCULL} ensures that 20% of the breeding cows (23% replaced less 

3% losses) are sold each year. 

Within the model, each breeding cow (BRDCOW) supplies 0.20 cul l  cows (CULLCOW) to the cul l  cow 

row (COWCULL). 



5.3 .8  B ul l  B eef Constraints 

5. 3 . 8 . 1 B ull Calf Row 
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The bull calf constraint row (BULLCALF) ensures that the number of Friesian bul ls used must be less 

than or equal to the number of Friesian bull calves bought. 

Within the model :  

BULLS USED - B ULLS BOUGHT � 0 

5 . 3 . 8 . 2  Maximum Bull Row 

Two maximum bul l  constraint rows stipulated by the farm manager ensure that the number of yearl ing 

bulls wintered (MAX1 YBULL) cannot exceed one thousand (0.395/ha) and that the number  of two-year 

old bul ls wintered (MAX2YBULL) cannot exceed three hundred (0. 1 1 9/ha). 

5. 3 . 8. 3 B e ef S c h edule R ows 

W i t h i n  t h e  m o d e l  t h e r e  a r e  e i g h t  beef  s c h e d u l e  r ows : f i v e  bu l l  beef s c h e d u l e  r ows 

(BBFSC H 1  . .  BBFSCH5) and three beef schedule rows (BEEFS1 . .  BEEFS3). These rows accumulate all 

beef produced from any of the cattle finishing activities included in the optimal plan and al low it to be 

sold ,  such as: 

BEEF SOLD � BEEF PRODUCED 

Within the model : 

BEEF SOLD - B EEF PRODUCED � 0. 
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Chapter S ix 

DATA ANALYSIS , RESULTS AND D ISCUSSI ON 

In  this c hapter the optimal plan derived from the model described in Chapter Five is presented. The key 

elements of this plan are analysed, d iscussed and compared with the existing farm plan. However. 

before dealing with the results and their interpretation, an account of the deficiencies of the model will 

be given in order to provide an indication of what the results may lack. 

6 . 1  LI MITATIONS OF THE MODEL 

The model used in this study is a single year model which excludes investment and does not al low for 

within-year adaptive management. Prices and yields used are assumed fixed throughout the planning 

horizon (one year). 

Labour, capital and cash management aspects of the farm businesses are not treated explicitly in the 

model .  lt is considered that this does not significantly diminish the utility of the model as a planning 

tool . 

Although actual data from the farm was used i n  formulating the coefficients of the model, these may not 

represent realistic performances in future periods. As averages of past performances, they do not take 

into account possible technological improvements. 

The LP model does not explicitly consider price, yield or weather variabil ity. However, prices and yields 

. for the more significant activities are tested by sensitivity analysis. While climatic variability is an 

important factor when analysing farming systems it has not been incorporated in the model because 

this aspect was judged to be outside the scope of this study. 



6 .2  RESULTS 
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In order to accept the model created for this study as a simulation of the real farm situation it was 

necessary to force the production activities currently run on the farm into the model. Therefore, this 

p lan should provide s imilar financial returns and require similar levels of resource use as the existing 

farm plan. To be able to measure and compare the results of the "current" plan with those of the 

"optimal plan" the figures must be made comparable. A simple comparison of the computed farm 

surplus figure from the optimal solution with that actually revealed i n  the farm accounts would be 

m isleading owing to differences between prices actually realized and those used as the basis for 

planning. Therefore, the prices used to achieve this comparison are taken as the prices paid/received 

in the 1 990 season. 

6 . 2. 1 The Optimal P lan 

The optimal plan presented here was derived from the model described in Chapter F ive. The activities 

included in the optimal solution are presented in Table 6 . 1 , along with those included in the current 

plan. 

The main interest of the optimal plan is its effect on farm profitabil ity. As shown in  Table 6. 1 the farm 

surplus associated with the optimal plan is $ 1 71 ,939.00 (25.25%) h igher than the current plan. Before 

giving any further comparison of the optimal with the current plan, a detailed analysis of the optimal 

solution wil l be presented. 
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Table 6. 1 :  The Optimal and Current Plans 

Activity Level 
Optimal Plan Current Plan 

PASPRO 2530 Ha 2530 Ha 
PCJULY 1 000 Kg DMjHa 1 000 Kg D M jHa 
PCAUG 1 048 Kg DMjHa 1 043 Kg D M jHa 
PCSEP 1 1 90 Kg DMjHa 1 1 58 Kg D MjHa 
PCOCT 1 269 Kg DMjHa 1 1 78 Kg D MjHa 
PCNOV 1 364 Kg D MjHa 1 285 Kg D MjHa 
PCDEC 1 835 Kg D M/ Ha 1 87 1  Kg  D MjHa 
PCJAN 2000 Kg DMjHa 2000 Kg DM/Ha 
PCFEB 2000 Kg DMjHa 1 966 Kg D MjHa 
PC MAR 1 736 Kg D M/Ha 1 674 Kg D MjHa 
PCAPR 1 556 Kg D Mj Ha 1 460 Kg D MjHa 
PC MAY 1 438 Kg DMjHa 1 365 Kg D M/Ha 
PCJUN 1 253 Kg D M/Ha 1 240 Kg D MjHa 
BRDEWE 1 0000 Head 1 3270 Head 
STMALAMB 2635 Head 
FATMALMB 4854 Head 3883 Head 
STFELMB 24 1 2  Head 
REPHGT 2500 Head 33 1 7  Head 
HGTSELL 3 1 08 Head 
WOOLSELL 73560 Kg Wool 1 08586 Kg Wool 
CULLEWE 1 900 Head 252 1 Head 
BRDCOW 1 049 Head 1 032 Head 
REPHFR 241 Head 237 Head 
STOHFR 334 Head 
FATHFR 322 Head 
FATSTAPR 460 Head 
FATSTNOV 569 Head 1 00 Head 
CULL COW 209 Head 206 Head 
FB1 YFEB 96 Head 266 Head 
F B 1 YJ U N  874 Head 523 Head 
FB2YDEC 291 Head 
FBCABUY 1 300 Head 8 1 4  Head 
BBSCH2 25480 Kg Beef 70570 Kg Beef 
BBSCH4 281 660 Kg Beef 1 68724 Kg Beef 
BBSCH5 996 1 1 Kg Beef 
BSCH 1 1 72998 Kg Beef 
BSCH2 1 78792 Kg Beef 3 1 400 Kg Beef 

FARM SURPLUS 852839 Dollars 680900 Dollars 
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6 . 2 . 2  Sheep activities inc luded i n  t h e  optimal solution { basis) 

The optimal solution (Optimal Plan) shown in Table 6 . 1 includes 1 0,000 breeding ewes (BRDEWE), 

2 ,500 replacement hoggets (REPHGT) ,  2 ,4 1 2 ewe lambs sold store at weaning (STFELMB), 4,854 ram 

lambs sold as prime lambs (FATMALMB) ,  1 ,900 cul l  ewes (CULLEWE) and a total production of 73,560 

Kg of wool (WOOLSELL). 

Table 6.2 shows the price range over which these activities' level in the optimal plan remains constant. 

