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GHAPrER ONE 

IN'rRODUCTION AND THESIS OUTLINE 

1 . 1  INfRODUCTION 

Over the last decade , the dairy industry in New Zealand has under-

gone a number of notable changes . Of parti cular interest is  the trend 

towards fewer dair�r farmers ,  a larger average herd size and greater 

mil kfat production per farm . For example , in the 195 8/5 9 dairying 

season , the number of dairy factory suppliers in New Zealand was 39 , 900 

and the average herd size was 58 cows (1, pp . 1 8- 19 ) .  In the 196 8/69 

dairying season , however ,  the number of suppliers had declined to 25 ,000 

and the average herd size had ri sen to 92 cows ( 2 ,  p . 2 3 ) . Over the 

period in question , the total milkfat processed increased by 99 million 

pounds from 4 89 million pounds in the 195 8/59 season (1, p . 22 ) to 5 88 

million pounds in the 196 8/ 69 season ( 2 ,  p . 24 ) . Consequently in the 

1 95 8/59 season , the average quantity of milkfat supplied to dairy 

factories per supplier was 15 , 800 pounds (1, p . l9 ) , while in the 196 8/69 

season , the quantity had risen to 2 5 , 400 pounds ( 2 ,  p . 24 ) . 

Although there is a paucity of data on the subject , it seems likely 

that the average area of dairy farms also increased over this  period . 

For example , data is available which indicates that over the seasons 

1 960 /61 to 1 967/6 8, the average area of all farms in New Zealand increased 

from 414 acres ( 3 ,  p . 32 ) to 448 acres (4 ,  p . 3 5 ). It i s  not possible to 

determine from such data the change in the average area of dairy farms . 

However when an examination is made of the data relating to the main 

dairying districts , a similar trend to that noted above is discernible. 

From thi s ,  it may be inferred that over the period in question,  there has 

been an increase in the average area of dairy farms . 

The period has also been marked by the evolution of  a number of dairy 

farms on which relatively large dairy herds ( i . e .  300 cows or  more ) were 

run in a single herd . A major factor contributing to the evolution of 

such farms was the development of large herringbone farm dairies . The 

appearance of these farms , in a period which has been characterised by a 

decline in the dairy farmers' terms of  trade , plus the formation o f  a 

public farming company, has led a number of agricultural commentators to 



suggest that the future of dairy farming in New Zealand lies in taking 

advantage of economies of size. Farmer interest is directed towards 
I 

economies of size because of the possibilities of lowering cost ( and hence 

increasing profit) margins. The community should be interested because 

of a desire to make effective use of the nation's resources. Consequently 

this study is concerned with testing the hypothesis that economies of size 

exist in New Zealand dairy farmine-. 

1 .  2 OU'l.'LIN.8 OP 'l'H� 'l'HESIS 

The thesis consists of nine chapters and three appendices, and is 

presented in two volumes. The text (of nine chapters) is presented in 

Volume I, ·,·,hi le Volume II contains the appendices. Chapter Two consists 

of two sections. In the first, certain aspects of economic theory which 

are relevant are discussed and the terl!ls "economies of size" and "diseconomies 

of size" carefully defined. In the second section, a brief description is 

given of the various sources from vlhich economies and diseconomies of size 

may arise. In the third chapter, first the various analytical procedures 

which can be adopted to study economies of size are discussed. Second, 

the analytical procedure adopted (in this study) is briefly discussed and 

the reasons for its adoption noted. Pinally, two previous economies of size 

studies conducted in New Zealand are briefly reviewed. Various aspects of 

the farm survey (the data from which forms a basis for the assumptions made 

in the analysis), are discussed in Chapter Four. Included in this chapter 

is a discussion of the method of selecting the survey farms, the design of 

the questionnaire and the conduct of the farm survey. The results of the 

farm survey are presented in Chapter Five. 'l'he physical information is 

presented, (detailed physical data is presented in Appendix A), the attitudes 

of the respondents to various aspects of farm size are discussed, and p ossible 

sources of economies and diseconomies of size noted. In Chapter Six, the 

analytical procedure is discussed in detail and the basic assumptions of 

the analysis p'resented. (Details of thP. assumptions made are given in 

Appendix B.) The results of the analysis are presented in Chapters Seven 

and EiGht. The sources of economies and diseconomies of size are described 

in Chapter Seven. In Chapter Eight, the nattrre of the cost-size and 

profit-size relationships are noted and discussed in detail, and a break­

even analysis of the results given. (A series of diagrams which 

illustrate the results of the analysis are shown in Appendix c . )  
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CHAPl'ER TWO 

ECONOMIES OF SIZE TID�ORY AND POSSIBILITIES 

FOR INCREASING AND �ECREASING Rh'TUF�S TO SIZE 

2 . l  IN'l'RODUC'l'ION 

This chapter consists of two sections . The first section discusses 

certain aspects of economic theory vrhich are relevant to the ·study . The 

second section di scusses the various sources from which economies and 

diseconomies of size ma,y arise . 

2 • 2 ECO.NOMI�S OF SIZE 'l'HEORY 

Economies of size analysis typically is  based upon the theory of the 

firm under conditions of perfect competition . 

recognised, the short run and the long run . 

l ) 'l'he Short Run 

Two time periods are 

The short run is viewed as a period of time in which at least one 

factor of production cannot be varied. The factor or factor(s ) which 

ca;mot be varied are termed the fixed pJant . 

therefore of the form: 

y • ' • • • • • • • • • X ) n 

where y is  the output of product 

x
1 

is the variable resource 

The production function is 

x
2 

• • • • • •  x are the fixed resources ( i . e. fixed plant ) n 

In the short run, avera�e total cost curves can be drawn for each 

l evel of fixed resources ( i . e .  fixed plant ) . The curves SAC
1

, SAC
2

, 

SAC
3

, and SAc
4 

in Figure 2.2 represent such curves for four levels of 

fixed resources ( i . e .  fixed plants ) . For a particular fixed plant , for 

any given level of output , the average total cost i s  obtained by summing 

the average fixed and the average variable costs . Typically ,  average 

total cost curves are "u" shaped. 'l'he reasons for such a shape are a 

(5, pp 166 - 172 ) 

a)· Initially as output is  increased , the average total cost 

of output fall s  because of declines in both the average 

fixed and average variable costs . ( i . e . over range of out­

put OA, in Figure 2. 1 .). 



FIG. 2.1 AVERAGE AND MARGINAL COST CURVES FOR A GIVEN 
PLA NT SIZE 
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THEORETICA L  ILLUSTRATION OF SHORT RUN AVE RAGE COST CURVES A ND 
LONG RUN AVERAGE COST CURVE 
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b)  }Urther increases i n  output are accompanied by further 

decreases in the average total cost due to the decline 

in tlle averaee fixed costs being greater than the 

increase in the average variable costs. (i.e. Over 

the range of output in Figure 2.1, which is greater 

than A, but less than R) 

c) Eventually a level of output is reached, at which the 

decline in the average fixed costs, is exactly _J} 
offset by the increase in the average variable costs. 

At this level of output, the average total cost is a 

minimum. (i.e. At output B in Figure 2.1.) 

d) Further increases in output are accompanied by increases 

in the average total cost, due to the increase in the 

average variable costs, being Greater than the decline 

in the average fixed costs. (i.e. For outputs 

ereater than B, in Figure 2.1.) 

2 )  The Lone Run 

The long run is viewed as an interval of sufficient duration to 

allow all factors of production to be varied. 

is therefore of the form: 

The production function 

y f(x1 x2 • • . • . • . . • . • • . . . •  x
n) 

where y is the output of product 

x
1 

. • • . • • • . .  xn are the variable resources 

An average cost curve can also be constructed for the long run 

situation. Such a curve is lmo'vn as a Long Run Avera·ge Cost Curve, 

and is defined as a curve which shows for any given level of output the 

least cost way of producing that output. _1} 'l1he long run average cost 

curve is constructed from the short run average cost curves. In some 

literature (6, p. 367 ) , the long run average cost curve is described as 

an "envelope curve" which is plotted as the tangency of the short run 

average cost curves. Others (7 , p. 235 ) prefer not to vie\f the long 

run average cost curve as a separate construction from the short run 

average cost curves, but describe it as being constructed from segments 

of the short run averaee cost curves. 

1. This assumes the variable resources are continaously divisible. 

2 .  The long run average cost curve shows for each level of output what 

plant size should be utilised to produce the level of output in 
question at the lowest cost. 

6 



·If the resource which is fixed in the short run (i.e. the fixed 

plant ) can be employed in quantities that are continuously divisible, 

7 

the long nL� average cost curves produced by the two methods of construction 

discussed do not differ. In this case, the lo�g run average cost curve 

takes on a smooth shape. This is shown in Figure 2.2 by the curve 

LAC. In this case for every point on the long run average cost curve, 

there is conceptually a corresponding point of tangency with a short 

run avera�e cost curve. (The long run average cost curve can therefore 

be described as consisting of the minimum cost points for particular 

outputs of an infinite number of short run average cost curves. ) 

If the resource vrhich is fixed in the short run cannot be varied 

continuously, the long run average cost curves produced by the two methods 

of construction differ. fhe curve produced by constructing an envelope 

curve tangent to the short run avera�e cost curves is similar to the 

curve LAC shown in Figure 2.2. However, the curve constructed by the 

::;econd method takes on a scalloped effect. 'rhis is shown by the curve 

LAC in Figure 2.3. In this case, instead of each short run average cost 

curve (each fixed plant ) contributing only a point to the long run 

average cost curve, each short run avera�e cost curve contributes a 

seb�ent to the long run avera8e cost curve. 

The long run average co�t curve is used to indicate the existence 

of economies and diseconomies of size. A long run average cost curve 

vrhich fall;:; as output increases indicates that over the range of output 

in question, economieH of size exist. Convers el:,r a long run aver ace 

cost curve which rises as output increases indicates that over the range 

of output in �uestion, diseconomies of size exist. It follows that if 

the long run average cost curve remains horizontal over a range of out­

put, then constant returns to size exist. 

3) Profit Maximisation 

In the short run ,  the output at which profits are maximised ( for a 

particular plant size) is found by e�uating marginal costs with marginal 

revenue. In the short run, under the conditions of perfect competition, 

with one exception, the output at vrhich profits are maximised is greater 

than the output at which the ( short run ) average total costs are a 

minimum. ( Such profits are termed "super normal profits" (8, p.l29 ).) 
The exception occurs when the average revenue curve ( and hence marginal 

revenue curve) is tangent to the low point of an average total cost curve. 



In this case ( for a particular plant size ) the output at which profits 

are maximised coincides with the output at which the average total costs 

are a minimum. (In this case, such a firm is said to be earning "normal 

profits" (8, p. l29 ) . 

Similarly in the long run, the point of profit maximisation is 

found by equatine marginal costs with marginal revenue. Under t he 

assumptions of perfect competition, this will occur at output Q in 

l''igure 2. 2 where AR = HR = SMC� = SAC.# = LAC = IJU1C. In t his case, 

the output at which (long run ) profits are maximised, coincides w ith the 

output at which ( long r un ) average total costs are a minimum. ( Firms 

are said to be earning "normal profits". ) If the assumptions of 

perfect competition are relaxed and it is assumed the average revenue 

curve is not forced down to t he lo·,: point of the long run average total 

cost curve, profit maximisation occurs at an output which is greater 

than the output at which the long run average total costs are a minimum, 

(5, p.209 ) and (Sl, p.l8 ) . (In this case, firms are earning "super 

normal profits". ) Profits are maximised if the plant corresponding to 

this poin� the long run average CO$t curve is constructed an� 
operated at this c apacity. 

The long run average cost curve is sometimes called a planning curve. 

An entrepreneur might decide to enter an industry and produce a given 

level of output. From the long run averace cost curve, the le ast cost 

(and conse:::�uently the r.1ost profitable ) way of producin& this output can 

be determined. The entrepreneur would c onstruct the relevant plant, 

and 01)erate the plant at the level of utilisation indicated by the long 

run average cost curve. Once the plant is constructed, the planning 

curve is of no further interest. Output may be further profitably 

increased by adding variable resources to t he fixed plant, up to the 

output at w hich marginal costs equal marginal revenue. It should be 

noted, how ever, that althoueh such increases in output may be profitable 

to the particular firm, the same output can be produced at less cost (and 

hence higher profits ) by the use of another plant. 

In general, it is not possible from the long run average cost curve 

to make inter-firm comparisons of profits, where various firms a re 

represented by different plant sizes. This can be achieved only when 

one has informatio n  on the short run mareinal cost curves corresponding 

to each plant size, (10, p p-.37 - 38 ) 

3. i. e. 'l'he output at which long run marginal costs equals marginal 

revenue. 



4) Economies of Size and Economies of Scale 

Some confusion has arisen in the past because of the interchangeable 

use in the literature of the terms "size"  and "scale" . Investigations 

into the relationship between output and lmit costs of  production are 

sometimes called Economies of Size �tudies , and sometimes Economies of 

Scal e �)tudies .  

Scale relationships refer to situation::; ,.,..here all the resources 

( incluJine manacement ) invo lved in a production process are varied in 

comitant proportions. In this case the production function of interest 

is:  

y • • • • • • • • • • • • • X ) 
n 

where y is the output of product, 

9 

x1 . . • • . •  xn are resources combined in certain fixed proportions . 

If the quanti t;)r of each resource is  varied by some constant �, one 

can write: 

where K represents the change in output , 

0 represents the change in the level of resource use . 

In scale relationships ,  one is interested in the relationship between 

K and �· 

a ) 

b ) 

Three outcomes are possible: 

exist . 

In this case, decreasing returns to scale are said to 

The chanee in output is proportionately less than 

the chanee in the level of resource use . 

In this case , constant returns to scale are said to 

exist , as the change in output is the same as the change in 

the level of resource use . 

c ) K ::> }6 In thi s  case , increasing returns to scale are said to 

exist , as the change in output is proportionately greater than 

the change in the level of resource use . 

The ooncept of Economies of Scale has little relevance to the real world 

situation . There is general agreement amongst economists that firms do 

not in fact var,y resources in constant proportions as output is increased .  

(9 , p . l ) 



Size relationships involve a broader concept and include relation­

ships where: 

i) Where some resources are fixed and others variable. _1/ (The 

short run production function concept. ) 

ii) Where the resources are varied in constant proportions. (The 

economies of scale concept. ) 

iii) \fnere the levels of some resources are increased, while others 

are decreased. 

iv) Where the levels of some or all resources are varied at 

differing rates. 

Maddern ( � , p.l) defines economies of size as: 

"Reductions in the total cost per unit of production resulting 
from chant;es in the quantity of resources employed by the firm 
or in the firm's output." 

A more lucid definition vrould be: 

Heductions in the total cost per unit of production, resulting 
from changes in the size of a firm's plant (plus the associated 
varic;.ble resources), or from changes in the output of a firm 
from a t;iven plant. 

Conversely diseconomies of size are increase3 in the total cost per unit 

of production resulting from the tHo types of changes. Constant returns 

to size exist Hhen the two types of changes do not affect the total cost 

per unit of production. 

2. 3 POS:jiBILI'l'IE:"l FOR INCREA::JING AND DECREASING R1"rURNS 'rO SIZE 

IN AGHICUL'rURE 

10 

Heady (6, pp. )6l - 362) divides cost economies and diseconomies, (i. e. 

phenomena which cause unit costs to increase or decrease, as plant size or 

output from a plant are increased), into t\-10 classes; internal and external. 

Internal economies result from adjustments made w ithin the indivi­

dual firm, while external economies are those Hhich are concerned with 

changes within the industry to which the firm belongs. (External 

economies are ignored in this study, as in the author's opinion, they 

are largely outside the control of the individual farm manager. ) 

4. Varied or variable in this context means resources are increased 

or decreased. 



1 )  Cost Economies and Diseconomies Arising from a Greater Aggregate 

of Resources 

Chamberlin (7 , pp.235- 236) notes that one of the main reasons for 

the L.R . A. C. curve _j/ to slope do•mward is because increased special­

isation is made possible because the ag�regate of resources of larger 

firms is greater. If for example, the quantities of all resources 

required in a production process are increased by the same proportion, 

(the returns to scale concept ), the increased number of workers, 

( assuming labour is a factor of production ), should allow workers to 

specialise in particular tasks for which they have a natural aptitude. 

This, it is argued, leads to greater labour productivity and so results 

in a cost economy. 

Certain farming tasks are considered to be extremely difficult for 

one labour unit to perform alone, ( ll, p.l4 ) , c�.g. haymaking, silage 

making ). Cost economies may therefore accrue to multi-labour unit 

farms as such tasks on these farms can be performed more quickly and 

effectively by a larger labour force. 

labour productivity ma,y result. 

�onsequently an increase in 

Because of the larger quantity of resources of large firms, there 

are some advantases in meeting contingencies. Maddern (9, p.ll ) notes 

that in the case of harvesting operations, it is reasonable to suppose 

that the proportion of back-up machines needed to provide a given 

probability of always being able to avoid delays due to breakdowns, 

would decrease as the size of firm and hence the number of machines is 

increased. 

Cost diseconomies may als.o be realised because of the greater 

aggregate of resources employed by larger firms. Such diseconomies are 

due to managerial difficulties and are discussed on pages 14 - 16. 

2 ) Economies due to Superior Techniques and Superior Resources 

Large machines, which are utilised by larger firms, may be able to 

perform some operations more effectivelJ' than smaller machines. (i.e. 

from a given �uantity of resources, produce a higher output of product.) 
}urther a larger machine may be able to perform some operations which a 

smaller machine, (employed by a smaller firm ) , is unable to do. (7 , p.236 ) 

5 ·  L.R.A.C. is an abbreviation for long run average cost curve. 

11 



Both effects Give rise to cost economies. The resources used by the two 

firms in Question in both cases differ. In the first case, the cost 

economy results from the larger firm possessing superior resources, while 

in the latter, the cost economy arises from the larger firm being able to 

utilise a superior technique. 

3) Economies and Diseconomies due to Proportionality Relationships 

In the short run, (i.e. within a plant size ), cost economies result 

from the fuller utilisation of the fixed plant by the addition of variable 

resources to it, with a consequent increase in output. Such cost 

reductions result, however, only if the decrease in the average fixed 

costs is greater than the increase in the averace variable costs,§/ In 

this case, the proportions in which the fixed and variable resources are 

combined vary as the degree of plant utilisation increases. 

Within a plant size (i.e. in the short run ) , cost economies and dis­

economies result from chances in the proportions in which the variable 

resources are combined, as the degree of plant utilisation increases. 

For example, consider a simple production process in which three resources 

are employed, land, labour and capital. The fixed resoure in such a 

production process is taken to be labour and the variable resources, land 

and capital. In the short run, therefore, output is increased by adding 

varying quantities of land and capital to a fixed quantity of labour. 

For simplicity, irnaeine that land can only be added in discrete units _1/ 
and as the quantity of land used in the production process increases, 

the output of product per acre remains constant, and the quantity of 

capital which must be employed increases. The total quantity of capital 
I 

required can increase either continuously or discretely with increases 

in the quantity of land. In the case where the quantity of capital 

increases continuously with increases in farm area, (i.e. a different 

( total ) quantity of capital is associated with each farm area), such 

increases can occur: 

a) At a decreasing rate. That is, as farm area increases, 

the quantity of capital which must be employed vnth each 

acre of land declines. Relationships of this nature 

give rise to cost economies. 

6. Such reductions occur over the range of output OB in Figure 2.1 
?. i.e. Land can only be added in increments of one acre. 

12 



b) At an increasing rate. That is, as farm area increases, the 

quantity of capital which must be employed with each acre of 

land increases. Relationships of this nature give rise to 
. d" . 8/ cos� lseco�omles.--

c) The third possibility is for there to be no alteration in the 

per acre requirerr.cnts of capital as far� area increases (i.e. 

The proportions in which the two variable resources are com­

bined remains const��t.-20 

In the situation where the total quantity of capital required varies dis­
cretely with increases in farm area, a 1:;iven quantity of capital remains 

constant over a specific ra.�se of farm nreas, and assumes a new value at 
a specific farm area. Thus ov er the ranGe of farm areas to which a given 

quantity of capital a�plies, the per acre r2quirement of land for capital 

declines stead.ily. (i.e. The proportionc in which the variable resources 

are coxbined varies). Cons equently cost economies result. 

Betv:een plant sizes (i.e. in the long run), cost econor.1ies may al::;o 

result fro�n the proportior!s in v:hich resou:-ces are combined. For example, 

consider the simple production �rocess rliscussed earli·Jr again. Let there 

be two far�s, one with a fi::.;:ed :plant of one labour unit, (this will �:: 
referred to as the plant size one farm), a:id ar..other with a fixed plant of 

two la":::>our units (i.e. tile pla.'lt size tl'io farm). If the per acre capital 

requirement declin es continuously as fvnn area increases, (and further if for 

a given o.:<�ea, the per acre capital req·,' ,-emer.ts and product output per acre 

are si�ilar irrespective of the plant size used), then it follows that cost 

economies will accrue to a 200 acre plant size two :arm, relative to a 100 
acre plant size one far�, because of a more favourable combination of resources. 

8. Typically such diseco�omies arise fro� engineering phenomena. 

Commonly quoted examples in agriculture are : (6, p.355) 
i) The relationship between horsepower requirements ancl size of plough. 

ii) -The relationship between the quantities of materials required and 

volume, when the capacity of a silo is increased in a vertical manner. 

9. One can also :postulate that cost economies might result, if the quantity 

of a particular resource dec�eased continuously with increases in another. 

Such decreases could occur at an increasing or a decreasing rate. 
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4) Pecuniary Economies 

In some fields of agricultural production, advantages accrue to 

larger farms because they are able to purchase resources and sell products 

in larger quantities. This means the cost per unit of resources 

decreases, and the return_ per unit of product increases, as size of 

plant and output from a plant are increased. (6, p.362) 

5) Technical Diseconomies 

Commonly quoted examples in agriculture are disease hazards, social 

problems associated with large numbers of animals, and problems due to 

distance and travel where aqreages are extended contiguously. (6, p.363) 

6) Managerial Economies and Diseconomies 

The term management as a factor of production has a number of 

connotations. Traditionally, it is defined as consisting of three corn-

ponents, entrepreneurship, co-ordination and supervision. (12, p.l4) 

(In some literature, management is defined as consisting of co-ordination 

and supervision and entrepreneurship is identified as a separate entity.) 

Entrepreneurship is concerned with the major decisions of the firm. 

For example, 'vhat enterprises are to be engaged in, what resources are 

to be used, and w hat technoloGY will be employed. Further it involves 

bearing the responsibili t;)r for the financial outcome of such decisions. 

Heady (6, p.466) considers that management in the co-ordination� 

sense is being performed when the manager: 

a) Recognises problems and opportunities; 

·
b) Obtains information and analyses alternative lines of action; 

c) Makes decisions; 

d) Takes actions and accepts the responsibility of these 

actions. 

In some literature, the above four steps are described as the components 

of the decision making process (13, pp. 5 - 6). Supervision according 

to Heady (6, p.465) is a human activity of a lower order. It is con-

cerned with the overseeing of day to day operations and ensuring that 

each operation is correctly performed. 

The author, while agreeing that the managerial ftmction can be 

divided into the three components discussed · above, finds it extremely 
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difficult, in some cases, to disting uish between entrepreneurship and 

co-ordination, and between co-ordination and supervision. In the 

author's opinion, all three components require the use of the decision 

making process and any activity which involves the use of the decision 

making process should be regarded as a managerial activity. 

Hea� (6, pp.53S - 538 ) notes that management in the co-ordination 

sense would not be needed if it were not for the combination of time and 

change, and the inability of being able to predict the future with 

certainty. If firms existed in a otate of perfect knowledge of t'he 

future, management ( co-ordination and entrepreneurship) would be needed 

only once, when the initial plan was formulated. After this, there 

would be no further need for decision making and the Managerial function 

becomes one of routine supervision. It is not change alone, which 

requires that co-ordination continually function but it is the unpredict-

ability of the nature of the change. In a state of perfect knO\vledge, 

one would be able to foresee all contingencies and ami table course of 

action for each could be laid down. Where a state of imperfect knoH­

ledge exists, management must function continuously. By adding more 

plants, increasing plarit size, and increasing the output of each plant, 

uncertainty increases and so the number of decisions which must be made 

by management increases. The greater the number of decisions which must 

be made by an individual, less time is available to that individual to 

devote to each decision and consequently the outcome of such decisions 

becomes less and less satisfactory. As Kaldor (14,  p.68 ) claims, that 

it is the essence of co-ordination that it must pass through a single 

brain, it follows that the supply of co-ordinating ability cannot be 

increased alongside an increase in the supply of all factors. It follows 

from this that the costs of the individual firm must rise eventually, 

( i.e. the L.R.A.C. curve must ri se) owing to the diminishing productivity 

of the other factors applied in increasing quantities to the fixed unit 

of co-ordinating abilit y. Maddern (9, Jlp.ll - 12) considers that in 

farming, two factors greatly increase the difficulty of management, as 

plant siz� and-output from a plant increase. First, as plant size and 

output from a plan t increase, it seems likely that the resources used by 

a farm will become less uniform. A large farm "'i th several different 

soil types is said to be mor_e difficult to manage than a smaller farm 

with a uniform soil type. Second, on farms o f  large areas, where a 

number of farm operati ons are proceeding simultaneously, supervision may 

be hampered by distances. Co-ordination is also hampered b ecause of a 

lack of knowledge of what is happening in different places. 
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The author, while �reeing in principle with the comments of both 

Heady and Haddern, (discussed earlier) , does not believe that all 

managerial tasks (in the co-ordination sense) must be performed by a 

single. person. In "the author's vievr, most farming activities involve. 

the use of the decision making proces� and as the work load on a large 

f arm is divided between the members of �he labour force, it follows 
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that all members cif the labour force are enga.t;ed in managerial activities. 

Some (15 ,  p.452) are of the opinion t hat in such circumstances, cost 

ec9nomies wiJl result because the members of the labour force can 

specialise ir. particular (managerial ) activities for rrhich they have a 

natural a�titude. The author, however, is of the opinion that it is 

Ci' more likel:,• that cost a.iseconoiPies will arise in the::;a conditions, 

because some members of the labour force, due to a lack of experience, 

are unable to perform their ( managerial) activities as competently as 

more �xperienced staff members. 

2 • 4 SUMHARY 

In this chapter, the underlyine economic theory of economies of 

size studies has been presented. A most important point which must be 

borne in mind when consicering economies of size studies, is tr�t under 

condi tions or per!'ect com,eti tion, both in the short run and long run, 

with one exception, the output 2.t vrhich profits are maximised is greater 

than the outp'.lt at which av€�age total costs are a minimum. Both in 

the short run .S..'1 d  the lone run, the exception occurs when the average 

revenu€ curve coincides with the low point of the average total cost 

curve. In such circumsta::1ces, the output at Hb..ich profits o..re maximised 

correspor.ds wi t.h the outp..tt at which average total costs are a minimum. 

A careful di::;tjnction is made between the terms "economies of size" and 

"economies of scale". The concept of econdrnies of scale has no 

relevance in the real world. Finally, the possible ways in which 

economies and diseconomies of size may arise in dairy farming are 

discussed. 

·' . ( 
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CHAPrER THREE 

ANALYTICAL PROCEDURES AND R�"'VIE\>1 OF PUBLISHED S'l"'U DIES 

3.1 IWERO flUCTION 

In thi s chap t er , first the various analytical pro ce dure s whi ch 

may be used for s tudying co st - s i ze relationships are di s cussed . Second 

the analytical pro cedure ado p t e d  in thi s s tudy is bri efly dis cus s ed and 

the reasons for i t s adoption given . Finally a bri ef review is made of 

two publ i shed s tudies co ncerning the nature of co s t - s i z e  relati onships 

in New Zealand dairy farming. 

) . 2  ANALYTICAL PliOCBDURES PO.H S'l'UDYING CO S'E - SIZE RELATIONSHIPS 

Pro cedures that have be en used for analysing co s t - si z e  relationships 

can be divided into four clas s e s . 

a ) Cobb -Douglas Production }\motion analyses ; 

b ) Survivor ship Te chnique s ;  

c ) Farm Reco rd Analyses ; 

d ) Economic -Engineering o r  Synthe t i c  Firm Te chniques ;  

l ) Cobb- Douglas Pro duction }\motion Analyse s  

A Co bb-Douglas Production Function ( 16, pp . 58 5  - 593 ) can be fi tted 

to input-output dat a  and the sum of the exponent s of the indivi dual 

factors i n  th e p ro duction func t io n ,  (wh ich in this par t i cular pro duction 

function are al so the elastici t i e s  of the indivi dual factors ) , can be 

taken as an indicat ion of th e nature of th e returns to �al e .  I f  this 

sum equal s 1 . 0, constant returns to scale c an be said to exist . If 

this sum i s  less than 1 . 0 ,  thi s can be taken as evidence of de creas ing 

returns t o  scal e ,  and converse ly if this sum is great e r  t han 1.0 , 

increasi ne returns to scale are indi cat ed . 'Ehe technique i s  fraught 

with diff i culti e s : 

a ) . The underlying assumpt ion upon whi ch t he analys i s  i s  based , i s  

that resources are varied i n  constant proporti ons ( i . e .  the 

e conomie s  of s cale concept ) . Thi s ,  as di scus s ed earlier , 

s eldom o c curs ( if at al l ) in the real world s i tuat ion . 

b)  O lsen ( 1 7, p . 6o) not e s  that be caus e o f  computat ional 

difficult ies , it is necessary to aggregate the factors 

into relatively few cat egorie s .  A category such as 



machinery may include various combinations of combine s ,  

t ractors , ploughs and other machinery .  It i s  possible 

the refore , for t wo farms \.,rhich have identi cal investment 

in machinery to have in fact , very di s simi lar types and 

combinations of mach ine s .  This could l ead to wide 

difference s in the p ro ductivi ty of apparent ly simi lar 

l eve l s  of rrachinery inve stment .  

c ) A further difficu lty di s cus sed by Maddern (9 , p . 24 ) i s  

that i t  i s  assume d that all resources and al l pro du c t s  

are infinitely divisible . I t  is not po ssible to 

accomodate within t he analysi s ,  di s cont inui t i e s  such as 

tho s e  resulting from dis cret e  increment s of parti cular 

resources . 

d) The fitted Cobb-Douglas Pro ducti on Func ti on app lies only 

at the geometric means of th e inputs and s o  represent s 

only the "average " of the sample d farms . It p rovides no 

indi cat ion of the relative efficiency _1/ of larger or 

smal ler farms . 

2) Survivorship Technique 

This metho d  is based on the asstooption tha t  competition among firms 

wil l  over t ime identi fy the mo st efficient s i z e  _l) of fi rms . Size of 

firm i s  me asured by the fi rm ' s  capacity as a percent age of the industry ' s  

capacity .  Tabulations are prepared showing the number of f i rms in each 

class and al so the p ercent ag-e of the indus try ' s  capaci ty represented by 

18 

each class for t wo point s in time . Si ze class e s  that exhibit a declining 

proportion of th e industry ' s  capaci t3r over time are said to be inefficient 

and conversely , an increasing proportion of the industry ' s  capacity in a 

c las s is t aken as evidence of efficiency . 

Thi s type of analysis i s  of l i t t l e  us e in d e scribing co st-size 

re lationships . It provi de s little ( if any) information about the shape 

o f  the long run average co s t  curve . Criticisms of the technique include : 

1. Efficien cy in thi s co nt ext means the per unit co st o f  production . 

2. Most effi cient size of fi.rm means the f irm ,.,ri th the lowest per unit 

cost of production . 



a ) I t  is not clear from such an analysi s  that the reason the 

smaller f irms disappear is be cause t hey are inefficie nt . 

( Assuming t hat t he sm aller s izP. classes exhibit a de clining 

prop ort ion of t he industry ' s  capacit y) . It is only 

inferred t hat t he very sm al l  firms lea ve t he industry. It 

is possible t hat t he sm all firms in the first period are 

in one s ize class , and in t he s e cond period , appe ar in 

anot her s ize cl ass because of t he p r oc e s s  of grovTt h. I n  

circumst ances \vhe re the L .R.A. C .  curve re ache s its minimum 

p oint at a relat ively low output an d  w here t he average 

revenue curve is not f orce d d ow n  t o  the l ow p oint of t he 

L.R.A.C. curve , firms can incre as e  profits b,jr : 

i) Incre as ing t he output from t he p l ant s ize , ( t he 

s hort ru n  average cost curve of  w hich coincide s wit h 

t he l ow point on t he L. R.A. C. curve ) , beyond t he out­

put indicated by t he minimum p oint. of t he L.R.A.C. 

curve .  

ii ) I ncre as ing t he p lant s ize an d  increasing t he output 

from such a plant bey ond t he output indicated by t he 

minimum point of t he L .R . A .C. curve. 

T his does not mean t hat such adjustme nts make t he firm m ore 

eff icie nt as t he p er u nit co s t s  of p ro duct io n  coulcl. be 

hirrher t han t hose of a smal le r f irm . }'irm s may make 

such adjustme nt s  w hich le ad t hem t o  larger and m ore 

prof it abl e , but not necessaril y mor� efficie nt operat ions . 

· b ) Cos t - s ize re lations hips can also be mas ked b y  other factors . 

No cons iderat ion is  gi ven t o  fact ors w hich micht be 

re sp ons ible f or the de cline in t he relat ive imp ort ance of 

a given size f irm ot her t han t he inherent inefficiency of 

t hat size of operation . �uch factors as t he qu ality of 

management , labour pro duct ivit y, de gree of utilisation o f  
' 

t he p lant capacity and access to resources and markets are 

ignored. 

3 )  Farm Record Analys is 

Many attempts have be en made by researchers t o  study cost-size 

relationships directly from a sample of farm records . In most cases , 
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the records have been designe d and co l l e ct ed fo r othe r purposes than 

res earch into c ost-size relat ionships . 'l'ypi call y ,  farms are divided 

into s i ze groups and the ave rage co st p er uni t of producti on is cal culat ed 

for e ach of t h e  s ize groups . 

inferred . ( 17 , p p . )3 - 56 ) 

From this co st -size  relati onships are 

There are a number of methodologi cal 

diff i cul ties as so ci ated with the metho d including : 

a ) Farms s elected vary \videly in the combination o f  enter­

pri s e s  and in th e nature of t he resource s .  

b )  Different farms employ different techno logi e s  and practi ces . 

c ) Difference s exi st b etween size classes in the degree of 

util i sation of fixed plant . 

d ) Co st account ing p ro cedures vary widely between farms 

making compari son di ffi cu l t .  

e ) 'l'he c las s average s are dependent on t he arbitrarily det er-

mined clas s int erval s .  Al t erati on of t he class interval s 

wil l  al ter the cos t -size  relati onships . Further , the 

' t�rpi cal " farms pro duced Hi thin e<>.eh class by averaging 

t h e  data ,  have an aggregation bias _l/ making t hem 

inaccurat e repli cas of t he f arms they repre s t:nt . 

Maddern (9 , pp . 26 - 27) i dent i f i e s  a sl ight ly mo dified approa ch to 

t h e  pro c e dure di s cu0sed above. 'rhere i s  fundame n t al ly no di fference 

except that the emphasis is on developing compo site farm budgets from 

the data . The reco rds are divided int o clas s e s  and a compo site farm 

for e ach class is developed us ing the averages of the various recorded 

parameters . 'l'he co st p er unit of production i s  t hen calculated for 

each of the compo site farms using the obs erved or asst�e d prices . Some 

worke rs have at t empted to improve the method by making corrections to 

the data from individual farms . The se usually invo lve making adjust-

men t s  to t ake accotmt of such pro blems as variat ions in the degree of 

plant uti l i sati on and various account ing adj us tment s such as co rre ctions 

t o  the c ost of re sources and product pri ces , and standardisat ion of 

int erest rat es and depre ciation procedure s .  

In other cases regress ion equations have been fit t ed to the data 

from individual farms . In t hi s  p ro cedure , the c o s t  figures and output 

3. i . e .  'rhe re source and product combinations o f  t he "average " farm 

m� be such t hat it i s  no t a real istic working proposition .  
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quanti t ies for each farm repres ent a s ingl e observat i on . The s ame 

probl ems as dis cussed earlier still exis t .  The fit,rures t o  ,.,h i ch the 

regre s s ion is fi t t e d  are comp lex figures and do not represent val i d  point s 

on a long run average co st curve . Dif ferent farms represent d if ferent 

short run plants , be cause different quant i ties and type s of resources 

are used . }'arm operators Hill for varying reasons , operate at 

various point s alonc5 the s hort run average co st  curve , and not 

ne cessarily at th e point (o r  range of po int s ) where t he s hort run 

aver�e co st curve b e co mes part of t he long run average co s t  cu rv e . 

A regress ion analysis of thi s  sort provi des an e stimate , not of the 

long run averaee co st curve but of a curve vrhi ch He ady cal l s  the 

"}{egression Estimat ed Co st Curve " ( 17 ,  p .  80) . Thi s curve Hi ll probably 

lie above the "true " lon0 run averai.;;e cost curve be cause the regre s sion 

analysi s wi l l  not necessarily indicat e  the least cost way of p ro ducing 

any 5iven leve l of output. 

Bre ssler ( 19, p . )29 ) has sugges t ed t hat i t  wo ul d be pos �;ib l e to 

approximate the long run av eraJ'e cost curve by fitt ing an " enve lope 

curve " to the bottom of the scatter of such poi nt s, or t hat a re&ression 

line could be fi t t e d  to t he data from only those plant s \vhi ch were well 

designed ,  eff i ci ently managed ,  and opera t e d  to capacity . 

4 )  The Economic-Engineerinrr or Synthe tic Firm Approach 

According to Maddern (9, p . 2 l ) , t h i s  procedure should be us e d  when 

the obje ctive s o f  the res earch are to : 

a) Determine the total cost per uni t of output or profit 

that farms of various si zes  coul d achieve using modern 

or advanced t e chno logie s. 

b )  Determine difference s in the average co st per unit of 

output which are at t ributablP. s o l ely to d ifferences in 

the s i ze of farms and no t due to other factors such as 

obso l e t e  techniques ,  substandard management practi ces , 

diff erences in t he degree of plant ut i l i sat ion , et c .  

The method invo lve s developing budge t s fo r hypo the t i cal farms us ing the 

b e s t  avai lab l e  esti ma te s  of the relevant parameters .  Spe ci fi c  plant 

s i z e s  are id.ent i fied and represent e d  by different levels of f ixed 

factors . Short run aver�e co st curves are then pro duce d  by con-

s t ruct ing budget s  representing va�ring degrees of plant uti l i s ation , 

and cal cula t ing from the s e  budge t s  a serie s of cost per uni t  of 



production figures .  The long run averaee cos t  curve i s  p rodu ced from 

the short run average cost curves .  

In situations whe re there are a lar�e number of ent erpris e s , of 

t e chnologies and res ourc e  leve l s , l inear pro�amming can be employed . 

A similar pro cedure to the budgetary analysis described above i s  

adopt ed.  Spe cific plant sizes are ident ifie d repres ented b;y specifi c  

l evels o f  fix e d  resources . Various degrees of plant uti l i s ation are 

obtained by specifyin� various levels of gross income , and then in a 

cost minimi sing linear programming mo del obtaining the le ast co st com­

bination of products and variable re sources , for the relevant gro ss 

income . By cal culat ing the cos t revenue _1/ ratio , point s on the 

short run average co st curve can be derived . This  i s  repeated for the 

other fixed plant s ,  · produ cing o ther S .R .A . C .  _2/ curves .  The L . R . A . C .  
curve is con s t ructed from the short nm average co st  curves .  Linear 

programming has distinct advantages over the budgetary pro cedure wh ere 

the number of ent erpri ses , alt ernat ive t e chno logie s and leve l s  of 

re source s are numerous in that it arrive s sy!:> t emati cal ly and quickly 

at an optirr;urn solut ion ( i . e .  the l east  co st Hay of producinG any given 

level of LTo s s  income ) . \.fith the budrre ting procedure , in such circum-

s tances , the le ast co s t  metho d  of pro ducing a given level of gross 

income can only be found by L .. re .some trial and e rror pro cedure s .  

Some ( 20 ,  p . 272 ) have crit ici s ed the economic-enginee ri ng approach 

on the grounds that in the synthe s i s  of hypo thet ical firms , subtle 

source s of e co nomies and di seconorni e s  such as spe cialisat ion or di s­

economie s  in l abour use are ignore d .  

French ( 21 ,  p . 543) who has had cons iderable experience in applying 

the techni�ues to manufacturing studie s , not es that it i s  extreme ly time 

consuming in terms of man hours . If the objective s  of the s tudy are 

t o  determine a L .R . A . G .  curve for an industry ,  rathe r than to compare 

the costs  of al t ernative m ethods of performing a spe cific operation or 

devising improved methods of pro du ction , he fe els a le ss co s tly approach 

involving a combination of tot al co s t  data and engineering obs ervations 

would be more sui table .  

4 .  vJhen deal ing w ith multiple pro duct firms , co st-size relationships are 

expressed in terms of co st per dollar of gro ss income rather than cost 

per unit of production or output , as i s  the c ase with s ingle p roduct 

firms . 

5. S . R . A . C .  is an abbreviation for short run average co st curve . 
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3 . 3 THE ANALYTI CAL PRO CEDURE AJXJP.rED IN THIS STUDY 

The purpose of this stu� i s  t o  test the hypothesis that economies 

of size exist in New Zealand dairy farming. 

author ' s  opinion ) requires that : 

Such a hypothesis ( in the 

a )  The researcher analyses the cost-size relationships in 

t erms of short run and lone run average co�t curves .  

(That is det ermine the least cost and hence most  profit ­

abl e  way of  producine an,y ei ven level of gross income . ) 

b) Any differences so determined in the least co st (and 

hence most profitable ) , ways of pro ducing an.)' given 

levels of gross income mus t be solely att ributabl e  to 

differences in the s ize of farm . 
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In the author ' s  opinion , the only analytical pro cedure which meets 

these requirements is  the Economi c-Eneine ering �r Synthetic Firm approach . 

Consequently , the Economic-Engineeri nG procedure is wed in this s tud.)' . 

In thi� s tudy , fifteen short run average cost curves are constructe d .  

The resources which are considered fixed in the short run are labour , 

certain builuings , and certain i tems of machinery and equipment . The 

short run average cost curves are produced by varying the number of cows 
milked � ( i . e .  varying the level of  plant utilisat ion ) and determining 

the to tal cost per do l ]  ar of gros::;  farm income . 
' 

3 . 4 R1'VH�H OF PUBLISHED };CONOMIES 01:<' SI ZE S'.i_1UDIES 

Two studies have be en conducted  in New Zealand which are worthy of 

discus sion . In both cases , t he analytical procedure adopted was an 

analysis of farm records . 

l ) Parker and Turnbull ( 22 ,  pp . 6  - 14 )  conducted an analysis of the 

farm accounts of ap1)roximately ten per cent of the dairy farms in New 

Zealand in the 1:167/68 dairyine season . The technique employed was to 

divide the farm accounts into nine _]j size groups based upon herd size . 

For each of the nine size groups , the following indices w.ere calculated : 

6 .  ·rhe construction of the short run aver�e cost curves i s  discussed 

in detai l  in Chapter Six . 

1 ·  Th� nine size groups were : 

i )  40 - 59 cows ii )  6 0  - 79 cows iii ) 80 - 99 CO viS 
iv) 100 119 cows v )  120 149 cows vi)  1 50 199 cows 

vii )  200 - 249 cows viii )  250 - 299 cows ix) 300 or more cows 
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a)  'l'he averae;e total cost  _§/ per pound of milkfat ; 

b )  The averaee total farm income per cow ;  

c )  The averae;e co st per cow,  of a number of items of farm 

expenditure . _!2/ 

From such an analysi s , they noted that the per cow c osts of all  items of 

expenditure (except labour ) decreased as herd size increas ed. However 

such decreases were more than offset b�r the increases  in ( per cow ) labour 

costs which accompanied increases in herd si z e .  }urther they not e d  

that as herd size increased, there was a trend towards a decl ine in both 

the total farm income per co�r and in the milkfat production per cow . 

Consequently ,  the average cost of production (i . e . the cost of producing 

one pound of milkfat ) rose as herd s ize increased .  (Hhen an allovrance 

was made for the ovrner operator ' s  labour , the trend tovrards increasing 

costs o f  production beine; associated with increasing herd si ze was s t ill  

evident . )  The analysis also sho·,.,red that the capit al requirement s (per 

cow) tended t o  fall as herd si ze increased . For example , the average 

total net assets (i . e . total assets less current liabilitie s )  dropped 

from )SJO dollars per co·w in the case of the 40 - 59 cow e;roup , to 370 

dollars per cow in the case of the lare;est herd size e;roup . The authors 

noted that it was likely that the farm accounts of the l are;er herds 

included proportionately more development expenditure than did thos e  of 

the smal ler herd si z e s .  This they added was due t o  the rapid rise  in 

herd numbers on manj' of the farms of the lare;er herd size groups . 

They concluded that in time , one woul d expect the production per cow 

in the larger herds to  increase , the expendi ture to drop to a maintenance 

level and "real economies of size  \vill operate on larger farms ' ' . 

2)  Bradfo rd ( 23 , pp . ) - 53 ) conducted a study in the Bay of Plenty 

district in which physical ?�d financial data relatine; to two e;roups of 

farms were col lected  and compared .  'l'he first group comprised twelve 

farms on which herds of 300 covrs or more were milked in the 1967/68 
dairyine; season . 'l'he second group compris ed  twelve farms , on which one 

permanent labour unit was employed in the 1967/68 season and the herd size 

8 )  The total co s t  used in this calculation included al l cash cos t s  

( except int eres t  an d  rent ) and depre ciation . (Special depreciation was 

excluded . )  No allowances were made fo r the owner operator ' s  labour , 

management or int erest on investment . 

9) e. e· Animal heal th ,  dairy shed , electricity ,  etc . 



approximated 90 cows • .!.2/ The sample of " small farms" ( i . e .  the second 

group ) was purposively selected .  For each of the twelve "large farms" 

Bradford selected a "small farm" vlhich was in the same locality , had 

the same soil type and topography and in Bradford ' s opinion , the mana­

gerial ability of the two farm operators was similar . 