Table6.2 : 

Activity 

BRDEWE 

FATMALMB 

STFELMB 

REPHGT 

WOOL SELL 

CULLEWE 

Price range over which the optimal plan remains constant. 

Price range over which optimal plan 
remains constant 

Lower Current Upper 

- Infinity -9.75 9.06 

22.94 29.90 68.66 

1 4. 75 1 5 .60 93.60 

- I nfinity - 1 2.35 38.77 

0 .00 3.55 3.73 

0 .00 1 5 .00 1 1 4.05 

The breeding ewe activity was forced into the solution by the M INEWE row (see Section 5 .3 .6 .5) ,  which 

specifies that a minimum of 1 0, 000 breeding ewes must be in the solution, i .e . ,  must be on the property 

as an essential requirement of the pasture-weed management control, according to the farm 

manager's perception. Reducing the level of this activity by one unit (1 breeding ewe) would increase 

the farm surplus by $ 1 8.82. This indicates that for the range between 0 and 1 0,0 1 4 breeding ewes, 

each unit (each ewe) has a shadow price of -$ 1 8.82, i .e. ,  a cost of $ 1 8.82. Thus, withdrawing the 

minimum breeding ewes constraint the breeding ewe activity, and consequently sheep, do not enter 

the optimal solution. Further discussion of the implications of the minimum sheep constraint is 

provided in the next chapter in which other plans are introduced. 

Al l ram lambs are finished and sold prime at 1 4  Kg carcass weight. Each lamb would have to be worth 

less than $22.94 (decrease $6.96) before it becomes more profitable to start selling any amount of 
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them store. On the other hand, the price received for each lamb would have to increase by $38.77 

(being $68.67) to become more profitable to produce more prime lambs through increased ewe 

numbers. 

Within the model the ewe lambs can be sold store at weaning or can be reared and sold as hoggets. 

The ewe lambs which are not used as replacements are all sold store at weaning. The price received 

per ewe lamb would have to decrease $0.86 (from $ 1 5.60 to $ 1 4.74) before it becomes more profitable 

to sell any of them as hoggets. This topic is further discussed in the following section. 

With regard to wool , the price received per ki logram of wool would have to exceed $3 .73 in order to 

make any changes in the optimal plan. In  fact, when it reaches $3.78, the best policy is to keep all ewe 

lambs and sell them as hoggets. This plan provides a farm surplus of $869,81 0.00 which is $ 1 6 ,971 

more than the optimal plan. This policy requires a reduction in the number of breeding cows (from 

1 , 049 to 953) and, consequently, a reduction in the amount of their progeny reared. 

When the wool price reaches $5 .85/Kg, the best plan includes 1 8,000 breeding ewes rearing al l  the 

progeny and 1 ,300 Friesian bulls, which is the maximum amount al lowed in the model. The breeding 

cattle system is omitted in favour of sheep production at this wool price. 

6.2.3 Sheep activities not included in the optimal solution (non-basis) 

The sheep activities which did not enter the optimal plan (non-basis) are valued in  relation to those 

activities that did enter the optimal plan. Their shadow costs (negative shadow prices) are shown in 

Table 6 .3 .  Forcing one unit of any of them into the optimal plan would reduce the total farm s urplus of 

the plan by the amount specified in  the table. 

Table 6.3: Shadow Costs for non-basis sheep activities 

Activities 

STMALMB 

HGTSELL 

Shadow Cost 
($) 

6.75 

0 .87 
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As Table 6.3 shows, forcing the ram lambs to be sold store at weaning (STMALMB )  instead of as prime, 

would decrease the farm surplus by $6.75 per lamb sold .  Similarly, the price received per store lamb 

would have to increase by $6.76, i .e . ,  from $ 1 7.60 to $24.36,  before it would be economically 

preferable to start sel l ing any of them store. 

With regard to the ewe lambs, forcing them to be reared and sold as hoggets (HGTSELL) instead of 

store would decrease farm surplus by $0.87 per hogget sold.  This equates to an increase of $0.88 in 

the price received per hogget (from $24.65 to $25.53) as necessary to make it more profitable to start 

rearing some ewe lambs to sell as hoggets. In fact, when the price received per hogget reaches $25.69, 

i .e . ,  increases by $ 1 .04, the best policy is to rear all ewe lambs and sell them as hoggets. This would 

require a reduction in the number of breeding cattle (953 breeding cows plus progeny instead of 

1 ,049). However,  the farm surplus in this case is $852 ,849.00 which is only $ 1 0 .00 h igher than the the 

farm surplus when all the ewe lambs are sold at weaning.  As the margin of $ 1 .04 is relatively small, a 

decision on whether or not to keep ewe lambs and how many, will depend on the market expectation 

for an increase in hogget and/or wool prices. 

6 .2 .4  Beef Cattle activities in the  optimal solution (basis) 

The beef cattle activities included in the optimal solution (Optimal Plan) shown in Table 6 . 1  comprise 

1 ,049 breeding cows (BRDCOW), 241 replacement heifers (REPHFR ), 334 heifers sold store at 

weaning (STOHFR), 569 steers taken through two winters and sold as prime cattle at the end of 

November (FATSTNOV), 209 cows sold as culls (CULLCOW), 1 ,300 Friesian bul l  calves bought in  

November (FBCABUY), 96 Friesian bulls taken through one winter and slaughtered i n  February 

(FB 1 YFEB), 874 Friesian bulls taken through one winter and slaughtered in June (FB 1 Y  JUN) ,  291 

Friesian bulls taken through two winters and slaughtered in December (FB2YDEC). 

As described in Chapter Five, the replacement heifer activity comprises a heifer being reared from 

weaning unti l  prior to second calving. Therefore ,  the number of calves born per year are referred to as 

from a total of 1 ,290 cows ( 1 ,049 cows plus 241 heifers). 

Table 6.4 shows the price range over which this optimal plan remains constant. 



Table 6.4 : 

Activity 

BRDCOW 

REPHFR 

STOHFR 

FATSTNOV 

CULL COW 

FBCABUY 

FB1 YFEB 

FB 1 YJU N  

FB2YDEC 

8 1  

Range over which the activity 's  level i n  the optimal plan 
remains constant 

Price range over which optimal plan 
remains constant 

Lower Current Upper 

-87.33  -67.55 -32.60 

- 1 93 .34 - 1 07.30 44.62 

303.92 320.00 429.57 

- 1 24.85 -9 1 .00 - 1 9.63 

281 .05 380.00 554.71  

-342.45 -31 0 .00 0.00 

-90 .36 -65 . 1 5  -48.05 

-97 .74 -80 .65 30.07 

- 1 37.33 - 1 03.90 Infin ity 

The number of breeding cows in the optimal plan was determined by the minimum breeding ewes 

:;onstraint (see Section 5.3 .6 .5)  and the two constraints on bul l  beef numbers MAX 1 YBULL and 

MAX2YBULL (see Section 5.3 .8 .2) which stipulate that ( 1 ) not more than 1 ,000 bulls can be taken 

through the first winter, and (2) not more than 300 bul ls can be taken through the second winter, 

respectively. Thus, these constraints l imit the number of bull calves to be purchased to a maximum of 

1 ,300. As this is exactly the amount selected in the optimal plan for the bull calf buying activity 

(FBCABUY), it indicates that these two constraints are also l imiting overall farm profitability such that 

( 1 ) for every unit (one bul l )  increased (decreased) in the MAX 1 YB ULL constraint within the range of 881 

and 1 ,0 1 3 Friesian bulls, overal l  farm surplus increases (decreases) by $47.45, and (2) for every unit 

increased (decreased) in the MAX2YBULL constraint within the range of 297 and 1 ,551 Friesian bulls, 

overall farm surplus increases (decreases) by $32.45. The effects of releasing these constraints are 

discussed in more detail in the next chapter which reports the sensitivity analysis for other farm plans. 

Table 6.4 shows that the price paid per bull calf can go up $32.45 (from $31 0.00 to $342.45) before it 

becomes more profitable to start reducing the number of calves bought from 1 ,300. When the price 

paid per calf reaches $371 .31 the bull beef system is totally omitted in favour of breeding and finishing 

cattle. 
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The cost of rearing a bull would need to go up $25.21 ($90.36 1ess $65. 1 5} or down $ 1 7. 1 0  ($65. 1 5  

less $48.05) before the optimal level for the F B 1 YFEB activity decreases or increases, respectively. For 

the FB 1 Y  JUN activity, this cost will have to rise $ 1 7.09 ($97.74 1ess $80.65} or diminish $50.58 ($80.65 

less $80.65) before that activity's level in  the optimal solution is reduced or augmented, respectively. 

S imilarly, the cost figure for the FB2YDEC activity wil l  have to increase $33.43 per bul l ($ 1 37.33 less 

$ 1  03.90) before its level in the optimal solution is decreased. 

The level of the replacement heifer (REPHFR) and cull cow (CULLCOW) activities in  the optimal 

solution is d irectly related to that of the breeding cow activity, since, within the model, these activities 

are expressed as a percentage of breeding cow numbers. Therefore, a variation in the level of these 

activities will only occur if the level of the breeding cow activity changes. For the level of the breeding 

cow activity in the optimal solution to decrease ( increase) it is necessary that its cost increases by 

$ 1 9.78 (decreases by $34.95). 

The optimal solution specifies that all 569 steer calves be kept for two winters and be slaughtered in the 

fol lowing November. This is the optimal level for this steer finishing activity unless the cost of this 

activity increases by $33.86 ($ 1 24.86 1ess $91 .00) or decreases by $71 .37 ($9 1 .00 less $ 1 9 .63). The 

reason why this activity is the best steer finishing policy is related to the fact that the bull beef activities 

are more profitable than the steer ones. Therefore, keeping the steers for two winters at a lower 

liveweight gain rate allows higher gains to be achieved by the Friesian bulls, thus al lowing 970 bulls 

(77% of them) to be slaughtered before their second winter on the farm,  and consequently, al lowing a 

higher number of bul ls to be carried on the property. 

6 . 2 . 5  Beef Cattle activities not included in the optimal solution (non-basis) 

The beef cattle activities which did not enter the optimal plan (non-basis) are valued in relation to those 

in the solution. Forcing one unit of these activities in the optimal solution would reduce farm surplus by 

the amount shown in Table 6.5. This amount represents the shadow cost (negative shadow price) 

associated with each of the non-basis activities. 
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Shadow Costs for non-basis beef cattle activities 

Activity 

FATHFR 

STOSTR 

FATSTAPR 

FATST JUN 

OBHFR 

OBSTHFR 

OBFTHFR 

OBSTSTR 

OBSTAPR 

OBSTJUN 

OBSTNOV 

FB 1 YDEC 

FB 1 YAPR 

Shadow Cost 
($)  

62. 1 3  

2 1 .75 

1 07.98 

1 09 . 1 8  

2 1 . 53 

47.85 

4 1 .93 

4 1 .07 

1 07.98 

1 09. 1 8  

48.8 1  

73 .30 

1 1 .60 

A.s shown in table 6.5, there would have to be an increase of more than $62. 1 3  in the value of the 

FATHFR activity in order to make it more profitable to start finishing heifers instead of sel l ing them all as 

store cattle. This increase in  value can be either by a reduction in cost or by an increase in  the beef 

schedule of $0.28 (from $2.30 to $2.58/Kg carcass) .  Simi larly, to become more profitable to start 

sel l ing steers as store cattle it would require an increase of $2 1 .75 ($361 .75 instead of $340.00) in the 

price received per weaner. 

With regard to the once-bred heifer system, the level of these activities is directly related to that of the 

once-bred heifer (OBHFR) activity. Therefore, a variation in the level of these activities wil l  only occur if 

the level of the OBHFR activity changes. The once-bred heifer activity (OBHFR) is the one that requires 

the smallest increase in value ($21 .53) as a means to start bringing that activity Into the optimal 

solution. This in turn means a $0. 1 0  i ncrease in the heifer schedule (from $2.20 to $2.30/Kg carcass) .  
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The pasture production activity (PASPRO)  represents the monthly supply of pasture as descri bed in  

Section 5 .2. 1 .  The optimal solution uses 2,530 ha of pasture which represents the maximum area 

available. 

The shadow price for land is $389.00 per hectare, which gives an indicative upper l imit on annual 

rentals per hectare of additional land,  if such land could be acquired and incorporated into the optimal 

farming p lan. In  other words it  means that an extra hectare of pasture would increase the farm surplus 

by that value, i .e . ,  it is worth leasing land paying up to $389.00/ha. 

6 .2 .7  Feed Wasting activities 

The model al lows feed to be wasted where, feed supply exceeds feed demand and where pasture 

cover is at the upper l imit (see Section 5 .3 .2) .  However, these feed wasting activities are at zero level .  

6 .2 .8  Hay activities 

The hay activities comprise hay making and feeding out activities. The hay making activities are al l  non­

basis activities, i .e . ,  are not included in  the optimal plan. As a result, none of the feeding out activities 

are in the optimal plan either. The inclus ion of any of the hay making activities in the optimal solution 

would incur a reduction in total farm surplus. The cost value (shadow cost) for each of these activities 

is presented in Table 6.6 .  

Table6.6: Shadow Cost for Hay Making Activities 

Activity 

HMAKDEC 

HMAKJAN 

HMAKFEB 

Shadow Cost 
($/bale) 

3. 1 1  

3. 1 1  

3.52 
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The shadow cost figure for making hay indicates that if, for instance, the decision to make hay in 

February (HMAKFEB) was made, i t  would cause a reduction in total farm surplus of $3.52 per bale of 

hay made. This indicates that, in terms of animal products, the value of the amount of hay fed out is 

smal ler than the value of the amount of pasture cut. This discussion is extended in Section 6.2. 1 0. 

6.2 .9 Nitrogen activities 

The nitrogen (N)  activities are also non-basis activities, i .e . ,  they did not enter the optimal solution. 

Table 6.7 shows that the cost per ki logram of nitrogen would have to decrease by $0.35 in  order to 

make N an economically viable option of producing more feed at critical times. 