'rhe analytical procedure adopted was an analysis of farm records 
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( i . e .  farm accounts ) . Bradford made a detailed study of the farm accounts 

and made a number of modifications l1/ in order to facilitate valid corn-

parisons . In this  study , an al lowance was made for the owner operator ' s  

labour and management and for interest on total farm capital . 

groups of farms , the following indices were calculated : 

a) Average income per co w ;  

b ) Average cost per cow of seventeen individual items 

of farm expenditure ; 

c ) Averat:;e " surplus " per cow ; 

d ) Average "profit " per acre ; 

e ) Total expenses per 1 , 000 pouml s of rnilkfat ; 

For both 

10 . Farms of a herd size of a11proximately �0 CO\vs were selected for the 

second group of farms as in the 1967/68 Geason , the national average 

herd size was 86 cows . Bradford therefore wished to compare a sample 

of farms Hhere the herd size exceeded )00 cows , with another sample 

of farms where the herd size approximated the nat ional average . 

11 . Such rnoaifications included : 

i ) Milkfat price was standardised fo r all farms ; 

ii ) Increases or decreases  in stock numbers were valued at market 

values rather than standard or nil standard values ; 

iii ) Abnormalities in the stock accounts caused by excessive culling 

for tuberculosis were adjusted for ;  

iv) On farms where a run-off was farmed in conjunction with the home 

farm , an allmvance was made for any feedstuffs supplied by the 

run-off ;  

v ) Repairs and maintenance was adjusted to exclude expenditure 

of a capital nature ; 

vi ) 
vii ) 

Abnormal legal expenses were excluded from the administration cost s .  

Special depreciation was excluded ; . 



On a per CO\v ba s i s , Bradfo rd no t e d  that Hi th three ex cepti ons , f o r  

each of t h e  s eventeen individual i t ems o f  expenditurF: ,  a lower fit:,'Ure vras 

r e c orded by the ' large farm ' group . 1'h e  three except i o ns were feed and 

grazing eo st s ,  General e:A."}l ens e s a:1d fer � i l i s e r  and spreadi r1g co st s . Hovr-

eve r ,  th<� itlcreas e s in the s e  thre e i temF; of expenditure \>rere no t o f  

;;uffi ci ent ma.:_,'Tiitude to offset t he c o s t  re cll.t c t io;1s o f  the o t her fourt e en 

i t ems of expendi ture , and cons equently the t o t al expen s e s  per cow of t h e 

' large fnrn ' ,;rroup ivere lo\/er than tho s <'  o f  the ' srr:al l f arm ' E;Toup . 'rhe 

avera.:;e ::.r.come per e o ·,: \·<as hO\·i ever hiehe r i n  the case of the ' snall farm ' 
.;roup and vras of suf f i c i ent mac3ni tud8 to o ff s e t  the higher t o t al co s t s  

( per coH ) . Consequently trw averac:;-e ' r , l l t':) lus ' yer c o H  Has great e r  in the 

case o f  the ' s�al l  farm ' 0�oup . �oHevr · r · ,  be cause the average sto cking 

rat e of t:ne ' larc;e :f.:J..rm ' t,Toup was craatr:r tl'1P.!1 that o f  the ' smal l farm ' 

g:::-o up ,  t h e  avc::ras-e ' pro fit ' pe r a c re •·. a!J (;Teat er in t r.e case o f.  the ' large 

Final ly , in terms o f  the ' ' vers.ze t o t 2.l co s t s  p e r  l) O U.:'1d o f  
m.i lk.:'at t:-:e re Ha s a smal l differen c e  in t'avour o f  the 1 large fa:::-m '  gro-.J.p . 

Bradfo rC. the re:ore c or:c luded thc.t "::::-eal r>. c ono;·n i c  advant age s exi st in 

larce herd O\·:ne rship " ·  

'1.'he re sul t s  of the C:. HO revi e ·.·.'c H.:.  s tu d i e s  a r e  the refo ::::·e son:e·,rhat 
cor.Lt radi ctory . Pr�rke r  ar!d '1'u:::-r:tull conc lude a that the aver2.:.J,'C co st 

p e r  �1om1ci o f  :r.i l1:fat increased as  :1 enl : ; i ze i n cre2..3ed and !:er:.ce di s -
e co�o�ies o f  � i z e  exi s t e u . I:1 13radfo ru 1 ,:; s t�dy ,  t he ave race c o s t  :p e r  

ponnd. o f  :r.i lkfc... t  Has s l ic;ht ly l o ,·I 2r i r!  the case: o f  t h e  ' la:;_·ge :arm ' 

t;rO'l.llJ and. hence it ce.r.. be in.:cr:::-e u  t hat <: co no:;:::. e s  o -"� s i z e  exi s t . L'1 the 

autho r ' s  vi ev� , a Jr.aj or facto ::::- co r1 t ::i but inc; to t h i s  differen c e  of o p inion 

is the definition of to tal co st . In :.Jr� ldfo rd ' ::; s tu· ly , t o tal co s t i s  

defined as including aJ. l c ash co s t r; ,  de;1 . o?. Ci o :t io n ,  int ere s t  on ca:p i t al , 

and the cpportuni ty co s t  of the ope rator ' fJ l abour and. rr1anagement . In 

Parker and. Turnbul l ' s s tudy , how ever , to tal co s t  is define d as ir:cluding 

only . al l  c ash co s t s  and dep:::-eci at i on . 

3 • 5 SUJITI'�AHY 

The various a.YJ.alyti cal pro c e dure s  Hh i ch can be u s e d  f o r  economie s  o f  

s i z e  stud i e s  are di s cu s sed i n  this cha· t e r .  In the aut ho r ' s vi eH , the 

only sat i sfactory ana:Jt::.c�l pro c edure i s  the Ec;momi c -Eneine ering or 

Synthetic -Firm t e chrlique . Cons e quen tly , this t e chni que i s  used in this 

study . 'l'he resul t s  of the t\>/O reviewed e conomie s  · o f  s i z e  stud i e s  are 

someHhat cont radi ctOI"J .  '£his ,  the author be l i eves , i s  due t o  the 

differing definit ion of the tern1 ' to t al co s t s ' .  
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4 . 1  IN'rRU DUCTI ON 

CHAP"l'ER FOUR 

THE F AID1 SURVEY 

The obj ective of the farm survey was to  provide some of the basic 

information which would enable the hypothesis that economies of size 

exist  in New 2ealand dairy farming to be t ested . 

4 .  2 SELECTION OF TIG SURVEY FAIDIS 

In order to  obtain the basic data ne cessary for the cons truction 

of the short run averaee cost curves ,  fo r each fixed plant , a number of 

farms represent ing a range of plant utilisations , ( i . e .  cow numbers ) 
were selected for s tudy . Although a number  of resources have been used 

to represent the f ixed plants for the construction of the short run 
average cos t  curves in the analysis , _1/ in order to simplify the 

selection of the survey farms only one resource , labour , was us ed t o  

denote the fixed plant . For the selection of the survey farms , there-

fore , five labour classes were chosen to represent five plant s i ze s .  The 

labour c lasses were expressed in terms of the number of permanent _£/ 
adult male labour units . _j} 

'.L'he  selection of the farms for the stud,',r was made from the records 

of all North Island Dairy Board Consulting Offi cers . Consulting 

Offi cers were asked to name farmers within their di strict s  whcmt hey 

considered to be of above average manageri al ability, and whose farms 

could be clasaified into one of the five l abour classes . 

l. This .is discussed in detail in Chapter Six . 

In the case 

2. Permanent labour unit s are considered to be those  labour unit s  who 

are employed for a complete dairying season ( i . e .  12 months ) . 

3 .  The five plant sizes therefore were : one man farms , two man farms , 

three man farms , four man farms , and five man farms . It  should 

be noted that three short run average cost curves are produced for 

each of the above five labour classes . Hence fifteen short run 

average cost curves a�e . produced . 
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o f  t he one ,  t wo an d  thre e  man farms , each plant size was d ivided into six 

sub c las ses . _jJ The se divis ions resu l t ed from prel iminary di s cu s sions 

in November 1969 with Dair�r Board Exten sion Offi cers prior to conducting 

the survey . Fo r e ach of the six sub c l as s e s  within each of the t hree 

plant sizes , Consultin� Offi cers named farmers , wi thin the ir dis t rict s ,  

whom they considere d t o  be of above average managerial abi lity . In cases 

whe re a Consulting Offi cer had d iffi culty in choo sing among a number of 

farmers for a part i cular sub c las s ,  the Consult ing Offi cer was asked t o  · 

name the farmer ( s ) with t he highest milkfat product ion per labour uni t .  

Each Consult ing Offi cer was aske d to provide at least one name , i f  

po s s ible , f o r  e ach subclas s .  In the case · of the f our and five man farms , 

no such stratifi cation was neces sary . Consulting Offi cers name d farmers 

wi thin their di stri c t s  who s e  farms could be classifi e d  a s  four or five 

man farms , arranging them in order of to tal milkfat pro duc tion , and l i s t ing 

also the number _L/ of cows milke d .  

I t  was extremely difficul t , howeve r ,  for Consult ing Offi cers to 

c las sify the farms from t heir records pre c i s e ly into t he f ive l abour 

· _y _1/ c las s e s  given . For thi s reason , farms where the wife and/or fami ly 

contribut e d  to the labour force were cl as s ifi e d  as one man farms . Other 

4 . The subclas s e s  were : 

One man farms 

i ) 

ii ) 

i i i ) 

iv ) 

v ) 

vi ) 

Le s s  than 70 cows 

70 - 89 cows 

90 - 109 cows 

llO - 129  cows 

130 - 149 cows 

150 or more cows 

Two man farms Thr e e  man farms 

i ) 

ii ) 

iii ) 

iv ) 

v ) 

vi ) 

Less than 1 50  cows i ) 

150 - 169 cows i i ) 

170 - 189 cows iii ) 

190 - 209 cows iv ) 

210 - 229 cows v ) 

230 o r  more cows vi ) 

Les s than 250 cows 

250 - 269 cows 

270 - 289 cows 

290 - 309 cows 

3 10 - 329 cows 

330 or more cows 

5 .  The numbe r  o f  co ,vs used to define t h e  subc lasses in t he first three 

plant . si z e s  and l i sted in the case of the two other plant s i z e s  was 

based on the numbe r of cows in milk in December 1968 . 
6 .  Initial dis cussions with Consulting Offi cers in November 1969 had 

indicated that if the sele ction was to be based only on tho s e  farms 

whe re the labour force consisted ent irely of adult mal e workers , very 

few of t he farms with which t he Consult ing Offi cers were fami liar 

woul d be s e l ected . 

7 .  The term ' family ' in this context refers only t o  chi ldren of s choo l  age . 
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types of labour unit s  employed on farms such as youths ,  land girls  and 

married couples , were classified as equivalent to an equal number of adult 

male labour units .  � Individuals ,  who on some farms were primarily 

concerned with the managerial function and were not part of  the normal 

milking staff , bu t v.rere involved vri th some of the physical work on the 

farm , were classified as permanent labour units . Individuals ,  who were 

however concerned only with the entrepreneurial function ,  were not 

classified as permanent labour unit s .  _2/ 

Consulting Officers were asked to select farmers on the basi s of 

their reco rds pertaining to the 1968/69 dairying season . Selection on 

the 19G8/69 season was ne cessary for three reasons . First , as the survey 

was conducted in the autumn of 1970 , farm accounts for the 1968/69 season 

only were available .  Second , in some case s ,  Consulting Officers ' records 

for the 1969/70 season were incomplete , and finally , i t  was considered 

that selection of farms on part production records of the 1969/70 season 

would be difficult and unsatisfactory . The farms nominated by 

Consulting Offi cers were dairy farms engaged in seasonal production . 

Town milk farms were therefore excluded . It seemed prudent at the time 

of selection not to restrict the sample solely to farms on which milk 

pro duction and meat products ( i . e .  bo bby calves and cull cows ) were the 

only products , but to extend the sample so that farms on which various 

forms of diversification were practised could be included . Preliminary 

discussions with Extension Officers , prior to conducting the survey , had 

indicated that in some cases on multi labour unit farms , other enterprises 

8 .  The classification adopted  was : 

One youth 

One land girl 

One married couple a 

One adult male labour unit 

One adult male labour unit 

Two adult male labour unit s  

( It should be  noted that a married couple was classified as two 

permanent labour units , even if the wife only ass isted with the 

milkine . ) 
9 .  Inc luded in this category were : 

i ) Absentee owners ; 

ii ) Persons who although living on the farm in question managed 

other farms and other business activities .  



were also invo lved to ensure that the labour force was continually 

employed on productive work .  Further, at the time the farms were 

selected , dairy farmers were being offered special incentives to produce 

beef . 

In addition , Consulting Officers were asked to name examples in 

their districts of : 

a) A number of separate herds being milked through the one 

c ) 

milking she d .  (This will be referred to as Organisation 1 . )  

Shift milking . This in comparison with normal seasonal 

dairying means that in order to milk a given number of cows , 

a smaller farm dairy is used for longer periods each day. 1S2J 
The labour unit s employed on such farms tend to  become 

specialist milkers . (This will be referred to as 

Organisation 2 . )  

Contract milking. This occurs where one farm dairy .. is 

used to milk a number of herdn . One farmer supplie s the 

farm dair'J and the milkin1; .Labour and milks other herds on 

a contract basis  at an agreed rate per pound of milkfat . 

(This  wi ll be referred to as Organisation 3 . ) 

d) One farm consistine of a number of separate dairying units , 

where the manaeerial task of all the separate units is per­

formed by one person .ll/(This wil l  be referred to as 

Organisation 4 . ) 

e ) Joint ownership of machinery between two or more farmers . � 
(This wil l  be referred to as Organisation 5 . ) 

From the lists of names submitted by each Consulting Officer , a 

catalogue of names was prepared for each o f  the five labour classes . 

In the case of the one , two and three man farms , catalogues were prepared 

for each of the six subclasse s .  Initially in the case of each o f  the 

three lower plant sizes , · a  minimum of six farmers was selected . Each 

of the six farmers selected for a particular plant size represented a 

different subclass .  The basis of selection was farmers with the highest 

10 . Shift milking may also require that a given herd be divided into a 

number of smaller herds . 

1 1 .  The organisation discussed in d ) represents an increase in business 

size resulting from increasing the number of plants ,  rather than 

increasing the s ize of plant . 
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12 . The organisations discussed in b ) , c ) and e ) all represent ways in which 



output of milkfat per labour unit . To thes e  s ix farmers , additional 

farmers who had adopt e d  unusual management p ractices were added . 

Typically the se involved management systems whi ch enabled the output per 

labour unit to be extremely high .  All farmers nominated by Consulting 

Officers in the la st two plant s iz e s  were s ele c ted . A total of forty 

s even farmers were s e l ected from t he name s submit ted by all . Consulting 

Offi cers . Of the se : 
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i )  Forty- three were s el ected t o  repre sent the five plant s i ze s .  12/ 
i i )  Two were selected because two separate herds were milke d 

through one dairy . ( i . e .  Organisation 1 )  

iii ) One farmer who was engaged in a contract milking agreement 

was selected . ( i . e .  Organisation 3 )  

iv ) One farmer 1•ho was responsible for the management o f  a farm 

which consisted of a numbe r of di stinct unit s  was selected . 

( i . e .  Organis at ion 4 )  

No example s of shift milking and j oint ownership of machinery were known 

. to Consulting Offi cers . 

4 . 3 SUHVEY METHOD 

Prior to carrying out the survey , five farms represent ing in total 

four labour cl asses ( fixe d  plant s )  were vi sit ed in May 1969 . l1/ The s e  

initial int erviews together with di s cussions w i th Dairy Board Extension 

Offi cers , plus a review of overseas literature fami liari sed the autho r 

with the subj ect sufficiently to formulat e a number of hypo theses whi ch 

the survey was required t o  test . 

Cartwright ( 24 , p . 2 8 )  divided the vari ous type s o f  farm surveys into 

t wo clas se s : de scri ptive and int ervi ew surveys . De s criptive surveys 

are concerned with obt aining facts about farmers ,  and int erview surveys 

are concerne d with obtaining facts from farme rs . Cartwright noted further 

t hat interview surveys are concerne d with obtaining both obj ective and 

subje ctive information from the farme r .  

i n  this s tu dy  were of the int erview type . 

Accordingly the surveys conducted 

13 . The numbers of farms selected for each o f  t he five plant sizes were 

as fo l lows : 

One man farms 

Two man farms 

12 

11 

Three ma n  farms : 12 

Four roan farms 

Five man farms 

5 
3 

14 . Two one man ,  one two man ,  one three man and one five man farms were 

visite d .  The five man farm in question was later included in the .survey . 
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In contrast to some other Farm Management Research studies ( 25 , p . 36 )  
and (26 , p . 48 ) , a questionnaire i n  conjunction with a ch eck l i s t  was 

used in this stu� rather than a check list alone . The author is not 

in agreement with Cartwrieht ( 24 , p . 28 )  who , when di scussing the use 

of questionnaires in surveys , stat e s  that each interview i s  restricted 

to the questions appearing on a prepared questionnaire . A question 

whether it be an open end ed or a restricted type can serve exactly the 

same funct ion as an item from a che ck list - that is  it intro duces a 

particular subj ect to the respondent . After allowing the re spondent 

to ans\ver the 'luestion , further information can be obt ained by the use 

of probe questions . ( 27 ,  pp . 359 - 366 ) The use of such probes can be 

�xtended to allow aaditional information obtained from earl ier inter­

views to be int ro duced into the discussion and so new aspects of the 

original hypo thesis can be considered .  

V/right ( 28 ,  p . 23 ) has noted that i t  i s  either unwise o r  not po ssible 

to design a questi onnaire prior to an int erview survey . While agreeing 

with the se con®ents in the cont ext in which they are made , the author 

considers that whether a questionnaire can or should be designed prior 

to a survey depends on the researcher ' s  prior knoHledge o f  the subj ect . 

In the case of a check lis t ,  the researcher onl,)' define s fi elds in which 

information i s  required , whereas the use of a questionnaire may imply 

that the researcher has a greater knowledge of the subj ect  and is able to 

specify more precisely Hhat information is required . l2/ 

As noted earl ier prior to conducting the survey , the author vi sited 

five farms and c onducted a "free form" interview survey using a ch eck 

lis t .  On the basis of these interviews , plus di scus sions with Extension 

Officers and a review of overseas literature , sufficient hypotheses were 

formulated for a questionnaire to be constructed . While accepting the 

comment made by Cronin ( 26 ,  p . 48 )  that a danger in using a fixed 

questionnaire is that man:/ intangible and unforeseen factors \Vhich may 

be  brought out by permitting the farmer to talk freely about the farm and 

its problems may be overlooked , this can be count ered to some extent by 

the use of probes , and also by devo t ing the initial part of  the inter­

view to a fre e  form di scussion with the farmer in which he i s  encouraged 

to talk freely about the farm . }Urther the author considers that a 

15 . The author is  indebted to Mr. D .  B .  Gibbs for this point . 
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questionnaire may have advantages over a check list , in that as the same 

definite question is put to each respondent , difficulties associated 

with interviewer bias and question bias ( 29 ,  p . 55 ) are less than when 

using a check list , where the researcher reformulates . the question for 

each respondent . 12/ A questionnaire also means that each respondent 

starts from the same point with each hypothesis , thus facilitating a , 

more vulid and thoroueh comparison of roplies . l2J 

Four interviews in this study were conducted on a free form basis 

using a check list alone (e . g .  The two farms where more than one herd 

was milked through the one fa.rm dairy , the farm where the contract 

milking agreement was in operation , and the farm consisting of a number 

of  separate units , the overall management of which was retained by one 

man. ) A check list was used primarily because the author had little 

prior knowledge of the farms in question. 

4 . 4 PRE-TESTING THE QUESTIONNAIRE 

The questionnaire was pre-tested on three farms in the Manawatu . 

This alloued the questionnaire to be amended and improved ,  familiarised 

the author with interviewing technique and &ave some indication of the 

time ne cessary to conduct an int ervi ew . 

4 .  5 INl'ERVI.E:1{ING 1-'ROC.E:DURE 

The interview consisted of two parts . An initial inspection of the 

farm property in whi ch no attempt was made to record any information , and 

the farmer was encouraged to talk freely about the farm . This was 

followed by a period at the farm house where the relevant information was 

obtained.  ( In three cases where the farmer was unable  or unwilling to  

be interviewed durinG the day , the survey was conducted at night . In 

such cases no initial inspection of t he property was carried out . ) 

4 . 6 REJECTION OF SELECTED FARMS 

Of the forty-three farms selected for the main studY , three have not 

been included in the results for the following reasons : 

16 . In thi s  study , subjective information concerning farmers ' attitudes 

to various aspects of farm size was obtained from the farmers by the 

·use of a questionnaire . Obje ctive information however was obtained 

from the farmers by the use of a check list . 



a) A mi sund erstanding be twe en a Consulting Offi c er and the author 

resulted in the author v i s iting and int ervi ewing the namesake 

o f  a selected farmer . 

b ) On two o ccasions unsat i s factory int erviews were obt aine d .  ( In 

b o t h  cases the unsat i sfac t o ry interviews were th e result of the 

farmers being unable to make suffi c ient t ime avail abl e . ) 
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In only one c ase where one of the re j e cted farms had been s e l e c t e d  t o  

repre s ent a particular subclas s was s e l e ct ion of another n e c essary .  The 

replacement farm for t he subcla8 s  in que s ti on , was sel e c t e d . from the 

catalogue of farmers , compiled from name s submit ted by Consulting Offi c ers . 

The bas i s  of s e l e ction was the farmer with the highest mi lkfat pro du ction 

p er labour unit , in di stri cts wh ich r emaine d t o  be surveyed . 

It should als o be noted t hat name s of farme rs were accepted from 

Consult ing O ffi cers for the c ompi lat ion of the catalogue s ,  a l though the 

Consul t ing O ffi cers were no t abl e  to spe cify pre ci s ely th e physical 

detai l s  of the farm . This appli e d  parti cularly to farms in the last 

three labour c l asses ( i . e .  three , four and five man farms ) . As a re sult , 

some farms which were s elected t o  re pre sent parti cular labour clas s e s , 

were found t o  be repres entative of o ther labour c las s e s  wh en the survey 

was carrie d out . �imi larly in the case of the two man farms , the herd 

ntmbers of t wo farms sel e cted to repre s ent a particular sub c l ass , proved 

t o  be s l igh t ly inaccurat e  caus ing the f q rms in question t o  be representa­

t ive of th e neighbouring subclas s e s . 

Since the purpo s e  of the survey was to obt ain some of t h e  b as i c  data 

for the cons t ruction o f  t he short run average cost curve s ,  and becaus e 

of limit at i ons in the author ' s  re source s , and t ime avai l ab l e  for the 

comple t ion of the study , no farms were exclud ed from the s urvey because 

o f  the s el e ction difficulties j us t  di scuss e d .  11/ The e ff e c t  of these 

difficulties has be en to cause the numb ers o f  farms actual ly surveyed 

for each plant s i ze , and in some c as e s  for the subclas s e s  wi thin a plant 

17 . i . e .  Because some farms whi ch were s el e cted to represent particular 

labour c lass es were in fact representative of other l abour c lass es , 

and b ecause some farms which were s elected to repres ent parti cular 

subclass e s  were representative of o ther subclas s e s . 



size , to differ from t he numbers originally s elected . � 

4 • 7 SUN:!-fAHY 

In this chapt er , a description ha s been given of the me thod of 
se lecting the survey farms and the co ndu c t  of the farm survey . The 
survey farms were s e l e c t e d  from the records of a l l  North Island Dairy 
Board Consu lt int; Officers and Consulting Officers named for selection 
only those farme rs whom t hey conside red to be of above average 
mana�erial ability .  In to tal , 47 farms were selected for the survey -
of the s e  43 were selected to represent the five labour c las s e s  and 

fo ur were sele cted to rep re s en t  othe r farm organ L;<t t i ons whi ch were 
considered relevant to t he study . 'l'he farm survey vras of the 
intervi e-..,r t,)'1l e  and consi s t e d. of two part s .  Firs t an ini t ial 

inspection of the farm property in which t h e  farmer was encouraged 
t o  talk freely about the farm and s e cond , a period at the farm house 
whe re a l l  the relevant data were obtaine d .  I n  contrast to some 

o ther Farm Management studies ,  a que s t ionnai r e  was used in conjunct ion 
with a check l i st , rather than a check list alone . 

18 . · -It smuld be appreciated t hat the data obtained from the farm survey 
serves only as a guide to  the assumptions which should be · made for 
the synthesis of the short run average cost curves . Because the 
short run average cost curves are synthesised , rather than being 
produced entirely from an analysis · of  the survey results , the author 
considers that differences in the number of farms actually surveyed 
for each plant size (and subclasses within a plant size ) from the 
numbers originally selected , are of little importance . 
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RESULTS OF THE FARM SURVEY 

5 . 1  IWfRODUCTION 

In this chapter , the results of the farm survey are presented .  In 

the first section , the forty-one farms selected to represent the five 

labour c lasses  are discussed ,  while in the second , the four additional 

farms which were selected to represent the other farm organisations are 

dis cussed.  

5 . 2  GEOGRAPHI CAL DISTRIBU'riON OF THE SURVEY FARI'1S 

lt'igure 5 . 1  shows the geographical di stribution of the survey farms . 

From Figure 5 . 1 ,  it is apparent that the survey farms were widely dis tri­

buted throughout the dairying di stri cts of the North Island . 

5 .  3 CLASSIFICA'l'ION OF 'l':I1E SlJRVEY FAID'IS 

As noted earlier ,  it  was not possible for Consulting Officers to 

classify farms for selection pre ci sely into the five labour classes given . 

Consequently a number of modifications _l/ were necessary so that farms , 

upon which other types of labour units were employed ,  could be classified 

into one of the five labour classe s .  The survey results are presented 

in accordance with this  system of c lassification.  For ease of referenc e , 

the survey farms have been divided into four groups . � 

a ) Group I 

This includes farms where the labour force normally consists of  

only one permanent labour unit . Additional labour in  the form 

of family labour _2/ may be used for milking and some o ther 

farm operations . 

1 .  The modifications referred to are discussed in detail in section 4 . 2 .  
2 .  Because o f  the small number of farms available for selection in the 

upper two labour c lasses ( i . e .  four and five man farms ) , results  from 

farms representing these two classes have been considered collectively 

in Group IV. 

3 · Any work performed by the wives , children or parents of any of the 

permanent labour unit s of a survey farm is described as work 

involving the use of family labour . 

section 5 . 6 ,  6 .  

This  is further discussed in 
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b )  Group II 

This group includes farms on which two permanent labour unit s  

are normally employed .  

made o f  family labour . 

c )  Group III 

On such farms , very little u s e  is 

38 

This  group includes farms where three permanent labour units are 

normally employed and cases  where two permanent labour units  and 

three permanent milking units  a re employed . (This latt er 

situation represent s farms on which a married couple is  employed . ) 
Very little  use of family labour i s  made on these farms . 

d ) Group IV 

Thi s group includes farms where four or more permanent labour 

units  are employed .  

labour . 

Again very little  use i s  made of family 

5 • 4 F Am•; P.RBA AND HEHD SI ZE 

Table 5 . 1  shows the farm area , run-off area , and herd si z e s  of the 

survey farms . _1/ As shown in Table 5 . 1 , the home farm areas ranged from 

60 to 747 acres , and herd size s  from 60 to 650 cows in the 1968/69 s eason 

and from 67 to 760 cows in the 1969/70 s eason . Seventeen of the farms 

used additional areas in the form of run-off s or other farms . _2/ 

5 . 5  FAfu� ORGru�SATION 

T able 5 . 2  shows the form of 0\mership of the survey farms (at t he 

time of  the survey ) . From •rable 5 .  2 ,  of the 41 farms surveyed : 

10 were described as owner operator organisations ; 

4 were described as family partnerships . 

by the abbreviation ( f ) ; 

3 were described as partnerships ; 

4 .  Group I include s  Farm Nos .  1 - 1 2 .  

Group II include s  Farm Nos .  1 3  - 2 1 .  

Group III includes _ Farm Nos .  22 - 30 . 

Group IV 'includ e s  Farm No s .  31 - 41 . 

These are indicat e d  

5.  I t  should be noted that i n  the case of  F arm  No . 11 , the run-off was 

acquired at t he b eginning of the 1969/70 season . 
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Table 5. 1 Farm Area, Run-off Area, Herd Sizes of  the Survey Farms 

Farm. 
No . 

( 1 ) 

1 
2 

) 
4 
5 

6 
7 
8 
9 

10 

11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 

NOTES : 

Area Run- Herd Herd Farm Area Run- Herd Herd 
(acres off Size Size No . (acres off Size Size 

(acres ) 68/69 69/70 (acres ) 68/69 69/70 
( 2 )  ( 3 )  ( 4 )  ( 5 )  ( 1 )  ( 2 ) ( 3 )  ( 4 )  ( 5 ) 

60 12 60 67 I 22 238 225 266 
69 90 96 23 209 other 232 262 farm 
90 89 88 21). 284 250 280 

103 101 108 25 3 50 33 5 2 70 
112 1 16 120 26 335 

other 406 345 farm 
160 130 143 27 246 308 305 
215  138 130 28 21).0 ll 310 3 15 
2 79 142 152 29 258 40 289 293  
2)0 220 215 30 320 90 380 340 
223 184 267 3 1  3 72  other 3 50 3 70 farms 
200 65  224 210 3 2  247 274 278 
429 500 366 333  33  3 10 320 340 

107 150 162 34 2 25 80 284 284 
125 80 138 140 35 253 66 280 280 

151  161  169 56 300 40 298 3 2 5  
1 27 1 54 158 I 37 300 3 50 350 I 
173 208 212 38 347 390 398 
272 2 26 226 39 3 2 5  110 458 462 
180 other 242 235  40 747 138 650 760 farm 
147 205 211 41 330 60 496 464 
278 330 340 

i )  The farm area shown in column ( 2 ) refers to the surveyed 
acreage of the "home" farm . 

ii ) 

iii ) 

The third column shows the surveyed  acreage of any additional 
land employed as a run-off . In some cases , o ther farms 
were farmed in conjunction 1rith the farm in question , 
providing grazine and hay for the home farm . This is  
shown in the third column by the _ words ' other farrn ( s ) ' .• 

Columns (4 ) and ·( 5 ) refer to the number of cows in milk 
in December for the two dairying seasons , 1968/69 ( Column (4 ) )  
and 1969/70 ( Column ( 5 ) ) .  



Table 5. 2 Ownership of the Survey Farms 

l 

2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12 

l) 

14 

15 

16 

17 

18 

19 

20 

21 

Form of Ownership 

Owner Operator 

Partnership ( f )  

Owner Operator 

Owner Operator 

5olv Sharemilker 

50'}� Sharemilker 

25�; Sharemilker 

Owner Operator 

Owner Operator 

50"/o Sharemilker 

Company 

Company 

Partnership ( f )  

Owner Operator 

50/� Sharemilker 

Owner Operator 

Owner Operator 

Combination ( 5�/o Share­

milker - Partnership ) 

Combination ( 39% Share­

milker - Partnership ( f ) ) 

Combination ( Owner 

Operator - Trus t )  

Company 

22 

23  

24 

25  

26  

27  

28 

29 

30 

3 1 

5 2  
53  

34 

35 

36 

37 

38 

39 

40 

41 

Form of Ownership 

Company 
50}'v Sharemilker 

Partnership 

40 

Combination ( Trust -

Company - Partnership ( f ) ) 

Company 

Combination ( Trust - Company 

- Owner Operator) 

Owner Operator 

Partnership 

5�/o Sharemilker 

Company 

Partnership ( f )  

Combination ( Company -

59% Sharemilker)  

Partnership ( f )  

Owner Operator 

Combination ( Owner Operator 

- Trust ) 

Company 

Company 

Trust 

Partnership 

Trust 



7 were described as sharemilking arrangements ; 

8 were described as companies ; 

2 were des cri bed as trusts ; . 

7 were described as combinations . 

( Details o f  the various combinations are shown in Table 5 . 2  in 

brackets . ) . 

5 . 6  LABOUR ON 'l'HE SURVEY FARMS 

Detailed information was collected on the numbers and types of 

labour unit s employed on the survey farms and on various other aspects 

of labour use . 

l )  Numbers of Labour Units  Employed. on the Surve,y Farms 

Table 5 . 3  shows the numbers of permanent labour units  employed on 
the survey farms in the 1�68/69 and 1�69/70 dairying s easons . 

From 'l'able 5 .  3 ,  it is apparent that the largest farm in t erms of the 

number of labour units was Farm No . 40 where six labour units  1vere 
employed in the 1969/70 season . It is  important to not e ,  however , that 

Farm No . 40 differed from all other surve;;r farms in the utilisation of 
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the labour force . Of the six labour unit s who were employed on Farm No . 40 , 

on any normal workine day , only five worked on the farm , the s ixth being 

allowed a free day .  ( On this farm , free days were worked on a roster 

system which gave each member of the staff a free day every six days . )  

It  should also be noted that Farms Nos . 27 , 29 and 38  in the 1969/70 
season employed students for a period of 16 Heeks over the summer months , 

in addition to the permanent labour force shown in the table . On Farms 
Nos .  27  and 29 ,  a s tudent was also employed for a similar period in t he 

1968/69 season . Farm No . 12 up until the 1969/70 season employed three 

permanent labour units . Because of the reorganisation of a· farnily 

company and difficulties in obtainine suitable labour , the farmer in 
question decided to attempt to continue the farming ent erprise single­

handed . (The farmer ' s  wife , h�wever , assisted with milking. ) The 

farmer was , however ,  after his experience in the 1969/70 season , confident 
that one labour unit was sufficient and proposed to continue in the 1970/71 

season without employing any additional labour. _&/ Conversely on Farm 

No . 26 , where two labour units were employed in the 1969/70 season , it was 

6 .  For this reason , the farm has been classified as a Group I farm. 



proposed to revert back to three in the 1970/71 season _1/ as the work 

load was considered to be too great for two l abour units . 

It  s hould be not ed that on f our of the Group IV farms , one � of 
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the labour unit s was not  employed f�ll time on t he parti cular farm surveyed 

being involved with o ther farms and activitie s . On two of these farms , 

the contribution made by such labour units  was extremely low .  Both 

estimated they s pent only a quarter of their t otal working t ime on the 

farms in question . 

2 )  T,ypes of Labour Units  Employe d on the Survey Farms 

The t ypes of permanent labour unit s employed on the survey farms in 

the 1968/69 and 1969/70 seasons are shovm in Tables A . l  - A . 4 of Appendix A .  

There were no marked differences bet\veen the thre e groups of farms 

which employed labour ( i . e .  Groups I I ,  III and IV) in the type of labour 

employed . In all group s , there were examples of farms on which either 

s ingle or married male l abour was employed , and in the cas e of the latt er 

two groups , examples of farms on whi ch both were employed . - On only one 

farm ( Farm No . 38 )  was a land t;irl employed but as indicated earlier , the 

period of employment was for 16 weeks in the surnmer of the 1969/70 season . 

3 )  Numbers cmd Types of Milking Units Employe d on the Surve;r Farms 

'i'he number of milking units employed on the survey farms in the 

1968/69 and 1969/70 dairying seasons is show� in Table 5 . 4 .  Detai ls  of 

the types of milking unit s employed on the survey farms in the 1968/69 

and 1969/70 seasons are s ho•rn in 'i'ables A. 5 - A. 8 of Appendix A .  

O n  six of the Group I farms , wives were utilised as milking uni t s . _2/ 
On a further two farms of Group I ,  wives assisted with the milking in the 

spring months only . The only other examples of women making a sub-

s tantial cont ribut ion to t he milking force were : 

a) On Farm No . 16 , where the owner operator was replaced in the 

milking shed from October to l<'ebruary , in the both seasons , 

by the wife o f  t he employed man . 

7 .  As three labour unit s were employed in the 1968/69 season and a 

similar number was to be employed in the 1970/71 season , the farm 

has be en classified as a Group III farm . 

8 .  On all such farms the labour unit  in question was concerned with 

the managerial function.  

9 .  In the 1968/69 season , on one of these farms (Fapm No . 9 ) , the 

farmer ' s  wife did not milk . 



Table 5.3 Numbers of Permanent Labour Units Employed on the Survey Farms 

1968/69 Season 1969/70 Season 

No . of l''arm Numbers- No . of Farm Numbers 
Permanent Permanent 
Labour Units Labour Units  

l 1 - l l  1 1 - 1 2  
2 13 - 22 2 13 - 22 , 24 , 26 
3 12 , 23 - 31 , 36 3 23 , 2 5 ,  27 - 30 
4 3 2 ,  34 , 35 , 38 4 31 , 3 2 ,  34 - 36 , 
5 33 , 37 , 39 - 41 5 3 3 ,  37 , 39 , 41 

6 40 

NOTE : Permanent labour units are considered to be those who are 
employed for a complete season , and ,.,ho contribute to the 
physical v1ork of the farm or perform the managerial function . 
'l'hose performing the entrepreneurial func tion only have 
been excluded . On some farms , particular labour unit s  were 
involved v1i th o ther farms and activi ties . In such cases , 
no attempt has been made to apportion such a labour unit ' s  
time between the various farms and activities . The 
labour unit has been classified as one permanent labour 
unit for the farm in question . 

'l'able 5.4 Numbers o f  i·iilkine Unit s  Employed on the Survey Farms 

1968/69 �)ea son 1969/70 Season 

No . of Nil king l<,arm Numbers No . of Milkine l<,arm Numbers 
Units  Units 

1 1 ,  2 ,  5 , 6 , 9 , ll 1 1' 2 , 5 - 7 ,  

2 3 ,  4 , 7 ,  8 ,  10 , 2 3 ' .  4 ' 8 - 10 , 
13 - 21 12  - 21 , 26 

3 22 - 31 , 34 - 36 3 22 - 25 ,  27 -

4 12 , 3 2 ,  33 , 34 - 36 

11  

30 ,  

37 - 39 , 41 4 3 1  - 33 , 37 - 39 , 

5 40 5 
6 40 

NOTE : Milking units are considered to be only those who are 
normally engaged with milking for the entire duration of 
the milking season.  Additional labour may be utilised 
for milking , on the various survey farms , for varying 
periods o f  time during the season .  This has not been 
included in the data shown in Table 5 . 4 . It i·s 
dis·cussed however later in· the t ext . 

' 
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b ) On Farm No . 38 , where the manager who milked during the spring 

and autumn months was replaced over the sununer months by the 

wife of an employed labour unit ( 1968/69 ) and by a land girl 

( 1<)69/70) . 

c ) On Farms Nos .  22 and 24 , where married couples were employed.lQ/ 
The employment of  such labour typically provides one labour 
and two milking uni t s . 

On nine farms in Group IV , a labour unit 1!/ was not employed as a 

full t ime milking unit but acted  as a relief milker only . On four of 
these Group IV farms ,  hovrever ,  the labour unit in question milked during 

the spring months . 

4 )  Rat io of Cows per Labour Unit 

The ratio of cows per labour unit for t he survey farms in the 1968/69 

and 1969/70 seasons i s  shOh'n in 'l'able 5 . 5 .  The ratio o f  cows per labour 
unit was extremely hi�h in the uppermost  subclass of Group I .  On four 

farms ( e . g. Farm Nos .  <) ,  10 ,  11 , 12 ) , in the 1969/70 season , the ratio 

was above 200 . �ome high ratios  of cows per labour unit were also 

re corded in the co rresponding subclasses  of the o ther three groups ,  but 

they were not as hi�h as those o f  Group I .  The maximum figures for each 

group being : Group I - 333 ; Group II - 170 ; Group I I I  - 140 ; and 

Group IV - 126 . 6 .  1£1 

5 )  Ratio o f  Cows per Milking Unit 

Table � . 6  shows the ratio  of cows per milking uni t  for the survey 

farms in the two seasons 1968/69 and 1969/70 . 

In terms of cows per milking unit , the differences between the groups 

tend to  be less marked than comparable figures relating to  cows per 
labour unit .  l<'or example ,  the maximum W ratio for each of the four 
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groups is : Group I - 210 ; Group II - 170 ; Group III - 113 . 3 ;  Group IV - 1 26 . 6 .  

10 . A married couple \�S employed on Farm No . 24 only in the 1969/70 season . 
11 . On all such farms , the labour unit in question was concerned with 

the managerial function . 

1 2 .  It " should be  noted that Farm No . 26 has been excluded from this com­

parison as in the 1969/70 s eason , only two labour units were employed .  
As discussed earlier , the normal compiement o f  labour for this farm 

is considered to be three labour units . 



Table 5.5 Ratio of Cows per Labour Unit . 

Farm Cows per 
Number Labour 

Unit 
1968/69 

1 6o . oo 
2 90 . 00 
3 89 . 00 
4 101 . 00 
5 116 . oo 
6 130 . 00 
7 138 · 00 

8 142 . 00 

9 220 . oo 
10 184 . 00 
11 224 . oo 
12 122 . 00 
13 75 . 00 
14 69 . oo 
15  80 . 5 0  
16 77 . 00 
17 104 . oo 
18 ' 113 . oo 
19 121 . 00 
20 102 . 5 0  
21 165 . 00 

Cows per 
Labour 
Unit 
1969/70 

67 . 00 
96 . 00 
88 . 00 

108 . 00 
120 .00 
14) . 00 
130 . 00 
152 . 00 
215 . 00 

267 . 00 
210 .00 

• 
333 . 00 
81 .00 
70 . 00 
84 . 5 0  
7 9  . oo 

106 . 00 
113 . 00 
117 - 5 0 
105 . 5 0 
170 

Farm Cows per Cows per 
Number Labour Labour 

Unit Unit 
1968/69 1969/70 

22  112 . 5 0 133 . 00 
23  77 . 3 0 87 . 30 
24 83 . 3 0 140 . 00 
25 111 o 6 0  90 .00 
26 135 . 3  0 172 . 50 
27 102 . 6  0 101 . 60 
28 103 . 3  0 105 . 00 
29 96 . 3  0 97 . 6 0  
30 126 . 6  0 113 . 30 
3 1  116 . 6  0 92 . 5 0 
3 2  68 . 5 0  69 . 5 0 
3 3  64 . 0 0  68 . 00 
34 7 1 . 00 71 . 00 
35  70 .00  70 . 00 
36 99 . 3 3 81 . 2 0  
37  70 . 0 0  70 . 0 0 
38 97 . 5 0  99 - 5 0 
39 91 . 6 0  92 . 4 0 
40 130. 0  0 126 . 6  0 
41  99 . 2 0  9 2 . 8 0 

NOTE : The ratio of cows per labour unit has been derived by dividing 
the herd size as shown in Table 5 . 1  by the number of labour 
Unit s  shown in Table 5 . 3 .  
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Table 5. 6 Ratio of Cows per Milking Unit .  

Farm Cows per Cows per Farm Cows per Cows per 
Number Milking Milking Number Milking Milking 

Unit Unit Unit Unit 
1968/69 1969/70 196�/69 1969/70 

! 

l 60. 00 67 . 00 22  75 . 0 0  88 . 60 

2 90. 00 96 . oo 23 77 · 3  0 87 . 30 

3 44 . r;!J 44 . 00 24 83 . 3  0 93 - 3 0 
4 j0 . 50 54 . 00 25 111 . 6  0 90 . 00 

5 116 - 00 1 20 . 00 26 135 . 3  0 172 - 5 0 
6 130 . 00 143 . 00 27 102 . 6  0 101 . 6 0  

7 69 . 00 130 .00 28 103 . 3 0 105 . 00 
8 '{1 . 00 76 . 00 29 96 . 3 0 97 . 6 0 

9 220. 00 107 . 50 30  126 . 6  0 113 . 3 0  

1 0  . 9 2 . 00 133 . 50 31  116 . 60 92 . 5 0  
11 224 . 00 210. 00 32  68 . 5 0 69 . 5 0  

12 91 . 50 166 . 50 33 80 . 00 85 . 00 

13  75 . 00 81 . 00 34 94 . 6 0  94 . 6 0 

14 69 . 00 70 - 00 35 93 . 3 0 93 . 3  0 

15 80 . 50 84 . 50 36 99 - 3 0 108 . 3  0 

16 n . oo 79 . 00 37 87 . 50 87 . 50 

17 104 . 00 106 . 00 38 97 . s o  99 - 5 0 
18 113 . 00 113 . 00 39 1 14 . 5 0 115 . 5 0 
19 121 . 00 117 . s o  40 130 . 0 0  126 . 6 0 
20 102 . 50 105 . 5  0 41 124 . 00 116 . oo 
21  165 . 00 170 . 00 

NOTE : The ratio of cows per milking unit has been derived by dividing 
the herd size as shown in 'fable 5 . 1  by the number of milking 
units shown in Table 5 . 4 . 



6)  Dependence of the Survey Farms on Fami ly and Casual Labour and 

Contracto rs 

Table A. 9 of Appendix A shows the us e made by the survey farms of 

fam i ly labour , casual labour and contractors . 

Dependence on Fami ly Labour in t he 1969/70 Season 
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There was a tendency for the farms of Group I to make a greater use 

of fami ly labour for milking than the farms of the o ther thre e groups . 

For example , on six of the Group I farms , wives milked full time . On 

two other farms in Group I ,  wives ass i s t ed with the milking in the spring 

t ime only . The only othe r examples of wives mi lking full time were 

the t wo farms in Group III on whi ch married couples were employed . 

No . 16 , as no t e d  earlier , was the only other examp l e  o f  a wife contributing 

subs tantially to the milking labour fo rce . On some other farms , wives 

contributed to the mi lking force as reli ef milkers all owing s ome or all 

of t he milking unit s time off during the milking s eason . 

Simi larly , there was a greater t endency fo r fami ly labour to as sist 

with o ther farm work on the Group I farms . The other main farming 

operation whi ch utilised family l abour was calf rearing. On s ix of the 

Group I farms , fami ly labour Has us ed for c alf rearing . Comparable 

figures for the other three 0�oups are two in Group II , two in Group III 

and one i n  Group IV . 'fhe r ange of farm operations in vThich family 

labour was involved was on s ome farms much wider than that di s cuss ed above .  

Typi cally thi s occurred on farms where there were children of secondary 

s chool age ana included such tasks as haymaking , s to ck work and tractor 

work . On three farms , f am i ly labour in the form of parents !2/ was used 

for v�rious farm operati ons . 

Dependence on Casual Labour and Cont ractors in the 1969/70 Season 

'fhe extent to whi ch casual l abour and cont racto rs were used on the 

survey farms varied considerably . Tab le 5 . 7  shows a number of farm 

operations for which casual labour or contractors coul d be employed and 

the proportion of farms within each eroup whi ch employed casual labour 

or c ontractors for the s e  parti cular operations . 