Table 6 .7 :  Shadow Cost for N itrogen 

Activity 

NJUN 

NJUL 

NAUG 

NSEP 

Shadow Cost 
($/Kg N) 

0.34 

0.34 

0.34 

0.34 

Table 6.7 demonstrates that, assuming a response of 1 0  Kg of dry matter per k i logram of N applied 

(see Section 5.2.6), unless the cost of nitrogen goes down from $1 .00 (see Appendix 4) to $0.65 per 

kilogram of N applied, it is not profitable to use it. If the N cost is reduced to $0.65/Kg applied then the 

application of N in September enters the optimal solution. 

When the response rate is 1 5.5: 1 ( 1 5.5 KgDM per Kg of nitrogen applied) it becomes profitable to apply 

nitrogen in June. Due to the fact that the most profitable activities (bull beef system) are already at the 

maximum level ,  the increase in pasture production results in an increase in breeding cattle numbers. 

For instance, when the response rate is 1 7: 1 , the increase in pasture production allows 1 ,355 cows 

plus progeny to be run on the farm instead of 1 ,049. 
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pasture cover Is a function of feed supply and demand throughout the year. The monthly supply of feed 

used In the model was calcu lated using average pasture growth rates, which were assumed to be fixed 

regardless of pasture cover, provided that pasture cover was within the bounds set In the model, I .e . ,  

between 1 000 and 2000 KgDM/ha (see Section 5.3.2) .  

For the optimal plan,  the pasture cover activities reflect the levels of pasture cover at the start of each 

month which best match animal requirements with the available supply of feed. The pasture cover 

levels for the optimal and current plans presented in Table 6. 1 are shown in Figure 6.2 .  

Figure 6.1; Pasture Cover Levels for the Optimal and Current plans 
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As Figure 6 . 1  shows, both plans follow the same trend of pasture use. From July to January the supply 

of feed exceeds animal demand. Therefore, there is an accumulation of pasture during this period 

demonstrated by the Increase in pasture cover. Conversely, from January /February to July, animal 

demand exceeds the supply of feed. As a result, a decrease In pasture cover occurs. 
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The value of feed available in each period follows the same trend. This is demonstrated in Table 6 .8  

which shows the value (shadow prices) for each extra unit of feed (ki logram of dry matter) in  each 

month, if such feed was available. 

Table 6.8 :  Shadow prices for feed i n  each month 

Month 

JULY 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

Feed Shadow Price 
($) 

0 .066 

0.066 

0 .066 

0.066 

0.066 

0.066 

0.066 

0.082 

0.082 

0.082 

0.082 

0.082 

While feed supply exceeds feed demand in the period from July to January, the build up in pasture 

cover is used to meet animal demands in the period from January to July when feed demand exceeds 

feed supply. However, if extra feed was made available it could be utilised by activities profitably, 

provided it was supplied at a cost of less than 6 .6 cents per KgDM from Ju ly to January, and/or less 

than 8.2 cents per KgDM from January to July. This explains the reason why it is not profitable ( 1 )  to 

conserve pasture as hay and (2) to apply nitrogen. 

1 )  The hay making activities are not included in the optimal solution. Thus, the cost of making 

hay is greater than the extra i ncome that can be generated by feeding out hay. The cost of 

making a 25 KgDM bale of hay is $2.50. Assuming losses of 50%, it indicates that the direct 

cost of hay is 20 cents per Kg of dry matter (see Appendix 3}. 
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2) The n itrogen activities assume a response of 1 0  Kg of dry matter per Kg of n itrogen applied. 

As the total cost of applying nitrogen is $ 1 .00 per Kg of nitrogen, this impl ies a cost of 1 0 

cents per Kg of dry matter produced (see Appendix 4) .  

\s the value of additional feed throughout the year varies between 6.6 and 8.2 cents per Kg of dry 

11atter, with in  the production possibi l ities explored in this study it is not profitable to conserve pasture 

1s hay or to apply artific ial nitrogen fertiliser. 

1 .3 Comparison of Optimal and Current Plans 

' 
"he differences between the existing farm plan and the optimal plan as derived in this study were 

>resented in Table 6 . 1 . At 1 990 prices, the optimal plan has a $ 1 7 1 ,930.00 advantage in Farm Surplus 

wer the current plan. 

n this section an analysis of the two p lans is presented .  Sheep and cattle activities are discussed 

;eparately. 

Vhen comparing current and optimal plans, the difference represents dol lar gains assuming the 

tdoption of the optimal plan. 

i .3 . 1 Sheep Scenario 

\ comparison between the sheep activities in the current and in the optimal plan is provided in Figure 

) .2 which shows the stock numbers for both plans. 
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Sheep Numbers for the  Current a n d  O ptimal P lans  

EWES HOGGETS STORE FATIEN ED 

LAMBS LAMBS 

I� OPTIMAL � CURRENT 

Figure 6 .2  shows that the optimal plan includes 3 ,270 breeding ewes less than the current plan. As 

discussed in Section 6.2 .2 ,  this difference equates to a forgone income in the current p lan of 

$61 .54 1 .00 ($ 1 8 . 82/ewe) . 
The effects of a reduction in the minimum number of breeding ewes required on the farm from 1 0 ,000 

to 8,000 ewes are discussed in Chapter Seven . 
. Although the number of store lambs sold in both p lans is very similar, for the current plan it represents 

ram lambs whilst in the optimal p lan it represents ewe lambs. While in the optimal p lan all ram lambs 

are finished and sold as prime, in the current p lan 2,635 lambs (40%) are sold store. This represents a 

forgone income of $ 1 7,786.00 ($6.75/lamb) as discussed in Section 6.2.3. 

In  the optimal plan only the replacement ewe lambs are reared with the remainder ewe lambs sold 

store. In  the current plan all ewe lambs are reared and the non-replacement stock (3, 1 08 head) are sold 

as hoggets. As discussed in Section 6.2.3,  this represents a forgone income of $2,704.00, i .e . ,  

$0.87 fhogget. 
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For the 1 99 1  season, a decision to reduce the number of hoggets on the property was made. This 

coincides with the results here discussed. 

The amount of wool produced in both plans reflects the difference in sheep numbers, and in addition, 

the number of hoggets reared in the current plan further contributes to increased wool production. 

Recently, the price received per k i logram of wool was drastically reduced from $3.55 to $2.40/Kg. The 

implications of such a reduction are discussed in Chapter Seven. 

6 . 3 . 2  Beef Cattle Scenario 

A comparison between the cattle activities in the current and in the optimal plan is provided in Figure 

6 .3 which shows the stock numbers for both plans . 

Figure 6.3 :  
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The number of breeding cows carried in  both plans i s  very similar. The same applies t o  the number of 

steers sold as prime cattle. The major difference is in the number of heifers reared and, consequently, 

in the number of cattle sold store. While in the optimal plan the non-replacement heifers are sold store 

as weaners, in the current plan al l  the heifers are reared and the non-replacement ones (322 head) are 

finished and sold as prime cattle. As discussed in Section 6.2.5, these 322 heifers which are sold prime 

in the current plan represent a forgone income of $20,000.00 ($62. 1 3/heifer). 