13 . On Farm No s .  7 and 29 , the fathe rs of the farm operators assi sted 

with some farm operat i ons , while in the case of Farm No . 10 , the 

farm operator ' s  father-in-law ass i s ted.  



'l'abl e  5. 7 Proportion of Farms within each Group which Employed Casual 

or Contract Labour for a Number of Farm Operations 

Operation Group I Group II Group III Group IV 

l )  Hay Loading l l/12 8/13 4/8 6/11 

2 )  Casual Labour 2/4 2/4 0/4 l/9 
for Silaee 
Making 

3 ) He pairs and 3/12 2/9 0/9 1/11 
Maintenance 

4 ) Relief Milkers 2/3 3/6 3/8 0/ll 
(for time-off ) 

5 )  Hay Baling l l/12  7/8 4/8 5/1 1 

6 )  SilaGe Making 4/4 2/4 l/4 1/9 

7 ) Topdressing 8/12 9/9 8/9 4/11 

NOTES : i )  The proportion o f  farms in each o f  t he four groups on which 
hay was made and contractors and casual labour Here employed 
for hay loading is shown in Row 1 ) .  (i . e .  In Group I, 12 
farners made hay and 11  employed contractors or casual 
labour for hay loading . ) 

i i )  'l'he proportion of the farms on VThich s ilae;e VTas made , where 
casual labour was employed for this operation , is shown in 
How 2 )  . (i . e .  In Group I ,  four farmers made si lace and 
two employed casual labour . )  

iii ) 'l'he proportion o f  farms on which casual labour was employed 
for repairs and maintenance work is shown in Row 3 ) .  

iv) The proportion o f  farms on \-rhich time-off was taken by the 
milking units  during the season , and where such time-off 
was obtained by employinG relief milkers is shown in Row 4 ) . 
( i . e .  On three Group I farms , time-off ¥as taken, on two 
of these farms , the time-off was obtaine d by employing 
rel ief milkers . )  

v)  The proportion o f  farms , on which hay was made and where 
. cont ract balers were employed is shown in Ro"' 5 ) . 

vi ) The proportion o f  farms on which silage was made and where 
contractors were employed is shown in Row 6 ) . 

vii ) The proportion o f  farms ¥rhere topdressing contractors were 
employed is shown in Row 7 )  • 

. , 
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Thertvwas a trend towards a greater input of casual labour on 

the Group I farms , particularly for work which is difficult to 

perform alone . For instance , on eleven farms in Group I ,  some 

casual labour (or contract labour) was employed to assist with the 

loading of hay. Similarly on two of the four farms in Group I which 

made s ilage , casual labour was employed to  assist in the harvest field.  

Further on three of  the Group I farms , casual labour was employed 

for the normal repairs and maintenance work . Comparable figures 

for the other three groups are shown in Table 5 . 7 .  

The number of farms on which the milking units took , or were 

allowed ,  time-off during the milking season increased from Group I to  

Group IV . (This will be discussed in more detail later on page 51 .  

It was particularly noticeable that the provision of such time-off on 

Group IV farms did not entail the employment of any casual labour . 

On these farms , a reduced milking staff was able for a short period 

to easi ly handle the increased ratio of cows per milking unit , and 

further most o f  these farms had unused capacity for milking in the 

form of a labour unit  who was not a regular milker. The provision 

of time-off on farms in the other three groups was in most cases 

accomplished by util ising either family or casual labour . 

Similarly, there was a trend for the farms of  Groups III and 

IV to make less use of contractors and so engage the farm staff in 

a greater range of  farm operations . For example 11/12 and 7/8 

of the farmers who made hay in Groups I and II used contract balers . 

Por Groups III and IV the corresponding figures were 4/8 and 5/1 1 . 
A similar trend is  discernible from the table  in the case of silage 

making . In the case of topdressing, however ,  there was a trend 

towards the Group IV farms only making less  use of contractors and 

consequently a greater use of the farm staff . 
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It  should be noted that on Farms Nos .  9 , 10 , 11 , 12 ,  21 and 40 
where the ratio of cows per labour unit was extremely high , ext ensive 

use was made of casual labour and contractors . 

7 )  Harking 'rimes, Milkine Times, 'rime-off and Holidays 

Table A . lO of Appendix A presents data on the hours of work 11/ 
of the permanent labour units ,  milking t Dne s ,  time-off and holidays 

available to the permanent labour units of the various survey farms . 

'11he data shown in the t able indi cate s  1 

a) That on some of the farms ( e . g.  Farm Nos .  10,  l l ,  12 , 

26)  where the ratio of cows per labour unit was 

extremely high , the working hours of the labour units  

in  the spring tended to be extremely high . 

It  i s  int eresting to note that on two of the farms 

where the ratio of cows per labour w1it was high 

( e . g . Farm Nos .  9 and 11) ', the labour input during 

the winter months moved to the o ther extreme , becoming 

extremely low .  In both cases , winter grazing was 

obtained for the herd which did not involve the 

permanent labour units in question in any work . 

14 . Two estimates of the hours worked by the labour units of the s�rvey 

farms in a normal working day and week at two periods of the year 

are shown in Table A . lO of Appendix A .  Detailed estimates of 

the hours worked for a co�plete season were not collected ,  as it 

was felt that this would prove to be too time consuming. 
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b) The labour units on the farms of Group III and IV in general 

tended to work shorter hours in the spring time than their 

counterparts in Groups I and II ; no such trend was discernible 

in the data relating to the second period, the winter . 

As would  be expected , the milking times varied considerably within 

each group . It is interesting to observe that on six of the Group I 

farm�..-�� the spring morning milking took 2l hours or more . In the other 

three groups , there were fewer examples of the spring morning milking 

time being of such length. Comparable figures for the o ther groups are 

four in Group II , two in Group III and one in Group IV . 

As noted earlier , on all Group IV farms some provision was made for 

the milking unita to take time off during the milking s eason . Comparable 

figures for the other three groups are three in Group I ,  six in Group I I , 
and eight in Group I I I . 

The provision of time off , plus the shorter spring working hours dis­

cussed earlier, suggests that in general the total labour input over the 

season ( in terms of hours ) of each of the permanent labour units on the 

Group III and IV farms , was likely to be less than those of the Group I 

and I I  farms . 

8 )  Specialisation and Division of Labour on the Survey Farms 

The following question was put to  all farmers in Groups II , Ill and 

IV . "Do you and any of your employees specialise in particular jobs? 

Who and what jobs?" (A  work sheet was used to assist in the collection 

of data on the specialisation and division of labour . )  

On all farms , there was to  some extent some division and specialisa­

tion of labour . At one extreme was one farm ?n which all except two 

tasks ( repairs and maintenance to machinery an� calf rearing) were shared 

between all members of the staff . At the other extreme were two farms 

on which there was a most noticeable division of labour between s tock and 

machinery work and nine farms on which the most senior member of the· staff 

specialised in four or five specific tasks . 

From the replies to  the question , work on the survey farms in relation 

to division and specialisation bf labour can be divided into three classes . 
(l"" 

a) Jobs which were regarded as being extremely vital to the 

profitable organisation of the farm. This includes the 
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various component s of stock work such as bringing and taking 

the herd to and from the farm dairy mating management , 

bloat cont ro l ,  calf rearing and various animal he alth activities . 

b ) Jobs requiring s pe ci al skil l s  or experience , such as machiner,r. 

work ( e . g. haymowing , haybaling, ploughing, off-farm con­

tracting ) , repairs and· maintenance to machinery and buildings 

and fencing . 

c ) Jobs whi ch were regarded as being less vi tal to t he profitable 

organisation of the farm , or whi ch require no ( or little ) 
special skills or experienc e ,  ( e . g . tedding hay , topdressing,  

weed cont ro l , cleaning farm dairie s and yards , general repairs 

and maintenance . 1:2/) 

Di s cussion 

Clas;f� 

Eight een of the twenty-nine farmers questi oned emphasised that in 

their view it  was mo st i mpo rtant for management to bring the cows to (and 

in some cases from ) the milking shed.  One diffi cu lty encountered in 

milking a large number of cows , it was stated ,  is that management does 

no t s ee every cow each milking and s o. has to rely on the s taff t o  det ect 

and re})Ort any abnormali t i e s  in the herd . By driving the c ows to ( and 

from) the milking she d ,  management has an opportuni ty to s ee each cow at 

least two ( or four) time s per day . Three managers stressed the import ­

ance of this , parti cularly during the artifi cial breeding season.  

Eighteen of the twenty-eight farme rs who used A . B .  1&/ indicated that 

one labour unit speciali sed in the detection of in-season cows for mating . 

In all cases , t his was performed by a senior member of the staff . 

Calf rearing, on eighteen of the twenty-nine farms was a speci ali s t  

t ask, although this did no t necessarily involve the most s enior member( s ) 
of the staff . On fourteen farms , bloat prevent ion was the responsibi lity 

o f  one person .  

1 5 .  Tedding h ay  and topdressing were regarded by a number o f  farmers as 

being j obs which required litt l e  skill or experience . Cleaning 
• 

milking yards , general rep�irs and maintenance work ,  and weed control 

were cited as three j obs whi ch were not vi tal to the profitable 

organi sation of the farm. 

16 . A . B .  i s  an abbreviation for Artificial Breeding . 
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· Class II 

Of the twenty-nine farmers questioned , nineteen indicated that one 

labour unit tended to specialise in the repairs and maintenance work done 

on the farm . 

Hay cut ting was performed by the s enior member( s ) of the staff in 

fifteen cases . Of the twelve farms using their own balers , in eight cases , 

the baler was operated by the most senior staff member( s ) . The same was 

true of all six farmers who undertook some form of outside contracting with 

machinery . 

Class III 

These jobs tended to be the responsibility of the more junior and 

inexperienced members of the staff . On three of the farms, where Farm 

Cadets were employed ,  any division and speciali sation of labour was not 

markedly pronounced as the cadets were being instructed in all basic  farming 

skills . 

5 .  7 MACHINERY USED ON 'rHE SURVEY J:t,ARMS 

Farmers were asked to name the it ems of machinery they used l1/ on 

the farm and to indicate whether the machinery was s 

a ) Owned ;lW 
b ) Shared ; 

1 7 .  Data on machinery usage were colle cted only for the 1969/70 dairying 

18 . 

season . Items of machinery which were not used on an annual basis 

however , such as hedgecutt ers , drain cleaners , etc .  were included in 

the list of machinery . 

The term ' owned ' is used in this context to indicate that in the case 

of farms where the organisation i s  described as J 

i ) An owner operator organisation ; 

ii ) Family partnership ; 

iii ) Partnerehip ; 

iv ) Company; 

v) Trust ; 

the machine can be viewed as an asset of the organisation in question. 

Similarly, where the . organisation is described as a combination , the 

machine can .be regarded. as. an asset of one of the components of the 
I 

combination . \v.here the organisation is  described as a sharemilking 

agreement , the t erm ' owned ' is  used to denote machinery which can be 

· 

1
viewed either as an asset of the sharemilker or the other party to 

• • 
.'�e sharemilking agreement . 
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c ) Borrowed; 

d) Rented or hire d ;  

e ) Supplied by contracto rs ; 

There were no marke d differences in the ranee 12/ of machinery used 

on the four groups of survey farms . Variat ions did o ccur on parti cular 
• 

farms within each group mainly becaus e of the growing of forage crops , 

the conservat ion o f  different forms of supp lementary feed , and the 

pre sence on some farms of drains and hedge s .  

On some farms in Groups I I I  and IV various items o f  machinery were 

used which were not found on the farms of the o ther t wo groups . Typically 

these items of machinery were such that i f  they were to be used on most 

of the farms in Groups I and II , the co st o f  such i t ems per unit of out ­

put would be extreme ly hieh .  For example , on one farm an irrigation 

plant was use d ,  on another the machinery complement included a self 

unloading hay trai l er , ··while on another a self unloading si lage t rail er 

was us e d .  

There was a trend towards t h e  numbers of tractors and of parti cular 

items of machinery whi ch were used on the survey farm s , to increase from 

Group I to Group IV . However in terms of t he ratio of cows per tractor , 

there did appear t o  be some advantage to s ome of the Group I I ,  III and 

IV farms . (The lowest ratios were found in Group I where four were under 

lOO . '.rhe highest ( two ) were re corded in Group III and IV , being 345 and 

380 respectively . ) Similarly , advantages s e emed likely to accrue t o  

some of t he farms o f  Groups II , III an d  I V  b ecause of a high rati o  of 

cows t o  particular i t ems of machinery . 

The numbers o f  t ractors and of parti cular items o f  machinery which 

the survey farms use d ,. tended to increase from Group I to Group IV for 

the fol lowing reasons a 

i )  There was a general t rend for the farms o f  Group I I I  an d  IV t o  

make less u s e  o f  contractors an d  s o  t o  own more of the machinery 

used on the farm , parti cularly for harve sting operations . · In 
order t o  complete such work as qui ckly and effectively as 

possibl e , a number of t ractors ( and of particular types of 

machines ) were ·considered ne cessary • 

19 . i . e .  Types o f  machine . 

• ' 
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ii)  The l a t e  wint er an d  early s pring , becaus e o f  the nee d  to feed 
l arge quantities o f  supplementary feed and to perform a great 

deal of s tock work , was a further p eriod when the requirement s 

for t ractors and associated impl ement s on some of the Group II I 

and IV farms was rel atively high .  

i ii )  I t  was noti ceable t hat as f arm s i ze ( in t erms o f  acre s ) 
increased , there was a trend towards the use o f  a tractor as a 

means of t ransport about the farm . ?SJ/ 

There would appear to be , therefore , two p eriods of the year when the 

requirement s for t ractors on some of these farms was extreme ly high .  As 

it is usually not po ssible to borrow or hire tractors for these p eriods , 

the farmers tended to own t hat number o f  t ractors whi ch satisfie d  the 

"peak demand " accepting that for the rest of the year one or more of the 

tractors was not required . Simi larly , farmers tended to own t hat number 

of o ther items of machinery whi ch were required to mee t  the "peak demand" . 

However , as detai l e d  information was not col lected on the si z e  o f  the 

various items o f  machinery , the data on the numbers o f  parti cular i t ems 

of machinery used on the survey farms should be int erpreted carefully .  

'.rhere was a considerab l e  variation in the size of the t ractors ( in 

term s  horsepower ) used on a parti cular farm and betwe en farms . There 

was a t endency for tho se farmers in Group I I I  and IV who owned such i t ems 

of machinery as hay balers , forage harvesters , draincleaners and front -

end l oaders to have a large t ractor to power such impl ement s .  I t  was 

also noticeable that in Groups Ill and IV the additional t ractors used 

Here usual ly smal l er tractors and further they were often old mode l s . 

Furt her,  the tract ors used on the farms where contractors were employed 
'.<-.... 

exten��vely , were e i ther small or extremely old tractors . 

There was a t endency for t he farms o f  Groups I I I  and IV to own � 
a great er range o f  the machinery used on t he farm and so to make less 
use o f  contractors . Table 5 .8 shows the proportion of farms in each of 

the four groups where various items of machinery were pwned by the f� 

in question . 

20 . This. i s  dis cus s ed later in section 5 . 17 • .  

21 . The phrase •iowned by the f�" means the maohine ( s )  in question can 
be regarded as � asset of the appropriate farm organisation ( e. �  
Trust , Company, Owner Operator , etc . ) .  
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Table 5.8 Proportion of Farms in Each Group Owning Various Items of  

Machinery 

" 
Item of Machinery Group I Group II Group III Group IV 

1 )  'l1rucks 2/12 1/9 0/9 5/11 

2 )  Hay Balers 1/12 1/8 4/8 6/11 

.5 )  Hay Loaders 1/12 0/8 5/8 6/11 

4 )  Flail or l<,orage 0/4 2/4 3/4 8/9 Harvesters 

5 ) Topdressers 4/12 0/9 1/9 7/11 

NOTES : i )  The proportion of farms in each o f  the four groups owning 
trucks i s  shown in Row 1 ) . 

i i )  The proportion of farms making hay in each of the four groups 
where the farm owned the baler used is shown in Row 2 ) .  

iii ) The proportion of farms making hay in each of the four groups 
where the farm owned the hay loader used is shown in Row 3 ) . 

iv) The proportion of farms making silage in each of the four 
groups where the farm owned the flail  or forage harvester 
used is shown in Row 4 ) . 

v )  'rhe proportion of farms in each of the four groups where 
fertiliser was applied entirely with machinery owned by the 
farm is shown in Row 3 ) .  

An examination of Table 5 .8  reveals that for all it ems of machinery 

listed , the proportion of farms owning such items of machinery was 

greatest in Group IV . 

Most of the machinery used on the survey farms was either owned ( by 

the farms ) or supplied by contractors . There were some instances of 

machine'ry being rented or hired and borrowed but these were of minor 

significance . Farm No . 8 provided the only e·xample of a machinery 

sharing agreement in which most  of the major items of machinery were 

shared between three farms . 

'0 
On only six farms was off -farm contracting undertaken . Of tne s ix ,  

two were Group I I  farms , two Group III farms , and two Group IV farms . 

In all cases , the work in question was hay contracting ( i . e .  hay mowing 

or hay baling) . 



5. 8 BUILDINGS ON THE SURVEY FARMS 

A check list was used to obtain a list of the buildings on each of 

the survey farms . Farmers were then asked the question "What bui ldings 

do you consider you could not do without?"  This question allowed the 

author to formulate some ideas as to what t he farmers considered to be 

the minimum building investment necessary for their respective farms . 

Buildings which farmers considered they could do without included : 

a ) Parti cular types of buildings whi ch for various reasons had 

in the past been duplicated , but with changes in circumstances 

one (or more ) of these buildings was considered to be 

unnecessary for the effective running' of the farm , (e . g .  v 
houses ,  barns , implement sheds , etc . ) 

b ) Buildings which because of changes in farming systems , were 

now considered to be obsolete ( e . g .  calf sheds , manure sheds , 

etc . ) 
" 

On some farms the building complement did not include certain types 

of buildings . In such cases , the farmer was asked if he would like the 

particular building in question to be erected. Where the reply was in 

the affirmative , the particular building was added to the list of 

buildings denoting the minimum building investment necessary . 

All farmers felt tractor sheds , implement sheds , farm dairies , some 

form of workshop , barns � and dwellings were buildings they could not 

do without . 

The number o f  houses the farmers considered their respective farms 

required in general tended to increase as one moves from Group I to 
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Group IV . However extremely high ratios ( i . e .  cows per house ) were 

achieved by the fol lowing Group I farms , Farm Nos .  9 ,  10 ,  11 and 1 2 .  (On 

all these farms , the ratio was in excess of 200 .£L/ As mentioned earlier , 

Hi th the exception .. 
o f  Farm No . 1 1 ,  on all these farms , wives were employed 

as ful l  time milking units ,  thereby ·allowing one house to accommodate two 

milking units . The ratio of cows per house was extremely low in Groups II , 

III and IV where the staff consi sted entirely of married men . (Each 

married man employed required one house . ) 
' 

22 . There was one exception . Ort Farm No . 16 , no hay was made , silage \i 

being the only form of supplementary feed. Consequently a barn was 

not considered necessary on this farm. 

23 . The ratio is based upon the data of the 1969/70 season . 

,. 



Certain farms in Groups II , III and IV were able to achieve extremely 

high ratios  be cause of the employment of s ingle labour . 

noticeable in the case of Farms Nos .  17 , 30,  37 and 40.  
This i s  mos t  

(The rati o s  
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were Farm No . 17 , 212 , Farm No . 30 ,  170 , Farm No . 37 , 17 5 and Farm No . 40 , 
25 3 . ) In the case of Farms Nos .  37 and 40 , although five and six 

permanent labour unit s were employed on the two farms respe ctively , only 

two houses were needed fo r Farm No . 37 and three for Farm No . 40. In 

the case of Farm No . 3 7 ,  the manager was paid to board all three single 

boys , whi l e  in the case of Farm No . 40, al l four single boys occupied 

one hous e .  The employment of married coupl es also t ended to give ri se 

to  an ext remely high ratio as two milking unit s  were accommodated in one 

house . 

Tab l e  ) . 9  shows the type and size of the farm dairie s  on the survey 

farms . ( Size of farm dairy i s  measured in t e rms of the number of set s 

of cups . ) Table 5 . 9  indi cates that with the exception of Farms Nos .  4 ,  

5 and 19 , on al l farms a type of herringbone farm dairy was used . 

'fhere were some di fferences between the f arms in the range of other 

bui ldings the farme rs considered they require d .  O n  six o f  the farms , i�  

was felt some form of w intering device was required . There was some dis-

agreement as to the place of <?alf sheds and manure sheds . 'l'ypical ly 

those who reared calve s on nurse cows or emp loyed bulk to pdressing 

cont ractors fel t  the se two types of bui ldings could be di spensed vli th . 

Further i t  was no ted that othe r type s of bui l di ngs could subs titute for 

them if the need should arise . On one farm a slaughter house was 

provided enabling the farm s taff to obtain a regular supply of perquisite 

meat . 

There were some variations in the types and sizes of bui ldings used 

on the survey farms but with the exception o f  farm dairies , detailed 

informat ion was not co l lected . 

5 . 9  EQ.UIPMENT, SUBDIVI SION, FARM RACES AND WATER RETI CULATION SYST,EMS 

1 )  Equipment used on the Survey Farms 

Information was collected on the usage of a number of selected items 

of equipment , most of which were considered to be of a labour saving 
' 

nature . Farmers were · also aske� to name any other items of equipment 

they used �hich they considered to be important labour saving devices . 
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Table 5.9 Size and Type of Farm Dairies on the Survey Farms . 

Farm Type of Size Farm Type of Size 
No . !<'arm (No . of No . Farm (No . of 

Dairy sets of cups ) Dairy sets of cups ) 

1 HB/HLS 8 22 HB/HLDU 20 

2 HB/HLS 8 23 HB/LLDU 24 

3 HB/HLS 6 24 HB/HLS 16 
4 WliDU 8 25 HB/HLS 20 
5 wrjs 5 26 HB/HLS 24 
6 HB/HLS 9 27 HB/HLS 20 
7 HB/HLS 8 I 

28 HB/HLS 18 
8 HB/HLS .. 8 29 HB/HLS 20 
9 HB/HLS 18 30 HB/HLS 24 ( 2  pits) 

10 HB/HLS 10 31 HB/HLS 33  

11  HB/HLS 12  3 2  HB/HLS 20 

12 HB/HLS 20 33 HB/HLS 24 

13 HB/HLS 12 34 HB/HLDU 24 
- -

14 HB/HLS 8 35  HB/HLDU 24 

15 HB/HLS ll  36 HB/HLS 20 

16 HB/HLS 10 37 HB/HLDU 48( 2 pits ) 
17 HB/HLS ll 38 HB/HLS 24 

18 HB/LLDU 20 39 HB/HLDU 48( 2  pits ) 
19 AjP 16 40 HB/HLS 50 

20 HB/HLDU 20 41 HB/HLS 28( 2  pits ) 
21 HB/HLS 14 

NOTE : The fo llowing abbreviations are used to denote the various types 
.of farm dairy • 

. . � � 

W'f/DU Doubled up walk through . 

WT/S Single walk through . 

HB/HLS · 

HB/LLDU 

HB/HLDU 
. • ·  

A/P 

Highline single herringbone . 

Low line doubled-up herringbone . 

Highline doubled-up herringbone . ' 
. 

Angle 'i)ark . · 

/ 
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Motorbikes were used on some farms in all four groups . (Motorbikes 
were used on five Group I farms , two Group II farms , five Group III farms 
and two Group IV farms . ) 

Items of equipment such as welders and bloat applicators were used on 
farms of all four groups . Welders appeared to be equally di stributed 

between the four groups , while bloat applicators were used most frequently 

on Group I farms . ( 6/15 were found on Group I farms . ) 

Telephone systems from the farm dairy to the house ( s ) were used 

on twelve farms , tending to o ccur more frequently on farms of the latter 

three groups . For example , telephone systems were used on one Group I 

farm , five Group II farms , three Group I I I  farms and four Group IV farms . 

Cattle sprayers were used on farms · Of all four groups , being used 

most frequently however on the farms of Group IV where they were used 

on seven farms . Comparable figures for the other groups were , three on 
Group I l l  farms , one on Group II farms and one on Group I farms . 

Various other items of equipment were used on the survey farms . 

Of particular interest was a set of cattle scales found on one Group I l l  

farm . This ,  according to  the  farmer, had proved to  be a most useful 

aid for such tasks as drenching young s to ck and wintering -�ws . � 

24 . The farmer in question weighed all young stock prior to each 

drenching. .. Knowledge of each animal 1 s weight al lowed the farmer 

to administer the correct quarlt ity of drench. Similarly a 

periodic check was made of each animal 1 s live weie;ht durine; winter. 
Any animal , for which excessive live weight losses were recorded 
was given preferential wintering treatment . 

' 
. 
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In all four groups , the highline single herringbone mi lking plant was used 

most frequent ly . Of the four farmers using a double pit herringbone 

dairy, three indicated that because of difficulties in the supervision 

and organisation of milkers , single pit herringbone dairie s would be 

preferred.  

Only five farmers indicated that they had encountered problems with 

the operation of the milking machine s .  'fwo farmers in Group IV felt 

-; the problem had not yet been rectified and had given rise  to poor milkfat 

production per cow and a high incidence of mastitis in the herd . A 

further three (one in Group III and two in Group IV) stated that although 

they were now satisfied with the performance of the milking machines ,  the 

bringing of the milking plants to a satisfactory standard of performance 

had been a time consuming and expensive task . 

Shed wash-down units  were found on all farms , while on only twelve 

of the farms surveyed were effluent disposal units installed . (Again 

there was no marked tendency for such di sposal units to occur more 

frequently in any parti cular group . ) 

Fourteen farms had in place cleaning devi ces instal led in the milk 

vat s .  The se devices which were bui lt-in , to only the extremely large 

milk vat s ,  were described by all fourteen farmers as being extremely 

effe ctive labour saving devices . 

2) Subdivision on the Survey Farms 

The number of permanent paddo cks into whi ch the farms were sub­

divided (for grazing by the herd during the milking season ) varied con­

siderably , there being a trend towards a larger number of permanent 

paddocks on the farms where the larger herds were run . Twenty four farms 

had 3 5  or more permanent paddocks which were used for grazing the herd 

over the milking season . (On twenty of these farms , the herd size 

exceeded 2)0 cows . ) 

3 ) Farm Races 

Data were first collected on the width of races on the various farms 

and second , farmers were asked to indicate whether they felt the width of 

races on their particular farms was satisfactory for their parti cular herds . 

The actual width of races found on the survey farms varied considerably 

both within an individual farm and between farms , there being examples 

of wide races  on farms where small herd sizes were run and vice v�rsa.  
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From the replies to  the second question , it  was apparent that in general , 

it was considered that larger herds ne cessitated wider races .  However ,  

a race width of  twenty five feet (fence to f ence ) would appear to be of 

sufficient width to handle the largest herd size encountered ( i . e .  760 
cows ) . There were no marked differences between the farms in the 

construction of races .  

4 )  Water Reticulation �ystems 

Only on four farms was a supply of water not avai lable to the herd 

in every paddock . Pipe sizes used tended to increase as herd sizes 

increased . (The main pipeline increasing from -.i" diameter on 

seven Group I farms to 2" diamter on two Group IV farms . ) 

) . 10 STOCKING RA'.rES 
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Actual stocking rates are difficult to determine exactly because of 

differences between farms in such things as the erazing out of young stock , 

the raising of other livestock products such as beef and lamb , and 

varying degrees of utilisation by stock of so called waste areas . 

Table A . l l  of Appendix A consists of seven columns which if studied 

col lectively give an indication of the actual stocking rates on the survey 

farms . 

It can be seen that the stocking rates on the survey farms were 

reasonably high .  'I'hirty-four of t he forty-one survey farms were stocked 

at a rate of one milking cow per effective acre or above ( based on the 

1'969/70 season ) . Of the remaining seven , which were s tocked at be low 

one milking cow per effective acre , six were completely self-contained.  � 
Further , four of the above six also farmed other livestock such as beef 

steers and dairy heifers for sale .  Four farmers fed meal . In all 

cases the quantity was smal l , its use being confined to the early spring. 

Two farmers fed mother liquor,� one feeding substantial quant ities 

throughout the dairying season . Nine farmers bought hay , but in all 

nine cases ,- at least fifty per cent of the hay used was made on th·e home 

farm . On twenty-eight farms , young stock were erazed away -from the home 

farm. In all cases , this involved the rising two year heifers (usually 

for a period of twelve months ) and in ten cases , calves were involved as 

25 . No feedstuffs were bought and no livestock were grazed out . 

26 . Mother liquor is  a by-product of lactos e  production .  



wel l .nJ On thre e farms the herd was grazed away from the home farm for 

a period during the winter.  In two cases as noted earlier ( Farms Nos .  

9 and 1 1 ) , thi s was done t o  re lieve the labour force rathe r than as a 

means of acquiring extra feed . 

I t  i s  interestine toob serve that the sto cking rat e as expressed in 

colunm 4 of �able A . l l  of Appendix A was for al l Group IV farms one 

milking cow per effective acre or ereat er . However , on only one farm 

in Group I V ,  was no LTazing out of stock practised. The highe st stocking 

rates as indicated in column 4 were on Farms Nos .  13 , 20 , 39 and 41 , all 

being above 1 . 4  milking cows per e ffective acre . 

5 . 1 1  MILKFA'l' PRO DUCTION ON 'l'llli SURTh'Y FARHS 

1 )  l1!ilkfat Production per L:ow and. per Acre 

'l'he milkfat production per cow and per acre of the surve,y farms for 

the 1�68/6� and 1969/70 seasons is sho wn in �able s ) . 1 0 and 5 . 11 . 

It should be realised that the method of calculatinG' the milkfat per 

cow and. per acre statistics sho wn in Tables ) . 10 and 5 . 11 differs from 

that adopted by official sources of such stati stics , such as the New 

�ealand Dairy Board. The New �ealand Dairy Board in their Annual Farm 

Production Report publish wh<�t is known as the effective averaee production 

per cow. This figure is derived by dividing the total amount of milkfat 

sent from a farm to the factory by the number of covrs in milk in December. 

This method has not been adopted in �ables 5 . 10 and 5 . 1 1 be cause it was 

apparent to the author, that the numbers and percentages of calves reared 

eithe r for d.aiQnng or beef production on the various survey farms vari e d  

considerably . ( Percentage of calves reared refers to the t otal number 

of calves reared expres sed as a percent age of the total number of cows 

wint ere d . ) Consequently ,  the milkfat per cow figures shown ·in Tab le 5 . 10 
will be greater than the " effective average production" figUres be cause 

of the addition to t he to tal mi lkfat supplied to the factory of an 

estimate of the milkfat used for calf rearing . 

Simil arly , the numerator used in the calculation o f  the mi lkfat per 

acre fieures shown in Table 5 . 1 1  i s  the t otal mi lkfat supplied t o  the 

27 . e . g. On 9 farms the grazing p eriod for calves ( i . e .  the time the calves 

were away from tpe "home" farm ) extended over approximately 18 months . 

The calves were s ent out t o  graze immediately aft er weaning and were 
t�turned as ri s ing two year old heifers . On one farm , the calves were 
grazed away from the home farm for two months to relieve grazing pressure 
on the home farm in the autumn. 



Table 5. 10 Production per Cow of the Survey Farms 

Farm Mi1kfat Milkfat Farm Milkfat 
No . per cow per cow No . per cow 

1968/69 1969/70 1968/69 
: 

1 392 367 22  3 24 

2 . 32T 291 23 318 

3 365 293 24 317 

4 375 357 . 25 242 

5 349 239 26 212 

6 325 254 27 306 

7 . 331 366 28 308 

8 328 323 29 346 

9 234 .. 243 30 266 

10 286 254 31 246 

11 281 248 32 320 

12 203 216 33 274 

13 296 272 34 320 

14 329 273 35 332 

15 .5.5 5 283 36 318 
I 

16 387 317 I 37 306 

17 321 297 38 300 

18 302 243 39 296 

19 286 277 40 228 

20 337 276 41 309 

21 265 224 

' 

Milkfat 
per cow 
1969/70 

307 

238 

240 . 

243 
208 
283 

298 

308 
205 

227 

303 

23 5  

267 

291 

2�4 
23 3  

294 

260 

198 

296 

NOTE : Mi1kfat per cow has been obtained by dividing the total 
mi1kfat production by the number of cows in milk in · 

December • 

. · . . _ .... . 
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Table 5. 11 Production per Acre of the Survey Farms 

Farm Milkfat l1ilkfat li'arm Mi lkfat Mi lkfat 
No . per acre per acre No . per acre per acre 

1961::1/69 1969/70 1968/69 1969/70 

1 413 432 22 311 349 
i 

2 426 405 23 359 304 
3 361  287 24 283 240 
4 399 ' 406 · I 25 238 193 
5 )69 261 26 269 224 
6 325 280 I 27 388 355 
7 228 238 . I 28 401 · 395 I 8 173 " 182 29 403 364 
9 228 231 30 326 2 25 

10 263 340 31 234 229 
11 318 264 32 370 3 55 
12  212 206 33 303 275 
13 423 420 34 421 345 
14 378 318 35 379 333  
15  382 340 36 544 288 
16 480 405 37 369 281 

. .  . 

17 398 375 38 340 340 
18 263 211 39 424 375 
19 394 370 40 203 206 
20 494 407 41 472 423 
21 339 395 

' 

NOTE z l1i lkfat per acre has been calculated b,y dividing the 
total milkfat pro duction by the effect�ve area ·Of 
the farm . 



factory plus an estimate of the milkfat used for calf rearing. The 

deno��nator is the effective number of acres , which is defined as the 

area in any form of pasture , crop , races and buildings . (Surveyed 

acreage and effective acreage differ because of waste areas which are 

not utilised by sto ck . ) 

For comparative purposes , the milkfat production per cow of the 

survey farms has been recalculated using the method adopted by the New 

Zealand Dairy Board . (That is the "effective average production" per 

cow has been calculated . ) This i s  shown in Table 5 . 12 . 

Tables 5 . 1 0, 5 . 1 1  and 5 . 1 2 indicate that there is  a t rend towards 

a decline in both milkfat per cow � and milkfat per acre on the farms . 

where the ratio of cows per labour unit is  high , ( e. g. Farm Nos .  9 ,  10 ,  
1 1 ,  1� , 21 and 40) . T�e highest milkfat per cow figures (as shown in 

both tables ) were achieved on Farm Nos .  1 ,  3 ,  4 ,  and 16 - all being 

above 350 pounds of milkfat per cow .  Some farms in all  four groups 

produced at a level above 400 pounds of milkfat per acre . It is 

interesting to note  that Farm No . 41 (which produced the greatest total 

quant ity of milkfat in the 1968/69 season ) produced at a l evel per acre 

which was only surpassed by Farm No s .  16 and 20 . Such information , 

however , should be considered careful ly along with the data given in 

Table A . l l  of Appendix A .  

I t  was interesting t o  note that thirt een of the survey farms had in 

previous seasons supplied a greater total quantity of milkfat to the 

factory . As detailed information was not co llected on the number of  

calves reared ,  estimates  of the quant ities of milkfat used for calf 

rearing in previous seasons could not be made . Similarly as detailed 
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information was not collected on farm areas in use in those s easons , no 

calculations of milkfat produqtion per acre for previous seasons could be 

made . Of particular interest ,  however, are tl).e "effective �verage 

production" per cow figures.  Table 5 . 13 shov1s the "effective average 

production" per cow achieved and the corresponding herd si ze  of the 

thirteen farms , in the season the maximum total milkfat pro duction was 

sent to the factory .  
' '  

28 . It shoul d be realised that in the 1969/70 season, many dairying districts 

experienced a severe drought . Consequently the discussion that 

follows is confined to the data of the 1968/69 season . 
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Table 5. 12 "�fective Average Milkfat Production" per Cow on the 

Survey Farm 

67 

Farm "Effective "Effective Farm "Effective " Effective 
No . Average Average No . Average Average 

Production" Production" Production" Production" 
1968/69 1969/70 1968/69 1969/70 

l 392 367 - 2 2  317 300 
I 

2 321 286 23 309 231 
3 357 286 24 310 233 

4 366 353  I 25  219 232  
5 341 232 I 26 206 200 
6 318 248 27 299 278 

7 325 3 59 28 302 293 
8 318 3 15 29 339 302 
9 227 239 30 258 196 

10 278 246 31  230 219 
11 273 243 32 313 296 
12 199 205 3 3  271 230 
13 296 264 34 320 2 5 5  
14 312 261 35  325 283 

I 
-1"5 319 276 36 311 235  
16 384 314 37 . 284 210 
17 315 292 38 293 287 
18 296 235 39 290 254 
19 282 272 40 222 192 
20 330 268 41 301 289 
21  256 216 



Table 5. 15 · " Effective Average Product ion" per Cow in t he Seasons of 

Maximum Milkfat Production 

lo'arm Milkfat Herd 
No . per cow Size 

4 389 98 
9 286 205 

1 1  326 193 
12 237 ))2  I 

I 

163 
I 

13 289 

14 .514 150 
19 331 235 

2)  Milkfat Output per Labour Unit 

Farm Milkfat Herd 
No . per cow Size 

25 233 335 
31  280 320 
33 26) 345 
37 320 380 

I 39 292 I 458 
40 271 576 

I 

I 

The output o f  the survey farms in terms o f  milkfat product ion per 

labour unit in the 1968/69 and 1969/70 seasons is shovrn in Table 5 . 14 .  
It can b e  seen that the output per labour unit of some o f  the Group I 

farms was extremely high . For example , Farm No s .  5 ,  6 ,  7 ,  8 ,  9 ,  10 
and 11 . On only one o ther farm ( Farm No . 2 1 )  were comparable figure s 

achieved . The output per labour unit was rel atively low however on 

the fo llowing Group IV farms . Farm Nos . 32 , 3 3 , 34 , 3 5  and 37 . This 

was due either to a low ratio of cows per labour unit o r  a poor leve l 

of production per cow ,  or both . 

3 )  Milkfat Output per Milking Unit 

68 

Table ) . 15 shows the milkfat production per labour unit of the survey 

farms in the 1968/69 and 1969/70 seasons . The data shown indi cates that 

the fo llowing Group I farms , 5 ,  6 ,  9 and 11  als o  achieved a relative ly 

high output per milking unit . Again only Farm No . 21  achieved comparable 

figures in the o ther three groups . If these five farms are ignor�d ,  

differences between the groups in t erms of the maximum output o f  mi lkfat 

per milking unit become less marked .  In such c ircumstances , the maxi-

mum output per milking unit was achieved by Farm No . 41 . 
which produced the greatest total amount of mi lkfat . ') 

(The farm 

Such data however should be int erpreted carefully along wi th the 

information presented e arlier on various aspects of labour usage . 

t . ... 
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Table 5. 14 Mi 1kfat Production per Labour Unit 

]<,arm 
No . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll  

12  
1 3  
14 
1 5  
1 6  
1 7  
18  
1 9  
20  
2 1  

NOTE : 

Mi lkfat Milkfat Farm Milkfat Milkfat 
per per No . per per 
Labour Labour Labour Labour 
Unit Unit Unit Unit 
1968/69 1969/70 1968/69 1969/70 

2) , )28 24 , )9 1  2 2  36 , 401 40 , 822 
29 , 404 27 , 976 23 24 , 556 20 , 763 
32 , 480 2 5 , 797 24 26 , 388 3 3 , 536  
37 , 910 38 , 569 25 27 , 001 2 1 , 876 
40 , 559 28 , 694 26 28 , 743 3 5 , 896 
42 ' 300 36 , 4)5 27 31 , 442 28 , 735  
45 , 677 " 47 '  554 28 3 1 , 785 31 , 338 
46 , 613  49 , 135  29 33 , 369 30 , 090 
51 , 567 52 , 218 30 33 , 734 23 , 217 
52 , 543 67 , 987 31 28 , 652 21 , 03 1  
62 , 880 52 , 236  3 2  21 , 910 21 , 03 2  
24 , 753 71 , 940 33  17 , 565 15 , 952 
22 , 211  22 , 039 34 23 , 137 18 , 1)87 
22 , 698 . • "19 , 081 35 23 , 207 20 , 391 
26 , 9 57 23 , Y39 36 3 1 , 565 19 , 787 
29 , 769 25 , 080 )7 21 , 392 16 , 301 
3 5 , 401) 3 1 , 501 38 29 , 285 29 , 266 
34 , 175  27 , 442 39  27 , 125  24 , 018  
34 , 660 32 , 547 40 29 , 676 25 , 127 
34 , 571 29 , 089 41 30 , 680 27 , 533 
43 , 784 38 , 048 

The output per labour unit figures shown in Table 5 . 14 have 
been derived by dividing the total mi lkfat production .( as · 

defined on page 63 ) by the numbers of labour units shown 
in Table 5 .  3 . 
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Table 5. 15 Mi lkfat Production per Milking Unit 

,... 
Farm 
No . 

l 

2 
3 
4 
5 
6 
7 
8 

9 
10 
l l  

12 
13 
14 
1 5  
16 
17 
18 
19 
20 
21  

Milkfat Milkfat Farm Milkfat Milkfat 
per per No . p er per 
Mi lking - . .  Milking Milking Milking 
Unit Unit Unit Unit 
1�68/69 1969/70 1968/69 1969/70 

I ! 
23 , 528  24 , 591  ! 22 24 , 267 2 7 , 215  

' 

29 , 404 27 , 976 23 24 , 556 20 , 763 
16 , 240 12 , 898 I 24 26 , 388 22 , 357  
1B , 955  19 , 294 I 25 2 7 , 001 21 , 876 i 

40 , 559  28 , 6�4 26 2 8 , 743 3 5 , 896 
42 , 300 36 , 45 5  2 7  3 1 , 442 2 8 , 735  
22 , 838  . .  47 ' 554 28 3 1 , 785 . 3 1 , 338 

I 
23 , )07 24 , 567 ' 29  3 3 , 369 30 , 090 

51 , %7 26 , 109 30 3 3 , 734 23 , 217 
26 , 272 33 , 993 i 3 1  2 8 , 652 21 , 03 1  
62 , 880 52 , 236 I 32 ' 2 1 , 910 21 , 032  
18 , 5�4 35 , no 33 2 1 , 956 19 , 941 
22 , 2 11  22 , 039 34 30 , 850 25 , 3 16 
22 , 698  l9 , 0Ul 35 30 , 943 27 , 188 
26 , �57 23 , 939 36 3 1 , 565 26 , 383 
29 , 76� 25 , 080 37 26 , 740 20 , 377 
33 , 409 31 , 501 38 29 , 285 29 , 266 
34 , 17 5  27 , 442 39 3 3 , 906 30 , 002 
34 , 660 32 , 547 40 29 , 676 2 5 , 127 
34 , 571 29 , 089 41 38 , 3 50 34 , 441 
43 , 784 38 , 048 

The data shown in Table 5 . 1 5  has been derived by dividing 
the total mi lkfat pro �uction (as defined on page 63 ) 
by the numbers of mi lking units shown in Table 5 . 4 .  

,_ . ·--------------�---------------
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5 . 12 S�OCK LOSSES AND HERD WASTAGE 

l ) Stock Losses 

Tables 5 . 1 6, 5 . 17 ,  5 . 18 and 5 . 19 present data concerning the various 

sources of stock losses on the survey farms in the 1968/69 and 1969/70 

seasons . 

There were no marked differences  between the four groups of farms 

in terms of cow losses . 1'he hiehest fiGUres recorded were those of 

Farms Nos .  21 and 53 in the 1968/69 season . Both .farms were located in 

the same district and the high losses were put down to a severe outbreak 

of facial eczema during the autumn of 1968 , 

sequently were extremely high .  

Early spring lo�ses con-

Similarly there appeared to be no marked difference between the four 

eroups of farms in terms of the percentage of heifers lost . There were 

two farms on which the losses however appeared to be relatively hieh 

( i . e .  F� No . 18 ( 1968/69 ) and Farm No . 25 ( 1969/70 ) ) .  In both cases , 

the high losses were said to have resulted from the young stock being 

used to "'o tock" newly developed areas . 

Calf losses ( both bulls  and heifers ) varied considerRbly within each 

group . In both seasons , within each group , there' were farms where there 

were no losses . The highest losses recorded were those of Farms Nos .  

2 ,  25 , ) 1  and 4 0  in the 1968/69 season and o f  Farm No . 3 1  in the 1969/70 
season . On },arms Nos .  2) and 40,  serious di.!.'ficul ties were encountered 

in the 1968/69 season resulting in serious outbreaks of scours . T�e 

apparently hieh losses on Farm No . 2 were due to  the death of only two 

calves out of a total of twenty-two , while the relatively high losses 

recorded on }'arm No . 31  in both seasons , were due to an ill thrift 

problem . 

Finally there appeared to be no great differences between the four 

groups of farms in terms of the availability of live calves .  

2 )  Herd Wastage 

Table 5 . 20 presents information on herd wastage on the survey farms 

in the 1968/69 and 1969/70 seasons . The wastage figures as presented in 

Table 5 . 20 should be carefully interpreted .  In some cases ,  such figures 

may be high because of factors which are to some extent outside the 
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Table 5. 1 6 Percenta&e Losses of Cows on the Survey Farms 

c. 

- - - - -- -- - -

.l<'arm Losses Los ses Farm Losses Losses 
No . 1968/69 lfj69/70 No . 1968/69 1969/70 

1 1 . 6  o . o  2 2  2 . ) 1 . 8  

2 4 . 1  :; . o 23 4 · 3  3 . 0  

:; 4 · 4  6 . 6  24 3 . 0  3 . 1  

4 0 . 0  1 . 0 25 6 . 3 2 . 3 

5 0 . 0  N.A  26 2 . 0  1 . 3 
I 

.. 5 . 6  3 . 2 27 3 . 1  0 . 9  - 0 

7 3 . 6 2 . 1  28 1 . 5  . 2 . 7 

8 1 .4 3 . 8 29 2 . 8  3 . 0  

9 2 . 6  1 . 3 30 3 · 9 3 . 2 
.. 