The farm is at present running 471 fewer bulls than the constraints suggested by the manager. This 

equates to a d ifference of 1 80 bul ls finished before their second winter on the farm, and 29 1 bulls taken 

through the second winter. As d iscussed in Section 6.2.4, this represents a forgone income in the 

current plan of $ 1 7,984.00 ($47.45/bull f inished before the second winter and $32.45/bull taken 

through the second winter). 

The effects of releasing the constraints on bull beef numbers are d iscussed in the next chapter. 

6 . 4  CONCLUSION 

The results presented and  d iscussed in  this chapter indicate that, at the assumed pr ices, there is scope 

for a substantial improvement in overall farm profitability without having to make major changes in the 

current farm policy. 

The proposed optimal plan represents the best way of allocating feed to d ifferent classes of livestock 

subject to a number of constraints. Although al l these constraints are objectively expressed in the 

model , some of them represent subjective perceptions of the farm manager which were gained through 

experience and are revised and reformulated as a consequence of technological i mprovements. The 

extent to which some of these constraints affect farm profitability have been d iscussed in this chapter. 
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Chapter Seven 

SE NSIT IVITY A NALYS IS 

This chapter reports the implications of changes to some of the parameters specified i n  the model 

xesented in  Chapter Five. For each change made a new optimal plan arises. These resulting new plans 

J.re presented and discussed here. 

7. 1 I NTRODUCTION 

fhe results discussed in Chapter Six demonstrate that some of the constraints specified in the model 

1ave a major impact on overall farm profitabil ity. I n  this section the significance of changing these 

:::onstraints are investigated. Furthermore, the effects of the recent drop in wool price are analysed .  

These changes were made i n  order to  answer the fol lowing questions:  

1 )  What are the impl ications i n  overall farm profitabil ity of the recent fal l in  wool price from 

$3.55 to $2.40/Kg? 

2} What are the impl ications of reducing the constraint on m inimum breeding ewe numbers 

from 1 0,000 to 8,000 ewes? 

3) What are the impl ications of releasing the bul l  beef constraints MAX 1 YB ULL and 

MAX2YBULL from 1 ,000 and 300 bul ls to 2,000 and 500 bul ls,  respectively? 

4} What is the overal l  effect of changing the constraints described in (2} and (3) above in the 

same plan? 

5) What are the implication of withdrawing all of the constraints on livestock numbers? 

For each one of these questions a new optimal plan was derived such that Plan I represents question 

( 1 ) ,  Plan 11 represents question (2), and so forth. 
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The outcome of the five resulting p lans are shown in Table 7. 1 . 

Table 7 . 1 :  P lans I ,  1 1 ,  I l l ,  IV and V 

Activity 
P lan I P lan 11 Plan I l l  Plan IV 

BRDEWE 1 0000 8000 1 0000 8000 

STMALAMB 

FATMALMB 4854 3883 4854 3833 

STFELMB 24 1 2  1 930 241 2  1 930 

REPHGT 2500 2000 2500 2000 

HGTSELL 

WOOLS ELL 73560 58848 73560 58848 

CULLEWE 1 900 1 520 1 900 1 520 

BRDCOW 1 049 1 276 374 601 

REPHFR 241 293 86 1 38 

STOHFR 334 407 1 1 9 1 9 1  

FATHFR 

FATSTAPR 

FATSTNOV 569 692 202 326 

CULLCOW 209 255 74 1 20 

F B 1 YFEB 96 87 947 939 

FB 1 YJ U N  874 883 993 1 002 

FB2YDEC 291 29 1 485 485 

FBCABUY 1 300 1 300  2500 2500 

BBSCH2 25480 23238 251 1 89 248947 

BBSCH4 281 660 284384 320024 322748 

BBSCH5 996 1 1 996 1 1 1 660 1 9  1 660 1 9  

BSCH 1 

BSCH2 1 78792 2 1 7529 63731 1 02468 

FARM SURPLUS 768244 890479 906782 944422 

Unit 
P lan V 

Head 

Head 

Head 

Head 

Head 

Head 

Kg Wool 

Head 

Head 

Head 

Head 

Head 

Head 

Head 

Head 

6746 Head 

Head 

Head 

6949 Head 

1 787866 Kg Beef 

Kg Beef 

Kg Beef 

Kg Beef 

Kg Beef 

1 2805 1 7  Dollars 
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The pattern of change in  pasture cover throughout the year for each of these plans is presented in  

Figure 7 . 1 . 

F igure 7 . 1 : Pasture Cover Level s  for P lans I ,  1 1 ,  I l l ,  IV  and  V 
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Figure 7. 1 shows that, except for Plan V, al l the other plans fol low the same trend of pasture use. For 

P lans I to IV as well as for the Optimal Plan (as described in Section 6 .2 . 1 0) ,  from July to January feed 

supply exceeds animal demand. Thus, during this period there is an increase in pasture cover. 

Conversely, from February to July animal demand surpasses the supply of feed and a decrease in  

pasture cover occurs. 

Due to the fact that Plan V represents the whole farm as a bull beef system in which the calves are 

bought in November and sold 1 6  months later in February, during the period from Novem ber to 

February the number of bulls on the property is doubled. This explains the different trend of pasture 

use for this plan in relation to the other p lans. 
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=>!an I comprises the same activities and activity levels as the optimal p lan discussed in Chapter Six. 

fhe only difference is a reduction in the price received per kg of wool from $3.55 to $2.40. Such a 

·eduction is responsible for a $84,595.00 decrease in  farm surplus. 

)ue to the fact that the M INEWE constraint prevented the reduction of sheep numbers (see Section 

3.2.2) ,  the implications of such reduction In wool price can only be expressed as changes in shadow 

)rices for the sheep activities, such that: 

1 )  An increase in breeding ewe numbers by 1 ewe would incur a decrease in total farm surplus 

of $27.27. Conversely, the substitution of sheep by cattle would mean an increase in total 

farm surplus of $27.27 per breeding ewe dropped. Since the number of Friesian bul ls is at 

the maximum level al lowed in the model, any increase in cattle numbers would be by means 

of an increase in breeding and finishing cattle. 

2) Wintering ewe lambs and sel l ing them as hoggets would reduce the farm surplus by 

$6. 1 6/lamb compared with sel l ing them as store lambs. lt must be emphasized that this . 

figure was $0.87 in  the optimal p lan (see Section 6.2.3) .  Thus, i t  highlights the importance of 

the wool price on the profitabil ity of the hogget activity. Therefore, this analysis supports the 

manager's decision taken recently to reduce the number of ewe hoggets on the property. 

7 .3 .2  P lan 1 1  

Plan 1 1  represents a reduction i n  the minimum requirement of breeding ewe numbers on the farm from 

1 0,000 to 8,000 ewes. Due to the fact that the two constraints on Friesian bull numbers (see Section 

5. 3. 5) were maintained, this decrease in breeding ewe numbers was compensated for by an increase 

in breeding and finishing cattle. The 2,000 breeding ewes (plus progeny) dropped allowed 227 extra 

cows (plus progeny) to be carried. Apart from the differences in the levels of the activities directly 

related to that of the BRDEWE and BRDCOW activities, the activities included in the solution for this 

plan represent the same activities included in the optimal plan discussed in the previous chapter. 