10 ) . 2 2 . 8  31 1 . 4 3 · 5 

11 1 . 8  N . A  32  2 . 7  2 . 0  

12 3 . 2 1 . 1  33  10 . 8  N . A  

13 l . fj 1 . 2  34 3 . 8  1 . 3 

14 1 . 4 1 . 4 35 5 · 3 4 · 3  

15  6 . :; N . A  36 0 . 7 1 . 2  

16 1 . 9  1 . 7 37 1 . 3 3 - 4  

17 2 . 3 4 - 5 38 2 . 4 1 . 9  

18 4 . 8  1 . 6  39 3 · 3  5 · 5  

19 3 . 6  2 . 0  40 N.A 4 ·4 

20 2 . 3 2 . 7 41 1 . 9  3 · 5  

2 1  10 . 8  5 · 9  

NOTES : i ) The figures shown in Table 5 . 16 have been calculated 
by expr�ssing t he number of cows which di ed on each 
of the survey farms , in the two seasons ,  as a per­
centage of t he maximum numbers of cows wintered , 
plus any addit ional cows bought during the season. 

ii ) N.A.  denotes ' No t  availab le ' . 
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Table ). 17 Percentage Losses of Heifers on the Survey Farms 

Farm Losses Losses Farm Losses Losses 
No . 1968/69 1969/70 No . 1968/69 1969/70 

l 0 . 0  o .o  22  3 . 2  3 · 5 
2 4 · 3 5 . 0  23  o . o  1 . 8 
3 0 .0  o . o  24 1 . 5  1 . 5  
4 4 · 4 0 . 0  25 0 . 0  1 7 . 1  

5 0 . 0  N.A  26 0 . 0  2 . 1  
6 o .o  2 . 9 27 o . o  2 . 5 

1 0 .0 o . o  28 1 . 5 3 . 0 
8 o .o  o .o  29 0 . 0  o . o  
9 o . o  . . l .  7 30 2 . 7 0 . 0  

10 4 -4  1 . 8  31  1 . 8  4 - 9  
l l  o . o  N . A  32 1 . 5 O . Q  

I 
12 0 . 0  o . o  3 3  N . A  N . A  

I 
13  o . o  2 . 1  ! 34 4 · 3 1 . 6  

I 
14 0 . 0  3 - 1  35 o . o  0 . 0  
15 0 . 0  N . A  36 0 . 0  0 . 0  
16 0 . 0 o . o  3 7  2 . 9 2 . 7 
17 6 . 4 2 . 3  38 0 . 0  1 . 9  
1!:3 11 . 5  1 . 6  39 o . o  6 . 1  
19 o .o  N . A  40 1 . 5  1 . 5  
20 ) . 1 8 . 6  41 0 . 0  1 . 3  
21  1 . 4 o . o  

I .. . 

NOTES : i ) The figures shown in Table 5 . 17 have been calculated 
by expressing the number of heifers which died on 
each of the survey farms , in each of the two seasons , 
as a percentage of the total number of (yearling) 
heifers wint ered. 

· 

ii )  N.A .  denotes ' Not available ' .  
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Table 5. 1 ·8 Percentage Losses of Calves on the Survey Farms 

Farm Lo sses Losses Farm Lo sses Lo sses 
No . 1968/69 1969/70 No . 1968/69 1969/70 

.:j! 0 . 0  0 . 0  2 2  1 . 7 o . o  . 

2 1 1 . 0  o . o  23 12 . 5 2 . 8  

3 0 . 0  o .o  24 1 . 4 4 . 1  

4 o . o  o . o  25 2 . 0  0 . 0  

s 2 . 5 N . A  26 1 . 9  2 . 6 
6 0 . 0  2 . 6  27 o . o  1 . 6  

7 o . o  o . o  28 o . o  3 . 0 
8 5 . 4  2 . 1  29 5 . 9  4 . 2  

: 
9 5 . 8 4 · 7  30 o . o  2 . 1  .. 

10 6 . 3  2 . 1  31 11 . 3  17 . 6  
11  . 5 . 8  N.A 3 2  0 . 0  o . o  
1 2  3 · 3 o .o  33 4 . 0  N . A  

13 o . o  o .o  34 1 . 4 3 · 3 
14 0 . 0  1 . 5 35  1 · 1  3 . 1  
15 4 .  3 N . A  36 o . o  0 . 0  

16 o . o  0 . 0  37 6 . 3  6 . 3  
17 6 . 6 2 . 4  38 o . o  o . o  
18 1 . 5 2 . 8  39 3 · 7 o . o  
19 0 . 0  N . A  40 12 . 3  1 · 4 
20 3 . 2 3 . 2  41 0 . 6  4 . 1  
21 1 . 4 o .o  

NOTES : i ) The figures s hown in Table 5 . 18 have been derived by 
expressing the number of calves which died ( both pre 
and po st weaning losses ) as a percent age o f  the to tal 
numbe r of calves reared ,  intended for replacement 
purpo ses . 

ii ) N . A .  denotes ' Not availab le ' . 
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Table 5. 19 Calving Percent ages on the Survey Farms 

Farm Percentage of Farm Percentage of 
No . Live Calves No . Live Calves 

1 93  22 92 
2 90 23 93  

3 98 24 95 
4 96 25 . 93 

5 95 26 90 
6 92 27 93 
7 9 3  28  90 
8 91 29  86 
9 92  " 30 91 

10 91  31 96 

11  87 3 2  91 
12 96 33 88 

13  75 34 N .A 

14 93 35 87 
15 N.A  36 93 
16 91 37 86 
17 N . A  38 93 
18  9 5 39 86 
19 95 40 82 
20 95 4 1  90  
2 1  92  

NOTES s i ) The figures shown in Table 5 . 19 have been derived 
by expre ssing the number of live calves as a 
percent age of th e maximum number of cows wintere d .  

ii ) N . A .  denotes ' Not available ' .  

r 
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Table ). 20 Herd \vastage on the Survey Farms 

' '  

Farm Wastage 
\ 

\vastage Farm Wastage Wastage 
No . 1968/69 1969/70 No . 1968/69 1969/70 

1 1 7 . 6  14 - 5  2 2  24 . 7  15 . 3  

2 1 9 . 4  1 9 . 8  23 2 1 . 5 18 . 9  

3 16 . 5 36 . 3  24 27 . 3 2 3 . 8  

4 1 2 . 8  14 -4  25  14 - 9  34 - 3  

5 19 . 4  N.A 26  24 . 2  41 . 3  

6 3 3 . 8 21 . 1  "27 24 . 1  25 . 8  I 

7 34 . 6  2 7 . 6  28  15 . 1  18 . 9  

8 18 . )  20 . 0  2 9  24 - 4 28 . 0  

9 2 2 . 2  . . 1 3 - 9  30 34 . 2  37 - 3  

10 24 . 9  33 · 4 31 25 . 6 26 . 0  

11 47 · 4  N .A 3 2  20 . 1  22 . 0  
12 )0 . 2  13 .4  3 3 - N . A  N . A  
13 32 - 9  2 1 . 9  34 24 . 4  21 . 3  

14 1 7 . 6  13 . 9  3 5  21 . 8  2 5 . 0  
- ·  

15 26 . 1  N . A  36  12 . 7  16 . 4  

H) 23 . 7  29 . 8  3 7  14 - 5  19 . 1  

17 14 . 6  12 . 6  38  28 . 2  26 . 7  

18 25 . 0  13 - 5  39  16 . 3  23 . 8  

19 4 . 8  13 .4  40 N . A  26 . 4  

20 34 - 1  28. 0 41 21 . 2  31 . 6  

21 2 1 . 6  33 . 2  

NOTES : i ) The figures shown in Table 5 . 2 0  have been calculated 
for each farm by summing the culling percentage and the 
percentage of cows which died . The cul ling percentage 
has been calculated by expressing the number of cows 
culled, as a percentage of the maximum number of cows . 
wint ered plus any additional cows bought during t he 
season . The percentage of cows which died in each 
herd is shown in Table 5 . 1 6. 

ii ) N . A. denotes ' Not available ' • 
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farmers ' control or are such that they are unlikely to occur each season . 

For example , the apparently high wastage figures of Farm No . 11 ( 1968/69 

season) w\Jre due to excessive culling in order to reduce cow numbers . 

( A  decision which because of a later · change .in circumstances , which led 

to a decision to maintain cow numbers in the next season , necessitated 

· the purchasing of additional stock . ) Similarly in the case of Farm No . 

3 ,  the apparently high wastage rate in the 1969/70 season was due to a 

severe outbreak of facial eczema in the autumn of 1970 , while in the 

case of Farm No . 26 , the high wastage rate was due to a desire to replace 

a large number of animals with animals of hieher genetic merit . 

Further such figures alone give very little information about the 

incidence of disease or the general state of the herd as i t  was apparent 

that different farmers base their culling upon different criteria .  In 

thin context , five farms (Farm Nos .  20 , 25 , 30 ,  38 and 40)  indicated that 

an important factor influencing their culling policies was the relative 

price of replacement and boner cows . Similarly , low \-lastage figures may 

re sult from a desire to increase cow numbers and are not necessarily 

indicative of low disease incidence or a favourable state of the herd . 

( 'l'his explains the extremely low fi&ure of Farm No . 19 recorded in the 

15}68/69 season . )  

A recent study conducted by the New Zealand Dairy Board ( 30, p . 52)  

, . indicated that the average wastage in New Zealand herds in the 1968/69 

season was 20 . 71 per cent . The proportion of farms in each of the four 

groups where the wastage rate was greater than 20 . 71 per ce�t in the 

1968/69 and 1969/70 seasons is shown below : 

a) Group I 6/12 ( 1968/69 ) 4/10 ( 1969/70) 

b)  Group II 6/9 1 1  4/8 1 1  

c )  Group III 7/9 1 1  6/9 11 

d)  Group IV 6/9 11 8/10 11 

·., 

) . 13 HERD IMPROVEMEN'l' PRACTICES 

1 )  Herd Testing 

Of the forty-one farmers , twenty-two farmers herd tested during the 

1969/70 dairying season . Of these : 

7 used the Monthly system ; 

.. 
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13 used the Alternate monthly system ; 

2 used the Production ranking test . 

(For a des cription o f  the various herd testing systems , see (31, pp . 5 - � 

2 )  Artificial Breeding 

Of the forty-one farms surveyed ,  all but one (Farm No . 19)  did not 

use the Standard Artificial Breeding service . The length of the 

Artificial Breeding service period adopted on the survey farms varied 

considerably between farms . 'fhe distribution is shown in 'fable 5 . 21 .  

Distribution of the Length of the Artificial Breeding 

Service Period Accordin� 'to Group Size 

Group Length of Artificial Breeding Service Period 

0 - 21 days 22 - 42 days 43 days or more 

Group I 2 4 6 
Group II 1 4 3 -
Group III 1 4 4 
Group IV l 5 5 . 

3 )  Breed of Herd 

Although detailed information was not collected , the overall 

impression gained was that the herds were predominantly of the Jersey 

breed. (Only on Farm No . ll was the herd entirely Friesian . ) There 

did however avpear to be a trend towards the Friesian breed .  Of the 

forty farmers using A . B . , twenty-seven indicated that they were either 

using or intended to use some Friesian semen . 

4 )  Artificial Breeding Procedures 
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All farmers were asked to describe in detail what procedures they 

normally adopted in order to select in-season cows for artificial breeding. 

Although procedures adopted varied widely, it was possible to identify 

nine separate procedures which were used either alone or in combination .  

The nine procedures were : 
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a ) The use of records of pre-mating heats .  

b ) In-season cows were detected while the herd was being driven 

to (and from ) the farm dairy night and morning. 

c ) The herd was obs erved in the paddock for some time before 

eoing to the farm dairy , and any in-season cows noted . 

d ) Other members of the farm staff watched the herd enter the 

milking yards prior to milking, noted any in-season cows , 

and compared their observations with those made by the farm 

staff member driving the herd . 

e ) Some time was spent by one or more members of the farm staff 

before milking, looking at the whole herd in the milking yard . 

f ) Before each batch of cows was released from the herringbone , 

one milker moved along the edge of the milking platform 

looking for marks . on the cows I backs . ( Such marks were 

taken as evidence that a cow was likely to be in-season . ) 

g) The herd was held in a small holding paddock , after milking, 

close to the milking shed and checked for in-season cows 

prior to returning to  pasture . 
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h ) Special visits were made to the paddocks where the herd was 

grazing , during the day to check for in-season cows (and bloat ) . 

i ) The herd was observed for a period immediately after being 

returned to pasture from the milking shed .  

The use of such procedures on the various survey farms i s  shown in 

Table  A . l 2  of Appendix A.  It  is hoped that the table does not convey 

the impression that those procedures marked were the only ones used by 

the farmers in question and the others were entirely excluded . Those 

marked are those  which the farmer in question fel t  important and used 

regu larly ,  ( i . e . on most days during the Artificial Breeding service 

period ) . '1'he other procedures , not marked ,  may be used by such farmers 

to a greater or  lesser extent . It i s  apparent from Table A . l2 that the 

range of procedures adopted on the various survey farms varied considerab� . 

As would be expected , the most popular procedure was Procedure b ) . As 

data w�s not collected on the time devot ed to each procedure , it is 

difficult to make any factual comments on the total time the labour force 

on the various survey farms s pent performing the task. The overall 

impression gained by the author was that increasing herd sizes requires 

-1 
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the labour force to devote a proportionately greater amount of t ime to 

this activity .  The reasons being : 

5 )  

i ) As size of herd increases , it  becomes increasingly difficult 

for one person to not ice all t he in-season cows within 

a herd . 

i i ) 'fhe use of herringbone farm dairies ( rather than walk 

throu�h dairies )to milk large herds , which because the 

milkers wo rk in a pit at a lower level than the cows , 

means that it is more diffi cult to  notice in-season 

coHs during milking. 

iii ) As it apparently be comes increasingl;;r d iffi cult to know 

every cow individually within a herd, as herd size 

increases , � it  is  less likely that in-season cows 

can be recognised from a distance . Instead labour 

must get within close  proximity to the animal , to  

identify her , or in cases where animal s are not 

identified ,  (i . e .  not numbered) , t o  mark her .  

-m Percentage s of Empty Cows and Empty Heifers 

Table ) . 22 and Table 5 . 2 3  show the percentages of empty cows and 

empty heifers respectively on the survey farms . 

the 1968/69 and 1969/fO seasons . 

The data relates to 
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In t erms of the percentage of empty cows , there appeared to be little 

difference between the four groups of farms . The highe s t  figures 

recorded were those  of Farm No . 6 and Farm No . 37 ( 1968/69 season ) . In 

the case of Farm No . 6 ,  the relatively high percentage of empty cows 

was attribut ed to an outbreak of vibrio . The relatively high percentage 

of empty cows reco rded on !<'arm No . 37 however,  was att ri buted to a severe 

outbreak of facial eczema in the autumn of 1968 , resulting in the herd 

being in poor condition when mated  in the spring o f  1968 .  

Similarly , there appeared t o  be little difference b etween the four 

groups of farms in terms of the p ercent age of empty heifers . The relatively 

high percentage of empty heifers recorded on Farm No . 6 in the 1968/69 
season was also attributed to the outbreak of vibrio .  In the case of 

29 . This is di scussed .in more detail in section 5 . 13 ,  6 ) . 

30 .  The t erm ' empty ' is synonymous with the phrase 'not in calf ' .  
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Table 5. 22 Percentage of Empty Cows on the Survey Farms 

81 

-· Farm Percentage Percentage I'' arm Percentage Percentage 
No . of empty of empty No . of empty of empty 

cows cows cows cows 
1968/69 1969/70 1968/69 1969/70 

l 10 .0  7 · 5  22 6 . 2  7 . 1  
2 tJ . 8  7 · 3  23 1 · 7  11 . 4  

3 2 . 2  3 · 4 24 8 . 8  5 · 7  
4 6 . 9 2 . 8  25 9 .0 5 . 6 

5 10 . 3 N .A  26  6 . 1 5 . 8  
- ·  

6 · )2 . a  6 . 4 27 3 · 9  9 · 5  
7 10 . 1  13 . 8  28 4 · 9  6 . 0  
8 2 . 9 1 · 9 29 10 . 4 7 . 8  

9 6 . 8  10 . 7 30 9 . 2  5 . 3  

10 4 · 9  4 . 1  31 7 . 2  4 · 3  
ll ) . 3  N .A 32 8 . 0 6 . 5 
12 5 · 5  3 . 0  33 9 . 1  N .A  

1 3  1 . 3 2 . 5 34 10 . 6  9 . 2  
14 5 · 3 7 · 9 35 4 · 3  2 . 9  
15 5 . 6  N.A 36 6 . 1  15 . 4  

16 7 . 7  6 . 3  37 20 . 0  10 . 9  
17 2 . 9 5 · 7  38 5 . 1  5 . 0  
18 3 . 1  6 . 2  39 6 . 6  1 3 . 2  
19 1 . 2 4 · 3  40 4 · 9 8 . 2  
20 6 . 9 4 · 7  41 10 . 0  8 . 6 

21  10 . 6  3 . 2  

NOTES : i )  '.rhe percentages of empty cows shown in Table 5 .  22 have been 
calculated by expressing the number of empty cows (at the 
end of the season ) as a percentage of the number of cows 
in milk in December . 

ii ) N.A.  denotes ' Not available ' . • 
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Table 5 . 23 Percentage of Empty Heifers on the Survey Farms 

Parm Percent age Percentage Parm Percentage Percentage 
No . of empty of empty No . of empty of empty 

heifers heifers heifers heifers 
lSJ68/6SI 1969/fO 1968/69 1969/70 

1 8 . )  0 . 0  22 1 . 6  1 . 8  

2 8 . 7  0 . 0  23  4 . 8  3 . 6  

3 I o .o 6 . 5  24 7 · 4  4 · 4  

4 0 . 0  o . o  25 1 . 7 15 . 3  

5 j . ) N .A  26 2 . 1  3 . 1  

6 I 28 . 6  20 . 0  27 2 . 4 o . o  

7 2 . 5  6 . 3  28 o . o  1 . 5  

8 2 . 7  1 3 . 0  29 1 . 3  1 . 3 

9 8 . 9  23 . 3  30 7 . 1  5 . 6  

10 4 · 4  3 . 6 31 2 . 4 9 . 1  

11 N .A  N .A  32  4 · 4  1 . 4 
12  'j . 7 6 . y 3 3  N .A  N .A  

13  2 . 0  o . o  34 4 · 3  4 . 7 
14 o . o  6 . ) 35 2 . 6  o . o  

15  N .A  N .A  36 5 . 7  8 . 1  

16 2 . 6  5 · 3  37 5 · 7  5. 3 

17 4 · 3 9 · 3  38  2 . 7 1 . 9  

18 4 · 9  4 . 8  39 o . o  o . o  

19 0 . 0  N . A  40 7 . 4  7 . 6  

20 3 . 8  1 . 7 41 2 . 0 o . o  

2 1  o .o  1 . 4 

NOTES : i )  �he percentages of empty heifers shown in Table 5 . 23 have 
been calculated by expressing the number of empty heifers 
(at the end of the season) as a percentage of the number 
of heifers wintered . 

ii)  N .A .  denotes ' Not  available ' . 
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Farm No . 25 , in the 1969/70 season , the relatively high percentage of 

empty heifers was at tribut ed to the heifers being in poor condition , 

due to being grazed on recently developed areas of the farm . 

6 )  Means of Identification 
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Of the forty-one farmers surveyed , only one did not have any permanent 

means of herd identification (Farm No . 19 ) .  Of the forty with permanent 

herd identification : 

Twenty-one used a form of acid branding ; 

Fifteen used eartags ; 

Two used both eartags and a form of  acid branding ; 

One used  fire branding ; 

One used freeze branding. 

As it was considered initially 2lf that it was extremely unlikely that 

the managers (o r  any of the farm staff ) of large herds knew each cow 

individually , and further as some considered this to be a technical 

diseconomy , all farmers were asked :  

1 a )  "Do you know every cow in the herd individually? ( i . e . If a 

list of names or numbers of cows was read out , could you 

visualise each cow? ) " .  

b ) 'l'o those who answered "Yes" , a further question was asked , 

" :00 you think it is an advantage? ( i . e .  knowing every cow 

individually ) " .  

To those who answered "No" , the corresponding question was , 

"Do you think it is a disadvantaee? ( i . e . not knowing every 

cow individually ) " . 

'l'he results  are shown in Column 10 of Table AJ2 of Appendix A .  Of 

the forty-one farmers , sixteen indicated that they did know every cow 

individually . Of these , eight were in Group I ,  three in Group II , one 

in Group III and four in Group IV . (On one farm , Farm No . 19 , there 
( 

was no permanent means of herd identification , i . e . neither names nor 

numbers . 'l'he  question di scussed above in a ) could not therefore be 

asked . However ,  the farmer claimed he knew them all ,  meaning that when 

confronted with a parti cular animal , he would be able to d e s cribe some 

3 1 . �he author obtained thi s  impre ss ion from dis cussions with Extension 

Officers prior to carrying out the survey . 
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of the cow ' s  characteristics . )  The remaining twenty-four farmers 

indicated that they knew varying percentages of their herds . ( Thirt een 

indicated that they knew ninety per c ent or more while two be li eved the 

s taff co ll ectively knew all co ws . )  

The sixteen who replied that they knew all cows individually all 

consi dered it was an advantage . Of the twenty-four \·rho did not , s even 

felt it put t hem at no di sadvant age , whi le the remaining sevent een con-

sidered they were at a disadvantage be cause of i t .  Fourteen farmers 

claime d that select ing in- season cows required le ss effort when one knew 

all cows indivi dually because of the reasons discuss ed earli er .  2£1 
'l'welve claime d s uch knowledge was advant ageous as mi lking te chniques coul d 

b� modified according to  the indivi dual requirement s of each cow.  

Eleven not ed that it  was extremely useful from a sto ck health point of 

vi ew • They considered that a knowledge o f  e ach cow ' s  hab i t s  meant 

that any abnormal i t i e s  due to poor health could be qui ckly detected and 

remedi ed . In this context , s ix farmers stated that they , be cause of 

being ab le to remember a parti cular animal ' s  sus cept ibi lity to me tabo lic 

and calving di sorders , were abl e  to give s uch animals the necessary 

preferen\ ial treatment � Simi larly two farmers used part icular cows as 

marker cm.; s  for bloat . Other advantage s mentioned were first , general 

sto ck work . Such t asks as separating individual cows from t he herd for 

such things as preferent ial wint ering treatment , or for cul l ing , are more 

easi ly done if one knows each indivi dual animal . Second , herd tes ting . 

In a herringbone farm dairy , herd t e s ting i s  made easier and quicker 

if one is abl e  to recogni se indivi dual c m.,rs wi thout having to resort to 

reading each number .  ( This c an  b e  time consuming if the animals are 

branded on the rump , or ear tags are us ed as a means of i dent ifi cat ion . )  

'l'hird , int erest . On two farms , where there was a large number of cows 

per milker , some knowle dge of individual - cows was c i t ed as a means of 

overcoming the boredom which was felt  to be  inherent in mi lking a large 

number of coHs per milking unit . 

Six of the s even farmers who felt no.t knowing every cow individually 

put t hem at no disadvantage explaine d  that in their herds they knew only 

the cows which required individual at t ention . This they added was 

likely to be a very smal l percentage of their herds . 

The data from Column 10 of Table A. l2 has been reorganised int o  . . 

Table 5 . 2.4.  Tabl e  5 . 24 divides the s urvey farms into six classes based 

32 . See section 5 . 13 ,  4 ) . 
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on herd size . The proportion of farmers in each o f  the six classes who 

indicated. they kne,.,. each cow individually is shown in Column ( 2 ) . As 

the proportion shown in Column ( 2 )  tends to decline as one moves down the 

table (i . e .  as herd size increases ) this  supports the contention made 

earlier 22/ that as herd size increases , it becomes increasingly difficult 

to knO\v each cow individually . 

Table 5. 24 Proportion of Farmers Knowing Every Cow in the Herd 

Indi viduall.i' According to  Size 

Hange of Proportion 
Herd Size Answering Yes 

( l )  ( 2 ) 

0 - 99 3/3 
lOO - 149 3/5 
150  - 199 2/4 
200 - 249 3/6 

2j0 - 299 2/9 
)00 + 3/14 

l 

5 . 14 STO CK HEALTH 

l ) All farmers were asked. to describe the prevent ive and treatment 

methods they used. for a number of animal health problems , and. further · 

were asked to  di s cuss any other animal health problem which concerned 

them . It \vas hoped this question would make apparent any major 

differences between the survey farms in the incidence of the various 

• animal health problems and in the preventive methods adopted . 

a ) Bloat 

Only one farmer did not undertake some method o f  bloat 
\
5revention ( in the 1969/70 season ) . There appeared to  

be little to suggest that bioat differed in severity 

between the four groups of farms . There was however 

a considerable variation between farms in the preventive 

methods employed and in the quantities of materials used . 

33 · This contention was made in Section 5 . 13 ,  4 ) .  



b ) Hetabolics · 

I .  
.. · 

In th e absence of a detai led s tu dy on the incidence of the 

various met abo lic di sorde rs in the h erds conce rned , l i t t l e  

c an  b e  sai d about th e inc i dence of such diso rders .  The 

impre s s ion gaine d by the author however was that the 

incidence of me tabo l i c  di sorders di d not vary greatly 

b etween the four groups of farms • For examp l e , on six o f  

t h e  Group I farms , some form o f  prevent ive f o r  grass 

s taegers and acido s i s  was fed in the 1969/70 s eason . Such 

a pro c e dure was al so ado pt eu on four farms of each of the 

o ther thre e groups . 

c ) Mas t i t i s  

Al l farmer s  stated that they had s ome case s  of ma s t i t i s  each 

year . Again ·, in the ab sence o f  a detailed study , i t  i s  

diffi cul t  t o  reach any valid conclus ions on the severi ty of 

the problem in the various herds . 

d ) Faci al Ecz ema 

Thi s  a1)peared to be re lated more to locality than to h erd 

size per s e .  Only e leven farmer s  surveye d  had , or int ended 

to , t ake p reventive measures during the 1969/70 season . 

e ) Internal Parasi t e s  l1/ 

All farmers indicated that th ey normal ly undertook some 

drenching programme for calves . The. frequency of drenching 

and the material us ed varied cons iderably . The highest 

frequency o f  dren ching was reco rded on fift een farms where 

calves were drenched at three to four weekly int ervals 

from weaning unt i l  twe lve months of age . Of these two 

were Group I farms , three were Group II farms , five were 

Group III farms and f iv e  Group IV farms . 

f ) External Paras ites 22./ 

On all but one farm � calves were sprayed for l i ce . On nine­

t een farm s , calves were treat ed more than once , On twenty-

34 . Haemonchus placei , O e s t e s t agia ost ertgi , Tri cho s trongylus ax ei  

( i . e .  s tomach worms ) , Dic tyo caulus vivip�rus ( i . e .  lungworm) . 

35 . Damalima bovi s , Linognathus vituli ( i . e .  lice ) . 
\-� 
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one farms , adult sto ck were spr�ye d as wel l .  

g) Other Animal Heal th Problems 

Problems di scussed here appeared to be mainly d i s trict 

problems and not relat ed to herd size per se . Twenty-

t wo farmers had no comments t o  make on thi s  subj ect . 

2 )  In o rder to obtain some indication o f  the f arme rs ' opinions of the 

effect of animal numbers on s tock health problems , on al l farms in 

Groups II , Ill and IV , and on five farms in Group I ,  where the cows 

numbe r s  exceeded 150 cows , the fol lowing que stion was asked . " Do  
you f e e l  you have to pay more at tention t o  stock heal th than say a 

one man farm ( milking 80 - lOO cows ) woul d?" 

Twelve repl i ed that calf rearing was more diffi cult with larger 

mobs of calve s . A great er incidence o f  scours , worms and i l l  thrift 

was t houGht to result . Two qual ified their statement s by saying calf 

rearing was a problem only when Jers ey calves were reare d .  In their 

opinio n ,  there was lit t l e  trouble wi th Friesian calves . 
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EiGht repl ied that herd size had s ome effect on animal condi tion • 

This parti cularly applied to t he two year old heifers , a relatively high 

proportion of which , i t  was said , ended thei r first l actation in com­

paratively poor condition . 

Five' farmers indicat ed t hat i t  was more difficul t to no tice an 

animal suff ering from a di sorder in a larGer herd compared w i th a small 

herd , and consequently an animal suffering from a di sorder coul d remain 

undetected and untreat ed for a longer time . ('rhi s i t  was said necessi­

tat es the management on such farms spending more time obs erving the 

stock . ) In t hi s  context , two farmers not ed that they , on multi-labour 

uni t  farms , were d ependent on the labour. to det ect , treat , and t ake step s  

t o  prevent t he various disorders whi ch could ari se . If the labour 

adopted a lackadaisical att itude , serious animal health prob l ems could 

ari s e . The problem it was said was accentuat ed in a doubl e  pit herring-

bone farm dair.y . In such cases , there are in effect two herds as i t  

i s  thought that the individual cows t end to prefer a part i cular pit . A 

manager , if a ful l  time mi lking unit , in such circumstances normally 

wou l d  only see half the cows per milking. Disorders such as mastitis , 

it was considered coul d easily arise on multi-labour unit farms in such 

circumstances . 
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Mr. D .  c .  Anderson , the Senior Veterinarian of t he Rangit aiki 

Plains Dairy Company , was al so asked to give his impressions of the 

effect of animal numbers on stock health probl ems . As he personally 

vi s i t s  four of the Group IV farms and one of the Group III farms and 

since the di strict i s  c haracteri s ed by a wide range of herd si zes , it 

was felt that the veterinarian in que s tion should be in a po s it i on to 
provide some mlthoritative answers . A summary of the int erview fo llows . 

a ) The re a1Jpears to be lit t le relationship be tween the 

incidence and s everity of b lo at and herd si ze . 

b ) There i s  li t t l e  to sugges t there i s  any relationship 

between herd size and the incidence of metabo lic dis­

orders .  (Metabo lics however are not a great problem 

in this di strict . ) 

c ) I t  is more likely that larger h erds ( i . e � herds of 300 

cows or more ) wi l l  have mast i t i s  pro blems . The 

reason be ing that management i s  unlikely t o  embark 

I . 

upon the same pro cedures as tho se adopted b;'{ farmers 

with smaller herds be cause of the seemingly vastness 

of the task . 
.. · 

d ) In the Rangitaiki Plains District , t he larger h erds 

appear to be less severely affected by facial eczema 

than the smal l er herds . 

e ) 'l'he larger the number of calve s  being reared the more 

diffi cult the task . Initial ly ,  losses are likely to 

be high but as calf rearers gain experience and their 

stockmanship improves ,  the loss e s  t end to dr6p .  A 

varie ty of methods are being used successfully to rear 

large numbers of calves .  

f ) Li ce coul d be more of a problem in larger herd because 

if one animal i s  missed , (which could occur more easi ly 

with a large number of animal s ) , such an animal could 

act as a reservoir and reinfe ct the remainder . 

g) Inferti lity ( empty cows ) woul d  be the main animal health 

problem in larger herds . This i s  due mainly to diff i -

cul ti e s  in the detection of in-season animal s . 
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h)  '.rhere appears to be  lit tle Problem from "population diseases" . 

Population diseases include a wide ·range of condit ions 

including : 

i )  Infectious respiratory conditions ( e. g. catarrh 

and enteritis ) ;  

ii )  Stress condit ions ; 

iii ) Infect ious abortion conditions ( e . g. leptospirosis 

and brucel losis ) .  

5 . 15 DI�TANCES OF TRAVEL AND TIME AWAY FROM PASTURES 

89 

Data were collected , for all survey farms , on the longest di stances the 

he rd had to walk from a grazing paddock to the milking s hed , the time the 

herd normally took to walk such a distance and from this , in conjunction 

with milking times and any other relevant data,W an estimate made of 

the longest time a CO\v would be avmy from pasture to be milked in any 

twenty-four hour period.  

'fable 5 .  2 5  shO\vS the longes t  distances and the estimates of time 

· away from pasture for all survey farms . The figures ( shown in Co lumn 

( 1 ) ) indi cate that the walking di stances , although in general being 

ereat er on the farms where larger herds were run ,  coul d ,  on specific 

farms because of a favourable layout , be relatively low .  

1 2 , 25 , 26 and 34 . )  

( e . g. Farm Nos .  

No attempt was made to obtain information which would  enable the 

average time the cows in each of the survey herds were away from pasture 

per day over the whole season , or any parts of the season , to be calculated . 

The co l lection of such information , it  was felt , would be too time­

consuming. Further it should be noted that the figures shown in Column 

( 2 )  of Table 5 . 2 5  will relate  only to a small number of days during the 

season , be cause of seasonal changes in the total milking times and the 

adoption on all survey farms of rotational grazing practi ces . 

}�om the table , it is  apparent that with the exceptions of Farms Nos .  
21./ 1 ,  2 ,  3 , 4 ,  11 , 18 , 21  there were no marked differences between t he 

36 . In some cases , during the spring, the herd was held in a holding 

paddock close to the she d  for some t ime after milking in order to 

detect in-season cows for artificial breeding. 

37 . On Farm Nos .  1 ,  2 and 3 ,  the longest time cows were away from pasture 

was less than 240 minute s .  On Farm Nos .  4 ,  11 , 18 and 21 , the longest 
t ime cows were away from pasture was greater than 400 minutes . 



·. 

Table 5. 2 5  Longest Distances of Travel and Maximum Times Away from 

Pasture 

Faro Longest 'l1ime Away Farm Longest '11ime Away 
No . Distance from No . Dis tance from 

Chains Pasture Chains Pasture 
I Minutes Minutes 

- .. ( 1 )  ( 2 ) ( l ) ( 2 )  

1 )0 210 22  45 310 

2 30 240 23 75 350  

3 50 230 24 60 3 20 

4 64 450 25 40 270 

5 60 360 26 40 370 

6 25 360 27 60 3 20 

7 60 )60 28 80 345 
.. 

8 1:30 3 20 29 80 390 

9 80 315 )0 80 3 20 

10 50 3 55 31 lOO 330 

11 68 485 32 80 33 5 

12 56 360 33 lOO 360 

1 )  )2  280 34 40 31 5 

14 70 300 35 60 375 
15 lOO 360 )6 70 3 50 

16 60 270 37 80 395 
17 60 360 38 80 3 30 

18 40 415 39 80 380 

19 20 375 40 80 340 

20 60 390 41 80 3 50 

21  1oo· 450 

NOTES : i) The figures shown in Column ( l )  are in -some cases 
estimate s  rather than exact measurement s .  

i i ) The figures  shown in Column ( 2 )  refer in all but 
two cases to the last cow or group of cows . (Two 
farmers indicated. that all cows were held in a 
holding paddock after milking before being allowed 
to return to grazing. )  
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survey farms in terms of figures shown in Column ( 2 ) . The relatively 

short . times recorded on Farms Nos .  1 ,  2 and 3 were the result of 

relatively short milking times and the short dis tances the herd had to 

travel . ' 'The comparatively long times observed in the case of Farm Nos .  

4 ,  11 , 18 and 21 ap�ear t o  be due to : 

a) An extremely long milking time ( Farm Nos .  4, 11 , 18 and 21 ) .  

( It · should be noted that the ratio of cows per milking 

unit was extremely high on Farm Nos ll and 21 . )  

b )  A rigid twenty-four hour grazing rotation (Farm Nos .  4 and 18) . 

c )  A relatively slow droving t ime ( Farm Nos .  4 ,  18 and 21 ) .  

d)  A relatively long walking distance ( Farm Nos . 11 and 2 1 ) . 

5 . 16 PECUNIAHY ECONOHIES 

On all farms in Groups II , III and IV and on the five farms in Group 

I where the herd nwnbers exceeded 150 cows , thre e  questions concerning 

pecuniary economie s were asked .  

1 )  Contract Services 

The first question '"as concerned with contract servi ces . The 

question was "Do you feel you get p referential s ervice from contractors 

over a one man farm (of 80 - 100 cows ) in : 

a)  

b)  

Ge tting the j ob done ; 

'fhe rates you pay ; 

Of the thirty-four farmers who were asked t he question , only three 

indicated that the rat es they paid for contractural services differed 

from those they felt applied to a one man farm . Of the three , one 
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( Farm No . 30)  had been able to negotiate a ten per cent reduction in 

fertiliser spreading rates . Another (Farm No . 31 )  regularly called 

t enders for haymaking ( i . e . mowing, raking, baling and c arting) and by 

accepting the lowest t ender , believed there was a price reduction of f ive 

cents per bale .  The t hird (Farm No . 8) indicated that he , with two other 

farms , was able to collectively bargain for reductions in certain con­

tractural services . Five farmers while answering the question commented 

that a more likely source of cost reductions for contractural services 

was from prompt payment .  Thirteen of the thirty-four farmers indicated 

that they b elieved contractors gave them some preferential treatment , 

particularly topdressing and haybaling contractors . One farmer, who was 
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also a haybal ing contractor hims e lf ,  indi cat ed that he p referred t o  deal 

with larger cl ient s .  

I t  should b e  not ed that t h e  use made by co ntractors in general 

tended t o  decline from Group I t o  Group I V .  In this c o nt ext , s even 

farmer:,; indicat ed t hat they s e l dom used cont ractors , and t he work fo r 

whi ch t h ey employed cont racto rs was usual ly of a non-urgent nature , such 

as he d&e - cutt ing and drain c l eaning and so preferent ial treatment from 

coqt rac t o rs was of lit t le import an ce • Furthe r ,  b e cau s e  a given farm is 

of a gre ater acreage , and carri e s  a ereat er number of s t ock t han a second 

farm , it does not ne cessari l;y · f o l l ow that the amount of work for wh ich 

contractors can b e  employed is GTeater on t he fi rst farm . The vo lume 

of work for whi ch contractors can be employed wi l l  be influen ced by 

addi t i o n�l factors s uch as the numbers of labour uni t s  and the faTin 1 s  

compl ement of machinery . 

2 )  
, .  

Sto ck 

fhe se co nd �ue st ion was conc erne d with the purchasin� and s e l l ing 

of s to ck .  'l'h e que sti on was " Do  you feel s i z e  gives you any special 

bargaining power:::; over a one man farmer (mi lking 80 - lOO co ws ) with 

s t o ck buye rs or are there no sv ecial bargainin� po,.;ers ? " . 

Of the t h i rty-four farmers ans1verin0 the que s ti on ,  sixt e en indicat e d  

that the re was ::> ome advant age due t o  si z e ,  four were unsure , whi le 

fo urteen thought there was none . Al l sixt een who fe l t  s i z e  gave t hem 

spe cial bargaining powers indicated t hat such pow ers to ok the f o rm of 

being ab le to d i spose of cul l s t o ck when th e�r ·wanted , r ather t h an being 

able to buy cat t l e  more cheaply or s e l l  cat t le at a h i gher pri c e . Two 

of t he s ixteen farmers indi c at e d  that they bargained ac tively wi th s t o ck 

firms i n  order to di spo s e  o f  cull s to ck when t hey wi sh e d .  

The overall impre ss ion obtaine d was that co st e conomi es from t hi s  

source are likely to be of lit t le impor tance . 

3 ) Acqui sition of Inpu t s  

T h e  final que s tion was concerned w i th the a cqui s i t ion o f  all other 

farm input s .  'l'he que stion was " Some peop l e  think that farms s uch a? 

thi s are abl e  to obtain di scount s on some of the other farm input s wh ich 

are no t avai l ab l e  to a one man farmer (milking 80 - 100 cows ) . Do you 

think this i s  true or fal s e ? "  
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Of the thirty four farmers asked t he question, two did not feel they 

could express an opinion , t en thought it was false and the remaining 

twenty-t wo indicated t hat it was true . ( In the case of Farm No . 8 ,  three 

farms col lectively purchased inputs . ) 

}urther questioning revealed that the re appeared to  be three main 

ways in which the lat t er group of farmers were able t o  ob tain cost  

reductions from thi s source . 

a ) For certain inputs ,  they were ab le , be cause of the large 

quantity required , to deal dire ctly with either manufacturers 

or wholesalers . 

b )  'L'he re tail co st per uni t o f  some inputs decl ine s a s  the 
quantity of these inputs purchased increases . 

c ) 'l'hey were able t o  bargain with the sell ers of certain 

inputs for co st reductions be cause of the l arge Quantity 

required . 

Only four of the twenty-two indicat ed that the co st reductions which 

could be obtained from thi s source were substantial . Of these , one 

claimed to have had success dealing with wholesalers and manufacturers 

and es timated that he had been abl e to reduce the cost  of mos t  of his 

farm input s by twenty five per cent  of the current retail prices . Two 

indicated that they were able t o  bargain on almost every input , one 

estimating that by such bargaining, he had been able to reduce t he price 

of mos t  inputs by ten per cent . The fourth ,  whose dairy farm was 

farmed in conjunctio n  with two sheep farms , stated that a ten per cent 

reduction in price was obtained on mo st produce .  All four farmers 

indicat ed they spent a considerable amount of t heir time engaged in 

obtaining such discounts .  I t  was interesting to obseiVe that t wo farmers 

descri bed such bargaining as being unethical . 

5 . 17 MANAGll'IENT 

l ) General Comment s 

All farmers in Groups I I , III and IV were asked the following 

question. "As t he manager of a "x" man farm, how does your job differ 

if at all from that of a one man farm?" The procedure adopted was to 

initially ask the question , allow the farmers . to answer , and if the 

farmers did not discuss the implications of employing labour and herd 
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size , they were asked to do so by the use of prompts .  ( Preliminary 
discussions with Extension Officers had led the author t o  believe that 

\ these two subjects were likely to  be of importance to  the question . ) 

On fourteen farms , the managerial function 2§/ appeared to  be the 
responsibility of t wo people . ( The fourteen farms 
26 , 29 , 31 , 3 3 ,  34 , 3 5 ,  36 , 37 , 3 8 ,  39 , 40 , 41 . )  

were numbers 18 , 21 , 

On five of these 
farms ( i . e  Nos .  18 , 2 1 ,  2 6 ,  2S) , 31 ) , the tv10 people in question ,  ,.,.ere 
al so concerned vrith both the entrepreneurial decisions and with decisions 
concerning the day to day running of the farm . (That i s  managerial 
decisions in the co-ordination and supervision sense . )  On the remaining 
nine , t he re appeared to be some division bet\.,reen the t wo func tions . 
Typically , one person was concerned with the entrepreneurial decisions , 
while  the other was concerned vri th the day to  day running of the farm . 
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( In only two cases , the person to  whom the question was put was not con­
cerned with the entrepreneurial function, the farms being Nos .  39 and 41 . )  

Of the t\.,renty-six Xi) farmers to whom the question on the employment 
of labour vras relevant , twenty-three indi cate a. that this was a factor 
whi ch causeu. their role as a manager to differ from that of a one man 
farmer .  deventeen stated that the employment of labour necessitated 
some effort by manae;ement to evolve and apply s trat egies  which gave ris e 
to high labour productivity . 'l'hree farmers noted that the manaeerial 
function extended also to the maintenance of good relati ons beb·reen all 
emplo.;rees . Extreme difficulties  were encount ered, it was stated ,  if ill­
feeling existed between the various s taff members . Five considered that 
in order to make t he be st use of employed labour it was ne cessary for the 
manager to spend s ome time deciding what j obs were to be done , when they 
were to be  done , and by whom . Further this also meant some t ime had to 
be spent ensuring that the necessary resources for such work were available . 
Eighteen farmers while discussing labour commented on t he supervision of 
labour . 'l'welve felt the time they devoted to  supervising the labour 
Has quite  small .  'l'he other six expressed the opposite view . Further 
discussion led the author to the conclusion that the superviso�r input 
is likely to depend on the number and type of labour units  employed . 
Where a laree number of inexperienced youths are employed ,  it  seems likely 

� -----------------------------------------------------------------------

38 .  �he t erm managerial function as used in this context includes entre-
preneurship co-ordination and supervision . 

39 . Farms Nos .  18 ,  21 , and 26 were excluded as in all cases  both labour 
units  employed on such farms v1ere concerned with the entrepreneurial 
d�cisions and decisions concerning the day to day running of the farm. 
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that a considerab l e  amount of the manager ' s  time wi l l  be s pent super-

vising the labour fo rce . vfuere one experienced man i s  employed ,  it 

seems l ikely that the supervisory input will be negligibl e .  

El even farmers indicat e d  that management differed be cause o f  herd 

siz e . The reasons given were : -

a ) Detection of in-season cows for artificial bree ding is 

more difficult in larger herds ( seven farme rs ) . 

b ) Large mobs of cal ves are more difficult to rear than 

small mobs ( sixte en farme rs ) . 

c ) 'rhere appears to b e  s ome effect of herd s i z e  on cow 

condi t ion . Typi cal ly younger animal s suffer ( five 

farmers ) . 

d ) JudginG wh8th.er a given area has sufficient feed for 

grazing , in any given t ime peri o d ,  by a particular 

herd i s  more diffi cul t  \·lith a larger herd ( five farmers ) . 

'l'hree farmers felt thLct hiGh s to ckin,::� rates led t o  great er mana-

v,erial problems t h an  did herd size . I t  ,.;as intere s t ing t o  not e that 

the manager of Farm No . 39 , who was al so respons ible f o r  the manacement 

of a neighbourine; farm of 130 surveyeci acres s tocked at l .  7 mi lking 

covTs p er surveyed acre , fe lt that this lat t er fann re� uired a great er 

manageri al input t han Farm No . 39 . 

::>ix farme rs be lieved that cons iderably more of a manager ' s  t ir'le ,.,.as 

invo lved in cleri cal work of so me kind . AQ/ In the case of stock records , 

thi s  was due to : 

i ) liaving a greater number of animals about \vhi ch 

information had t o  be recorded . 

i i ) Recording more informati on about each animal be caus e 

of the difficulty \vi th larc;e herd numbers in 

remembering detai le d  information about e ach animal . 

The employment of labour also ne ce ssitated some cleri cal work which was 

not required on one man farms . 

40. I t  is int eresting t o  no t e  that nine of the Group I V  farmers 
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prepared budget s  each year while in the o ther groups , the corresponding 

figure s. were Group III , seven , Group II , four and Group I ,  four • 



T\vO farmers answering the question indicated that they spent a con­

siderable amount of time pricing input s from various sources and bar-

gaining to obtain econo�es in the acquisition of  such inputs �  

had enjoyed considerable success at thi s . 

2 )  Records 

Both 

All farmers but one (Farm No . 19 ) kept records of service dates and 

consequently of  calving dates . 

See Table A .  12 of Appendix A.) 
(Ninet een recorded pre-mating heat s .  

All farmers but one kept some form of production re cords . In mo st 

cases the se t ook the form of a cumulat ive total of the s eason ' s  production 

base•i on the ten da.,y period slips from the factory . Twenty-two farmers 

had additional information because of herd te sting records . 

Other reco rds kept included s to ck parentage reco rds , animal health 

records , paddo ck records , weather records . Diaries also contained , in 

some case s ,  a great deal of informat ion but in most cases  this  was not 

in a readi ly available form .  

The overall impre ssion gaine d by the author was that the managers 

of the lareer herds spen t more tiJTte on record keepine than t hose of the 

smaller herds , but this Has a reflection of the increasing number of 

entries neeued. for particular records rather than the keepine of a 

creat er r • ..u:1ber of records . 

3 ) Pro blerns Due to lli s  tance 

As some authorities ( 9 ,  p . l 2 ) consider that the increasing di stances 

normally asso ciated with increasing farm size give ri se to manaeerial 

problems , all farmers were asked : "Do you feel the sheer di s tances 

involved in your travelling about a f arm of t his size are a problem?" 

None df t he forty-one farmers answering this que stion felt distances  

were a problem . HoHever , thirty-four reeularly used some means of 
transport . Of the thirty-four : 

15 used a tractor ; 

14 used a motorbike ; 

5 used a bicycle ; 

4 used a car ; 

3 used a truck ; 

. :· .  
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( The di s crepancy between the t o tal o f  the figure s shown , and 34 is due 

to some f arme rs us ing more than one source of t ransport . ) Four o f  the 

seven \vho indicat e d  they normally used no means of t rans port were in 

Group I ,  two were in Group I I  and one in Group II I .  

) . 18 RBSUL'L' S Ol<, ADDITIONAL }'ARM SURVEYS 

Additional surveys were conduc ted on four other farms in order to 
allow the author to stud�r three further management sys t ems which were 
considered to be pertinent to the study . 

l ) Farms where Two Separate Herds are Milked throtigh t he One Farm Dairy 

One example  o f  the above was visited. where two farmers , although 
individually o•min� the ir own herds and farms and employing their ovrn 
labour,  milked their herds in the one farm dair.Y . The two farmers 
owned 180 and 200 acres respect ively and in addition they both leased 
additional farms close by . In the 1969/10 milking season , the two 
farmers had collectively wintered approximately 530 COH S to milk a 
ma..'<imum of approximat e ly )00 cows . 'J.'he . farm dairy vras a 3 2  aside 
highline single he rringbone operated by four milkers . ( Two milking 
units  bein.s s uppl ied  from both farms . ) 'l'he proce(ture adopted vras t o  
milk o n e  partiG�lar herd ( the smallest ) first . �he milking machines 
and yards were t h en cleaned , and the second herd ( the larger ) was milked .  
'J.'wo reasons for adopting such an arrangement were given . First , the 
farm dairies on both farms were old and in need of replacement at the 
time t he two farmers purchased their farms and it was felt co st 
economies could be achieved by building and uti lising one new farm 
dairy .  Second , both farmers had differing farming vi ews and such an 
arrangement gave each farmer complete freedom in the adopt ion of the 

various farming p ractices he pnef;rred .  Such free dom it was considere d  

was not available  in  a partnership agreement . 

A farmer was al so int erviewed who in the 1969/70 mi lking s eason , 

had divided hi s )60 cow herd (run on a 2 5 0  acre pro perty , plus a run-off ) 
into t wo herds o f  approximately 180 cows each . One h erd was made up 

mainly of older covrs , whi l e  t he o ther co mprised younger cows and any 

other c ows , which for various reasons appeared to b e  in poor condition 

or heal t h .  The herd i n  que stion , it was sai d ,  had i n  previous seasons 

been characteri s e d  by younger animal s which pro duced di sappoint ingly and 

often ended the lactation in poor cond i tio n .  The reasons for t h i s  were 
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not knoHn exact ly but as it had been sugges t e d  that t his might be due to 

herd size per s e ,  the herd had accordingly been divided into two . 

Such a division , however , involved the l abour force in addi t ional 

WQrk . }'or exampl e ,  t'vo labour unit s  were required to bring the h erd t o  

the · farm dairy for milking. Purther ,  in order to p revent the l ength 

of t he bTazing rotat ion ( and
. 

hence grazing pre s sure ) from being halved ,  

alldi t ional subdivi sion i n  the form o f  temporaT'J electric fencing was 
. w requ1.red . 

'rhe effect of such a sys t em i s  extremely nard to evaluate '  parti cu­

l arly a� in the 1969/70 season ( the first seaso n it was adopted ) the 
' '  

farm was s eriously affected by a drought . However , despite the d i s -

advant ages earlier di s cuss ed the farme r in que stion intended t o  cont inue 

the sys t em in the 1970/71 dairying season . 

As a re sult of t he suggestion not ed above , that herd size per s e  

has some effect on the product ivi ty o f  t he animal s  vri thin a herd , the 

author int ervi eHed Mr . R. Ki lgour , a scient ist conduct ing animal 

behaviour studi e s  at the Ruaku�a Agriculture Res earch Centre . According 

to Nr . Kil c;our ( 3 2 ,  pp . l02- 104) , the splittinG of larg-e herd s int o smal ler 

ones may be jus t ifiable be cause of so ci al f ac to r s . Dome sti c animal s 

( in cluding co v1s ) ,  i t  i s  be lieve d ,  tend t o  have a social organisation 

wi thin the ir t70up , herd or f lo ck .  That i s ,  a social hierarchy i s  

e s tabl i shed within a group o f  animal s .  A stab l e  social group exi s t s  

when every cov1 can recoGDise and maintain a known relationshi p vr i  t h  every 

o ther cow . The impo rtant po int here be ing that so cially subordinant 

cows can recoenise and avoid s o cially dominant co,•s . If a herd become s 

too big , i t  i s  felt t hat such re cognit ion i s  no long-er pos s ible and 

s tress within the herd , parti cularly on the subordinant cows , greatly 

increases wi th a consequent loss of p roduction and di s ease resis tanc e . 

]<�ther res earch however is ne eded t o  establ i sh what herd size cons t i tutes 

a stable s o cial group . 

2 ) Contract Milking 

One farm was visited where a contract milking agreement was in 

o perat ion .  In the 1969/70 s easo n ,  the farmer i n  que s tion 1!/ mi lke d  

approximately 175  cows upon 150  surveyed acre s . In addition ,  he under-

41 i . e .  Each permanent paddock was divided into two with an e l e ctri c 

fence . 

42 .  The farmer will b e  referred t o  as the cont ract milker for the 

/ remainder of t h e  discuss ion . 
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t o ok to milk on a co ntract basi s two neighbours ' herds of approx imat e ly 

110 and 140 co ws re sp e c t ively . A 20 as ide highline s ingle he rringbone 

was used , o p erat e d  by three milke�s . 

'!'he aere ement s t ipulat e s  that the ne i ghbours mus t  guarant ee for a 

s even year period to provide not l e s s  than a spe cifi ed minimum numbe r o f  

c ows each mi lking . The cont rac t  mi lker i s  required to provide all 

th e ne c e o s ary mi lkine faci l i t i e s , a s  He l l  a s  the labour r equired for 

mi lking. Pa,yment to the c ont ract mi lker fo r h i s  s ervi c e s  is at a 

specifi e d  rat e  per pound of mi lkfat . Provi s io n  is made fo r t h e  rat e s  

t o  b e  revi eHed each ye ar aft er t aking into ac count such factors a s  the 

b as i c  milkfat pri c e ,  and the dairy farmers ' index of co s t s . The cont ract 

mi lker is expected to me e t  all she d expens e s , expendi ture on ant ibio t i c s  

for rr:a s t i t i s  cont rol i s  hoHever s hare d .  'l'he ne ie;hbours are ent i t l e d  

t o  remove from the ir r e s p e ctive milk vat s f o r  c a l f  rearing , fifty-five 

gal l ons of milk per cal f ,  up to a maximum numb er of calve s whi ch 
• 

repre s ent s a twenty pe� cent rep lacement rat e . 12/ 

'rhe thr e e  herds are mi lke d in a given o rder and immedi at e ly a 

mi lking i s  comple t e ,  they be come again the re sponsibi l i ty o f  the two 

ne i.:;-hbolli,- ' .  Fac i l i t i e s  are made avai lab l e  at the farm dai ry , howeve r ,  

by the c o nt ract mi lker for bloat prevent ion and c ont ro l an d  art i f i c i al 

bree dins . 

3 )  }'arms Cons i s t ing of a Number of Di s t inc t Units 

One farm v;as v i s i t e d  which co mpri s e d  four d i s t inct dair;yine; uni t s .  

'!'he farm cons i s t e d  of 8 � 0  survey ed acres ( 86 5 effective acres ) and in 

the ly6e/6� s eason pro duc ed from a t o t al of 9 3 5 cows , 305 , 000 pound s of 

milkfa tW( the figure has b een rounde d  to the n e are s t  thous and pounds 

of mi lkfat ) . Thi s  repre sents 353 pound s of milkfat per acre and 326 
pounds of mi lkfat pe r c01-1 .  

The area and cow numb ers of each o f  the f our farms i s  shown in 

'l'ab le 5 . 2 6 . 

The labour compl ement s on each of the four farms \vas two permanent 

labour uni t s .  ( A  third labour unit was employe d ,  however , on each farm 

43 . i . e .  l<,o r  a herd of 100 cows , fifty-five gal lons per calf could b e  

removed for a maximum o f  20 calves . 

44 . The total shown inc
.
ludes an e s timate o f  the milkfat us_e d  for calf 

rearing .  
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over the sprine months . ) The four farms were not completely self contained 

as young stock from e ach farm were for varying periods grazed away from 

the farms . All hay and silage for each farm , however , was made upon 

the farm in c1uestiori . 'l1he machinery complement o f  e ach farm comprised 

one tractor , one forage harvester , one trailer and one b loat spray.  outfit .  

A mov.�er was shared be tween al l  four farms . Contractors were employed fo r 

topdre s s ing and haymaking. 

Table 5. 26  Areas and Herd �i ze s of the Four Farms 

Area Bffective Area Cow Numbers 
(acres ) (acres ) 

Farm l 220 220 23 5 

Farm 2 220 210 220 

Farm 3 .. 220 210 240 

Farm 4 230 225 240 

T h e  day t o  day d e c i sions concerning t he running of each of the four 

farm�.
' 

as made by the s enio r s t aff member o f  each farm , in compl ian c e  

vri th a farming po 1 i cy formula t e d  by the farm supervi sor . ( 'fhe farm 

superv i s o r  was also t he senior s t af f  member of Farm 3.) Major decis ions 

( of an entrepreneurial nature ) were made by the farm manage r  aft e r  con­

sul tat io n  with a management commi t t ee .  

Increasing farm size by increasing the number of p l ant s ,  rath e r  

t h an  the s i z e  of an individual plant ,  ac co rding t o  the farm manager ,  has 

the fo llowing advantage s :  

a) Diffi cult i e s  arising because of a large number of cows in 

one herd are avoi de d .  ( Such difficult ies have been di s-

cussed earlier and include the det e c tion of in-season cows 

and the det ection o f  animal health problems . ) 

b ) A spirit of competition exists between the staff of the four 

farms which induces the farm staff of each farm to make 

effor ts to increase productivity . 



. , 

1 01 

5 . 19 SW.MARY 

One o f  the mo s t  s t rikins feature s o f  the farm survey v1as the extremely 

high rati o  of cows p e r  l abour unit r e co rde d by the farms o f  the upper 

subclas s e s  of Group I and I I . Such hie;h rat i o s  of cows p e r  labour uni t  

\.J ere ach ie v e d  by the l abour uni t s  making ext ensive us e o f  c ontractors 

and casual labo ur and v1o rking extremely long hours , part i cu l arly in the 

In t erm s of t he rat i o  of COHS p e r  mi lking unit hmreY e r ,  the 

differen c e s  be tw een t he four groups of farms were l e s s  marke d .  'rhi s was 

due tu the Group I farms making ext ens ive use o f  family labour ( i . e .  vTi ve s ) 
for Ini lk ine; . Similarly , the re was a l so a great er tendency fo r fam i ly 

labour to  a s s i s t  with o the r farm vrc rk on the Group I farms . Con t rac to rs 

and c;�sual labour VT ere us e d  l e s s  extens ively on the farms o f  Group I I I  

u.nu IV illlll GOll8 @QUGn Hy J thg labour lmi t  B o f  �JUGh farmfl w�;rr. �ngaG"ed i.n 
a Great e r  ranee o f  farm operat i ons . A mo s t  not eable f eature was t hat , 

,;i th one e x cept i o n ,  on all the Group I I I  and IV faros , some p rovi s i on was f .. made fvr the milkine; uni t s  to have t ime off Lluring the mi lking season • 

'rhi s  cont ras t e o.  Hi th the s i tuat ion on the Group I farms whe re such a 

provi si on Has made on only one third of the farms . 

Spe c i al i s at i on and divi s ion o f  labour \vas apparent to some ext ent o n  

al l the m� l t i - labour unit farms . I t . appeared that work on the survey 

farns cou l d  be divided into thre e c l as s e s ; firs t ,  j o b s  wh i ch were 

ree;arde d as b e ing ext remely v i t al t o  the pro fi t abl e o r san i sation of t h e  

farm ; s e cond , j obs reQuiring s p e ci al ski l l s  or experienc e ;  fina l ly ,  

j obs VThi ch were ret;arded a s  be ing l e s s vi tal t o  t he p ro f i t ab l e o reanisat i on 

of t he farm . 

'rhere were no marked d ifferences bet w e en the four groups of survey 

farms in t erms of the r anse of mach inery us ed . There was a trend t owards 

the numbe r of trac t o rs and of par t i cu lar i t ems of machine ry which were 

us ed. on the survey farms to increase from Group I to Group IV . As 

contractor s  were us e d  l e s s  ext ens ively on the farms o f  Group I I I  and IV , 

there was a t endency for the farms o f  Group I I I  and IV to own a great e r  

range o f  t h e  machine � us e d  o n  the farm . 

Al l farmers considered tracto r sheds , implement s h e d s , farm dairi e s ,  

some fo rm of workshop and dwe l l ings were bui l dings they c ould not do vri thout . 

The rat i o  of cows t o  t he numbe r o f  hous e s  requi red was extremely high 9n 

tho s e  farms of Group I where the r at i o  of c o ws per labour unit was high . 

Cer tain o f  the mult i - labour unit farms were able .to achieve hie;h rat io s  
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because of t h e  employment of married c oup l e s  and singl e labour . Wi th 

thre e exceptions , on al l survey farms , a typ e  of herringbone farm dairy 

was used . '.rhe mo s t  popular type of herringbone vtas t he highl ine s inel e . 

'l'he s t o ckine rat e s  on the survey farms were relat ively high . The 

sto ckine; rate of all the Group IV farms was greater t han one mi lking cow 

per effective acre . 

Mi lkfat pro duc t ion per c ovr and p er a cre vari e d  consi derab ly be breen 

an d w i t hin the fo ur . group s of survey farms . 'l'here was a t rend t o wards 

a de.Jl ine in bo th the milkfa.t pe r c oH and mi lkfat per a c re on tho s e  farms 

of each e-roup Hhere the ratio of cows per labour unit was high . 'l'he 

out put of milkfat per labour unit 1vas extreme ly high on some of t h e  Group I 

farms . In term�; o f  output p e r  milking uni t , howeve r , th e di fferen c A s  

between the four groups were l e s s marke d . 

'l'he re ·..,rere no o bvious di fferenc e s  be t H f� en t he four groups of survey 

:farms in terms o f  p e rcentages of s tock los s e s , and h erd •rastage , calving 
p ercent ages an d perc ent age s of empty C O ivS an d  heifers . 

Of the fo rty-one farmers surve�reci , t\ven t,y- two were in the 1969/70 

;:;eason , he rd t e st ing , and forty Here us inc art ificial bre eding . 'l'he 

predominant bre ed of dairy cat t l e  was J er s ey ,  althoue;h the Fri e s i an bre ed 

ap r�eared to be increasine in importance . Only sixt een of the forty -one 

farmers kneH every animal in the i r  herd individual ly and it appeared that 

it b e c ame increasingly diffi cu l t  to kllOH every covr individual ly as h erd 

s i z e  increas e s . 

Li t t l e  can be s ai < i  about the effe c t  o f  h erd s i z e  on animal heal th , 

in ��� �bs ence of a careful s tudy .  The impres sion gaine d by the author 

vras t ha t  the manager of a larger herd \'/Ould have to pay more at t ent ion 

to cal f rearing and the condi t i on of s t o ck ( parti cularly the two year o l d  

he ifers ) . 

The data concerning the maximum distances o f  trav e l and time �way from 

pasture indicat e d  that althoueh in gerieral , the maximum di stanc e s  the herds 

had to walk were greater on the farms of the l arger herd sizes , the 

di stances could on s pecific farms be relat ively low due to  a favourable 

farm l ayout . 'l'here was no trend to•1ards the maximum time the he rds 

were away from pasture bein g  greater on the farms of the l arger herd siz e s .  



Thirty-four farmers ,.,ere asked to dis cuss the ways in which pecuniary 

e conomies could arise .  Three indicated t hat they were able to  obtain 

reductions in the rates for contractural services , sixteen considered that 

size  r;ave t hem advantar;es in the disposal of cull stock and twenty-tvro 

believed that cost reductions could be obtained in the purchasinc; of 

some of the other farm input s .  

On fourteen o f  the multi-labour unit farms , the manar;erial funct ion 

ap11eared to be the res1Jonsibi li ty of tHo people , and on five of these farms , 

the tvlO people in ques tion Here concerned Hi th both the entrepreneurial 

decisions and with deci sions concerning the day to day running of the 

farm . '.rwent.)'-three farmers indicated that the employment of labour "'as 
a factor wh i c h  caused their role  as a manaGer to differ from that of a 

o ne man farmer .  Eleven farmers indicated  that manar;ement differed 

b e cau� e of herd si ze . 

'l'wo exam.!Jles of farms where two herds ·,.,rere milked throueh the one farm 

a.airy were vi s i t e d .  In  the case  of  the first exampl e ,  t wo reasons were 

6iven for the adoption of such an arrant:;ement . First , the farmers in 

que s t i on cons i ciered that co st economies coul d be obtained by the bui lding 

of one larc;e farm dairy rather than two smal ler ones , and second , the 

arraneement �ave each farmer freedom in the adoption of those  farniing 

practi ses  he preferred . In the cas e of the second example , the farmer 

divided his herd into two , as it had b e en sugge sted that the poor 

production of his herd ( particularly the production of the younger stock ) 
was due to herd si ze per se . 

A farm where a contract mi lking agreement was in operation was also 

visi ted .  'l'he farmer in question undertook to  milk in  adc.ii t ion to his 

own herd, the herds of t wo neighbours . 

One example of  a farm consisting of a number of distinct tmit s  was 

vi sited .  The advantac;es of increa::>ing farm size  b�' increasing the  number 

of plants ,  rather t han t he output of a given plant were given as , firs t ,  

the difficulties as so ci ated with a large number of animals in one herd 

are avoided ,  and second , a spirit of competition exists  between the staff 

members of each of the individual units .  
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CHAPI'ER SIX 

BASIC ASSUMPTIONS OF THE STUDY AND 

DErAILS OF THE ANALYTICAL PRO CEDURE 

6 . 1  INfRJ DUCTI ON 

In �his chapter,  the basic assUI!lpt ions of the analysis  are , ,  
present ed  and di s cu ssed and a descript ion given of the analytical 

procedure . The chapter should be read in conjunc tion wi th Appendix B 

in Hhich detail s  of the aoswnptions made and co st data used are ei ven . 

The analytical procedure ado p t e d  in this study is the Economic-

Bn6ineering or Synthe t i c-Firm t e chnique . Consequently the initial 

part of the chapter is concerned wi th a brief description of the method 
' 

of constructing the short run average cost curves .  The resource s 

whi ch constitute the fixed plant are indicated and the range of plant 

utilisations (herd s i z e s ) relevant to each short run average cost  

curve are given . 

'i'he second part of the chapter i s  con cerned wi th the as:sumpt ions 

made in order t o  attempt to eliminat e al l t h e  s o urce s of be tween farm 

variation , other than tho se due sol e ly to farm size . For example , 

the di strict to whi ch the results are applicable i s  indi cated , the 

technolOGY employed on the re pre sent at ive farms _l/ i s  di scussed and 

information con�erning some of the assume d leve l s  of p r i c e s  and costs  

given . 

The final part of the chapter i s  concerned wi th a detai led 

des cription of the assumptions made and the operations required for the 

development of the budgets (from which the cos t  revenue ratio s  are 

derived ) of the represent at ive farms . All possible sources of economies 

and diseconomie s of size revealed by the f arm survey , and by the com­

pilation of the cost data are incorporated into these assumptions . 

This description i s  of considerable importance , in the author ' s  opinion , 

because it does allow the reader to gain . an insight into the ways in 

which economies  an d  diseconomies of si z e  arise . 

1 .  The meaning of the term "represent ative farm" i s  indi cat ed later 

in the text . ( See foo tnote 4 . )  



6 .  2 GENERAL DESCRIPriON OF 'r:HE CONSTRUCTION OF THE SHORT RUN AVERAGE 

COST CURVES 

The pro cedure us ed to analys e  e conomie s  of s i z e  in thi s study i s  

t h e  Economi c-EnGineering o r  Synt het i c -Firm technique . Thi s t e chnique 

analys e s  e conomie s of s i ze i n  t erms of short run and long run ave rage 

c o s t  curve s .  

I .  
- ·· , _. initial requirement of the Economi c- Enginee ri ng t e chnique , i s  

that a r e s ource (o r  c-roup o f  re source s ) be iden t ifi e d  a s  �m it em ( or 

i t erns ) of fixed plant . In thi s  s tudy , labour � i s  ini ti al]y re cog-

nis ed as the r e source whi c h  i s  fixed in the short n1n . Five p lant 

si z e s  are re co5�ised , ba sed upon mult i p l e s  of adu l t  mal e labour unit s .  

'l'he five plant s i zes are : 

}'arms wi th one p e rmanent adu l t  mal e labour unit Plant s i z e  one 

Farms vri t h  two permanent adul t mal e labour units Plant size two 

10? 

J?arms wit h three pe rmanent adu l t  mal e labour uni t s  Plant s i z e  three 

Farms H i th four permanent adult mal e  labour unit s  Plant s i z e  four 

Farms with fi ve permanent adul t mal e  labour unit s Plant s i z e  five 

Bach plant s i z e  i s  divi ded into thr0e sub c l as s e s  ac co rding to the 

s i z e ( i . e .  number of s e t s  of cups ) of farm dai ry (h erringbone ) _2/ 
emplo.)'ed . De t ai l s  of the t hree subc lasses as so ci at e d  Hi th each plant 

s i z e  are shown in Table 6 . 1 .  

Fift e en s hort run average co s t . curves are produce d by computing 

c o s t  revenue ratios repre s ent ing diffe rent degrees of plant u t i l i s at io n . 

In thi s  study , t he variab le degrees of plant ut i l isation , fo r e ac h  

plant size , are repre sent e d  by a seri e s  of varying rat i o s  o f  cows per 

l abour unit . 

2 .  O ther re s ources b e sides labour are al so regarded as i t ems of 

fixed p l ant . 

t ext . 

The s e  o t h er re source s  are indicat e d  l ater in the 

The two t e rms ' farm dai ry ' and ' herringbone ' are no t synonymous i n  

t h i s  di s cussion. The t erm ' herringbone ' refer s  only to that part 

of the f arm dairy wher e  the actual milking pro c e s s  t ake s p la.ce 

The t erm ' farm dairy ' ,  however , i s  a co l l e ctiv e  t e rm and includes 

such i t ems as the mi lkroom , herringbone , c ircular yard , entry/exi t 

draught ing area e t c .  



Table 6 . 1  Siz e s  of (Herri ngbone) Farm Dai ri e s ac cording t o  Plant S i ze 

Plant Si ze Subc lass (a ) Sub class ( h) Sub class ( c ) 
-· 

Pl ant s i z e  one 6 as ide 8 as ide 10  as;i. de 

Pl ant si z e  two 12 aside 14 asi de 16  aside 

Plant si z e  three 18 aside 2 1  aside 24 aside 

Plant s i z e  four 24 as ide 28 aside 32 aside 

Plant s i z e  five )0 asi de 3 5  aside 40 aside 

'fhe pro cedure adopted fo r t he cons t ru c t ion of a short run average 

c o s t  curve i s  to : 

a ) Set the herd s i z e  at the initial degree o f  plant ut i l i sat i on 

b )  

for the p l ant s i z e  in �ue s t i o n .  I n  the c a s e  of plant s i z e  

one farms , the ini t i al degree of p lant ut i l i s at i on i s  

repre sent e d  -oy a herd si ze of s ixty cows . ( i . e .  'l'he rat i o  

o f  cows p e r  labour uni t  i s  sixty . ) 

Fo r the ini t ial degree of p lant u t i l i sation , cons truct a 

budget _1/ and from such a budge t det ermine a co st revenue 

rat io . The co st revenue rat io so det ermine d repre s ent s 

t he init ial point on the s hort run average c o s t  curve in 

que s tion . 

c ) Increas e the herd s i z e  by a fac t o r  _2/ ( i . e .  increase the 

de6�ee of plant u t i l i sati on ) , construct anothe r budge t and 

derive a new c o s t  revenue rat io . This s e cond co s t  r evenue 

rat io repr e s ents a second point on the short run average 
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4 . Each budee t can be vi ewed as r ep re s en t ing a farm o f  a di fferent ' si z e ' .  

Such farms wi l l  b e  referr e d  t o  in the di s cu s s ion as ' repr e s en tat ive 

farms ' .  

5 .  'l'he fact or by whi ch herd s i z e  i s  increas e d  varie s be t ween plant s i z e s . 

In the case of : i ) Plant si z e  one farms , the fact o r  i s  1 0  cows ; 

ii ) Plant s i z e  t wo f arms , " " " 1 5  COvlS j 
i i i ) Plant s i z e  thr e e  farms , " " " 20 cows ; 

iv ) Plant s i z e  four farms " " " 30 cows ; 

v ) Plant s i z e  f ive farms " " " 30 c ows ; 



co st curve . In the case of plant si ze one farms , the facto r 

by which herd s i z e  i s  increased is 10 cows . ( A  new budget 

and co st revenue ratio i s  therefore derived for a herd si z e  

o f  s eventy cows - the ratio of covTS per labour lmi t has 

increased to  s eventy . ) 

d ) The pro cedure di scus sed above in c ) i s  repeat ed up to and 

including the herd size representing t he maximum de3Tee of 

plant ut ilisat ion , fo r the parti cular subc lass of the plant 

s i z e  in questi on . For plant si z e  one farms ut i l i s ing a six 

aside farm dairy ( i . e .  subcla3 s ( a ) ) , this maximum deerce of 

plant ut ilisat i on co rresp onds to a h erd size  of 105 cows . 

'l'he co st revenue rat io derived from a budget fo r 105 CO\•I S  

represent s the final point on thi s parti cular short run 

averace co s t  curve . 

'rhe ranee of plant u til isations ( herd sizes ) over which cost revenue 

rat io s are det ermined for each of the three sub c lasse s ,  of each of the 

five � lant size s , is sho vm in Tab l e  6 . 2 .  

An examination o f  Co lumn ( 1 ) o f  Table 6 . 2  indi cat e s  that in al l 
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case s , the herd si zes repres ent ing the init i al d e erP.e s of plant u t i l i sat ion 

corre spond to a ratio of sixt;y cows per labour unit .  The data s:-to·.m in 

Co lumn ( 2 )  hoHever , have be en derived by det e rm ining for al l sub clas se s ,  

the rnaximwn numbe r of co 1·rs Hhich can be milked _j) in each o f  the asso ciated 

farm dairies , if the ave raee milkine time (over the who le season ) is  

as sume d to b e  1 . 75 hour s . _1/ ( An  averaee mi lking time of 1 . 75  hours 

over the whol e  �ilking season is therefore cons i dered to be the limit 

of the fixed re source , labour . The fieure is based upon impre ssions 

obtaine d by .the author from the farm survey . ) 

6 .  On any given repr e sent ati ve farm , the as sumption i s  made that al l 

milking co ws are milked in a sinele herd . Cons equent ly othe r  

organisations such as shift milking , and dividing a given h erd into 

a number of s�aller herds arP. ignore d .  

7 . The fi gure of 1 . 75 �ours do es not include o ther chores such as 

c leaning the f�rm dairy and ya.rds , e t c . It refers only to the 

l en0�h of time the milking machines operat e .  The data upon which 

Column ( 2 )  of Tab l e  6 . 2  is ba sed are di s cussed on page 51 o f  

.. 
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'raole 6 .  2 Range o f  Plant Ut ili sations (Herd Sizes) According to 

Plant Siz e  

-
Subclass Plant Plant Plant Plant Plant 
( Size  o f  Size  One Size 'l'wo Jiz e  '.Ihree Size }bur Size Five 
Herring- ( covrs ) ( coHs ) ( cows)  ( cows ) ( cows ) 
bone)  }Iin . I'Iax . Min . Hax . Min . Max . Nin . Nax . Min . Hax . 

( a )  

( b )  

( c ) 

NOTES : i )  

( l ) ( 2 ) ( l )  ( 2 )  ( l )  ( 2 )  ( l )  ( 2 )  ( l )  ( 2 )  - ---
- · 

60 105 1 20 210 180 315 240 4 20 300 525 

60 120 120 226 180 339 240 452 300 565 

60 136  120 240 180 360 240 480 300 600 
I 

Co lumn ( 1 )  shows for each o f  the five plant � i zes , th e herd 
size corre sponding to the initial (minimum) degree of plant 
utili sation . 

i i ) Colurr.n ( 2 ) . shovrs for each of the  fifteen subclas ses , the 
herd size  corresponding to the maximum degree of plant 
ut ili s ation . 

The total numbe r of cost revenue rat io s derived ( o r repre sentative 

farms constructed)  for each plant si ze i s :  

Pl ant si ze one 22 

Plan t si ze two 25 

Plant si ze three 27 

Plant size four 25 

Plant size five 30 

Consequent ly in t otal , 129 co st  revenue ratio s (or representat ive 

are involved in the derivation of a long run averaGe c o s t  curve . 

6 .  3 BASIC .l:tE\i,UIREMEN"r S OF THE ECONONI C-ENG I:i\TJ!lERING 1'EC".dNIQUE 

farms ) 

One important requirement of t he Economi c-Engineering t e chnique is 

that all sources of betwe en farm variat i on , other t han those due �o lely 

to differences in farm si ze , be eliminated if possible .  In order to 

comply with thi s requirement , a numbe r  of as sumptions have been made ; 

the se are dis cus s e d  in detai l below . 

The repre sent ative farms are locat ed in the Awahuri distri ct ,  eight 

mi les west of Palmerston No rth . The s o i l s  of the di strict are described 

as gleyed and organic river flat soils , ( 33 ,  p . 19 ) . Natural drainage 
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i s  goo d ,  al though with int ens ive wint er s to cking, pugging probl ems can 

ari se .  Natural so il fert i l ity i s  high and cons equently the ferti l i s er 

requirement s  of pasture s are relat ively low . Rainfal l average s 3 7 . 5  

to 40 inches per year and the rainfall i s  evenly dis tribut ed throughout 

the ye ar , C33 , p . ) ) . 

All the representat ive farms are s easonal supply dai ry farms , are 

of t h e  same shape ( t hat i s  re ctaneular , the length being twi ce the vndth 

of the farms )  and are s t o cke d at 1 . 1  milking cows per survey e d  acre . 

A s t o cking rate of 1 . 1  CO 'tTS per surveyed acre i s  con::;idered by lo cal 

Ext ens ion Offi cers to be typi cal of t he hibher pro ducing farms in the 

dis t ri ct .  

The t e chno logy employe d on the farms i s  that wh i ch i s  current ly 

being recommendeu by local Ext ension Offi cers . A brief de s cript ion of 

the t e chno lot:;Y employed fo l l oVFs . Pasture i s  t he main feedstuff us ed . 

No f ora�e cro p s  are �rown anu no s i l age i s  made . The supplement ary 

f e e d  reserve s  consist enti rely of hay . 'l'he farms are self -cont aine d 

except for the re11lacement h e ifers ( and replacement bul l s ) , whi ch are 

t,Ta z e d  away from the farm for a period of twelve months . Calves 

hoHever , are re taine d on t he farms . Ho t at ional Grazing is practi sed 

thro uehout t he year and the farms are su bdivided int o appro ximat ely 

th irty paddo cks .  In wint er the blo ck grazing >-rinteri nc; sys t em i s  use d .  

During excessively He t peri o d s  in the vrint er , hovreve:r. , the s to ck are 

rerr.oved from the pas tures and he l d  on the farm race , in o rder to mini -

mi s e  pasture puzeing . The predominant daiiJr breed i s  J erse,y , al though 

the Fri e s ian b reed is increasine in importance . Herd improvement 

prac ti ces include the us e of art ifici al breeding and herd t e s t ing. 

Ferti li ser requirement s are re latively loH , the annual app l i cat i on of 

fertilis�·
r ( t o  pastures ) b eing four hundred Height of superphosphate . 

The major p asture p e f? t s  are Hiscana 
'
cervinata ( Porina mo th ) and 

Co s t elytra zealandia ( gras s  grub ) . Annual applicat i ons of pe s t i cides 

are made to e radi cate the fo rmer . Weeds are of minor importance , the 

o nly weed requiring treatment >d th herbi cides being Hordeum murinum 

( b arley B'J:'ass ) . 

One important feature of t he Economi c-Engineering t e chnique is that 

it provide s o pportuni t i e s  for the re searcher to standardise the manage -

. ment facto r .  Accordingly in t hi s  study , the assumpt ion i s  made t hat al l 

repre sentative farms are farmed by operators of simi lar managerial abi l ity , 

and all operators are consi dered to be of above ave rage managerial abi lity . 



All farm improvement s _J}j 
are ne,.,r .  The investment co s t s  _2/ o f  

such improvemen t s  in cludes tradesmens ' l abour . The input pri c e s  are 

tho s e  pertaining to Aueus t 1970 .  Although a number of survey farmer s  

i nd i cat e d  the exi s t ence of pe cuniary economi e s  i n  the acqui s i tion of 

input s ,  comp i l at i on of the c o s t  data revealed only one ( annual ) input 

( e l e ctric ity ) , whe re s uch an e co nomy was considered to be significant . 

Consequent ly ,  ''i th the exception o f  e le ctric ity , pe cuniary e conomi e s  

i n  the acqu i s i t ion o f  ( annual ) inpu t s  have been ib�ore d . 

'l.'he pri c e s  of cull sto ck ( i . e .  cull co ws , empty heifers , cul l  bul l s  

an d  bo bby calve s ) used , were de cided upon aft e r  dis cus sions wi th the 

repre s en tat i v e s  of a number of Manawatu s t o ck fi rms . 'rhe pri c e s  are 

tho ::; e  whi ch i t  i ::>  thought •10uld be paid in the 1970/71 se ason . Mi lkfat 

pri ce howe v e r  is treat e d  as a variab le . 

6 . 4 THE ?·�'l'nO J OF ANALY S I S  

A s ine- l e  comput er progro.mrne was writ ten ( by the au thor ) to prepare 

for each of the five plant sizes , a serie s of budge t s repr.esent ing 
different d ec-re e s  of p l ant ut i li s at i on . From these budge t s , the c o s t  

revenue ra L i o s  are derive d ,  from Hhi ch t h e  s hort run ave rage c o s t  curv e s  

are cons tru c t e d . 'l'he preparation o f  e ach uudge t con s i s t s  o f  t h e  

fo l l owinG fi ve s t eps : 

The cal culati on o f  a liv e s t o ck reconcil iation s chedul e ;  

The cal culat ion of the farm investment requiremen t s ; 

llO 

8 .  'rhe t erm ' farm improvement s '  refers to : fencing , f arm rac e s , wat e r  

ret i cu l a tion sys t em s , farm dairi e s , dwe l lings , imp l emen t s h eds ,  barns , 

pump sheds , milking equipment , effluent di spo sal sys t ems , and e l ectric 

power ins tal lation . 

9 . As such , resourc e s  are o f  a cap i t al nature ( i . e .  they are not exhau s t e d  

over a s ingle produ ct ion t i me peri o d ) a number of d i f fe rent cos t 

con c ep t s  can be asso ciat e d  with th e s e  resource s .  For examp l e : 

i ) The init ial sum whi ch mus t be out laye d to obt ain t he resour c e  

( e . g .  the cost of a ne w dwe l l ing is �e , ooo ) . 

ii ) The annual cash c o s t s  wh i ch are as so ciated ,.,ri th such resourc e s  

( e . g . repairs and maintenance an d  insurance ) � 

iii ) 'rh e annual non-cash co st s  asso ciat ed with su ch resources ( e . g .  

interest and depreciat ion . 

The t e rm investment cost is used to indic ate t hat the relevant co st 

concept in this case i s i ) . 
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The calsulation of the gross farm income ; 

The calculation of a series of  co st figures ; 

'L'he derivation of a series of net income figures ; 

. The general pro cedure adopted by the author when writing the computer 

pro{:,rramme was to divide the data into hw groups . The first group com­

prises data which are incorporated into the progrrumne deck ( 8f cards )  

• of  the coffiput er prograrr�e , while the s econd group compri ses data which 

are made avai lable to the programme as data ( input) cards . Details of  

the data of each group are as  fo l lows : 

Group One consists o f :  

a )  

I .  

Resource data J!2/ Hhich within each subclass o f  each plant 
IV size , vary either continuously or  di scretely as herd 

size varies . For examJJle , the investment co sts  o f  barns , 

water reti culation syst ems , effluent disposal unit s etc .  

'b ) Hesource data which over t he complete ranee of plant 

sizes and herd sizes s tudi ed ( i . e .  from plant size one 

60 cows , to plant si ze five , 600 cows ) ' remain constant . 

For example ,  the investment co st o f  the pump shed . 

c )  Sto ck performance data and pro duct prices , which are assumed 

to remain constant both be tween and within plant s i zes . 

For exampl e ,  stock losse s , herd wastage , cul l  stock price s ,  

et c .  

Group 'l'wo consists  of : 

10 .  

ll . 

a )  Resource data which within each subclass of each plant size 

remains constant as h erd s i ze varies .  Data of this nature 

'£he t erm ' resource data ' is a co llective term and refers to the 

quanti ty and cost of resources . 

'L'he phrase ' varies continuously ' means in this context , that a 

different value i s  associated with each herd size ., 

The phrase ' varies discretely ' is taken to mean that a given 

value remains constant over a range of h erd sizes , and a change 

from one value to another i s  made at a particular h erd size . 

type , 

lll 



are the refo re concerned with the r e s ources whi ch (within each 

subclas s ) are fixed in the short run . Such data include s :  

i ) The numbe r of l abour unit s and t he wage s of the 

employed labour uni t s .  

i i ) The si ze and length of the herr ingbone . 

i i i ) Bui l di ne inves tment c o s t s  of certain bui l dings . For 

examp l e , the inve stment co s t  of dwell ing ( s ) and an 

' in i t i al ' � value o f  the implement s he d .  

iv ) 'l'he length of " drop-off s "  from t he main e le c trical 

servi ce line to the various buil dings ; 

v ) The inve stment co s t s  of certain i t ems o f  mach ine ry .  

For example , the inv e s tment co s t s  of trac t o r ( s ) , 

transport tray ( s ) , t rai ler( s ) , haymoHer ( s ) , hayrake , 

.s-rader b1ade , hay loader and spray equipment . 

vi ) 'l'he inves tment co s t s  of vari ous it ems of equipment . 

v
'ii ) 

v i i i ) 

Fo r exampl e ,  the inves tment cos t s  of mi lking equip­

ment , general f arm e quipment , and hand t oo l s . 

'l'he e stimated economic lives of al l  ac> se t s  wh ich 

are t o  be depr e ci at ed ; 

Sun dry data required for the calculat i on o f  a number 

of expenditure it ems . For example , dai ry she d  

ex,ens e s ,  electri ci ty ,  insurance an d repai r s  and 

mai nt enanc e .  

b )  'l'he range o f  herd si z e s  over whi ch cost revenue rati o s  are to 

be derived for the parti cular sub clru; s in que s t i on ,  and the 

fact or by whi ch herd s i z e  is to be inc reas e d .  

c ) Certain parameters , t he values of Hhich· it \-ras consi dered 

might have a consi derab l e  influence on the re su l t s of the 

1 2 .  The meaning of the term ' initial ' i s  indi cat ed lat er in the text . 
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stu� . For example ,  milkfat price , r at es of int ere s t , 

and milkfat pro du ction per cow .  W 

6 .  5 OPERA'l'I ON3 Ft:RFOHHED BY 'l'HB COMPU'l'ER 

Aft e r  the second Group of data have been made avai lab l e  to the 

p ro tTarrme by way of data input cards ,  the f o l lowi ng operati ons are 

pe rformed by th e c ompu t er for t he preparat ion o f  each budget .  

1 )  Cal culat ion o f  t h e  Liv e st o ck Re conciliati on Sche dule , and Gro s s  

Farm Income 

Ini ti ally a liv e sto ck re conci liation s ch e du l e  for t he herd s i z e  in 

que stion i s  comput e d .  Such a sche dul e det ermine s , first the number o f  

rep l acement s to ck which must b e  saved annual ly to maint ain s �o ck 

num b ers , and s e cond , the number of cul l s to ck which a re availabl e. for 

sal e each ye ar . 

From the data concernin5 the numb ers of rei> l acement s t ock re c:uir e d  

a n d  the numbe rs of cul l s to ck avai l ab l e , the income from cu l l  sto ck 

s al e s and bo bby calf sal e s  i s  derived . 
income to o b t ain the ero s s  farm income . 

Thi s i s  added to t he milkfat 

2 )  �al culat ion of the �arm Inve stment Requ i rement s 

Land Inves tment 
I 

· ·· ..Ldi tiall.;r ,  the area o f  the farm , the di mensions o f  the farm , the 

pri ce per acre of t he "bare "  land ( i .  e • land exc lusive of all improve ­

m en t s  except pasture ) , and the total land inve stment are det e rmined . 

Farm Race Inve stment 

Data conc erninG the dimens ions of the farm are us e d  to c al culate 

the length of the farm rac e . The appropriat e width and the appropriate 

c o s t  per chain o f  t he farm race are determined from data incorporat e d  

into the programme de ck . Thi s dat a ,  together with the data concerning 

1) . Long run average co s t  curves are derived fo r two sets of assumptions 

concerning t he l evel of mi lkfat production per cow att ained by the 

repres entative farms . 

113  

i ) Long run average cost curves have be en produced ,  for the as sumption 

that the level of milkfat pro duction per cow remains constant over 

the complete range of plant s i z e s  and herd siz e s  s tuuied . 

ii ) Long run average cost curve s have been pro du ced , for the assumption 

that the level of milkfat production per cow is a function o f  both 

plant and herd size . For a ful l er di s cus si on , see page - 25 , of 
A11nflndix B .  
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the length of the farm race, allows the total cost of the farm race t o  

b e  determined . Finally, the total race investment is  derived by adding 

to the cost of the farm race, the cost of certain factors (e . g .  tanker 

track, gate fillings and catt lestop ) ,  which remain constant over all 

plant si zes an d  herd sizes studied .  

Fencini� Investment 

From the dimensions of the farm and farm race, the length of fencing 

relluired is cal culated .  'rhis together with the cost  data incorporated 

into the programme allov1s the total cost of fencine to  be  calculated . 

'l'he total fence investment is o btained by acidine to the total cost of 

fencine, the costs of  those components whi ch, either vary di scretely with 

herd si z e , or remain constant over the complet e  range of plant and herd 

s i z e �; s tu ied ( e . � . the cos ts  of the various gates ) .  

Investment Co sts of Farm Dairies 
- -­.. 

The only data concerning the farm dRiry which i e  made available to 

the proerrulli!le by -vmy of input data cards , are the size and length of the 

herringbone . (The remaining data required to calculate cost of the farm 

dairy are incorporated int o the proeramme . ) The farm dairy has been 

viewed as consisting of a number of components . 

a)  

b)  

c ) 

d )  

Herringbone ; 

Hilk Hoom and vat stand ; 

Circul ar yard ; 11/ 
Drenching race ; 

e )  Entry/exit/draughting area ;  

f )  Entry area ; 

The component s are : 

The individual components of the farm dairy are shown in Figure 6 . 1 .  
Within each subclass, all but one of the se six components, the herring­

bone, varies as the herd size varies . 12/ 

14 . The circular yard can be further divided into : 

i )  Concret e  ground slab ; 

i i )  Backing gat e and power unit ; 

iii ) Yard pipe work and ke rbing ; 

15 . The circular yard ( and its  components )  vary continuously as herd 

size varies . The remaining component s  vary discretely with 

variations in herd si ze . 
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F I G. 6.1 COMPON EN TS O F  THE FA RM DA I RY 
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Initial ly , the co s t  of t h e  herringbone i s  de termined ; from the data 

concerning the he rri ngbone length and the programme d co s t dat a .  The 

appropriate mi lk ro om and vat stand , and entry/exit/draughting area i s  

then s e l ected . J.'rom the sele ction o f  entry/exi t/draughtin8 are a ,  the 

wi dth o f  the entry area is s p e cified . 'l'he phys i cal dimensions and co s t s  

o f  t he c ir cu lar yard are t hen de termine d ,  including th e dimensions and 

co s t s  of the backinG gate , circular yard pipe work and kerbing . A corn-

pari son betwe en the length o f  t he herrincbone and t h e  length o f  the 

backing gate al lows the length o f  t he drenching race and ent ry area to b e  

cal culat ed . The co st o f  t he s e  t wo components i s  then det ermine d .  

l''inall y , the total co st o f  th e farm dai ry i s  found by summing t he co st s 

of t he s ix indivi uual component s .  

Barn and Implement Shed Inve s t oen t Co s t 

The inve stment in barn s varie s  di s cretely wi th vari ations in herd 

si z e . From t he data incorporat e d  int o the pro eTamme , the appropriate 

b arn inves tment is det ermine d .  