The overall result of this plan is an increase in total farm surplus of $37,640.00 over the optimal plan 

discussed in Chapter Six. 
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In  Plan I l l ,  the two constraints on bul l  beef numbers were released, such that: 

1 )  MAX1 YBULL � 2000, and, 

2)  MAX2YBULL � 500 

Therefore, the number of yearling bulls on the property was l imited to not more than 2000, and the 

number of bulls taken through the second winter was l imited to not more than 500. 

Note that the constraint on minimum breeding ewe numbers was maintained. Therefore, sheep 

numbers in this plan remained the same as in the optimal plan (see Section 6.2. 1 ) .  

The solution for th is  plan represents an increase in  bu l l  beef numbers up to the new maximum l imits 

specified. This equates to 1 ,200 extra bulls carried on the farm as to compensate for a decrease of 675 

breeding cows plus progeny. 

In this plan, changes in the level of the finishing activities in relation to the optimal plan arise. These 

changes are shown in Table 7.2.  

Table 7 .2 :  Percentage of Bu l l s  i n  each F in ishing Pol icy Option 
for the Optimal P lan and P lan I l l  

Percentage of Bulls 
Activity Optimal P lan I l l  

F B 1 YDEC 0% 0% 

FB 1 YFEB 8% 39% 

FB1 YAPR 0% 0% 

FB 1 YJUN 69% 4 1 %  

FB2YDEC 23% 20% 

Table 7.2 shows that allowing more bul ls to be run on the farm it increases the number of bulls finished 

in February with lesser bulls finished in June. 
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Due to the fact that the cattle activities are more profitable than the sheep ones and, of these, the bull 

beef activities are the most profitable activities carried out on the farm ,  the model responds to the bull 

constraints by carrying the lower numbers for longer. 

The changes analysed in this plan generate $53,943.00 more than the optimal plan discussed in  

Chapter Six. 

7 .3 .4  Plan IV 

Plan IV is a combination of Plans 11 and I l l ,  which means that the model was al lowed to : 

1 )  increase the number of bull calves bought in to a maximum of 2500; 

2) decrease breeding ewe numbers to a minimum of 8000. 

The solution for this p lan (see Table 7. 1 )  represents an increase in the number of bulls carried by 1 200. 

This brought this activity level up to the new maximum upper l imit of 2500 calves bought. As a result, a 

reduction in both sheep and breeding cattle numbers occurred, such that: 

- breeding ewe numbers were decreased by 2000 ewes down to 8000, which is the new 

lower l imit specified in the model. Consequently, the level of the related sheep activities was 

proportionally reduced. 

- the level of the breeding cow activity was decreased by 448 cows in  relation to that 

activity's level in the optimal plan. As a result, the levels of the other cattle activities 

associated with the breeding cow one were proportionally reduced. 

The changes investigated in  this plan represent a $91 , 583.00 increase in farm surplus when compared 

with the optimal plan discussed in Chapter Six. 
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7 .3 .5  Plan V 

P lan V consists of removing the constraints on minimum breeding ewe numbers and maximum bul l  

beef numbers. Therefore, it al lows the model to freely select between sheep, breeding cattle and bul l  

beef activities, the best mix to maximise profit. 

As presented in Table 7. 1 ,  the solution for this plan includes the purchase of 6949 bull calves of which 

6746 (assuming losses of 3%) are sold in February after being on the property for 1 6  months. 

This plan generates a farm surplus of $ 1 ,280,5 1 7.00 which represents $427,687.00 more than the 

optimal p lan discussed in Chapter Six. 

I n  this plan, it is assumed that the level of performance achieved by the Friesian bulls on the flat areas 

of the farm can also be achieved on the hi l ls. Moreover, the pattern of pasture cover is quite d ifferent 

(see Figure 7. 1 ). Further investigation of this option wil l  require more information on the performance 

of bulls being fed on the h i l ls and on the effect that the resu ltant low pasture cover levels may have on 

animal intake and pasture growth rates. 

7 .3 .6  Other Responses to Constraint Variation 

None of the five plans discussed in this chapter contain activities which were not included in the 

optimal p lan discussed in Chapter Six. 

Except for P lan V, al l  the other plans have the same shadow costs for hay making and nitrogen 

activities as discussed in Sections 6 .2 .8 and 6.2.9, respectively. 

For Plan V, the shadow cost associated with the hay making activities increased to $3.58/bale made 

for each of the three periods in which hay is al lowed to be made. Conversely, the shadow cost of the 

nitrogen activities decreased to $0 . 1 3/Kg of N applied for each of the four periods when n itrogen is 

allowed to be applied . 

The feed wasting activities remained at zero level for al l  plans. 
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The five scenarios discussed in this chapter demonstrate that, at the assumed prices, the l imit imposed 

on the maximum level of Friesian bulls that can be run on the property is the major impediment to the 

enhancement of higher profits. The second most Important factor l imiting farm profitability is the 

requirement of sheep on the farm.  

Therefore, the i ncrease in  farm profitabil ity for Limestone Downs is directly dependent on the rate at 

which these two major constraints can be overcome. 

J:{;_!-\ ·�� : ...:: • • i_ . � I \. -
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8. 1 I NTRODUCTION 
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Chapter E ight 

CONCLUSIONS 

In this section, the value of l inear programming to this study is considered. The areas in which the lack 

of information available l imited further conclusions is highl ighted and the need for further research is  

outl ined. Final ly, the study is evaluated in  relation to its objectives. 

8.2 EVALUATION OF THE PLANNING TOOL 

The use of Linear Programming (LP) has shown that the technique can be used with in  the context of a 

pastoral farm situation to indicate means of significantly increasing profits through the better al location 

of the available resources, especially the feed resources. This increase was achieved without any per 

unit improvement in technical performance. 

The LP procedure has enabled the farm under study to be analysed in a more comprehensive and 

practical way than would have been the case if the current budgetary planning methods were applied. 

The method enabled a greater range of alternative adjustments and their consequences to be 

analysed. 

Part of the merit of Linear Programming is that an optimal plan which maximises profit is  reached. With 

the budgeting procedure, i t  may be relatively easy to improve the existing system but the resulting p lan 

can sti l l  fall a long way short of the optimal. 

Furthermore, the solution data provided by LP showed the relative financial advantage of activities 

included in the optimal plan over those that were not included and the ranges over which these 

advantages held. 

Also, the various plans computed in the sensitivity analysis provided an indication of what could be 

expected or could be done if changes in the assumptions made during planning were envisaged, i .e . ,  
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the sensitivity analysis results showed how increasing or decreasing one or more resources would  

affect the optimal mix of activities and the overall value (Farm Surplus) of the plan. 

Another advantage of LP over budgeting is that it allows the correct substitution rates between 

enterprises to be established. When using a budget to compare activities, the substitution rate is 

usual ly calculated by comparing stock units (s.u . ,  a standardized estimate of annual feed 

requirements), actual annual feed requirements, or actual feed requirements at some key time of the 

year, usual ly winter. The substitution rate and hence the value of the comparison will vary depending 

on which criterion is used. 