As di s cu s s e d  i n  ::; e ction 6 . 4 ,  an ' init ial ' value for the implement 

shed am1 data conc erninG the machine ry investrr.ent are made avai labl e to 

t h e  pro0Tamme as input dat a .  Provi sion i s  made in the p ro grrunme , 

hoH eve r , for s uch info rmat ion to be modifi ed in t hree s i tuat ion s . First , 

on al l p l ant s i z e  one farms , 1-1he re the he rd si ze exceeds 120 co ws , the 

a s sumpt ion is made that co ntractors are emp loyed fo r hay raking . Con­

sequen t ly , on such farms the co s t  of the hay rake i s  set to z ero , and 

the valu e  of th e implement she d reduced by the value of th e housinG area 

re�uired by the hay rake . In the cas e of � l ant sizes t wo , three , four 

an d  five , the total ownership � cost s of a hay bal er are comput e d  and 

compared "it h  the c o s t s  of emp loying a bal ing cont racto r .  ''!hen the t o t al 

ovmership cost s are l e s s  than t o t al contract co s t s ,  a bal er i s  add e d  t o  

the compl ement of ma chinery , and . the value o f  th e impl ement shed increased 

by the value of the housing area re�uired by the bal er . A s imilar 

pro c e dure i s  adopted in t he case o f  a fert i l i s er di stri but or . 11/ 

1 6 .  The total owner�hip co s t s  o f  a bal er include : 

17 .  

i ) Baler co st s : Intere s t , depr e ciati on , repairs and maintenanc e , 

insurance and baling twine . 

i i ) Tractor co s t s : Fue l and o i l  consumpt ion and repai rs and maint enance .  

i i i ) Housing co s t s : · Intere s t , depreci ation , insuranc e  and repairs and 

maint enan ce . 

The addit ion o f  a fert i li s e r  distributo r  t o  the ma chinery c omplement i s  
..' . . . 

also accompani e d  by the add i t i on of a front e nd loader to fac i l i t ate 

ease of handling of bulk fert i lis er . 
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Machinery Inve stment Cos t s  

The totai machine�J investment ;  i s  obtained by the summat ion of the 

co sts  of  the indivi dual items o f  machinery . Such a summation includes  

tho<;e i terns of machinery originall;r supplied as  input dat a ,  plus thos e 

ad ded ( e . g . hay bal ers and fertili s er di stributo rs ) ,  and those  excluded 

( P. . g . hay rakes )  by the procedures di scu��ed previously . 

IEv e s tment Co s t s of Hat er Reti culati on Cl!l.d Effluent Di spo sal Sys tems 

117  

'l'he inves tment costs  o f  both the water reticulation systems and 

effluent dis�o sal systems are derived by the use of regression e1uations , 

vrhich expre.; s the investment costs  as a function of herd si ze . 

Inve stment Co s t s  of El e c t ri c Power Ins talla tion 

From the dimen s ions of the farm , the length of the main electri cal 

servi ce line i s cal culat ed . Thi s  information , tocether Hith the cost  

data incorporat ed into the proJTar'ime , allO\vS the co s t  o f  t he service l ine 

to be calculateu. The to t al co s t  o f  e le c tri c power ins t al l at ion i s  

o bt aine d b�r acwint; t o  th e cost o f  t h e  main s ervi c e  l ine , t he c o s t  of the 

"drop-offs"  to the vari ous farm bui l di ngs . 

Mi lkinl{ Equipment and General Egniprne nt 

'fhe tot al co st o f  the milking equipment is derived as being the sum 

o f t h e  fo l lo vrine five co mponents : 

a ) �� lking machine s ;  

b )  Fa:z::m Dairy buckets ; 

c )  Herd test i ng (milk meter)  brackets ; 

d ) 'l'eat washers ; 

e ) Hot wat er cylinders ; 

In the case of plant sizes three ,  and four, however , the value of 

t he hot wat er cylinder initially supplied as input data ,  is only re�evant 

up to and including herd si zes of 265 cows . 1.!1/ Thereafter,  a new value 

i s  required . 

to be made . 

Provi sion is made in t he programme fo r such a modifi cation 

From the dimensions of the farm , the length o f  electric fence wire 

required is calculated .  The cost  of such an item is  cal culated  and 

18 . The reason for this modifi cation i s  discussed on page 42 ·of 

Appendix B .  
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added to the value of the eeneral equipment and handtools , to obtain the 

total value of the equipment . 

\.for)dnp, Caui tal Requirements and ::>tock Investment 

The working capital requirements are expressed as a func tion o f  herd 

size . 'fhe investment in sto ck ,  however , i s  determined from t he data of 

the livesto ck reco nciliation schedule and from data concerning the value s 

" of various clas;:;es  of _ livet:> tock , \vhich i s  incorporated into the proB,ramme .• 

1'otal Farm Investment and "!>1arket Value " of  the Representative Farms 

The total farm investment is  determined by the summation of the 

indivi dua� , investment cost s of the component s of two groups of  resources . 

Group One a)  Land ; 

b) Buildings ; * 

c )  Fencing ; * 

d )  l<'arm race ; * 

e )  Hater reti culation s�,rstem ; * 

f)  Effluent di spo sal unit ; * 

�� rlilkins equipment ; 
Ele c tri c power instal lation ; 

-X-
-* 

Group 'l'vro a)  Stock ; 

b )  Working capital 

c )  }1achinery ; * 

d)  Equipment ; 

An estimat e of the "market value " of  t he farm i s  also made by 

reducing the value of tho se resources marked above by an asteri sk by 

forty per cent . 12/ The f ieure of forty per cent \vas cho sen be cause 

prel iminary investige.tions indi cated that the total inves tment require­

ments of the representative farms were in excess of those expected to 

be required by f arms of comparable plant si zes and herd sizes in the 

Awahuri di strict . It was felt  that much of the di screpancy could be 

explained by the f act  that all resources marked b;y an asterisk , were 

· assumed to  be new on the representative farms and further , the cost_s of 

such re sources included tradesmen ' s  labour . As i t  was considered that 

one could expect the resources marked by an asterisk to be fo rty per cent 

exhaus ted on farms of  comparable plant and herd size in the Awahuri 

district , the values of such resources .in the calculation o f  the "market 

value" of the farms are redu ced by forty per cent . 

19 . The fieure of forty per cent was decided upon by the author , aft er 

discussions with Mr . J .  N .  Hodgson , Reader in Farm Management , Mas sey 

University . 

1 1 8  
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3 ) Cal culat ion o f  t he Co s t  Data 

Casual and Cont rac t Labour Cos t s  

1 19 

Provision i s  made in the prograrrune fo r the cal culati on of casual and 

cont ract labour c o s t s  whe rever rel evant . Such cal culati ons i nclude : 

a )  On al l farms of plant s i z e  one , a charge for hay ba l ing 

and hayloading ; 

b )  On all plant si z e  o ne farms where t he herd s i z e  exceeds 120 

coVTs , a cha re;e for casual labour fo r repairs and maint enance 

work ; 

c )  On al l farms of pl ant s i z e  one wher e  the h erd s i z e  li e s  

between 1 21 and 130  co ws , a chm-ge for co nt ract ha,y rakine; ; 

d )  On al l plant 3 i z e  one farm s  wh ere the herd s i z e  exceeds 

l)O CO i·rs , a charge fo r cont ract hay rakinG and hay l'lO VTing ; 

e )  On all farms of plant s i z e s  two to five , Hhe re a hay bal e r  

has no t be en added to t h e  co mpl ement o f  mach i ne ry ,  a charge 

for cont ract hay bal ing ; 

f )  On al l f arms of plant s i z e s  two and t hree , a cha rge fo r 

contract hey loadine; ; ?2/ 

g)  O n  all plant s i ze one farms and o n  all farms o f  plant s i z e s  

two t o  five whe re a fert i l i ser d i s t ributor ha s not be en 

aa ded to t he compl ement of mach inery , a charge for contract 

fert i l i s er app l i cati on . 

Animal Heal th Co s t s  

Animal health co s t s  con s i s t  of three component s :  

a )  General herd co st s ; ( includi ng bloat c os t s )  

b )  Calf rearing c o s t s ; 

c )  Drench eo st s ;  

20 . The co st ( per bal e )  fo r contractors i s  as sume d to vary be tween 

the three plant s i z e s  '-1he re cont ractors are employe d .  On farms 

of plant si z e  one ,  i t  is assumed three contract labour unit s are 
• 

empl oyed . On plant s i z e  two farms , two contract labour uni t s  

are employe d . (The add i t ional labour uni t being suppl i e �  by the 

farm staff . )  Simi larly , o n  plant s i z e  three farms , one cont rac t  

l abour uni t and t'vo farm labour unit s are employe d .  
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General h erd costs  are expressed as a function of herd s i ze . Data from 

the livesto ck reconci liation schedule , together with cos t  data incorporated 

�1to  the progrrurume are used to  derive the cal f rearing and drench cost s .  

Breeding Expenses 

'l'he proc,-rrunme det ermine s , for each herd si ze , the number of cov1s 

whi ch must be artificial ly inueminated , in o r�er that all herd replace-

ment s be art ifi cially bre d .  'l'he cost of  inseminatinG the  required number 

of covrs is then cal culat ed.  Simi larly for each herd si ze , the number of 

cm� s  t o  be herd tested and the co s t  of herd testine is determine d .  

Dairy She d F.xpenses 

Dairy shed expenses consist of the fol lowing items : 

I .  

a)  
b )  
c ) 
d )  

e ) 
f )  

Rubl>enrare ; 

lto tary 11ump o i l ; 

Det ergent ; 
Dair.)T shed brushe s ;  

A.rmual mi lkine Plachine che ck ; 

&rta.:;s (for sto ck i dentificati on ) ; 

l<,rom t:ne data inco rpo rat eJ. int o the  proc-ramrne , the quan t i  t i e s  and 
a.'1!1ual co s t s  of i t ems a ) , b ) , c ) and f )  are cal culat e d . ( Data from the 

l ive sto ck re conci l iati on schedule are al so used in the cal culat ion of  
i t en f) . )  'l'he annual cost of dairy shed brushes is sup11 lied to  the 

progra�ue as input data .  As the cost of item e ) remains constant over 

t he co r.rp l e t e  ranee of herd anLl plant si zes studied , this co st has been 

incorporatecl into t he progr<:ur.rne . 

l<'eea. Co sts 

Feed  costs  includ e only grazing co st s for the replacement yearling 

heifers and associated bull s .  Data from the livestock reconciliation 

s chedule are used in the calculat ion of such cost s . No charge is made 

for feed for calf rearing purpo s e s . It is assumed that calves are 

reared entire ly on whole milk ( i . e .  nurse co,.,rs ) . 

Fertili ser 

The fertiliser · cost per acre ( and hence per cov) is ass�ed to 

remain constant over the complete ranfSe of plant and herd sizes s tudied·. 

Such a co st therefore is expressed as a function of farm area ( i . e . the 

number of acres ) . 
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1.·.'ee d and Pest Con tro 1 

Expendi ture on \oJ'ee d and pest cont rol consists of t wo components . 

�i rs t , pes ti cide fo r t he c ont rol o f  p�r ina moth and se cond , herb i c i de 

for the cont r o l  of barl ey eras s . Bo.th component s are exp r e s s e d  a s  a 

func tion of  farm area s.nd are assume d to reoain cons tant over the compl ete 

range of ll l ar.t and herd sizes studie d . 

Ad1:1ini stra tion 

Thi s  i t e m  of expenditure con s i s t s  of two part s - a c countancy fee 

and swidry i terns . 'i'he a c c ow1t ancy fee i s  der ived by the us e of a l inear 

r e l at ionship , Hhich expre s s e s  the accountancy fee as a funct ion of herd 

s i z e . The total admin i s trat ion co s t  i s  obt aine d by ad dinc to the 

a 0 countancy fee , the c o st of a numbe r of i t ems ( i . e . sundr�r it ems ) ,  vrhich 

are assw11e d no t to vary >vi th chances in plant and h e r d  size . 

Rat e s  

Ho.t e s  ar e charc;ed a t  a eiven rat e per  do llar of t o tal unirnproved 
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valu e . The as sumpt ion i s  �a de t hat t he unimproved value p er acre d e c line s 

continuously with increases  in farm s i z e . Such a value i s  obt aine d 

by the use of a l inear exp r e s s i on , vrh i ch de scri be s the unimproved value 

( per acre ) as a propor t i on o f  the ori£?.nal pur cha se p r i ce ( p er acre ) 

of t he bare l and . 'i'o t al unimproved value the refore i s  the product of 

t h e  munbe r  of a cres and th e unimproved value per a c re . 

Fre ight 

Provi sion i s  made in the p rogramme fo r the calculat i on of freight on 

the fol loHine : 

a )  

b )  

Livesto ck ;  

}'ertiliser ; 

c ) Sundry farm requisites ; 

Dat� from the livestock reconciliation schedule are used in the , . 

calculat ion o f  the co st of t ransporting the replacement heifers an tl  

associated bull s ,  to  and from the place of outside grazing. The ferti­

liser freight costs are expressed as a function of farm area . Over the 

ranee of plant and herd si zes  s tudied , this i t em o f  expenditure can 

assume two values ,  depending on whether or not ,  a cont ractor is used for 

the· application of fertilise r .  Two it ems are inc luded in the c ategory 

of sundry farm requi sites , the two it ems are paraffin for bloat prevention 
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and cal cined rnagnesi te for the p revention o f  metabolic disorders.  In 

both cases , the programme cal cul ates the quantities of these items 

required and the cost of their t ra�sportation . 

Finally , freieht charcses on cull sto ck have been deducted from the 

pri ce received for the pro ducts and freight on materials for repairs and 

maintenan ce purposes have been included in the cost of  the materials .  

Ins urance 
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Insu.ra.nce expenditure cons i st s  of  hro component s ;  the first of  which 

consists of tho se premiums 1.rhich within a subclass , . vary (either con­

tinuously or discretely ) as herd si ze varies .  Asset s on whi ch such 

premiums are chareed include: buildings ,  mach iner,;r , equipment , milking 

equipment , supplementary feed reserves ,£1/ effluent di spo sal pump and 
m water pump ,  Premiums of this nature are computed from the data 

incorporated into t he progrrunme . The second component consi sts of 

tho se p remiums Hhich Hithin a subclass are fixed for all degrees of 

plant utilisat ion .  Such premiums include those fo r :  Horkers ' compensa-

tion , personRl accident and sickness , Farmers ' Public Liability and 

tractor insurance . The annual costs of these premiums are supplied to 

the prograMme as input data . 

Vehi cle Bxnenses  

Included in this item o f  expendi ture are : � 

a ) 'l1ractor fuel and oi l co sts ; 

b ) Tractor and t railer registration cost s ; 

c ) Baline twine on t ho se farms where the complement 

of machinery includes a hay baler ; 

21 . Hi thin each subclass , fo r each herd si ze ,  the t ot al v.alue of the 

required supplementary feed reserves is calculated .  

22 . Insurance , in the case of the water reticulation system and effluent 

disposal unit , is changed only on the value of the pumps . ( Dis­

cussions with the representative of an insurance company indicated 

that the company was unwilling t o  insure the accessories such as pipe­

lines, troughs and sprinklers . ) From the programme D1st�ctions , the 

proeramme determines for each herd size , the appropriate values of the 

tvro pumps. 

23 . Unfortunately a· charee for car expenses was overlooked during the corn-

pilation of the cost data .  The consequences o f  this omission_ are 
I ,  

•.. 

uiscutised in section 7 . 4 .  



• 

The pro cedure adopted t o  calculat e the tractor fuel and o i l  consumpti on 

i s  to cal cul at e the number of hours each of the implement s .  o perat e .  

'l'rai lers an d  t rans port trays are , hoVJever , excluded f rom thi s cal culation . 

The hours of o peration o f  each impl ement are then to tal led and multiplied 
2 A I 

by a fac tor � to obtain an estimate o f  the to tal hours of trac tor 

operation . From data incorporated into the pro gramme , whi ch specify 

the hourly consumption and costs per gal lon of fue l and o i l , th e annual 

cost of the s e  t wo it ems i s  obtaine d .  Tractor and trai ler regi stration 

co s t s  are made avai l ab l e  to th e pro grrunme as input data . The co s t  of 

b a l ing twine i s  incorporated int o t he p rogramme expre s sed as a func tion 

of herrt si ze . 

El e ctri city 

Electrici t;y expenditure includes c harges for the fo l lowing : 

a ) Wat erpumps ;  

b ) :t-1ilking ma chine s ;  

c ) }'arm dairy e l e c tri c light s ; 

d ) In l)lace ( bulk milk vat ) cl eaning devi ces ;  

e ) Effluent di sposal unit s ;  

f ) Ho t wat e r cy l inders ; 

g) 'i.'eat Hashers ; 

h )  Hefri �eration unit s ;  

A description of the derivation o f  the co s t s  of the e l e c t ri cal com­

sumption of t h e  above it ems follows . 

'l'he daily requireme n t s  of e le ctri cal energy fo r water pumping are 

obtained by the us e of a regress ion equat ion Hhi ch expres ses t h e  require d  

input of electri cal unit s � a s  a funct ion o f  herd size . Significant 

pecuniary economies Here found to exi st  in t he purchase of e l e ct ri city . 

The pro cedure adopted by th e autho rit i e s  is to  to tal the ntmbe r of uni t s  

used per period W per S\vit chboard ?:1/ t o  charee the ini tial 600 uni t s  

24 . Jt,or a full di scussi on o f  this fac t o r ,  see page 65 of Appendix 

25 . 'l'he terms ' el ectri cal unit s 1 ,  ' uni t s ' and ' ki lowatt -hour s ' ( kwh ) 
synonymous . They a�e used int erch angeably in.' this d i s cussion .  

26 . A period in this cont ext means two months . 

27 . The assumption i s  made t hat two swit chboards a re inc luded in the 

B .  

are 

e lectri cal instal lat ions of t he r epresentative farms . One i s  c on-

cerned s o le ly Hith the water pump , the o ther with the farm dairy 

e lectri cal equipment • 
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at one rate nnd the remaind er at a lo\•er rate . ?:§/ Consequent ly , a 

calculation i s  made in the procramme of t he number of units  used per 

period for water pur.1ping and the different ial system of co stine; applied. 

Four e l e c t ri cal devices ( e . g. milking machine s ,  farm dairy e le c t ri c  

lie;ht s ,  in place cleaning devices and e ffluent di spo sal systems ) , .  are 

assumed to be conne cted to one sHitchboard. .  The e lectrical costs  of 

the s e  four devi c e s  are obtaine d  by swruning t he number of uni t s  used by 

each device per pe rio d and applying the differential sy s t em of chare;ine 

di s cu3 s e d  ear l i e r .  

A de s cri pt ion o f  t h e  p ro ce dure s  u s e d  fo r det ermining t he numbe r of 

uni t s  useJ by each of t he above four devices per p e ri o d  fo llows . The 

hourly i nput of el e ctri cal enerey requir e d to pO\•Fer th e mi lking ma chines 

is made avail able t o  t he progra�ne as inpu t data . Thi s ,  together Hit h  

dat a  O.etailine; the numbe r of hours the milking machines operate per perio d 

al l o ws the number of unit s co n sume d by the milking ma chine s per period 

to be determined .  

From dat a in corporat ed into the p ro c-ra:nme , t he number o f  e l e c t r i c  

l ight s  in each si z e  of herrinc{bone and th e numbe r  of hours per p e rio d , 

the e l e c t ri c  li ght s o perat e are cal culat e d .  Such , inf o rmat io n , t o ge ther 

ivith data sp e c i f;ying t he vo l t ace of the el e ct ri c  light s ,  eives the t o tal 

numbe r of unit s used by the light s per perio d . 

Provision i s  made in the programme fo r i n  p lace c leaning devi c e s  to 

te add e d  t o  the comp l ement of el e ctri cal equipment , wh en herd si z e s  

exc e ed 176 cov1s . ?2./ },or he rds of  176  CO\{S or l e s s , n o  charee is  made 

fo r such a device . Por herd� in excess of 176 COi{S , the daily input of 

uni t s  require d by such a device is  incorporated into the progrru:1r.1e . The 

total number of unit s used per period is obtained by multiplying the 

number of days ( in an,y given p e ri o d ) , by the daily requirement of units .  

'rhe daily input of electrical energy required by the effluent dis­

posal system is obtained by the use of a regression equation , Hhich 

expresses the input of  unit s as a function of herd size . The number of 

unit s  used per period is  obtained by a pro cedure similar to that used 

for the in place cl eaning device . 
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28 .  Such a system of charging i s  not ado pt ed for all ele ctri cal appl iance s . 

The systems of charging are discussed in detail on pages 55  - 62 of 

Appendix B .  

29 . Dat a  obtained from t he manufacturers indi cated that such devi c e s  are 

at present only fi tted to t he larger bulk milk vat s .  
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The t o t al nwnber o f  unit s required annually fo r hot Hater heating is  

su.:.Jplied as input data at  the time the programme is execut ed . It should 

be real i sed , ho•,;ever , that in the case of plant s i zes thre e and four , 

such a quan tity vari e s  dis cret ely 1fith herd si ze . Provisi on i s  therefore 

oa.de in the proe,ramme for t he quant i ty to be al tered at  the aill..Jropria te 

h e rd s i z e . In the case of hot Hat er h�atinG, th e sys tem o f  c harging 

adopted by t h e  autho rit i es is su ch that no pe cuniar�' e conomie s  can be 

re ali sed . The appropriate rat e of cht�ging ( per uni t ) i s  incorporate d  

i n  t o  the _prograr:ll!le .  

'l'he annual requirement of unit s by the t eat washers i s  c o ns idered 

t o  consist of t Ho co mponent s .  Firs t , the t o tal number of uni t s requi re d 

to initially heat th e co nt ent s of t he teat Hash e r  cylinder at the 

commencement of each milking. Second , the t otal nwnber o f  unit s  required 

t o  heat the ne cessar.)' vo lume of 11at er durint; the mi lking fo r the herd 

s i z_e . .  ' '· '1 <]_Ues t ion . 

'i'he first component i s  define d as input data at t he t ime of pro ­

t;rar:me execution , Hhi l e  t h e  s e cond component wh ich varies cont inuous ly 

wi th herd s i z e , i s  comput e d .  The t o t al annual cost  i s  obt2.ined b�r 

auuing the t Ho co;nponen t s  toget he r  and a�,_.:1lyin.[; t o  th i s  to tal the 

a��ropriat e co s t  fact or . 

Prov i s ion i s  rrade i n  the pro eramme for refri e;erat ion unit s to be 

aLldeli to the complement of e l e ctri cal equilJment Hhen herd s i ze exce eds 

176 co•rs . d2J The derivation of the t otal number of unit s  require d  

annual ly fo r refri gerat ion pu-rpo s e s  i s  obtained by the us e of an 

expre s s io n  which expre s :::;e s  the re( iuired nwnbe r o f  unit s  as a function of : 

i ) 
i i ) 

iii ) 

'l'he averase volume of milk per mi lkil18 ; 

'l'he average reduction in tempe rature ; 

'l'he dimensions o f  the appropriate bulk milk vat ; 

30 . 'rhe present policy of the Manawatu Co -operative Dairy Company is 

to install refrigeration unit s  on bulk milk vats which are of a 

capacity of 720 gallons o� more . A bulk m i lk vat of 7 20 gal lons 

is required when herd size exceeds 176 cow s .  Further i t  should be 

noted t hat al thoueh t he investment and inst al lation co s t s  of the 

refrigeration unit s and t he in pla ce c leaning devi ces are
' 

met by 

the Dai ry Company , the farmer is  expe cted to meet the electricity 

co st s af such devi ce s . 
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Consequently , fo r each herd si ze  (above 176 cows ) , the avera�e 

vollune of milk produced per mi lking is determined and the appropriate 

bulk milk vat selected.  Data concerning the average reduction in mi lk 

temperature an� t he dimension� of the various bulk milk vat s are 

incor1JorateL1 into th e  programme . The total annual e le ctri cal cos t s  of 

the refrigeration tmit s are then obtained b;y multiplying the total 

annual requirement of unit s by the appropriate co st factor . 

Repairs and Maintenan ce 

Repairs and maintenance expenditure inc ludes expenditure on the 

fol lowing it ems : 

a ) Bui ldines ; 

b )  iences ;  
c )  Haces ; 

d ) Nilking equipment ; 

e ) \'lat er ret iculation sys tems ; 

f ) Effluent ui s_<)osal sys t ems ; 

g) Nachinery ; 

h ) General equi pmen t ; 

In the case of bui luings , milkingequipment , wat e r  ret i cu l ation 

s,ys tems , effluent di sposal sys t ems and gen eral equiiJment , the repair s and 

maint enance co s t  i s  as ses sed as a percent aGe of  the original investment 

co s t .  

A ::> lightly mo dified pro cedure i s  adopted ,  ho1-reveT , in the derivation 

of the sum require d for repairs and maintenance to fencints and the farm 

race .  In the case of fencing, the expenditure required for the fence 

line s is  a s sessed as a given sum per chain of fence length, while  that 

required for gates  is as ses sed as a percentage of the original cost of 

the materials . In the case of the farm race , however , initial calcula-

tions indicated that as herd s i ze increases (both betwe en and within plant 

sizes ) , the lent:Sth of race per cow decreases . As the w idth of the race 

varies dis cretely with herd size , it follows that within farms of the same 
-;.: 1 /  

race width , the race sto cking rat e � must increase as herd. si ze 

increase s .  Such an increase in · race stocking rat e ,  shoul d ,  in the 

author ' s  opinion , be accompanied by an increase in the repairs and main-

tenance expenditure per chain of race . To facilitat e  s uch an ·increase , 

the repairs and maintenance cost per chain i s  set as five per cent of the 

31 . Race s tocking rate i s  expressed in terms of CO\vS :per s quare chain 

of race . 
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o ri ginal mat e ri al co s t s  ( inc luding f rei ght ) on the f arms o f  minimum race 
3.1/ s t o cking r at e . For all other h e rd s i z e s , the rac e s t o ck ing rat e i s  

cal cula ted and divided by the minimum s to cking r ate . ( i . e .  The sto cking 

rat e  at vrhich the co s t  factor is s e t  as five p e r  cent of the ori ginal 

mat eri al c o s t s . ) 'l'he pro duct of t he resul ti ne quoti ent and five IJe r  

c ent , ( i . e .  the value on the 6 0  cow f arn ) gives for t h e  he rd s i z e  in 

que
_
sj;_on , the appropriate repairs amt maint enanc e co s t  fac t o r . 'l'he 

repairs and maint enan c e  costs fo r e at e  fi ll ings is simi lar ly determined . 

'l'he sum requ i red for t he tanke r t rack , hoHever , i s  as s e s s e d  as a perc ent age 

o f  the ori gi nal inv e s tm ent co s t s  of the mat e ri al s .  

Hach inery repairs and maint enan ce co s t s  a re as sec:; sed on an hourly 

bas i s . The total ho1rr s of operat i o n  of each machine ar e cal culat ed and 

the appro priat e co s t  f ac to rs ( i . e .  c o s t s  pe r hour ) , appl i e d  to obtain 

the costs for each machine . 'l'he t o t al machine r�r repai rs and maint enance 

cost i s  obtai ne d b,y swr.tning the expendi ture s of t he indivi dual machines . 

'l'he hourly repai:rs and maintenance co st factors are vr i t h  t hree exceptions , 

incorpo rat e d  into t he pro eramme . 'l'h e  thr e e  exceptions are t ho s e  re lating 

t o  t ract o r ( s ) , t rail er ( s ) and transport t ra,:r ( s ) . 'l'he r e a so n  fo r this i s  

that i n  plant s i z e s  thr ee t o  fi ve , mul tip l e s  o f  t he se mach ines are 

inc lud ed in the conplemen t s  of machine ry . In suc h ca s e s  where the 

machine r.)r co m�)lement inc luues a numbe r  of a parti cular � o f  machine , 

the indivi dual machine s making up s u ch a numb er are no t n e c e s sari ly 

s imi lar . 'l'he individual machine s (making up a numb er ) di ffer iri s i z e  W 
and a. ; so ci at e d  with each mach ine of a parti cu l ar size , i s  a parti cular 

repai r s  and maint enan c e  co s t  f actor . Cons equently t he c o s t  factor which 

i s  us e d  in the pro �Tamme , for that � o f ma chine , differ s  from p l ant 

s i z e  t o  p l ant s i z e , dep ending on t he combination of indiv idual machine 

s i z e s  cho s en . 

Depreciat i on 

Depre c i a t ion i s  calm1 lat e d  by us ing t he s inking fund metho d . L4/ 

32... i . e .  F'arms with a herd si ze of 60 cows . 

)) . Fo r examp l e , the machinery co mp l ement of plant size f iv e  inc lude s three 

t rac t o rs . They are not of the s ame s i ze as t hey are of �ifferent rate d  

ho rsepovrer capaci t i e s . Simi l arly t he machinery co mplement of plant. s ize 

five includes two trai lers . The se are not of the s ame size as the 

phy s i c al dimens ion s  of t he t rays di ffer . 

34 . After s tudying a numbe r o f  di s courses on depreciation , the autho r 

dec3:ie d t o  use the s inking fund metho d ,  primari ly b e caus e it re cognises 

the t ime value of money . 
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For a parti cula r  asset , the annual paymen t  to the depreciat ion fund is  

given by the exp ress ion : 

JFP (P s )  i 

( 1  + i )n 
- 1 

Hhe re : S:F'P i s  the annual payment to the depr e c ia t i on fund ; .  

p i s  the ini t i a l  inve s t ment co s t  of the as s et in que st ion ; 
s i s  the salvage value o f the asset ; 

i i s  th'e rat e of int ere s t ; 

n i s  t he es ti ma ted e conomi c l ife of the a s s e t ; 

'l'he resour c e s  of a capital nature are divided into two groups .  

From Group One , de pre ciat ion i s  charge d on the fo l low ing : 

a ) Al l bui l ding s ; 

b )  l''Ii lkinr; equipmen t ;  

c ) '1'he pwnps of the vla.ter ret i culati on and effluent d i s p o s al 

sys t ems ; 

FLrr ther,  such re sour c e s  are cons idered t o  have a zero salva�e value . 

1 28 

In the cas e of Group Two , depre cia ti on i s  c harced on al l the indivi dual 

items of ma chine ry . A salvace value of ten per cent i s  a l l o w e d  for such 

re so ur ces . 'l'he prograr.uning pro cedur e ado pt e d  i s  to supply as input data , 

only the e s t i ma t e d  e co norr,i c l ive s of t he as s e t s  t o  be depre ci at e d . Al l 
o the r rel evant data ( incl uding the deri vat i on o f  the appropriate si nking 

fund f acto rs and salvage value s ) are computed from data incorporat ed into' 

the prograFlme . 

Int ere s t  

As a consequence of t he metho d o f  depre c iation (-34 , p . 3 5 } useJ , 

int erest i s  charged on the t o t al value of .the resources of Group One and 

Group Two . Two rates of int erest are used ; one fo r the Group One 

re sources and ano ther for those of Group Two . 

Opera tor ' s  Labm.rr Reward 

The opportunity co st of the operato r ' s  labour in al l cases is assumed 

to be 3 , 000 dol l ars per annum . A sum of 3 , 000 dollars per annum is  
• 

assessed as t he o pportunity cost of the f arm ope rator ' s  labour , as dis-

cus sions 'fit h  lo cal Extension Offi cers i ndicated that such a s um was 

being earned by exp erienced farm employee s in the Manawatu d i s tri ct .  
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Operat or ' s  Manage rial Reward 

The opportunity c o s t  of the operator ' s  managerial input i s  as s e s s ed 

as s ix p e r  cent of the gross farm income in all cases . A rate of �:Jix 

per cent on gro s s  farm income i s  used for a s s e s sing the opportunity co s t  

of the farm op erator ' s managerial input as th i s  swn , Hhen added t o  3 , 000 

do l l ars ( fo r the operat o r ' s l abour ) , approxima t e d  the salary being paid 

t o  employed manage rs on some of the Group IV survey farms . 

4 )  Derivation _o f t he !I e t  Income l<'ir,ure s 

Five t o t al co s t  concepts are derived , the detai l s  o f  wh i ch are : 

'l'o tal co s t  A Tot al cash co s t s ; 

'I'o t al co s t  B 'l'otal co s t A + depre ciation ; 

'l'o tal oa s t  c 'l.'ot�l co s t B + in,t e:re st on, inve s tment ; 

'l'o tal co s t  D To tal co s t  , ,  + opportunity co s t  o f  v 

operato r ' s  l abour ; 

'l'o tal c o s t  E To t al co st D + oppo rtunity c o s t  of 

operator ' s  manageri al input . 

Five ne t income fi gure s are derived by subt rac t ing each of t h e  five 

co:.; t  conc e p t s  from t he e;ro s s  faiTI income . 

so derived are therefo re : 

'l'he five ne t income figure s 

X e t  cash income Gro s s  farm income - 'l'o t al 

N e t  farm income Gro s s  farm inc ome - To tal 

Operator labour and 

management income Gro s s  farm income - 'l'ot al 

Ope rat or management income Gras .-; farm income - To tal 

Entre preneurial i n c ome Gro s s  farm income - 'L'o t al 

6 . 6  DERIVATION OF 'l'H."� CO ST REVE�WE RATIOS AND SUNDRY DA'l'A 

co ;-; t  A 

c o s t  B 

co st c 

c o s t  D 

cost E 
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For each repre sent at ive farm , five co s t  revenue rat i o s  are derive d 

by divi ding each of the five co s t  concept s  di s cu s s ed earli er by the gro s s  

farm income . The five c o s t  revenue rat ios are therefore : 

Co s t  Revenue Rat i o  i To tal Co s t  A 
Gro s s  Farm Income 

Co s t  Revenue Rat i o  2 Total Co s t  B 
Gro s s  Parm Income 

Co s t  Revenue Rat i o  3 'l'o tal Co s t  c 
Gro s s  Farm Income 
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Cos t  Revenue Ratio 4 

Co st Hevenue Hatio 5 

':['otal Co s t  D 
Gro s s  Farm Income 

'l'ot al Co s t  E 
Gro ss Farm Income 

}'inal l�r for each representat ive farm , the output o_f mi lkfat per 

�ur ��Tt and t he averaee ( s easonal ) mi lking t ine is cal culated . 

6 .  7 'l'AXA'l'ION CUNSI:DEHA'l'IONS 

130 

1 h e  effe ct of t axation i s  not con s i d ere d in th i s  s tudy . A s  taxation 

is a compl ex mat t er and is dependent on a numbe r of facto rs ,l2/ o t her 

than the incor1e generating capaci ty o f  a farm , t axation is  c o ns i dered t o  

b e out s i d e  the scope o f  the study . 

6 • 8 SUX'�'�.RY 

In this chapt er , a d e tai l e d  ac count i s given of the bas i c  as sumptions 

of the analy s i �  and a careful and thorough de s cription given of the 

operat ions rer1uireJ. fo r t he const ruction of t h e s hort run ave rage co st 

curve s . 

A careful s tud�r of t h i s  chapter plus t h e  i nfoi'l!lat i on cont aine d in 

A1;per.dix B ( Vo lume l i )  H i l l  ena·o l e  the realie r  to tsain an unde r s t anding 

of t h e  fac t o rs vlh i ch ( i n  this study ) gi ve ri s e to e conomie.s and 
di s e co nomi e s  of s i z e . l<'urther a de tai led knowle dge of the as sumpt ions 

made and of the cost data i s require d if the resu l t s of t he analysi s  are 

to be as s e s s e d cri t i cal ly .  

I . 
.a5 .- ·· � Jme of t h e  factors Hhich influenc e  the taxat i on liabi lity of a 

farmer are : 

i ) 'l'he personal s ituation of the f arm  operator ( e . g .  marit.al s tatus , 

number of dependent s ,  et c . ) . 

ii ) Form of ovmershi p of the farm . 

iii ) The level of equity . 

iv ) The ext ent to which the various farming taxation exemptions are 

taken advant age of . 



CHAP1'ER SEVEN 

PBR UNI'l' COST ANJ) INCOJ>fE DA'l'A 

� I.Nl'RODUGTION 

In this ch apt er , a de tai le d ac count i s  given of t he way in �1 i ch 

t he cost and c..,rro::; s farm income data varies a c co r rLine to pl an t and he rd 

s i z e . 

The fir s t  part of t h e  chap t er is co ncerne d with the way in whi ch 

the fJe r  uni t�nv e s tinent co s t s  of t he vari ous cap i t al r e s our c e s  vary 

'.ii th ;>lan t and herd si zc . 'l'he t ot al inve ::; tmcnt requirement s and 
e ::; t iiP.a te d " marke t  value s " o f  t h e  repre s en tative farms are then p r e s en te d . 

In t h e  third part of the chapt er , the r e latio ns hip b e tVTeen l> lant and 

h e r d  s i z e  ar1d t he per tmi t c o s t s  of the vari ous annual cash an d non 

cash c o s t s  are d i s cus s e d . Finally the manner in Hhi ch each o f  t he 

f i v e  to tal c o s t  c o n cel) t s  an d GJ'O.s ::> farm inc ome vari e s  with p l an t · and 
h e rd s i z e  is ind i cat e d . 

Thi s chap t e r  is no t e H sen� ial to t he t h e s i s  but has b e en inc luded a s , in 

t h e  author ' s  o pinion , it do e s  enab l e  t h e  reader t o  eain a cl ear und er­

s tandinc o f  t he fact ors Hhi ch a,re re ::> l>On si bl e  for e co J1omi e s  and 

d i s c c onor>1i c <.>  o f  si ze . 'l'he chap t er s houl d be read in conjunc t ion Hith 

the series or per tmit co s t  ( <=md inco me ) cu rves ...J} pre s ent e d  in Appen J.ix C 
of Vo lume I I . 

7 . 2_ ..' n-rm UNI'i.' CO:jT S OF CAPI'l'AL RESOURC:SS 

Land 

'l'he _:Jer unit investr::en t co s t  o f  land fal l s  continuous ly ov er the 

comple t e ranee of herd si ze s s tud i e d .  The per uni t :i.!l\restmen t cos t ,  

t he refo re , fal l s  from a maxi�� of 4 78 . ) 1 dol lars in the c as e  of t he 60 
cow farms , to 2 5 9 . 9 1 do l l ars in the cas e  of farms •rith a h erd si ze of 

600 cows . 

l .  The phrase "pe r unit co s t "  i s  synonymous wit h  t he p hras e  ".Per cow 

co st " .  

2 .  A per unit cost curve sho•rs the relationship bet\ve en a given i t  em 

o f  co st dat a and herd and plant size . 



Curve AA '  of Figure 7 . 1  shovrs t h e  relat i onship be twe en herd si z e  and 
the pe r uni t  inv e stment co s t  of land . From Figure 7 . 1 , i t  can be seen 

that t he curve i s  made up of t wo st raieht l in e  s eg;nent s whi ch int ers e c t  
a t  B .  _2/ I t  is impo rtant t o  no t e  tha t  t h e  (neeative ) gradi ent o f  the 

ini t i al s e gment of the ctrrve ( i . e .  s e gment AB) i s  le s s  th�� t hat o f  t h e  

s econd secmen t  ( i . e .  s egment BA ' ) . Consequent ly relat iv ely l arce cos t ·  
reduc t i o n s  aye obt aine d over t he ini ti al segmen t of the curve . For 

exampl e ,  i n creasing h e rd si z e f ro m  60 to 1 10 coHs re sul t s  i n  a per nnit 

c o s t  re duc t i on of l j 7 . 6 1 dollars . At t he o t her extreme , h o wever , a 
f ifty co w  increase fro m  )50 t o  600 c o ws re su l t s  in a per nni t co s t  

reduct ion o f  only 9 .  2 7  d o l l ars . Land can , th erefore , be recoeni s e d  as 

one re so urce whi ch mic-ht Give r i s e  to p e cuniary e c onomie s .  _..1/ 

The re l a t ions hip between herd si z e  and p e r  ��it rac e  inve stment co s t s  

i s  shown i n  l<'i Gure 7 .  2 b�r the c urve AA 1 •  '1'he segme nt e d  nature o f  t he 
curve i s  d.ue to the as sw:�.p t ion that race \vi d t h  varie s  di s cret ely vri th 
h e rd si z e . r'i,sure 7 .  2 sho ws t hat wi t h in farms o f  a g iven rrtc e \·r i dt!-1 , 

t he pe r uni t  inve s toent cost decre a s e s  as he rd si ze increas e s . The 

reasons f o r  suci-1 d e creases in the pe r uni t  i nv e s tment co s t s  arc : 

a) Certain co mpon ent s o f  t he t o t al rac e  co s t  ar e fixed over 

the co mple t e  r ange of herd s i z e s  stu di e d , ( e . g . t!-le co s t s  

o f  t he catt l e s to p ,  gat e  fi l l ings an d  t anke r t rack ) . 

b )  'h t hin farms o f  a given rac e  wi dth , the co s t  o f  t he rac e  

to the farm dairy is fixe d .  

) . 'l'he two s e gmen t s  have be en derive d from th e us e of t vro l inear 

fnn ct io n s . 

4 .  'l'he dat a upon whi ch }'igure 7 . 1  i s  bas ed refers to t h e  pri c e  per acre 

wh i ch \-Toul d have t o  be paid if the area in que s t i on was purcha sed 

as a s i ngl e "parcel o f  land" . In practi ce , however , i t  may n o t  be 

po s s ible t o  pur cha s e  t he require d area in a singl e "par c el " . Con-

s equently pecuniary ec onomie s may no t be reali sed . For exampl e ,  in 

order to acquire 300 acres , it may be nece s sary to purchase three 

" par c e l s "  of lOO acres each . The purchase pri ce p er acre of t h e  
• 

300 acres w i l l  the refore no t diffe r from t ha t  o f  a s i ngle " parcel " 

o f  lOO acres and c ons equen t ly no pe cuniary e conomie s  are real i s e d . 

1 3 2  
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c ) Over the comple t e  range of herd size s studi ed , al though the 
' -J  

l ength of the f arm race inc reases continuous ly vQth increases 

i n  herd si z e , such incre a s e s  oc cur at a decreasing rat e , ( i . e .  

the per unit length of race required decl ine s cont i nuous ly 
as herd si ze in creas e s ) . 

Al l th ree sources o f  co st redu c t ions not e d  above can be des cribed as 

a r i s ing from proporti onal i ty rela ti ons hips . The rela ti ons h ip s di s cus s e d  

i n  a ) , b ) an d c ) also , be t\.,reen farms of di fferent race wid th s , t end to 

give cos t  advant a�e s to farms of the l arges t  h erd s i z e  ( i . e .  600 co w 

farms ) . 'l'he s e  advant age s , hovreve r ,  are reduced by the inc reased co s t 

p e r  chain of t he races requi red by the l arger h er d  s i z e s . Cons equently 

t h e  lo·t�est pe r tm i t inv e st:nent co s t  i s  not asso ciated wi t h  the l argest 

h e rd s i z e  s tudi ed but is re corded at a he rd s i z e  of 3�9  cows . 

l''encing 

'l'he re l a  ti o�s hip be t He en h erd s i z e  and the p e r  unit inv e stPJent co s t  

o f  fencing i s  sho wn by the curve AA '  o f  1<1icure 7 .  3 .  Curve AA '  shows 

that over t he comple t e range of herd si z e s  s tudi e d , the p er unit c o s t s  

o f  f encinc- d e c l ine cont inuous ly as h e rd si z e  increases . 

reductions are due to : 

Such cost 

a) �he cont inuous d e c line in the p 0 r  unit length o f  f encine 

( and hence co s t  o f  fences ) , whi ch i s  as s ociat ed with 

inc reases in herd si ze . 

b )  P�y minor distu rbances _2/ i n  th e overal l trend t oward s  a 

cont inuous d e c line in the p e r  unit co s t  o f  gat e s  w i th 

inc reases in herd size b e ing offset by the c ont i nuous 

dec l i ne in the per unit cos t  of fenc e s  noted above . 

Ac-ain such co st reduct ions can be des cribe d as arising fro m  proport ­

ionality relationships . Consequent ly , the maximum per uni t  co s t  is 

5 . As the t o t al cost of gates varie s d i s cretely with herd si ze , · t he trend 

towards a cont inuous decline in the per unit cost of gat e s , wit h  

increases i n  herd si ze , is int errupted over s peci fic range s  of herd 

sizes . For example , the per unit cos t of gat es de c linee cont inuous ly 

up to and inc luding a herd s i z e  of 199 cows . Over the range of 200 -

202 cows , t he per uni t cost· is greater than the per unit co s t  

as sociated wi th 199 co ws . A minor dis turb�ce i s  therefore said t o  

occur over t he range o f  200 - 202 c ows . 

1 3 3  



/ 

recorded on t he 60 co w  farms ( i . e .  58 . 2 1 do l lars ) and t h e  minimum ( i . e .  

1 6 . 7 5 do l lars ) , i s  recorded on the 600 cow farms . 

'v/ater He t i cu lat ion Syst ems 

134 

'l'he per uni t inve stment cos t s  o f  the water reti culat ion sy s t em s  fo r 

the repre sentat ive farms are shovm in l<'igure 7 . 4  by the curve AA ' .  

Figure 7 . 4  shows t he curve AA '  as consisting o f  t wo seement s .  The 

�; eement ( i . e .  A� is  construct e d  from the f i r s t  regre s s i on equati o n ;  

the s e cond segment ( i . e .  B ' A ' ) from t h e  s e cond regre s s i on e quat i on . 

fir s t  

_.!:} 
_.!:} 

Wi thin t h e  first seement , the inve s tm e nt cos t s  fal l from 32 . 1 9 dol lars 

per co w in the c a s e  of 60 cow far�s to 8 . 17 dol l ars per c o w  in the c as e 

o f  f arms with a herd s i z e  o f  39Si co ws . I nv e str:1ent co ::; t s  then r i s e  

shch t ly t o  t-3 . 60 dol l ars pe :r. cow fo r a h erd si z e  o f  400 cm.,rs ( due t o  t he 

nurr.ber of t rout:shs b e ing increas e d  to fo rty-f ive ) ,  and th ereaf t e r  

de cl in e st eadi ly t o  reach a m i nimum of 7 .  5 0  do l l ars p e r  CO H  a t a h erd 

s i ze of 600 cows . 

�he re l�ti ons h i p s  shown in Fizure 7 . 4  are due to : 

a )  ·r�e c o nt inuous decline in t he p e r  unit leneth o f  t he ma i n  

pipeline \vh i ch i s  a.s so ci ated Hith inc reas e s  in h erd s i z e s . 

( Such an advan t ace i s  t o  so m e  extent offset by the ne c e s s i ty 

to i n c rease the diameter of t h e  pipel ine fo r the l arcer 

herd s i z e s ) • 

b )  Certain component s of t he c o s t  o f  the \vater r e t i cul a t i on 

sy s t ems remainine f i xed ov e r  the c o m p l e t e  range of herd 

s i z e s  stud i ed ( e . g . t h e  ins tal l a ti o n  co s t s of t h e  wat e r  

bore ) .  

c )  Certain component s o f  t he c o s t of the wa ter ret i cu la t i on 

sys t em s  remaining constant over s p e ci f i c range s of here 

size s ( e . g .  the cost o f  pumps , trough le ads ,  troughs , 

tro ugh f i t tings and pipe fittings ) . 

As in the case of fencing and race investment co st s , · proportionali.ty 

relationships give r ise to the three sources of cost reductions just 

noted . 

6 .  The two regression equations are discussed fully o n  page 37 . 

of Appendix B .  
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Ele ctric Power In stal lations 

Fieure 7 .  5 shoHs ti�e e l e ctri c PO\·ter instal l ati on cos t s , a c cording 
t o  plant si ze and herd si ze . In the case of plant si zes one t o  th re e , 

the re la t ionshi l.l i s  re.!J re s ent e d  by th e c urve s AA ' , 1313 ' ar,d CC ' 

resfe c tively . _]} Curve s D1 D1 • and D2 D2 • repre sent the r e lat ionship 
in t l�e case of plant s i z e  fvur , while the re levant c urve s fo � plant s i z e 

.J1I five are l'\E1 ' ru1d E2E2 ' .  Hi thin e ach p le...::t size (and in t h e  case 
o ::  plc.nt s i z e ::;  four a.'1d five , each subc las�), the per unit installation 

c o s t �  de cre& � e  as h erd s i z e  inc rease s . The reas ons for s u ch decreas e s  
are : 

a )  'l'he c ontim�ou.-; d e c line in the per w1it leneth o !'  th e mair. 
s e rvic·e line Hhi c h  i s  as ..;o ciated lvith inc rease::; in her<: size . 

b )  'fhe co s t  of " drop-ol'fs " from t he rr.ain s e rvi c e  line t o  t h e  

vari o u s  farm bui l din,<;s , remainine constant over all deere e s  

o f  plant ut i l i s at i on . 

Again propo rt i o r..a l i  ty r elr-. ti onships are responsible f o r  such c o s t  :::-e duc t -
ion.5 . A t�.i:::- .:1 f actor is al so of  int erest  }:o v;ev er . No charce i s  mad e 

by the autho ri t i e s  for t h e  ini ti al sixty fe et of  s ervi c e  line . 
conce:-> s io:-, ,  .:'avours f arms of the sr.ml l e s t  h erd si z e ,  E!.S the e ffe c t  o!.' t h e  

7 . For tte rerr.ainc er of tl:h: discus :.; ion , the symbol s  AA ' , 13B ' , CC ' ,  DD ' 
and are us e d  to deno t e  the p e r  uni t  c.o s t curv8 c of si z e s  
oLe t o  five re s p e c tively . In the c ase vth ere t h r e e  per unit eo s t  

curv e s  urc a:.; so cia.ted Hith each plant si z e  ( i . e .  each p e r  unit 
cost curve � o rre sponds to one of the three subclas �es ) , the per 

unit co s :  curve s corre sponding to the three s ubc l a s s e s  are denot e d  
by the subs cri pt s 1 , 2 ,  ) .  Hence in the case of p lant s ize one , 

t h e  per uni t cost curve of : 

i ) Subcla� ;;; (a) is deno t e d  by Al Al ' 
. . ' Subclass Co)  i .s  denot e d 0" A2� ' �� , " 

iii ) Subclass (c ) is deno t e d  by A3A3 I 

8 .  Two curves are required in t he case of plant s ize s four and five 

as wi thin bo th plant size s ,  depending on the s ize o f  herrinebone 

us ed , two expressions are us ed to cal culate the length of the 
main servi ce line . See page 36 of Appendix B. 
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conce ssion i s  dih:.ted ,  as the length o f  main s ervice line · increases . 

However , w i thin each plant s i ze ( and in th e case of plant s i ze s  f our 

' .. . MQ ... 1. ve , e ach sub cl ass ) such an effe c t  is no t of suffi ci e nt macni tude 
to off s e t  the cost reductions discus sed in a ) and b) and t he per unit 

co s t  d e c l ine s cont inuou s ly as herd s i z e  inc reas e s . 
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In the case of  resources of this natu:ce ,_2/ the p e r  un i t  invt.: s tme n t  

costs  are a fun ct ior� o f  bo th plant si ze an J.  h e r d  s i ze . Alt hough COil-
tinuous c os t  reauc t io n s  o c cur 1-i'ithin a plan t  si z e as h erd si z es inc reas e ,  

c on tinuous co s t reduc ti ons do no t oc cu::::- between plan t  s i z e �� as· he:!_·C. si z e  

:. nc reas e s . }'or examp l e ,  in the c a s e  o;' pla.nt s i ze one !'arms , tte p er 

ur.i t co s t  d e c line s c o nt i nous ly as he rd s i ze increase s from 60 - 1 ) 6  co ws . 
( At the cut - o ff 12/ po int of plant s i z e  one sub c lass (c ) the p e r  u.r.it 

co s t  i s  3 . 7 5 do llars . ) :r:ovinc- to a herd s i z e of 1:57 co·..;s ( Hhich 

nec c � s i t at e s  w.; ing plar.t s i ze h1o ) , re sul t s  in the p er uni t  co s t  

increa sing t o  4 . 20 d o l lars . The reasons for such an in cre as e arc as 

fo l lows . Altho-c.e;n the increase in h erd s i z e ( i . e .  from 1 3 6  to 1 3 7  c o•t�s ) 
i s  acco r;::pan i e d by a de c l ine in the p e r  uni t c os t o f  t he main s e rv i c e  l ine , 
t h i �; i s  mo re t h an  o ffs e t  by t h e  increased lJe r  tmi t co s t  o f  the " dro p-o ff s " . 

A!:3 he rd si z e  h.; increased ::; t i J  l furthE:r , the p e r  lE:.:. t inv e s tu Hmt co s t  

d e c line s ,  but d. o s s  not b ecose equal t o  o r  l ess  t har. 3 .  7 5  dol lars un t i l  

a herd !:J i z e  of 163 c o w s  i s  re�ched . 'Eh ereaf t e r  t he p er tmit cos t  
dec liw� s s t eadiljr cp t o  a he rd s i z e  o f  2 40  cov1s ( i . e .  th e cu t-off point 

o f  pla.'1t !:J i z e  t\,'0 sut d as s  (c ) ) . 

'l'herefo r e  if a ho ri zon t al l ine i s  c o ns truc t e d  f ro 1� po int A '  to cu::::-ve 

BB ' ,  t he line A ' P  result s .  Such a l ine c an be used to ind i c at e  th e range 

o f  her d si ze s ,  o v e r  wh i ch ( in the c a s e  o f  plan t s i ze one and tv10 farms ) , 
cont inuous c os t  r e duct ions o c cur , that is over the range of 60 - 1 3 6  coHs 

( curve fl�l ' )  and 163 - 240 co ws ( segment PB ' of curve BB ' ) .  Alt ernative ly 

the line can be u sed t o  shoH that cos t advantages ac cnle to the plant 

size  t wo farms ( relat ive to the cu t-off point of p lant s ize one subclas s 

c ) ) , only over specifi0 ranges of herd si ze s . In this c as e , co s t  

advantage� accrue t o  the plant size tHo farms , only over the range of 163 

to 240· CO\{ S , ( i . e .  seDJlent PE 1 ) .  

9 .  O ther re sources of this nature are farm dairies , milking equipment , 

implement sheds , machinery and equipment . 

10 .  '.Phe t erm "cu.t-off point. " i s  synonymous with the t erm "maximum Q.egree 

of plant ut ilisation ."  The cut-off points of each of the fifteen 

subclas ses are sho·� in Column ( 2 )  of Table 6 . 2 .  
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Simi lar l ine s can be cons t ru c t e d  through t he cut -o�f point s o f  the 

o ther plant s i z e s  (and subclasses ) , enabling the int erplant co st advantage ci 

to b e  determined . An examination of Ficure 7 . 5  indi cat e s t hat relative 

to t�e representat ive farms of plant �i ze one , co st advant age s ac crue to 

all repre sent at ive farms of plant s iz e s  three to five . In the cas E' o f  

l� l a."1 t  s i z e  t1vc farms , hov,ever , as not e d  earlier, c o s t  advantages accrue 

only over speci fi c rant;e s of herd si zes . 

Fi,:;·ure 7 .  5 s}lO ;,· s tr.at be t ween plant size::; t Ho t o  five , for cor.-,pn.rabl e  

subclas s e s  an d  n e::,--re e s o f  plant ut i lis atio n 11/ the p e r  unit co st de cl ine s 

as one mov e s  from plant size  h,ro t o  IJlant si z e five . Conseq_uent ly the 

lo11e o; t  per uni t t;O s t  is  re corde C. at the cut -off point of p la.'1 t  s i z e  five 

subclass ( c ) . It ::;hould b e  real ised that at thi s he rd si z e , t l: e  per uni t 

cost of the "Jrop-offs" is no t at a rr1inimurn . ( The per uni t  co s t s  of the 

" drop-off s "  i s  a minimurn at the cut - off point of plant s i ze or.e subclass 
( � f) �he �inimum t o t al per uni t  co st on thi s plant s i z e  f ive farn 
re sul t s  from tte continuous re .-iuction in the per unit cost of t he main 

serv i ce l ine , .,.,.hi eh acco:;npanies incre ase s  in herd size  beinG of ::;uffi cient 

r;;aG'11i tude to o :"f s e t  the s l ight l,y h i cl:e r p er uni t  cost of the " drop- offs " . 

?:..1rm Dai ry L:o s t s  

?i(;ure 7 .  6 shows the per unit farr.1 dairy cos t s , acco rding- t o  plant 

s i z e  ru1d herd si z e . 

Figure 7 .  6 sho;,·s tr.at vri thin each of the three subc las s e s  of each 

plur.t s i z e , the overall trend � is fo r the per unit inv e stment co s t s  to 

decli�e as h �rd size increases . 'rhis decrease in per uni t  inve s tment 

cost is exp laine d by : 

ll . i . e .  Hevre sentat ive farms with the s ame number of co •1 s per labour 
unit , and ut i l i sing a herringbone with the same numbe r o·f sets 

of cups per @ilke r .  

1 2 . In the case o f  t h e  three subclas s e s  asso ciated wi t!: plant si z e  one , 

the per unit costs of the farm dairi e s  decline co nt inuous ly as· 

herd s i ze increas e s .  In the cas e of each o f  the three s ubclas ses 

asso ciat e d  with each of the other four plant s i zes , such a decl ine 

is int errupt ed over specific ranges of herd sizes be cau s e  of changes 

in the co s t s  of entry/exit/draught ing area and changes in the co s t  

of th e mi lk room and vat stand . 

f ' ... - . 
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a) The cost of the herringbone portion of the farm dairy , remains 

constant over the complete ran�e of herd sizes rel evant to the 

subclass in question . 

b)  �ertain components  of the cost of the farm dairy va�J con­

tinuously Hith herd size , the increases hoVTever oc cur at 
a de creasin8 rate , ( e . g .  the co st  of the c ircular yard ba ck ing 

gate and the co st  o f  the c i rcu l ar yard pipe ,.;ork and k erbin;; . ) 

c ) Certain components of the cost  of the farm dai r.:r are as sur:1ed 

to be fixed over the complete range of herd sizes studied 

( e . c .  t he cost of e lectri cal in3tal lations to the backinc 

gat e and t he ent�J and exi t gates to t he drenchinG race . ) 

d)  Certain co !:lponent s of the co st  o f  the farm dairy vary di s­
cre t e ly with rw rd §i ze ( o . £:' .  th�J oa s t  of  thr.  cntr:r/cxi t/ 
drau&htin� area , the milk room and vat stand and the entry 

gat e . ) 

All four sourc e s of co st reduc tions no t e d  above can be de s cri be d a 

ari s inG fron p ro port i onal ity rel ati onships . Henc e i t  s e em s l ike ly that 

pecuniar�r economi es  uil l  be real i s e d  in the construction o f  farm dR-iries . 

I t  should be no t e d  tha t \vi th in each plant size , the p e r  uni t  

i nv e s tnent co s t  at the thre e cut-off j)Oint s c onfo rms t o  one o f  t\·/O 

pat terns . 

i ) In t he case o f  plant si z e  one ,  t he p e r  uni t  c o s t  de c rea.s e ;3 

from t he f i rs t  to the th ird cut - o ff '[lOint . 

ii ) In the cas'e of p lant si z e s two to  five , the p:;r uni t cost 

incre a s e s  from t h e  f i r s t  t o  the third cut-off p o i nt . 12/ 

If the pro cedure discus sed on pa�e 1 3 6  is adopted , and a s erie s  of  

hori zontal lines drawn through t he various cut-off po ints ,  the  nature of 

the beb,reen .rlant co st reductions can be examined . Relative to the 

plant size one ( i . e .  the cut-off point o f  subclass ( c )  - the plant size 

one farm with the lowest per unit co st ) , with the exception of plant size 

five , co st reducti ons accrue over spe cific ranges of herd sizes to al l 

subclasses of the o ther four plant sizes . In the cas e  of p lant size  

five 

l ess 

13 . 

the per unit cost of all repr�sentative farms of subclass ( a )  i s  

than that at the cut-off point of plant size one subclass ( c ) . 

For plant sizes  t'l-10 to  five when moving · from the first t o  the "third 

cut -off points ,  increases  in the per unit  co st of the herringbone 

outweight the per unit cost  decreases  from al l other sources . For 

plant size one , however , the opposite applies . 
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It should b e  noted that \vi t hin plE..nt s i zes  two to five , the 

l oHest per uni t  co st in each case is re co rded at the cut-off point of 

sub -:::l n �;s  (a) . l<Urther as one move s from plant size two to 11l ant s i z e  

f ivG , (for c om:LJarabl e  subclasses and de ere e s o f  plant ut i l i s at i on ) , the 

m au�itude of t he co st reductions inc reases . Cons equently , th e lo·.·1 e s t  
� , E. r  unit co s t  i s  obtaine d  at the cut-off point o f  plant s i z e  f ive , sub­

c l a s s  ( a ) , ( i . e .  5 2 5  cows , 30 as ide herri ngbone ) . 

Ba�r.. Inve stfficnt Co s t s  

Curve AA '  o f  Figure 7 .  7 shows the pe� unit i nve stme:tt co s t  o f  barns 
a c co rdin� to te rd si ze . rl'he s egment e d  nature o f  the curve i ::.;  due to the 

fact �h3.t barn c o s t s  vary di s cret ely wi th Le rd si ze . Cons eCJ.uently , a 
S ·2ri e s  of co s t  reductions are obtained over the lenc:;th o f  t he curve , 

the ful l er u t i l i sation of t he capaci t,y of e ach barn . Per w1i t inves t ­

mer..t co sts decl ine from a maximum o: 7 . 5 5 dol lars in t he c as e  o !'  t he 67 
cow far:ns t o  a mir.imur.1 of 3 . 81 do l lars i n  the c as e  of farms Hith a herd 

s i z e  of 5 ) 3  cows . 

As the bc-c :rn s  in ques ti on are ki t s e t  barn s , W  the co s t  r{�duc t ions 

sto·.m in Ficure 7 .  7 fro!"n a farm o p er<-'.t or ' s po int of vi ew can be ::oegardcd 
<>.s o f  a pe cw1iary nature . HoYTever , in the first ins t anc e , i t  i s  likely 

that s ush reductions aris e  from proporti onality relati onships ( i . e . th e 

r; c r  1:r.it quantity of materi al s re quire d de l; line s as herd si z e  increases ) . 

Pu.mn Shed Co st s 

A3 the pump she d eo st remain s  cons t ant over the comple t e  ran.:;e of 

herd size� studi ed , the pe r unit inve s tment co s t  decline s continuou s ly 

as herd size in creas e s . The maximum value of 2 . 41 dollars per cow is 

reco rded on t he farms vrith a herd s i z e  of 60 covrs and the :ninimum value 

of 0 . 24 do l lars per covr on the farms of 600 cows . 

Dwe l l ings 

Hithin each subclass dvrellings are regarded as items o f  fixed plant . 

Consequent ly , co st reductions are obtained as the degree of plant utilisa-

t'ion increases ." Between plant size s ,  however , a cost advantage accrues 

to tho s e  farms of plant si ze one , \vhere the ratio of cows per l abour unit 

exceeds 120 . 

· 14 . The co sts which are incorporat ed  into the programme include all the 

co sts .vhich are asso ciated with a barn ( e . g .  material s , cartage , 

painting and erection co st s ) . 
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Implement She d s  

Figure 7 . e  sho·ws t he p e r  uni t inve stoent co s t s  o f  implement shed s , 

according t o  p l an t  s i ze and he rd si z e . The verti cal l ine s FF ' ,  GG ' and 

HH ' of Figure 7 .  8 in dicate the he rd si z e s  at \vh i c h ,  fo r part i cular plant 

s i z e s , the comp lement of ma chine ry i s  al tere d ,  ne c e s s i t ating a chance in 

the t o t al c o s t  of the impl eraent she d . Line FF ' app l ie s only to plant 

size one farms a..11d indi cat e s  th e he rd size at whi ch the hay rake is 

exclud e d  from the com?l ement of machine ry ,  and the to t al co s t  of the 

i�pl ement shed decreased . Line GG ' indi cat e s t he h erd si z e at Hh ich a 

fertili ser di s t ri butor i s  added t o  the compl ement of machine ry and the 

t o t a l  co st of the impl emen t  shed increased , in o rder t o  accomodate the 

fe rt il i s er dis t ri butor . Similarly , l ine HH ' indi cat e s  t he herd size at 

H!:.i ch a hu.y tal er is added t o  t he com?l ement of machinery , n e c e s si tat ing 

an increase in the t ot al co s t  of th e implement shed .  

\h th:...n each pl a.11 t si z e , if minor variat i on s  15) Hh i c h  o c cur in some 

p lan t s i ze s over a smal l ranee of herd si ze:.; are iowr·., d. , t h e  over.::tl l  

trenr.i. i s  fo r c o s t  re duc tions t o  b e  re al i s ed as the decree o f  Jllant 

ut ili sat ion increase s .  Re lative to t he cu t -off po int o f  plant s i z <) one , 
co s :  reductions accrue t o  the o t her four plcmt s i zes over s p e ci fi c  r.::tnge s 

o f  herd si ze t> . 'l'he rr.inirr.urr: per uni t co s t o c curs at ihe cu t -o f f  po int 

or p l ru:t s i z e  Eve , sub c l a s s  ( c ) . 

Fi8ure 7 . 9  depi c t s  tte manner in whi ch the pe r unit co s t  o f  mi l king 

e quipme nt vari e s  ac co rdi ng to plant and h e rd s i z e . 

�.Jithin each of the t h ree s ubc l as s e s  as sociat e d  wi th each p lant s i z e , 

t d t .  l t  th d f 1 t t .  1 "  t . . . w c o s  re uc lons r e su as e ecree o p an u l l s a  lon lncreas e s . 

V!i thin a pl Gn t s i ze ,  the cu t - o ff poin t s  o f  t he t hree subcl as s e s conform 

to one of two pat t erns . In t he cas e o f  plant s i z e  one farms , the loHest 

per uni t co st is r e co rde u at the cut -off point o f  sub c las s ( b ) , 

\vhile in t he c a s e  of plant s i z e s  two t o  f ive , the p e r  unit co s t s  i nc reas e 

as one moves from t he f i r s t  to the third cut -off po int . 

15 . Such variat ions oc cur in plant s i z e s  tvo t o  f ive and are due to the · 

increase in t he area of the implement shed , in order to ac comodate 

a fert i l i s e r  d i stribut o r  an d/or a hay bal e r . 

16 . Minor disturbances due to al t erat i o n s  in the c os t  o f  hot wat e r  

cylinders do , i n  some cas e s , int e rrup t t h i s  t rend . 

o f. Appendix B .  

See Tab l e  B . l5 
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He lative to plant s i z e  one ( i . e .  the cut -off point of subclass 

( b ) ) over s pe c ific range s  o f  herd si z e s , co st reduc tions ac crue to 

al l sub c las3 e s  of the l arc;er plant si z e s . The magnitude of such co s t  

1:.::- J.uctions , for _comparable  subcla� ses and de3Te e s  o f  plant uti l i sat ion , 

increase s a.s one move s  from plant s i ze tHo to plant s i z e  five . 'di �hin 

oac11 o f  theEE four pla.11 t s i zes , the lowest per unit co s t s  are reco r d e d  at 
the cut -o ff point of subcla� s ( a ) . Thus ove r  th e c om?le te ranee of plant 

Rnd · wrC. s i ze s s tuni cd , the p er unit cost declir:es from 34 . 3 1  do l lars 

at the s t art point 11/ of plant s i ze one subc lass ( c ) to 9 . 86 dol lars at 
the cut-off poir.t of l)lant s i z e  five subclas s  ( c ) . 

1.'/i thir: each subclas s ,  the co s t  reduct ions no ted in Fic;ure 7 . 9 , ari s e  

from propo rt ionality relat ionships due t o t h e  ful l er ut i l i s ation of the 

i tern.s of f ixed plant . W Fo r c omparable subc las s e s , and deere e s of pln.nt 
u "t i l i sati on , t h e  b et ·.-1e en plant differences r:1ay from a farm o perator ' s  

view b e  regarded as of a pe cunia�J na ture . H0Vlever in the first instance ,  

it s ee;ns likel.)' t ha t  such cost reduc tions ari s e  from .f; ro portional i  ty 

re l ati on shi ps . 12/ 

Effluent Di spo sal Syst ems 

<.,'urve AA '  of Fieure 7 . 10 shoV!s the relat ionship bet·.-�een h erd s i z e  and 

the per un i t  inve:stment cost of  the effluent di sposal s�rs t ems . Curve AA ' 

cons i s t s  of three s egment s ,  each segment be in.:; derived from a rev·e s sion 

equation . If minor vari at ions such as those Hhi ch o c cur o ver the range 

of 121 to 145 coilS and ) ) l  to 4 3 7  CO VIS are ignored ,.sQ/ the overall t rend 

is for the per tmit co st to de cline as herd sizes increase . 

1 7 . The term ' start point ' i s  synonymous �<lith the term 1 the initial degre e 

of p lant util isat ion ' .  'fhe start point s of each o f  the 15  subclasses 

are shO\m in Co lunm ( l ) of Table 6 . 2 . 
1 8 .  e . e; .  'l'he co s t s  of milking ma chine s  and t eat Hashers and in some cas e s  

c o s t s  of ho t Vlat er cylinders ( fo r  a parti cular subclass ) r emain 

constant over all degre es of plant util isat i on • 

. 19 .  e . g . �ertain component s of t he c ost of the mi lking mach ine s remain 

constant over a range of milking t�chine sizes . For example , the co s t s  

of electri c  motors , vacuum pumps , teat Vlasher cylinders . In addition , 

certain component s of the co s t  remain constant over the complete range 

of mi lking machine si zes studied , e . g . fit tings for the wat er supply t o  

cooler . 

20 . These variat ions a re due to the int ro duction of different effluent dispo sal 

systems ( and hence the us e of different regres sion equat i ons ) , when he rd 
sizes reach 1 21 and 351 cows . The regressi on equati ons a re discussed 
fully on page 38 of Appendix 13. 



Ma chinery 

The relat i onships be tween the per uni t  co s t s  of machine ry and p lant 

and _h.t "'1 si z e  are sho\m in Figure 7 . 11 .  The verti cal l ine FF ' in 

}'i gure 7 . 11 indi cates t he herd si ze at whi ch a hay rake is exclude d from 

the compl ement of machine ry of pla.'1t s i ze one f arms . Line GG ' app l i e s  

t o  p lant s i z e s  two t o  five and shows t he herd s i z e a t  which a fert i l i s er 

d i s t ri butor i s  actded to the machinery comp lement s . Similarly line H� ' 
app l i e s  to plant s i z e s  three to five and shows t he herd s i z e  at wh i ch a 

hay baler i s  added to the machinery complement s . 

In the cas e  of � lant s i ze one , continuous co s t  reduc t i ons o c cur as 

the degree of plant ut i l i s ation increas es . For p l ant s i z es t wo to five , 

ho;> ever , this t rend i s  int e rrupt ed ( over s p e c i fi c range s of herd s i z e s ) 
by the addi t i on of f ert i l i s e r di stributors and hay balers to the machine ry 

complements . 

Between pl ant si z e s , ho weve r ,  relat ive to the plant s i z e  one farms , 

w i th the exce�t i on of p lant si ze thre e , co s t  advantages ac crue over 

s p e c i f i c  range s of herd s i z e s  to the o t her p l ant s i z e s . I t  i s  int ere s t ing 

to note that the lo' . .,re s t  fi.:,rure is recorded at the cut-off point of p l ant 

s i z e  two subc l as s  ( c ) , being 20 . 64 do l l ars per co w .  

for the o ther plant si zes are : 

Plant si z e  o n e  27 . 3f.l do l l ar s  

Plant s i z e  three 2 7 . 6 5 do l l ars 

�'l ant s i z e  four 26 . e6 do l lars 

J)lant si z e  f iv..e 2 1 .4 0  do l l ars 

Th i s  can be exp l aine d by : 

Comparable fi gures 

a ) 'fhe rel atively high ratio of cows to c ertain i t erns o f  

machine ry  o n  t he p l ant s i z e  two farms ( e . g .  t ractors , 

trai lers and t ransport t rays ) . 

b ) The abs ence of c ert ain i t ems of machinery from t he 

machinery comp l ement of the plant s i z e  t •1o farms , ( e . g . 

hay bal ers and hay loaders ) . 

Equipment 

The per unit co s t s  o f  e quipment acco rding to p �ant and h e rd s i ze are 

shown in Figure 7 . 12 .  

-... · ------r--..... ·---;: ------- " -----�---- ------
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':li thin a plant s i z e , cost reduct ions are obtained as the degree of 

ple�t ut i l i s ation increases . BetHe en plant s i z e s ,  relat ive to 11l ant 

s i 0c one , co s t  advant ace s accrue to al l re1 ) re .s ent ative farms of plant 

sizes thrP.e to five . In t he case of p lant size  t wo ,  hoHever , co st 

advru1 tage s are reali sed only over a s pe cific range of h erd si zes . Again 

the minimum per unit  co s t  is obtaine d  at the cut -off po int of plant s i ze 

five , subclas �  ( c ) . 

Hithin a �Jl an t  si z e , the co3t  reducti ons re sult fro m :  

a)  'l'he fuller uti l i sation of those  component s o f  t he equipment 

cost , Hhich remain fixed over al l degree s of p lant ut ilisa­

tion ,  ( e . � .  the cost  of hand tools  and general equirJment ) . 

b )  'l'he d8 crease i n  the p e r  unit co .:; t  o f  e le ctric fencin� wire 

Hhi ch is a.:; so ci o.ted Hith increases in herd s i z e . ·  

Between l)l an t  si zes , the cost redu ctions aris e from : 

i ) 'l'he co ::.;ts of certain i t erns o f  e quipme nt , \·A-l ich do no t vary 

over the comple te range of h erd si zes studie d ,  ( e . g . 

cres cent spann ers , grease cun , hydraulic  jack , die sel 

tank ) . 

ii ) 

. , . 

i i i ) 

A more favourabl e  ratio of c,o ws to certain items o f  equip­

ment Hhich characteri ses the l arger plant sizes ( e . g  . 

certain tools including axes , saw:J , hayfo rks ,  drench 

guns , etc . ) .  

The decline in the per uni t  ele ctri c f ence vrire require­

ment , noted above . 

Therefo re both be t Heen and vrithin plant s izes , pro port ional ity 
relationships are re sponsible fo r t he cost  redu c tions . 

7 .  3 PL'R UNI'l1 'l'O'rAL INVES'rMENT REQUIREMEN'r:::> AND ES'l'IMATED 11MARK.t� VALUE11 

01<, TH E  <H.EPRE:'l11\fl'ATIVE FARMS 

Figures 7 . 13 and 7 . 14 show the per unit t o tal investment requirement s 

and t he per uni t estimated "market values "  of t he r epresentative farms . 

vli thin each subclass ,  the per unit investment requirement s and 

estimated "marke t value s "  decl ine cont inuously as the degree of plant 

ut i l i s at ion increases . 
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In bo th cases , relat ive to p l ant � L; 8 one , co s t  advant ae-e s ac crue 

to al l o the r plant s iz n l3 , over spe c i fi c  '1 ' 11J1{;es of herd s i ze s . :F'urthe r , 

( i n  bo th cases ) , fo r pl <mt s i z n s  h,ro to l ' i v e , for compc:i.rab l e  subclas,;c r� 

and det,rre e s  of ul a.nt ut i l i sation , the 1 1 , . ,  : 1 1 i twle of the c o s t  reduc ti ons 

increase as on.� rr.ove s fro o plcmt s i ze [, , ., . , to p l an t  s i z e fi ve .  The max :l -

mum per tmi t invP. s ime nt requ.irement i[; l .l • .r.efore reco rde d a t  t he s tart 

j_)O int of p l unt si ze one subc la�; s ( c ) ,  h ·  i I IG 1 ,  094 do l lars and the minj ­

muPJ per uni t  investme nt requirement c:o rr" : ; } ,Onds to the cu t -off point of 
plant s i z e  f'ive subc l a:-; s ( c ) ,  b eine 54;.-> dollars . Simi l arl,y ,  the 

maximum pe r un i t  es t i ma t e d "m:..crke t vR.lu n "  is observed at the s tart point 

o f  plan t  s i ze one , su bc l a�;s ( c ) , beinG 1 � ' 10 do l l ars , and the minimum , 

471 do l lars , is recorded a t  the cu t -off l 'oin t of plant s i z e  f ive sub­

cl as s ( c ) .  

7 . 4 PER UNIT PJ>iNUAL CASI{ C OS'l'S 

'l'he per uni t annual cash co s t s are . ! ivided into three ca tec,ro rie s : 

a ) Cash co s t s  Hh i c · h remain constant over the 
comple t e raYJ.c;e , , f herd si z e s  s tudi e d . 

b )  t;at eeory I I  : Cash co :.; t ::.;  vrh i · · i l  arc a func t ion o f  herd s ize . 

c ) Cat cc;o r:r I I I  .;a�>h co s t s  \·iDi • · l ,  are a fu:J.c t i on o f  bo t h  plar.t 

and herd s i z e . 

Cat er;ory I 

Inc luded in Catetjory I are the fo l ] o w i ng it ems of expend i t ure : 

a ) Animal he alth ; 

b ) l<'ee d ;  

c ) \t/eed and p e st cont ra l ;  

d ) l<'ert i l i ser ; 

In the c ase of animal heal th co s ts : t nd fe ed co st s , mino r variations 

do oc cur ( between herd s i zes ) , be cause o f' s licht variati ons in the 

proportions of young s to ck require d f'o r repl acement purpo ses . The se 

variations ari s e  because the numbe rs of .Youne s to ck required ( as calcu lated 

in the l ive s t o ck re conci liation s chedul e ) are expressed as int egers . 

In the case of weed and pest cont ro l co s t . o and f ert ili ser c o s t s , no suc:h 

variations are evidence d ,  as the expend i Lure is expres sed as a function 

of the numbe r  of acre s . 'rhe pe r unit c �;1 t s  of animal h ealth and feed 

therefore a1,proxima te  4 .  25 and 5 .  50 dol J  nrs re spe ctively . 'l'he per unit 



co sts  of weed and p e s t  cont rol and fert i l i s er are 0 . 18 do l lars and 3 . 66 

dollars re spectively . 

Category I I  

Included in Cat egory II  are the follovring i terns of expendi ture : 

a ) Breeding exp ense s ;  

b ) Administration ; 

c ) Rates ; 

Breeding Expenses 
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Gurve AA '  and Guxve BB ' of Fi�:,rure 7 . 1 5 shovr  the per unit co sts  of 

artifi cial breeding and herd test ing respective ly according to herd si ze . 

'l'he per uni t  co sts of art ifi ci al bre eding de cl ine as herd. size  increases  

from 1 . 17 dol lars per  c ovr when the herd size i s  60 cows to  0 .  96 dollars 

per cow when a herd si z.e of 600 covrs is reached .  The de cl ine , ho1vever ,  

i s  not continuous '!1} as part i cular value s apply to Sl)ecific range s of 

herd sizes . 'l'he cost reductions indicated by l..'urve AA '  are. a con-

sequence of the graduate d  system of charging e�ployed . Simi larly , the 

per unit c osts  of herd t esting dec line by 0 . 20 do llars over the co�plete 

range of herd s izes studied . Such a co st reduction results be cause of 

the charging of a he rd fee which remains constant irrespective of herd 

size .  

Admini s trat ion 

'fhe reLitionship between the per unit co sts  of aciminis trat ion and 

herd size are shown by the Curve AA '  of Figure 7 . 16 .  Curve AA 1 shows 

that over the complete range of herd sizes  s tudie d ,  the per unit co st 
I 

decTil.8s cont inuously as herd si ze increase s  from a maximnm v alue of 

3 . 0) do llars ( 60 cows ) to a minimum of 0 . 47 dollars ( 600 cows ) . Such 

a cont inuous decl ine in the per uni t  cost  i s  due to : 

a) The decreas e in the per unit accountancy fee whi ch i s  

21 . The per unit co sts do not decline cont inuous ly : 

i )  Be caus e o f  s l ight variat i ons in the pro portion o f  cows 

artificially ins eminate d ,  due to t he numbe r of cows to be 

inseminated being expressed as integers • 

. ii ) The per unit co st s  are only t aken to two decimal places . 



Hates  

associated l.;i th increaae s  i n  h r> rd s i ze . m 

b )  Cer tain componen t s  o f  the a< tm i n i s t rat ion cost remain 

con stant over t he co mp l e t e  r[lJl!:' '  o f  herd s i z e s s tudi e d  

( e . e . rural d e l ivery fee , j ourn:tl sub scripti ons , posta(Ses 

and tol l s ) . 

'l'he r e la t i onship be t-.v e en herd s i z e  n n d  th e p e r  unit expen di ture on 
rat e s  i s  s ho\m by the curve AA ' o f  FiQ.l l' "  '/ . 17 .  Over the ranee o f  h e r d  
::-; i ze s  s t w l i e d ,  t he p e r  un i t  c o ;.; t  decl i nf' . :  cont inuous ly from 2 .  62 d o l l a rn 

to 0 . 9 3  d.o l l an; . Snch a d e c l i ne i s  dl l f' t o :  

n ) 'l'he co nt inuous d e c l ine in t he t • r> :r.  tmi t pri c e o f  land , whi c h  

:v�compa.'1 i es increo.ses i n  her<i : :  i :-: P . 

b )  'l'l i1� con t i nuous d e c l i ne in t h · �  ;·a t l o  o f  the unimproved value 

per acre , to t he purchaf' e  prier.  o f  land , wh i ch ac compan i e s  

i n c rcn s e s  i n  h erd s i 7,e . 

Cu.t e.;;o r.z I l l  

Inc lud ed i n  �a t P�_;o ry I I I  nre th e fo l l o•l i ne i t ems o f  expendi ture : 

a ) (; asual and cont ract la bou r ;  
b )  l'ermc:m':"!n t, l abour ( \·;a.:;e s ) ; 

c ) Veh i c l e  exp ens e s ; 

d )  Fre ich t ; 
e ) Insurru1c e ;  

f )  Dai r.[ s h e d  expens e s ; 

g) Electri c i ty ;  

h )  HeyJairs and maint enance ; 

Casual and Contract Labour 

'l'he per uni t  co st s of casual and con t ract labour , according to plan t 

and herd s i ze are s ho 1m in }'ieure 7 . 10 .  

From Curve AA '  i t  c an be seen t hat i n  the c ase o f  p lant s i ze one , 

over the initial range of herd s iz e s  ( i .  t> . 60 - 120 cows ) , the per uni t  

cost remain s constant a t  3 . 1 3  dol l ars per co w . Over this range of herd 

2 2 .  Such de crease s  in per unit co s t s  are due t o  accoun tancy fees being 

expressed by a l inear functi on , y = ax + b ,  where y = ac countancy 

fee , x = herd size and a and b are co nstant s .  
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s i ze s , char{Ses are made fo r hay bal ing , h ay l oad.ing and contract fert i­

l i ser allpli catio n . For herd Ri zes i n  <> x c e s s  of 120 co vts ,  the per uni t  

co s t s i n creas e be cau se o f  t he emp l oymen t o f  addi t ional hay co nt racto rs � 
and casual l abour fo r re11R.irs and r:.aintr' n an c e  'YiOrk . 'l'h e s ee;nent e d  nature 

of Curve AA ' over the r ange of 120 - l 3 G  co Hs , result s from the ( t o tal ) 
co s t  of casual labou r ,  varying d i s c r e t e J .v �o�i th he rd si z e . 

L,'urve BB ' repres ent inG p l ant s i ?. e  l . "n cv ns i s t s  of t vto st raigh t  line 

Up t o  Md incl udir..c a herd � :  i . :e of 1 88 co ws , the per unit 

cost is 2 . 97 do l l ars . Fo r h e rds of l Wl • 'O I'I S  o r more , the p er unit co H t  

i s  2 .  3 6  do l l ars . 'l'he d ifferen,:e in th r> pe r uni t  co s t s  o f  the t wo s ee-

ments is due to the in clu .:>ion in the e o :; I rJ o f  th e fi r ::; t  seernen t , of the 

c o s t  o f  cont ract fe r ti l is e r app l i r. at i o n . 

c o s t s  of hay bal in e; M<t hay l oadine; . ) 
( Both sev!"lent s inc lude the 

Gurve � \J ' re_;::>r e s ent ing plant s i z e  I I •  , ·e c , cons i s t s  of three st raic-ht, 

Ti 1e ini t i al secment ( i . " . 180 - 1 08 c o·,.; s ) incl ud e s  the 

c o s t s  of h.J.�r bal in,g- , hay l o adin& an u co J J I  , ·ac t fert i l i s er ap pJ. i c at ion . 

'1'he s e cond. secme nt ( i . e .  lt39 - )00 cows ) i nc l ud e s  the co s t s  of hay bal ing 

anu. hay lo::wine, 1 : h i l e  the third s ec.1ne . , L , i nc lude s  the c o s t  o f  hay loadi ng 

only . Plan t ::; i z e s  four and f ive are T.' C' J ' I ' F) ..;; ent ed by the c urves DD ' an d  

:-�.:: · re spe c t ively . In bo th case s ,  t h e  o n i .Y cos t of re levan c e  is t h e  c o s t 

o f  hay bal inc . Such a co s t  i s  relevan t ' • n ly up to and inc lud ing a he rd 
size of 300 c o  ,.,: , ; . 

?er:n�me1: t La uonr ( ' ·f::i.[;e 0) 

1�i t,-ure '( . 19 sho w s  the re la. tior.shil) I H • L wecn the per unit c o s t ::; of 

wa,;:;es and l)lant and herli si ze . W l<'igu r · r >  7 . 19  shows t hat be t we en p lan t 

sizes  for c omparabl e dec:;re e s  o f  1 rl ant  u.t i I i oat ion , co s t  advanta.:jes ac cnte 

to the smal l e st plant t>ize ( i . e . p l ant s j 7, n two ) . 

Fo r example , when the rati o  of co wn i H ' T  labour unit  i s  60 , the per 

unit eo s t s  of wace s f o r  t he four p l an t  � >  i :..·. n s  are : 

Plant si ze t1vo 
Plant s i � e  th ree 

2) . 00 do l .l ars 

3 3 • .5 3  d () l lars 

23 . i . e .  l<'or herd si zes of 121 cows o r  more , hay raking i s  p e rformed by 
con tractors and fo r herds of 131  COHs or more , cont ractors are 

employed fo r hay mowing . 

24 . It should be not e d  thR.t such an expense i s  not rel evant to plant s i ze 

one . 
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Plant size four 

Plant si ze five 

37  o 50 do llars 

40 o 00 do l .lars 

Simi larly when the rat io of C'..O HS P " r  labour unit is 1 20 ,  the per 

un i t  cost of vr ages are : 

P l an t  s i z e  t 1vo 

Plant si ze thr e e  

Plant ''i z e  fo ur 

Plant s i ze five 

12 o 50 d o  I I ars 

16 . 66 do l J ars 

1 8 . 7 5  do l l ars 

20 o 00 do l l R.rs 

'l'he incre asine per uni t co ::;t of we. : �" s ,  fo r co mpcrab l e  d egre e s  o f  

u l an t  ut i l i s a t i on , as one moves fro m pl · • 1 1 t  s i ze t i-ro t o  pl ant s i ze five , 

i s  a ref l e c t i o n  o f  t he fac t that th e :;_J c , .  unit oppo rtuni t,y co s t  of the 

.farm operat o r ' s labour d e c line s  fror1 pl : 1 1 1 t  s i z e  t wo to plan t  s i z e  fi ve .  
' 'h . t t l 1 ' '-. 2 r::.. I . i' bl f l l e p er unl t o  · 8.  n.oot�r en " � l S  " r  cornpara e deere es o p ant 

ut i l i sation con s tant be tvree11 the four p 1 · , nt s i z e s . Consequent ly , for 

&ny given degree of p lan t ut i l i sati on , ' ' ' 8  p e r  u .. "li t  co s t  o f  "'aGe s 

inc reas e s  from p l ant s i z e  tvro to plant ! I  i "'e five . 

Ve h i c l e  };;x nen s e s  

'l'he p e r  uni t  co s t s  of veh i c ] e expf'l l r:r ! s ac cordi ng to plant ::> i z e and 

h e rd s i z e  are s ho\m in lo'it,ure 7 . 20 .  ]�n r al l plant si z e s , the curve 

des c r i oinc the re lation ship cons i:; t s  o f  h·ro o r rr:ore cecment s . L'ithin 

eac:'1 o f  th e !-:i8.J1enL :-> co mpr i sin� a curve , the p e r  un it co s t  de cl ine s a s  

he rd si ze in creases . 

In the case o f  plant s i ze one , the i "? r  uni t  eo st de cl ines s t eadi ly 

unti l a herd si ze of 120 co vrs i s  reache r l . �hereaf t e r  it decl ine s 

rapi dly , reachine a minimu..'Tl at a herd sj ;� e of 136  cow s . 'l'he rapi d 

decl ine i �  due t o  cont racto rs be ine emp J oyed fo r certain haymaking 

operat ions . 

The per uni t  co s t s  of t he p lant s i ;� , ,  two farms decl ine from an 

ini ti a l  0 . 71) do l lars per CO vl ( 120 co ws ) �o 0 . 75 do l lars at a herd si ze 

of 1 88 COh'S • At a herd s i ze of 189 CO i l�; , th e c o s t  in creases to 0 . 80 

dol lar s  per cow due to the int ro duction nf a fertiliser d i s tributo r ,  

an.:i th e reafter decl ine s sl ieht ly t o  0 .  7';} dollars per c ow when a herd 

size o f  240 cows i s  reached . 

25 o The t e rm • total labour co s t '  in th j s cont ext means that the total 

cash cost for wages be co nsidered i n  conjunction with the imputed 

opportunity' co s t  of t he farm opera tor ' s  l abour . 
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1.\lrve CC 1 ,.,hich represent s plant s ·i 7.e three consi sts of three seg-

ments . The initial seGJ1lent ( 180 - 180 < 'U I·.rs )  ar)pli e s to tho s e  farms , 

the machinery co mp l eme nt of whi ch does 1 1 n t include a fert iliser di stri -

but o r ,  nor a hay bal er . The se cond sei_'.Pil�nt ( 189 - 300 c ovrs ) appl i e s 

to thos e farms , t h e  mac. line r,)' cornpl emen l. of wh i c h  incl ucie s a fert i l i s e r  

di ::; t ri bu t o r  b u t  cioe3  not include a hay l • : •  l er . T h e  t hird segment ( 301 -
5 60 coHs ) appli es t o  tho s e  farr:u; , t he Jm '  · ·h ine ry co:r::f1 l ement s of whi ch , 

contain both a fert i li ser di s t ri bu t or a1 1 • l  a hay bal e r . 'rhe 10\v e s t  per 

unit co�t of the plant s i ze thres farms i s  re corded at a herd s i ze of 

188 cows . The eff ec t of addinc; adrii t ion n.l implemen t s  to the complemen t s  

o f  machine ry i s  t o  cause t he pe r uni t  eo : ; t s  of herd s i z e s  o f  1 89 coHs or 
more t o  be creat er than tho s e  pe rtaining t o  herd si z e s  of 180 cows -

188 CO \V S . 

Simi l arly curve s DD ' and EB 1 repre r :"n tine p lan� s i zes  four and fi vc 
res_t.� e cti vcl y ,  consis t of two s eQJ:cnt s . In both case s ,  t�e ini tial 

se.:yr.cn t  appl ie s to t hose farms , the : . .:e el · i r .ery co m;,:Jl ement o f  \·rh i ch ,  do es 

not include a r.<w b ale r and t h e  s e cond � ' ' i.}'.eYit app l i e s  to those far;r.s , 
t h e  mach ine ry comp l P.men t of vthi ch d o e s  i t t • : lude a hay baler . In bo th 

case s , the lo1vcst per unit c o s t s  a.re re , �· · t ·ded by those farm2> Hith a her<1 
s i z e  of 300 coHs . ]jJ 

Hi tl::..n each s e �·r.r;c r. t  c,f each curve , 1 1 ,0 dec l ine i n  t�c p e r  uni t co s t  

\·ii t h  ir.creas e s  in he r d  si ze ,  i s  ch<e to l ' · • :  re.r:;i stratior, co s t s of the 

v eh i cl e s  ( fo r  th e p lc...YJ t  size  in quc s t i o 1 1 ) rcn�air.iq�· co n s t ant over thE: 

ranee of h erd si ze s relewu:t to s 0�1ent i n  qu e s t io n . Be tween plant 

size 3 ,  Ficure 7 . 20 shoHs t hat re la tive Lt l  all  o tr.e r  repre sent at ive farm n , 

co s t  advant a.:;c s ac crue to tho se plant s i  . .. , one farms , vrhe re the m:rr.ber of 

cov:s exceed 120 . Farth e r ,  for corr.parah l c  de[;Te e s  of plant ut ilis at i on , 

the p e r  unit cos t s  are hit;ter on the p l: 1 1 d, s i ze four and five farms , than 

on farms o f  the three smal l e r  p l an t  s i Z C' ' ' . The reasons for the hiGher 

11er unit c osts  on the plant s i ze four an t !  five farms arc : 

a ) The per uni t  hours o f  tracto r 0peration , increase on the 
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26 . The author omitted a chare� for car expenses . If i t  i s  assumed that 

lOO do llars per annum is allo\ved fo r car expenses on each of the 

representative farms , then the rel:, L ionships shmrn in Figure 7 . 20 

are markedly al tered . In t hi s  cas �" , the highe st per  unit cost o c curs 
at the start po int of the p lant s i z "  one farms ( 2 . 53 dollars per cow) 

and the lowest on the plant s i ze th ree farms with a herd si ze of 300 

cows ( 1 . 14 dollars per cow) . 



farms o f  t h e  larc;er plar.t s i z P c; , be cause the !"arm t ractors 

are us e d.  f o r  �pre adinG ferti l i : · 0. r ,  hay loading and hay balinrr . 

b )  'i'he adcli -:;i on o f  a hay bal e r  t o  the mach inery com_?lerr:ent , no t 

onl;)r in crease:; -t;he p er uni t  hnl l r3 o f  trac t or operat ion but 

also increas e f; i;i-.e hourly co s t. crf t ractor ope:::-a.t i o n . 

i s  be cause t he hourly fuel ar.d o i l  con swr.pt ion o f  a t ractor 

when opera t i�1C a ba l er is rrren l . r · r  than t hat req_uirEd ·.,•h en 
opernt i r. g  all o tte r i�pl ement P . F\.:.rtl:e r t h e· p e r  unit co s t s  

also ir.crease be cause i. , f  t h e  :: · l ·.ii t i o n  o f  t he co s t o f  bal ing 

t vline . 

c )  '..!.' :le increas e in pe r ur.. i t  hour '' c· i' t ract o r  operat .ion due to tl1 e  

introctuctio;1 o :  hay bal e rs , f c· r · '. i li s er d i s -:; ribut o r s  and hay 

loaders i s  also accomp�ied b,/ nr. inc reas e in t he p e r uni t 

hour s  t racto rs are us e d  for tP nspor-:;at i o n  purpo s e s  ( i . e .  