Within the LP model, one class of l ivestock substitutes another at the appropriate rate. This is 

determined by the availabil ity of feed at the shortest time of the year, subject to the optimal adjustment 

of other sources of feed supply and demand (taking into account their costs and returns), and the 

constraints placed on feed transfer, in  this case, pasture cover. 

A major weakness of the LP model used in this study was that the best way of moving from the current 

situation to the optimal plans derived was not considered. 

Also, the LP procedure does not explicitly consider risk . This is particularly important on a farm 

situation where overall farm performance is exposed to cl imatic vagaries and seasonal changes in 

pasture production. 

Nevertheless, as stated by Simpson ( 1 960) "the ski l tful use of l inear programming should provide a 

gu ide to the direction in which a farm system ought to be developed if it is to return a high level of 

profits." 

. 8 .3  AREAS FOR FURTHER R ESEARCH 

The model developed for this study has revealed that, at the assumed prices, the more profitable 

activities currently exploited on the farm are the bull beef system,  the breeding and finishing cattle 

system and the dual purpose sheep system,  respectively. 

lt also demonstrated that the achievement of higher profits for Limestone Downs is dependent on the 

l im it Imposed for the bull beef and the sheep activities. Three questions then ,  are still to be answered: 



1 02 

1 )  What is the real significance of the constraints imposed by the need for sheep and the l im it 

on bul l  beef numbers? 

2)  What are the effects of c l imatic variability and hence feed supply and feed qual ity on annual 

farm profitabil ity? 

3) Having considered the issues raised in questions ( 1 ) and (2) ,  and decided on a plan that is  

optimal ,  how does the farm best move from its current plan to that plan? 

Developing management ski l ls and having confidence to handle the numbers have been the 

constraints l im iting bull beef on the property. These have been overcome over the years, and so there 

has been a gradual increase in the number of bull calves bought. For the 1 99 1  season , over 1 ,000 

Friesian bul ls wil l  be wintered on the farm for the first time. 

Currently, al l  the bulls have been run on the flat areas of the property. As their number increases a 

proportion of them will have to be taken to the hi l ls . This is likely to reduce their performances. 

Therefore, the effects of feed supply and feed quality on h il ls will need to be monitored .  

A substantial increase in the size of  the bull beef system will result in  a major proportion of farm 

revenue com ing from one enterprise. This would expose farm profitabil ity to the vagaries of that 

particu lar market. The supp ly of bull calves would also require investigation. 

With regard to sheep, i t  was demonstrated that the higher the number of sheep the lower the profits. 

The reasons for having sheep include weed control (since ragwort could become a problem),  and to 

help control pasture surplus and maintain pasture quality over the summer ;autumn period. 

Furthermore, the production of lamb and wool would help on the risk s ide of the equation as a means 

. of d iversification. 
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To answer questions such as: 

1 )  how many sheep are necessary to help control pasture quality? 

2) whether or not the chemical control of weeds, particularly ragwort, would be more profitable 

than sheep? 

data which is currently not available is required. Estimates of this data will need to be incorporated into 

the model so that the questions can be answered. 

The extent to which combinations of the main production activities can buffer profit against risk, 

especially cl imatic variabil ity, needs to be considered more than has been done in this study. For 

instance, the effects of a dry summer on the current and optimal plan may have little impact on overall 

farm profitabil ity if part of the stock (e.g. breeding ewes and breeding cows) could be kept at 

maintenance levels and target weights cou ld sti l l  be met so as to al low fin ishing stock to achieve their 

liveweight gain targets. By contrast, in Plan V, a reduction in the supply of feed would mean a reduction 

on l iveweight gain of finishing stock, and hence a direct reduction of profit. 

Such issues have not been addressed in this study but need to be before major changes in the current 

farm plan are contemplated. 

If a more detailed consideration of the constraints imposed by the need to run set numbers of sheep or 

beef cattle leads to the acceptance of the need for major changes in farm plan , than the question of 

how best to change from the current plan to that new plan wil l  have to be addressed. lt is l ikely that an 

inter-temporal LP model wil l be required to handle this task. 

8.4 CONCLUSIONS 

The aims of the study were first, to develop a l inear programming model for the case study farm. 

Secondly, to use th is model to determine optimal farm plans and associated information. Thirdly, to 

evaluate the technique as to its suitability as an aid to farm planning. 

The development of the model in  Chapter Five, the discussion of the results in Chapters Six and Seven 

show that the first two aims are adequately met 
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The LP model developed in this study has demonstrated that farm profitabil ity for Limestone Downs 

could be substantial ly increased by al locating the farm resources optimally. The evaluation of the 

effects of changing the more i mportant assumptions proved to be useful in  defining quite clearly where 

further i nformation and study is needed, so that management can plan and implement the necessary 

changes. However, major areas for further research, including the development of an inter-temporal 

model are needed, before major changes can be contemplated. While this, in effect, questions the 

value of the model reported in this study, its development has been a necessary first step in a more 

detailed approach to finding long term optimal plans for Limestone Downs .  
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Appendix 2:  PASTURE PRODUCTION ACTIVITY 

fhe values showed here represent total annual farm expenditure excluding the costs directly 

:�.ssociated to other activities included in the model .  

TOTAL FARM EXPEND ITURE S  (2530 ha) 

WORKING EXPENSES 

Salaries 

Wages 

ACC levies 

E lectricity 

Ferti l iser 

Purchase dogs,etc. 

Sundry expenses 

Travell ing expenses 

Weed and Pest control 

REPAIRS AND MAI NTENANCE 

R & M Bui ld ings 

R & M Equipment 

R & M Improvements 

Vehicle expenses 

ADMI N ISTRATIVE EXPENSES 

Expenses of Appointment 

General expenses 

Postage and Stationary 

Supervision expenses 

Telephones 

STANDING CHARGES 

Accountancy Charges 

Audit 

Insurance 

Rates 

Supervision Fees 

$ 

1 90 ,073 

1 3 ,908 

2,833 

1 0 ,655 

1 20 , 1 1 3  

1 ,949 

2 ,656 

1 0,86 1 

1 1 , 450 

20,797 

5 ,021  

20,4 1 1 

1 5 ,365 

900 

3 ,365 

1 ,493 

3 ,455 

4 ,896 

7,500 

2 ,000 

3 ,051  

3 1 , 1 45 

1 7,496 

$501 ,093 

$200/ha 



Appendix 3 :  HAY MAKING ACTIVITY 

Cutt ing,  windrowing, bal ing, col lecting (PER BALE) $- 2.50 

(Source : Lincoln College 1 990 F INANCIAL BUDGET MANUAL) 

Appendix 4:  NITROGEN ACTIVITY 

Nitrogen can be applied as Urea. 

The cost per tonne applied is $460. (Pers. comm. Elders Pastoral )  

As Urea has 46% N this equates to a cost of $ 1  /kg of n itrogen .  

The assumed response rate i s  10  kg O M  per kg  of N applied. 

Thus, this g ives a cost of 1 0  cents per kg of dry matter. 



Appendix 5 :  

C.O.C. 

Animal Health :  

Shearing:  

BREEDING EWE ACTIVITY 

$30 for 1 2  mths @ 1 5%p.a. 

1 drench (docking) 

1 dip 

lambing vaccine 

2 @  $ 1 .80 

dagging 2 @ $0.40 

(C .O.C. = Cost of capital) 

Appendix 6 :  

C . O.C. 

Animal Health : 

Shearing:  

REPLACEMENT HOGGET ACTIVITY 

$ 1 7  for 1 5  mths @ 1 5%p.a. 

1 0  drenches @ $0. 1 4  

(mid Nov . .  mid Jun.  shearing and mating) 

3 dips @ $0.35 

two-tooth vaccine 

3 ( lamb, hgt, 2th) @ $ 1 .80 

3 dagging @ $0.40 

$-4.50 

$-0.40 

$-0.35 

$-0. 1 0  

$-3.60 

$-0.80 

$-3.20 

$-1 . 40 

$-1 .05 

$-0. 1 0  

$-5.40 

$-1 .20 

$-9. 75 

$ - 1 2.35 



Appen dix 7:  RAM LAM B  ACTIVITIES 

Store ram lamb: (STMALAMB) $ 1 8.00 

1 dagging $- 0.40 

$ 1 7.60 

F in ished ram lamb: (FATMALAMB) 

C .O.C.  $ 1 7  for 3 mths @ 1 5%p.a. $- 0.64 

Animal Health :  4 drenches ( Nov . .  Feb) @ $0. 1 4  $- 0.56 

2 dips (weaning, shear) @ $0.35 $- 0.70 

Shearing: (January) $- 1 .80 

1 dagging $- 0.40 

Mutton : 1 4  Kg cjc $34.00 

$ 29.90 

Appendix 8:  EWE LAMB ACTIVITIES 

Store ewe lamb:  (STFELAMB) $ 1 6.00 

1 dagging $- 0.40 

$ 1 5.60 

Hogget sel ling:  (HGTSELL) 

C .O.C. $ 1 7  for 1 0  mths @ 1 5%p.a. $- 2. 1 3  

Animal Health : 8 drenches ( Nov . .  Feb) @ $0. 1 4  $- 1 . 1 2  

2 dips (weaning, shearing) @ $0.35 $- 0.70 

Shearing:  2 @  $ 1 .80 $- 3.60 

2 dagging $0.40 $- 0 .80 

Sell ing hogget: $33.00 

$ 24.65 



Appendix 9 :  BREEDING COW ACTIVITY 

C.O.C. $400 for 1 2  mths @ 1 5%p.a. 

An. breeding : pregnancy test 

Buying in breeding bull 3% @ $2,500/Syears (77%) 

Sel l ing breeding bull 3% @ $1 ,300/5years (77%) 

The 77% figure represents the percentage of breeding 

cows on the breeding herd. 

Appen dix 1 0 : REPLACEMENT HEIFER ACTIVITY 

C . O.C. $320 for 24 mths @ 1 5%p.a. 

An. breeding:  2 pregnancy test @ $2 

B uying in 2y breeding bu l l  3% @ $2,500/5years 23% 

Sel l ing 2y breeding bull 3% @ $1 ,300/Syears 23% 

Animal Health :  4 drenches @ $1 .00 

(weaning, start/end winter, next winter) 

$-60.00 

$- 2.00 

$-1 1 .55 

$ 6.00 

$-96.00 

$- 4.00 

$- 6.90 

$ 3.60 

$- 4.00 

$-67.55 

$-1 07.30 



Appendix 1 1  : 

c. o.c. 
Animal Health : 

Appendix 1 2: 

FATSTAPR 

c.o.c.  
Animal Health :  

FATSTJU N  

C.O.C.  

. Animal Health : 

FATSTNOV 

C.O.C. 

Animal Health: 

HEIFER FINISHING ACTIVITY 

$320 for 1 3  mths @ 1 5%p.a. 

6 drenches @ $ 1 .00 

STEER F IN ISHING ACTIVITY 

$340 for 1 3  mths @ 1 5%p.a. 

6 drenches @ $ 1 .00 

$340 for 1 5  mths @ 1 5%p.a. 

6 drenches @ $ 1 . 00 

$340 for 20 mths @ 1 5%p.a. 

6 drenches @ $ 1 .00 

$-52.00 

$- 6.00 ___ _ 
$-58.00 

$-52.25 

$- 6 .00 

$-6 1 .25 

$-63.75 

$- 6.00 

$ -69.75 

$-85.00 

$- 6.00 

$-9 1 .00 



Appendix 1 3 :  

c .o.c. 

An. breeding: 

An imal Health : 

Appendix 1 4 : 

OBSTHFR 

Store heifer: 

OBFTHFR 

C .O.C. 

Animal Health : 

ONCE-BRED HEIFER ACTIVITY ( OB HFR) 

$320 for 21  mths @ 1 5%p.a. 

1 pregnancy test @ $2 

4 drenches @ $ 1 .00 

(weaning, startjend winter, next winter) 

OBH H E IFER CALF ACTIVITIES 

1 47Kg LW 

$320 for 1 5  mths @ 1 5%p.a. 

6 drenches @ $ 1 .00 

$-84.00 

$- 2.00 

$- 4.00 

$-60 .00 

$-90.00 

$270.00 

$- 6.00 ___ _ 
$-66.00 



Appendix 1 5: OBH STEER CALF ACTIVITIES 

OBSTSTR 

Store steer: 1 47Kg LW $290 

OBSTAPR 

C .O.C.  $340 for 1 5  mths @ 1 5%p.a. $-63 .75 

Animal Health: 6 drenches @ $ 1 .00 $- 6 .00 

-$69.75 

OBSTJUN 

C .O .C .  $340 for 1 7  mths @ 1 5%p.a. $-72.25 

Animal Health :  6 drenches @ $ 1 .00 $- 6.00 

-$78.25 

OBSTNOV 

C.O.C.  $340 for 22 mths @ 1 5%p.a. $-93.50  

Animal Health :  6 drenches @ $ 1 .00 $- 6 .00 

-$99.50 



Appendix 1 6: FRIESIAN B ULL B EEF FINISHING ACTIVITIES 

F B 1 YDEC 

C.O.C. $3 1 0  for 1 3  mths @ 1 5%p.a. $-50.40 

Animal Health : 7 drenches @ $ 1 .00  $ - 7.00 

$-57.40 

F B 1 YFEB 

C.O.C. $3 1 0  for 1 5  mths @ 1 5%p.a. $-58. 1 5  

Animal Health : 7 drenches @ $ 1 .00  $ - 7.00 

$-65. 1 5  

FB 1 YAPR 

C.O.C.  $3 1 0  for 1 7  mths @ 1 5%p.a. $-65.90 

Animal Health: 7 drenches @ $ 1 .00 $- 7.00 

$-72.90 

FB 1 YJUN 

C.O.C .  $3 1 0  for 1 9  mths @ 1 5%p.a. $-73.65 

Animal Health : 7 drenches @ $ 1 .00 $- 7.00 

$-80.65 

FB2YDEC 

C.O.C. $3 1 0  for 25 mths @ 1 5%p.a. $-96.90 

Animal Health : 7 drenches @ $ 1 .00 $- 7.00 

$- 1 03.90 
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