"hackinG·" ) . 

'1.':1.e �)e r  <mi t co s t  o f  freight tn�: 8 s  ' 1 1 t ·..:o valua s o v<�r t he r antse o f  

plsnt anu h ..::rd s:. z e s  stuC: i e d . Up to 3.1 1  I incl udin<'.:; farr::s o f  herd size 
of 183 co .; s ,  the frPiL:)<t eo ;.: �  approx i :r.at :  . .  .-, 'SJ 0 . ?2 f. c :!. lars p e r  c o,..r , 

1·::1 i l e  on f ar:Tr s  H i t h  a h erd. :oi z e  o.f: l c 9  1:" ; :; o r  ::.ore , ti:e fre icht co s t  i : 1  

0 . 67 do ll.:.r :::; i · c r  CO '.·i • 

.; �  "" -,  ' ' 0 " ""  ( ' '  • r  ... ' · l ' ) 0 1' '· rr "' S  0 ,_.<- .;  ..., . _ r, , . I t' 1 l. � e ,., ,J,...' "  V • • ..._: V d 1.1 1' 1,.: V V .1. V c:....4 J. �J .- V ...... .. J iJ � • .. oJ -· • 

t r;u-, sJ.,o r t inG :'ert ::.. l i i> er b�r bulk fe rt i l i �\ ' '  r con'cr:-�ctors i s  sl ic>.t l�' 

c,rea t er than the charce made by t ra'- S J.'io r l . cont rac t o rs . ) 

Insura:1 ce 

'.i'he per unit insurance co s t s  ac co rd i n B' t o  plant and h erd s i z e  are 

sho •m in }'isure 7 .  21 . 
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Wi thin each o f  the ' three subclasses  n. s so ci ated. vri th each p lant s ize , 

the p er uni t  co s t  o f  insurance de creasen as the degre e of plant u t i l i sati on 

increase s . Al tl:o ugh the decrease s in J ' P r unit cos t s  are shoi·il1 in Figure 

7 . 21 as o c currinG cont inuously , in fact , su ch a trend is int errupt e d  over 

spe cifi c rant;es of herd :::>i z e s , due to a l terat ions in those premiums vrhi ch 

27 . SliGh t  variations do occur be tween l l erd sizes in the per unit cos t s  of 

trans}io rting stock to and from the p lace of grazine .  Thi s  as no ted 

earlier is due to slieht variationn betvreen h erd s i zes in the pro ­

portions of young stock require d ,  rP sul t ing from expres sine t he numbers 

of .young s tock required as integern . 
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vary di scretely with h e rd s i z e . Data c onc ernine su ch variations was no t 

obtained due to the excessive arnount of c omput ing t ime required to  obtnin it . 

Such d e creas e s  aris e fro m  p:::-opo rt j n nali ty relati onships . For 

example : 

the 

o ne , 

IT.�;-, 

a)  'l.'l".e insu::-an c e  premiums IJE. i d  fc• , .  certain reGource s ,  remain 

consta.'1t over the cor::p l e t e  r<1 n;_;P. o f  herd s i z e s  p er tai ning 

to each subclass ( e . g. premiUJ" ' '  of dHelling( s ) , trac t o r ( s ) , 

pump she d ) . 

b )  Certain p remiums i nc rease con L i. l lUOu s ly c..s he rd si z e  increases  
o�t su.ch increase s o c cu::: at a r ! t: creasinG :::-at e ,  ( e . g .  premiums 

fo r ceneral equi prr:e n t  nnd in ''"lllC cas e s , farJI1 dairi e s . )  

c )  'rf-, e premi unlS pai d :� or c ert ain •"•' sources vary d i s cre t e ly 1-1i t h  

h erd si z e . Al tho u0h minor v ; ,  r·ia t i or .. s do o ccur ove r 

specifi c :::-a.nces of h erd si ze: � , t-. he  ove ral l tre:1d i s  fo r the se 

per unit  insurar,ce co s t s  t o  f . ., l l  as h e rd s i z e  inc reas e s , 

( e . z .  premiur:;s' for ba rn s  anli i " ' i ' l e;n.; nt s heds ) . 

Bc tHeen p l ant <:: i z P- s  over tte co r.:pl • · t . o  ran�e o f  h�rd si z e s  �� tuci ie d , 

;:--.aximu;r. p..;r u:-4-i t CO ;:>t 

subcla�; s 

valae is 
( c ) ' Hhe re 

• - ..J re cora.cu . '· 
<1. v 

i s  r<! co nle d  

the :Je r  tmi t 
t te ctl t - c : · r  

8. 1 t .te s t art po int o !'  pla:1t s iz e  
er · I i s  2 . 2 3 C:.ol l2.rs . The mini -' •  

]lO i l L of p lc .. n t  s i z e  f' ' � lVC , subclas:� 
I t  sho�1.ld  't;e no t E: d. tho.t 

rel2. ti vc t o  t r, c  cu t-of.!.' �oint of :p la:d ; ·  i ;� c one: subcl?-ss ( ..., ) , v:i th one 
. 'jJ}j 4- rl t • . . f' ' d . cxcept lo n ,  co s .. re '"'uc lOn�; o v er s � , e r; •  � c  r ances o ner sl z e s  a c cru e  

only t o  parti c-..l l CJ.r subc las :... e s  o f  e ac:h o r  t he four ( lc.:.rger ) pl2.nt si z e s . m 
}'-.rr t he r  the ;JC1.[7titud.e o f  s u ch co .::; t r c duc t. i_ o n c-J i s  sr.:al l .  Fo r exa:-.1p l e , 

t he p er uni t  c o s t  at the cut - o ff point o f' p l ant s i z e  fi v e  s ub c l a s s  ( c ) 
i s  0 . 85 dollars , Hhile  at  the cut-off po i n t of  p lant si ze one , sub c l a s s  

( c ) , the per unit c os t i s  0 . 99 dol lar s , � diffe rence o f  0 . 14 do l lars per 

covi . In t t i s  context , it s hould be rev I i sed  that al thoush the proportion-

ality relat ionships previously di s cur; s e ct  t end t o  give cost advantages to 

the lareer plant and herd s i z e s , t h e s e  a rc offset to s ome e xtent , by the 

neces'->i ty for the farms of plant s i zes t 1-1o to five to pay a vrorkers ' 

compensation insuranc e premium . For contparable degrees of plant ut i l i sa-

tion , between plant s i z e s  two to five , tl tG p e r  unit  cost of this premium 

28 . The exception i s . plant size five . 

29 . i . e .  Subclasses  ( b )  and ( c )  of plan t sizes  two , three and four . 

Subclasses ( a ) , ( b )  and ( c ) of plant si ze  five . 
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in creas e s  as one moves fro m plant s i z e hm t o  plant s i z e  five due to t h e  

p e r  uni t i n cr ease in t he co st o f  wage s . 

D2.iry �hed r.::Xpens e s  

},iGUre 7 . 2 2  shows th e  1my in whi ch t l , •J p e r  unit dairy s h ed exp en s e s  

vary ac co rdinG" to plant s i ze and h erd s i. ;', fl . 

Figure 7 . 22 s!wws t hat Hi thin ea ch n f  t he three sub c l as s e s  a::; so ciR t ed 

ivi th each pl ar.t s i ze , the trend is fo r l . l t P. IJ e r  tmit co s t s  of dai ry  she d 

expens e s  t o  de crea::; e as herd s i z e  incren · : e s . In on ly four c ases do t h e  

p e r  uni t  co s t s  ae cline co ntinuou s ly as l t " rd si z e increases . 3!2/ 
.

In the 

case of t he o t ha r  per nnit co s t c urv e s , t .he trend toHards a c ontinuous 

. de c l ine in th e p er 1.mi t co s t wi. th increa. " ! G  in h er d  si z e , is interrup t ed 

o ver s pe ci f i c  rane e s  o f  herd si z e s  f o r  l . l i r� fo l l o �oi ing reasor. s . Fir s t , in 

t he cas e of t he f ive subclass ( a )  per 1 1 1 1  i t  co s t  curve s , and the four su b­

c la.-;s ( b )  pe r unit coc, t  curve s , ( i . e .  o l ' p lant s iz es b-10 to f ive ) , the 

t o t al co s t  o f  inflations varie s di scret� Ly with herd siz e .  Secon d ,  the 

"inte rrup t i o n "  in the t rend to ,,ards a C' J l l t i nuous de cl ine in per un it co s t s  

1vi t h  inc rease s i n  herd s i z e , o f  a l l  th e p1: r uni t c o s t curve s o f  plant 

s i z e ::;  thr e e  an d four is due t o  the to t a l  co :; t  o f  detercen t vary ing di s ­

cre t ely wi th h e rd s i z e . 

30 .  

'l'he nat ure o f  t he p e r  unit co s t  cu r-' f'-) 8  is  due to : 

a ) 'ofi thin each sub cla�.; s of each ! ' L ant s i z e ,  th e c os t s  of c l aw 

rub'u e r s , mi lk e.nd air dro ppers, and dai ry she d brushes 

reillain s co ns tan t  over a l l  decro�·� s of l' la.Ylt ut i l i s ati on . 

b ) \· i t hin cer tain sub c las s e s , th " co sts of de tergent and 

inf lat ions rerr.:ains cons tant o v n r  al l d ec,rrees of p lant 

The 

ut i l i sat i on . In the o t her ::;tl i J c las s e s  Hhere the co s t s  

o f  det ercent and inflations vn 1� d i s cre t e ly wi t h  he rd 

s i z e , the p e r  nnit co s t s  of dP t. ergent and inflat ions are 

lo1.,rer at t he cut -off point , tlt nn at the s tart point despi t e  

the di s crete variati on . 

four 

i ) 
ii ) 

fi i ) 
iv ) 

cas e s  a re th e p er unit CO f.> t curves 

Plant si z e  one subclass ( b ) ; 
' Plant s i z e  one subclass ( c ) ; 
Plant s i z e  t�YO subclass ( c ) ; 
Plant size f ive sub class ( c ) ; 

o f : 



c )  The cos t  o f  an annual milkine machine check remains constant 

over the complete ranee o f  heJ' 11 si ze s studied . 

d )  As i t  i s  as s urr,e d Hithin e ach r:t t b class , that the t ime the 
milking r.1achine s arc operate d  ro r c leaning purpo s e s , do e s  

not vary a c co rdine; t o  herd s i ;;· � , the quant i ty ( .s.nd henc e co st ) 

of th e ro t ar.;r pump o i l  consLU'l" d for t hi s purpos e  remains 

con s t ant over al l d ecre es of I '  l ant ut i l i sat i on .  

All fo ur svluces o f  c o s t recluction..J can hn de s cribe d as aris ing fro m 

propo r ti onality re lati onships . FuTthe r ,  Hit hin each plant s i z e , th e 

per 1mit co s t s  at t he cut -off po int s in• · n�as e  as one r:�ove:-; f rom subclass 
( a) to sub c la� s ( c ) . Re lr� t ive to the 1 ·  hnt s i ze one farms , co st redu ct -

ions accrue over s�J e ci fi c rang e s  of h errl fl i z e s , t o  al l thr e e  subclas ses  

of each o f  t he four l arcer p lant s i ze s . In the  case o f  p lant s i z e s  t wo 

to five , for compara.b l e s ubclas:; e s  and fi ocre e s  o f  plant ut i li sati on , t he 

ceneral trend i s  for t h e  ma.gr.:i. tude of t hn p e r  unit c.: o s t  r e duc t i on t o  

increase from plant size  two to p lant s L � r: f ive . Cons equent ly the lowe st 

per nnit co s t  i s  r e co rded at t he cut -off po int o f  plant size  f i ve sub-

cl a0:..; (a ) . 

El e c t ri ci t,y 

The per l:li. i t  co s t s  of e l ec tr ic i ty n · : .;o rdin� t o  p lant s i z: e  and h erd 

s :i. z e  are s ho;..�n i n  ?it,Ti.re 7 .  ? 3 . 

1:/i thin eact O .l  the three suocl��::: r . e;; .'1 :J so c iat e d  Fith each � lant s i ze , 
the overal l t rend i s  f o r  t h e  p e r  lmi t w t;  to d e cl ine 6.s the degre e o f  

1) lan t uti l i s ation in c re a s es . I'1inor di r; h trb;:�nces over t>pe cific range s  
o f  herd si z e s  do o ccur in s o :ne p 0 r  uni t  t :o.; t curves , due to the int ro ­

duction o f  r�fri r;erat i o n  lmit s , in plac"! t � l e anin� d evi c e s and an increas e 

in the quant i ty of ho t wat e r  required fo r c l e an ing the bulk milk vat s .  

Within each subc las H , the fo l lowinc, proporti onality relationships 

contri bute to the trend to wards a declin " in the per. unit co st  Hith 

increases in he rd size . 

a) In the case of plant si zes one , two and five , the number 

. ( and hence co s t ) of units  req� t irect for ho t ;.rat er heating 

remains cons tant over the comp) P te range o f  herd s i z es . 

The number ( and hence cost )  of 1mi t s  required for hot ;.rater 

heating for plant sizes three r>nd four , varies di s cretely 

with herd si ze . The effect o f' this discrete variat ion is  
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t o  in t e rrup t the cont inuous d r· c l ine in the p e r  uni t b,rh 

requirement s ov er a smal l ranee o f  herd s i z e s . Advan tages 

ari si ng f rom propor t io nal i ty rnl ati on.s hips s ti l l  ac c rue to 

the l arger h e:rd si z e s  of each rmb clas s , ho;.rever . 

b ) Simi larly , the numbe r nf and cu �-;t of tmi t s ,  require d  to 

ini ti ally heat the co nt ent s  Of the  t eat Ha she r cy l inders , 

remains co ns t ant over al l deJrn es of p lant u t i l i sat i on . 

c ) Fo r p lant sizes thr e e  to five , the nwnber of ·w1i t s  required 

armual ly t o  o p erate t he in ::;l�u : e  c leanin.; d evi ce s ,  remains 

cons tan t  over all d e cre e s o f  plant uti l i sat i on .  In plac e 

c l eaninG devi ces are add ed to L he c omp l er.1ent of e l e ct ri cal 

eq_uipment of plant s i z e  t Ho f;J J 'P1S when the h e rci si z e  e x c e e d s  

176 C0\4 S . Ove r the range of l 7 7  - 240 co ·.v s , co s t  reduc t ions 

ari s e  fro m p ropo r t i onal i ty re l : 1  t i onship s  becaus e the annua l 

requireme nt of uni � s  by the in p l.;we c le anint:; devi c e s  i s  

assume d to remain co ns t ant . 

d) 'l'h e  expre s �� i on vrhich i s  used ' · ' • derive th e numb er o f  uni t s  

reC}ui re d by the refri cero.t ion 1 1 1 1i  t s  expre s s e s  the require d 

number o f  uni t s  as a fun ct ion n r the vo lume of milk 

produced pe r mi lkins- , the :r eq 1 1 i  red redu c t ion in tempe rature , 

and the d i mens io ns o f t he bul k r:l i lk vat . As the s i z e  of 
bulk mi lk vat varie s d i s cr e t � .l _',' vr i t h  herd si ze , i t  fo l loHs 

t hat -�rit hin herd s i z e s  of a Gi v en vat si z e , co s t  redu c t i ons 

wi ll re sul t as h erd si z e  incrr � n e s .  

e ) Hi thin each subclass , the num h ' ! r  o f  uni t s  required annual ly 

to operate th e mi lking machinr> r; for c l eanin� purpo s e s , 

remains constant ov er al l degrn e s of plant u t i li sat i o n . 
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·�/i t hin each subc l as s , pe cunia r-,t e c o nomie s are also respons i b l e  for 

the t rend t o vrards a d e cline in th e pe r u n i t co s t  o f  e l e c tri ci ty as herd 

size incre a s e s . As herd si ze increas e s  wi thin a subclas s , pro port ion­

at ely more 21/ of t he to tal uni t s  used fn r wat er pumping , li ghting , 

operat ing mi lking ma chine s ,  effluent di fJ f iO sal uni t s  and i n  plac e c leaning 

devices are · chareed a t  the lo\-rer rat e . I t  should also be realised that 

proport ional i ty rela ti onships exi s t  whi c l 1  give rise to pe r uni t c os t 

increases wi thin a sub clas s ,  as herd s i z e  increases . Regre s sion 

31 .  This as sumes of course that t he t o t �l numbe r of unit s  used per period 

by the s e  app l iance s  init ial ly ( i . e .  at the star t  po int of the sub­

class in que stion ) , is such t ha t  the differential sys t em of charging 

can be employed . 



equat ions are us e d  t o  de t ermine the ntli'!l l J" l' o f  uni t s required for wat er 

pwnping and for the disposal of farm d<1 . i  , . .\' effluent . The regress ion 

e quat ions are such 21} that t he p e r  nni I. requ i rernent E; o f  lnrh fo r water 

pun;ping and fo r the cU srJo sal of effl uen 1 . · : ,  increas e continuou s ly wi th 

increases in herd size . Ho·,rever ,  the rw' i �ni tu de o f  such increas e s  i s  
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.smE.ll and i ::> outwe ighed by t h e  c o s t  redu " L i ons ari sing f rom the pro por t: i. on­

al i ty rP l a t i onships and the p e cuniar,:,r c; r; . , nomies di s cus sed e arl ie r . 

Be t •m en plant si zes  rclc-.t ive to pL1 ' l l. s i z e  one , wi t h  two ex ceptio, , � , , 

co :.:; t  r e d 1 1 ' : t i on s  accrue t o  a l l the fmbc:]: • " , : 0. u  o f  tile o t h e r  p l ant $ i zes 

o ve r  �-' P" ' :  L f i e  ran.:se s of herd s i z e s  de : : 1 • i. ' ·  l .ho fct.ct that t he e l e c t ri c i t .l' 
co s t s  ' '  l' l . l 1 ( �  farms o f  p l ant s i ze s  t -..,o t · ' t i ve i nclude addit i onal chan ;•� :-: 

fo r re f 1 · i , ; r �ration u ni t i> :md in 11 l a c e  c l · · ' l t L n:.; device s . 'i'he t,.,ro exce p t  j rJ ns 
are p l n 1 1  t s i ;�es  foL�r n nd five G L l iJ d  n : ; : ;  ( ,, ) \·•he re cost r e duc ti ons accru "  

over t h e  com_tJ l e t e  ranee o f  herd s i z •� :.;  r •  I '  v cm L  Lo each subc l as s . 1:/i t h L n  
each plan t size , thr� loHe <; t per 1mi t <:t < ' t; :i: � re co r de d  a t  t he cut - off 

point o f  s u b c l a s s  ( a ) . Fo r compCLrn.'o l e  · · 1 1 t - o f f  po int s jJ) t he p e r  uni t 

co st de clines as one move �:; .i rorr! p lant c-; i · " 0:18 to ? l an t  s i z e  fi ve . Con-

s equen t ly t{;e lo-..; e s t p e r  1.m i t c o s t  i s  I'' · o rded LL t th� c1..:t-o.if 110int o f  

�� � 2....'1t s i ze five Sl.loc la�;s  ( a ) . Proport j ' ' J lali ty relati onships are also 

responsibl e f o r  tiw trer.d t o '.varu ::>  lo¥ier J " ' T unit  c o s t :->  in the larger 

plant s i z e s . 

i )  'l'he (iuan t i ty o f  ho t \va t e r  re<}t l i rr; J  per r;ii lki:1:5" .ior t he 

mi lk ru 01n i s  lO cal lon:.; , irre : : t r: c t ive of  farm dairy ( and 

si lking machine ) s i z e . The } " ' T  uni t  quant i ty of hot 
\,,at e r  ( fo r the rn i l k  room ) is t i J • ! refore a mini.:num a t  a 

herd size  o f  600 cows . 

ii ) 'fhe daily requi remerl t  o f  the i n  place cl ea.'1ine; devi ces , 

:i, s  set at 0 . 0 4 6 5  brh pe r day :i rrespe ctive of h erd s i z e . 

Such an as sump t i o n  also favour!' the farms Hi t h a herd 

size of 6CO cows . 

iii ) 'l'he quanti ty of ho t water requ i red for c l eaninG the bulk 

milk vat vari es dis cre t e ly wi tl 1  herd size . This again 

favours farms o f  the largest hP rd size , as at this herd 

s i z e , the per uni t  quan t i ty of hot Hat er required for 

vat cleaninG is a minimum . 

3 2 .  'rhe regres sion e quat ions are o f  the f o rm :  y = ax - b ,  where y = 

number of unit s ( i . e .  kwh) , x = herr l  si z e and a and b are constant s . 

3 3 . There are three seri e s  of comparab l e  cut-off po int s . They ar� the 

five subclas s  ( a )  cut-off po int s ., the f ive subcl as s  ( b ) cut -off point s 

and the five subc las s ( c ) cut -off po int s .  



iv ) Cost  reductions accrue t o  the J arffer p lant s i zes in certain 

w circums tances be cause as t h e  s i ze o f  mi lking machine s 

i s increased ,  the number of un i t s require to operate the 

mi lking nachine p er s e t  of cu p r • , f al l s .  

v)  'l'he number of  u.:1i ts re quired � o  initial ly heat the cont ent s 

of the teat Hasher cyl inder v:1 r ie s  di s cre t e ly vri th the s i z e  

of farm dai ry ( i . e .  subclass ) . 'fherefore H i  t hin farms o f  

the same t eat >·msher C.)'l inct er s i z e , co s t  redu c t ions ac c rue 

to  the farms o f  large s t  herd r : i  ?.e .  

vi ) As the si ze of far:n dair,y incrr.ases , the rat i o  of the number 

o f  el e c tri c lic_;ht s to the nu.rnbn r of set s o f  CUl) S .fal l s .  This 

relationship aris es be caus e t h n  nW'lbe r  of l ieht s installed 

vii ) 

viii ) 

in the milk roou and vat stand , entr,y/ exi t/ draueht ing area 

and circular yard remain con s t n.nt ir:::.'e spe c t i v e  of farm dairy 

s i z e . 

'l'he e xpr e s :s ion f o r  d e r iv i ng tl t "  number of hrh required by 

the refri0e rat i o n  u.ni t s  exp:::-e . : · ; r! ;:; the nmr;ber of k\.;h as a 

flll1c t ion of r; h e  vohune of mi l k  proc',ucecl p e r  mi lking ,  the 

requir2ci. decline i n  te1:1perat m ·· ' B.nc: tlte d imens ions of t h e  

bulk milk vat . }'urtl:c r as v:t l .  s i z e  varie s d i s cre t e ly 

Hith herd s i y,e , th<:i.t part o f  t i t n  exp re s si on \·!l'. i ch is a 
fw-.ction of the dimensions of 1: lw v at , also varie s  di s-

cre t e ly wi t h herd si z E . Co s t. n.dvantace s do accrue , 

becaus e o f  a gene ral t rend fo r t ha t  part of expression 

Hhi ch is a function of the dillt"n s ions o f  the m i lk vat , when 

expre ;;> s e u  on a p e r  CO H basi s ,  t ( I  de cl ine as he:::.'d s i ze 

increa s e s . 

In the case of water pu.mping CJm l th e di spo sal of  effluent 

Has t e s , the per uni t requirem t> n t s  of kivh increase con-

t inuous ly as herd s i ze increas r s . �hi s , as di s cussed earl ie r 

i s  due to the use of recre ssion equati ons . 

Final ly pe cuniary economi e s  are al r;o real ised whi ch give cost 

advantages to the laree s t  plant si zes an d  herd si zes . 

Repairs and Maintenance 

'rh e  per u.ni t repair1; and maintenan c n  co s t s  according to plant and 

herd si z e  are s hovm in Figure 7 . 24 .  

34 . Advantages accrue up t o  and includir� a 30 aside h erringbone . 



1h t hin each o f  t he th ree sub c l a s s e s  o f  each p lant s i ze , the p e r  

uni t  repairs an d  fllaint enan ce co s t  decren s e s  a s  herd si ze i nc rea s e s .  

Al tho ugh th e per unit cos t curve s s h mm i n  Figure 7 . 24 s hovr the p e r  
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uni t  co s t s Ets decreasine co ntinuou:J ly wi  l .h  increas e s in �;lant ut i l i sati on , 

in fac t , the co nt inuous c o s t  re duc t iom• are int errupt ed over sp e c i fi c 

rru1J·e s of h erd si z e s  due to the intro J.w : L i on of fer t i l i ser dist ributors 
ruJ.d h8.y balers , and chan8es in �3uch fac l, f lrs such as the Hidth of farm 

race s ,  t h e  area of impl ement shed.:> and L l 1 e  c o s t o f  certain co mponent s 
of the farm dair;/ , at s}e c i l' i c  h e rd si <� • ' s . D.:cta concerning s"uch 

i n t erruptions were no t o btaine d ,  hOvlever , due to the exce s sive amount of 

comput ine; ti me required to obt ai n i t . 

',1i thin each sub c las s ,  the de c l ine :i. n the p e r  uni t  co s t  is due t o  th e 
. d . t t f b � 25./ .. . d repal rs an maln enan ce co s o a nurr. e r  0 1  re source s / oe lng as s e s se 

as a pe rc ent as-e of the oric;inal inv e stmn n t  co s t . ConseCJuen tly for 

these re sourc e s , the p e r  unit repai:r·s El.l l • t  maint enance co s t , paral l e l s 

the orie;inal per 1.mi t :inve s tment costs sh mm in Figure 7 . 13 . 

'l'he pe r uni t  machine r;y repo..irs and 1 1 1rtintena.11ce co s t s , how ever , vary 

di s cre t e ly wi th he rd s i z e . Over the r;1 1 \Ce o :  h e rd s i z e s  appro pri ate t o  

plant s i z e  one ,  t hr e e  value s are re l ev<ltl l . . Comparabl e  f i gur e s  f or t h e  

o th e r  plant s i z e s  are : plan t si zes  tvro , fo ur an d  five - bro v.:1lue s ,  

phmt s i z e thre e - t:-.r e ,; v<"..lue s .  Onl,y i n  the c a s e  ot 1 • lant s i z. e  one do 

the p e r  1mi t co sts  de cl ir.e e:.:..; herd s i ze i ncreases . In. t h e  c a.-; e of plant 

0 i z e s  two to fi ve , the increas e s in t he j •(; r uni t co s t s  are sm<il l and are 

outwe ichecl by the d e c reas e s from t ho s e  rn ;;cur c e s , the repai r s  and ; nai.n­

t enan ce co st of Hhi ch , parc:.ll e l s  the or i 1 � i nal per unit inv e stment c o ::; t . 

rl'he effe c t  of C021pensatine; fo r t he i ncreased rac e  s to ck ing rat e , 

v1hich ac co mpani e s  in creas e s  in h erd s i z •: ,  i s  t o cau s e  the p er tmi t repai rs 

and maint enance cost (o f  farm race s ) to remain cons tant over the comp l e t e  

range o f  herd s i z e s  studie d . 

Re l at ive to 11 lo..nt s i ze one , co st redn c ti ons ac crue to a l l  s ub c l a s s e s  

o f  t he o t he r p lant s i z e s  o v 8 r  s pe ci fi c rnnr.:;e s  o f  herd s i zes . Bet w e e n  

p l an t  s i z e s  two t o  f i ve f o r  co mlJarab l e  s u bclasses a.'1d d egre e s  of p lant 

utili sati on , the p er uni t co .:; t  de c reas e <: fro m  plant s i z e tvro to plant 

s i z e  five ·. 'l'he lo\·Je st per unit co s t  i s  recorded at the cut -

o ff point of plant s ize f ive sub c lass ( c ) . 

35 . e . g .  Buil dings , \vater ret i cu l a.tion sys t ems , effluent di sposal sys t ems . 



7 . 5 P� UNIT A��AL NON- CASH GOSTS 

Depre c i ati o n  Costs  

Figure 7 . 25 shO\.;s the p e r  uni t  deprr!ciat ion co sts acco rding to  plant 

and herd si ze . 

\hthin each subc la�.Js , the general t . rend is fo r the per unit co s t s to 

decl ine as h erd si ze  increases . l{O\·revf'l' , the declines i n  the per uni t  
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co st do not occur cont inu.ous ly <.:.s h erd r: .i ze inc reas es . 11l>Iinor variations" 

o c cur due to : 

a ) 'l'he init i al investrr:ent co ::;t  of certain re source s varie s  

di scretel,y vrith herd s i z e , ( e . f� · barns , implement sheJ.s , 

milkine equiprr.ent , effluent d i_ ; ; 1Josal pm1ps ,  wat er pumps , etc . ) 

b )  'l'he introducti on a t  spe ci fi c h � �rd si zes of fert i l i s er 

dis tri butors and hay ba le rs . 

c ) '- 1'1·le t rend to ;.;ar,U:; the p er uni t; co st o:f.' farr:1 dai ri e s de cl ining 

c ont inuou s ly vri th herd size  0(' ing inter:::-upted over s p e c i fi c 

herd si z e s  . 

.As in "C he c ase of re_;�ir s an..: rr.ain t '  r,a.nce and. insurance c o s t :3 ,  data 

clue to the :re2.sons no t a d  a-�cve oc; cur , l·lf' n'? not co l l e c t e cl due to the 

It is  

int erestinc t o  no t e  that t he J.J er 1.mit c o : . t  cu:rve of plant s i z e  five , 
subclass  ( a )  lies belo·,, that of plant sJ. ;; ,� four subclass ( c ) , over the 

ent i re ran;se of herd sizes corr1moYJ. to bo L h  subclasses . For a given herd 

size , this  i s  due to  the decreaf;e in the p er unit cost s of the farm dairy 

and mi lkinr; equi}Jment of plant size five subc la�; s (a ) , beine- of sufficient 

ma_eni tude to offset the sl ightly lovrer p ! ! r  unit co sts of mach inery , 

implement she d and dHellincs of plant si?..e four subclas s ( c ) . 22} 

3 6 .  e . e-.  At a herd si ze of 300 cows , the per uni t  depre ciati on cost for 

dwellings is : 

i ) 
ii ) 

Plant size four' subclass ( c ) 
Plant s ize five subclass (a ) 

0 . 30 dol lars ; 

0 . 35 dollars ; 

The per unit depreciation co sts for farm dairies and milking equipment are 

� ) - Plant size  four subclass ( c ) 
ii ) Plant size five subclass (a)  

l .  29 dollars ; 

1 . 22 dol lars ; 

The per uni t  machinery depreciation cost  of plant si ze five subclass (a) 
is  0 . 14 cent s  greater than that of l' lant size  four subclass ( c ) . 
Similarly ,· the per unit implement s he d  depreciation cost for plant size 

five is 0 . 11 cents greater than tha t of plant size four . 
. " 

. I 



Re la tive to the p lant s i z e  one farm s ,  co s t  advantage s are real i s e d  

over spe cific ranees of herd si z e s  by aJ l o ther subclas s e s . The minimum 

value i s  re c orded at the cu t-off po int o f  plant size five subclas s ( c ) . 

Intere st 

I•'ie,rure 7 . 26 sho\/.:o �J : i e  per unit int erest co s t s YJJ accor ding to p lant 

s i z e  and herd s i z e . As the int e re s t eo . :  t ha s b e en as s e s s ed a s  a per-

c entage of the t o t al inve s t1:1ent oo s t s  of the tHo groups of resources , )!}) 
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Figure 7 . 26 parall e l s  Fi0�re 7 . 13 .  }'rul ll :i<'i gure 7 .  26 , i t  can be seen that : 

a )  Hel a. t ive t o  t he farms o f  plan t  si z e  one , cost advant ages 

accrue to al l o t he r  su'b clas se s over spe ci fi c range s o f  

herd si z e ::; . 

b )  In the case o f  plant si zes t ·,ro L o  five , fo r comparabl e sub­

c:ass e s  an.d desTees o f  :,lan t u l, i l i s at ion. , the matp1itu de of 

the c o s t  reduction incre as e s  f ro m  plant s i z e h10 to plant 
• + ... . fs l z e  1. lVe . 

c ) 'l.'he maximum p e r  unit eo st i s  r '" ' co rcte c� at the s tart po int of 

plant si z e  one subclasc ( c )  and the minimum at the cut-off 

point of plant siz;e fiv e subc J n . ; ;:; ( c ) . 

Farm Onerator ' s  Labour 

'l'he o ppo rtuni ty cos t  of t r,e i'c:.rrr. O J H > rator ' s  laoour i s  as s e s s e d  as 

) , 000 dol l ars per anmun over the oo rr:ple 1 .P ranee of h erd s i z e s  s tudi e d . 

'.::he 11e r  uni t  c o s t  of the farm ope rator 1 ::.;  l abour , therefore , d e c l ine s 

co ntinuou s ly Hi th inc reas e s  in herd s i z e , f row. a maximuin o f  5 0  do l lars in 

t he c a s e  of a 6 0  CO\v herd , to five dol lan ; vrhen a herd s i z e  o f  6 00 co·ws 

is reache a .  

Farm O:eera tor 1 s Nanaeement 

'l'he oppo rtuni t�r co st of t he farm o pf' rat or 1 s management is as s e s s e d  

a s  s ix per cent o f  the gro s s farm income . 

37 .  Th e intere s t  rat e s  used in the as s e s : .; ment of the intere s t  charge s are : 

Group One resour c e s  

Group '.Pvro res01 .. rr ce s 

6 per cent ; 

7 per cent ; 

)8 .  The se t\vO int erest rat e s  were de cid ?d  upon by the author af t e r  d i s ­

cuss ions with · the rep re s entat ives o f  a number of credit aeenc i e s . 

The two rat e s  a1)proximat e the int ere: Jt  rat e s  a farm o perat o r  would 

have to pay , if crea.i t was used to purchase the t\VO groups of 

resources in questi on . 
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Figures 7 .  27 and 7 .  28 shm• the totrtl opportunity cost of the farm 

operator ' s manac;ement , according to pla n t  and herd size  \vhen the milkfat 

price i s  33 cent s per poun Q .  l<,ie;ure '{ . 27 shaHs the relationships when 

the level of mi lkfat pro duct ion per cow remains cons tant o v er the comp le te 

range o f  herd s i z e s  s tudi e d , whi l e  Fi�tre 7 . 28 shows the rel at ionships 

when t h e  l evel of ni lkfo.t product ion per c o w  i s  a func ti on o f  p l ant and 

herd size . 

Fie;u.res 7 .  27 and 7 .  28 shmv that vri t. hin e ach sub c l as s , t he o ppo rtuni ty 

c o s t  of t h e  farm o perator ' s m.anagement r i s e s  as the d.eer e e  of p lant 

utili sation increases  and so t h e  maximum valu e  is reco rcied at the cut-off 

po int . v/i thin each plant s i z e , the ma x i.mum value is  reco rded at cut -off 

point of subclass ( c ) . Fa:::- comparabl e cut -off point s ,  th e o ppo rtunity 

cost incre a s e s  from plant s i z e one to p l an t  s i z e five . Cons equent ly 

the highe s t  op.fJo rtuni ty co st i s  recorded at the cut - o ff point of plant 

s i z e  five s u b clas s ( c ) . 

7 .  o PE}{ UNI'l' CO �'l' S UP 'l'lE FIVE 'l'O'l'AL �XJ >':..' CONCEP'l.' S 

Total Co s t  (A) 

Fit3Ure '( . 29 shows tte .p er unit cos b ;  of •ro t al Co s t  (A)  22/ according 

to p l ant and herd size . 

\-lith the exception o f  the per unit co st  curve o f  :;:J lant size one sub­

class ( c ) , within each subclass , t h e  J.l e r  uni t  co s t s  of Total Co s t  (A)  
de c l in e  as t h e  debree of pl��t ut i l i s at i o n  i ncreas e s . In t he case of 

the per uni t  co st  curve of p l ant s i z e one sub c l as s ( c ) , the minimum per 

unit cost i s  recorded at a herd s i z e  o f  1 20 cows - the per unit co st 

curve is the refore "u " shaped • .1Q/ Bet H een plant size s ,  f o r  comparable 

cut-off poin t s , the p e r  uni t  co st increases as one moves from plant size 

one to plant size five . 'rhis is due to the p e r  unit cost o f  wages (at 

comparable cut-off points ) increasing as one moves from p la.nt size one 

to plant si ze  five and being of suffi ci ent magnitude to offset all other 

cash cost decreases . 

For example , the total per unit ca�11 co sts ( excluding labour ) at the 

cut -off point of plant size one subclasH ( c ) are 36 . 46 dol lars . The 

39 · i . e .  Total cash co st s . 

40 . '.L'he "u" shape is  due to the increase in the per unit co sts of casual 

and contract labour at a herd size  o f  136 co>·TS ( relative to a herd 

size of 120 cows ) , being of suffici ent magnitude to offset the per 

unit decreases in the other cash co sts . 
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per unit cost o f  (3mployed l abour i s  zero . '.therefo re the t otal per unit 

cash costs are 36 . 46 dollars . Comparable  figure s for the o ther plant 

sizes  are : 

Ple...nt size two subclas s ( c ) : Per unit c ash co s t s  excluding 
labour 3 2 . 20 do l lars 

Per uni t r;mployed labour co st s 12 .20 do l lars 

Per . ... unl � ' J'o tal i�o st (A )  44 . 70 d o l l ars 

Plant s i ze three subclass ( c ) : .->t?r uni t  CA.Sh co s t s  excluding 
labour 29 . 98 do 1 1Rrs 

Per unit 0 rn p loyed labour co sts  16 . 66 d o l L r1.rs 
Per uni t  'l'c1 t al Co st (A )  46 . 64 d.o l  l ars 

---

Plant s i ze four subclass ( c ) : Per uni t r • n. s h  costs exc luding 

labour 2 8 . 58 do L J  ars 

.Per uni t  r · r nployeei l abour co s t s  18 . 75 do l l ars 

Per Uni t  ' r 'o tal Co s t  (A )  47 . 3 3 do l l ars 

Plant size five subclas s ( c ) : Per uni t · · �Lsh co st s exch�ciing 
labour 27 . 94 do l lars 

:eer unit Prnployed l abour c o s t s  20 . 00 do l lar s 

Per uni t 'l'o tal Cos t (A )  47 . 94 do l lars 

'l'o t a l  Co s t  (13) 

Fi[;"J.re 7 .  30 shows the 11er unit eo :·, : . s of 'i'otal Cvst  ( B) ac cording to 

plant and herd size . 

V/i th the exception o f  the p e r  lmi t co s t  curve o f  plant si?.e one sub­

class ( c ) , within al l subelasses , the 1 ·er uni t c o s t  declines as the 

degree of �Jlant ut i l i sation increas e s . The per unit cost  curve of plant 

size one subc las s ( c ) i s  aG'ain "u " shap e d ,  the lowe st per uni t  co st 

being re corded at a herd size of 130 co·,... s .  

A comparison o f  the data relating t o  c o mparab l e  cut - o ff point s , 

indicate s  that the per unit co sts  increase as one moves from plant size 

one to plant size five . · The reason for this i s  that relative to plant 

size  one , for comparable  cut-off point s ,  lower per unit depreciation 

co s t s  are recorded at the cut-off points of plant sizes two to five . 

Such decline s ,  however , are not o f  sufficient magnitude to offset the 

increasing per unit cash costs di scussed earlier . 
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For example at the cut-off point of plant size one subclass ( c ) , 

the per uni t cash co sts are 36 . 46 do l l ars . 'l'he per unit depreciation 

costs are 3 .  26 do l lars . 'l'he per uni t 'l'o t al Co s t  ( 13) co sts  are there­

fore 3 � . 72 do llars . 

Comparable fi gure s fo r the o ther plant si z es are : 

Pl ant si z e  two subclass ( c ) 

Plant si ze three sub c las s ( c ) :  

Plant size four subclass ( c )  

Plant s i ze five subc las s ( c )  

'l'otal Co st (_J_ 

Per unit 

Per uni t 

Per uni t. 

Per uni t 

Per uni t 
Per tmi t  

:Per uni t 

Per uni t  

Per un.it 

?er uni t  

l)er unit 

Per uni t  

'l'o tal Cost (A)  
depreci at ion c o s t  

'i.'otal Co s t  ( B) 

'l'otal Cost (A )  
depre ci at ion c os t  

'l'otal �o st ( B )  

'l'otal Co s t (A ) 
depre c iation cost 

'1\o�c..l · ;d .:; t  ( B )  

'1'o tal Cost (A ) 
depreci a-;; i on c o s t  

Total l;o st ( B) 

44 . 70 dol lars 

2 . 60 do l lars 

47 - 30 do l lars 

46 . 64 do l l ars 

2 . 9 5 do l lars 

t1,9 . 5Y d o l l ar s  

47 - 3 3 do l lars 

2 . 72 do l l ars 

50 . 1 2 dollars 

47 · 94 do l l ars 

� do l l ars 

50 . 34 do l lars 

Figure 7 . j l  shows tile per unit co s t f; o f  'l'o t al \Jost  ( C ) ac cording to 

plant s i ze and herd s i ze . 

l<'igure 7 . 3 1 shoHs t hat wi thin each <:u bclass the p er unit c o s t  declines 

as the deeree of plant ut i l i sation incren.ses . Bet\-reen p lant s i ze s , a 

compari son of the per unit co s t s  o f  compn.rab l e  cut -off points indi cat e s  

that .the per unit co sts  increase from plant size one to plant size three 

and t h en decl ine slightly as o ne moves from p lant s i z e three to plant 

si z e five � 

• 
The reason for this i s  that as one moves from plant size one to plant 

size five (for comparable cut-off point s ) , the per unit interest co st 

declines . In the case of plant sizes t �>'O and three ( relative to plant 

size one ) ,  such decl ines are not of suffi cient magnitude to offset the 

increased per unit costs of Tot al Cos t  ( B) discussed earlier and con-

sequently , the p er unit costs o f  Total Cost ( c ) increase . However, in the 



case o f  plant s i z e s  four and five ( rela t ive to plant size three ) , t he 

decl ine s are of suffi cient ma�1itude t o  offs et the increases in the p er 

unit co s t s  of '.i'o tal Co st ( B) and hence t h e  per uni t costs of Total Co s t  

( c ) de cl ine . 

:E'or example , the per uni t co s t  of '.l' o t al Cos t ( B) at the cut -off 

point of p lant si ze one , subclas s  ( c ) i s  39 . 72 do llars . 'l'he p e r  un.i t 

int ere s t  co st i s  42 . 6) do l lars . The pnr unit cost o f  To tal Cos t  ( c )  

i s  therefo re o2 . )) do l l ars . Comparab l e  figure s for the other p lant 

sizes · are : 

Plant s i z e  h.,ro subclass ( c ) Per un i t 

Per uni t 
Per un i t 

Plant s i ze three subcla.::;s ( c ) Per un i t 
Per un .i t 
Per un .i. t 

Plant si ze four sao c l a s s  ( c ) .Per nn i l . 

Per u n ·i t .  

Per U J I I I . 

Pla."lt s i z e  five :.>ub class ( c ) r)er u n  1 I, 

Per un :i L 
Per un .i. t, 

'l'o tal Co st  (D) 

'..:'o"Lal Co st  ( B) 
i ntere s t co st 

'l'o t al Co s t  ( c )  

'l'o t al 0o s t  ( B) 
i nt eres t co st 
'...'o t al 

' '  ., 
I •I .. -4... 

, ,  +-vO S v  

Co s t  

\ ._; )  

( B) 
i r<c ere st co st 

'1'otal Co s t  ( I ' \  v ;  

'l'o t al Co s t  ( B) 
i n-:-,� rest c ost 

'l'o t al �o s t  ( c )  

47 . 30 do l l ars 

39 . )0 do llars 

86 . 60 do l l ars 

49 . 59 do l l ars 

37 .54 do l l ars 

87 . 13 do l l R.:r.'S 

50 . 1 ?. d o n  a r s  

3 5 . 86 do l l :us 

85 . 9tl do l l nrs 
- - --

50 . ;: . · do l l ars 

3 3 . '/� do l lars 

s4 . n  do l l ars 

}'igure 7 . 32 sho·.rs the per unit co s t s  of '.i'o tal Cos t ( D) ac cording t o  

plant and herd si z e .  

Within each sub c las s , th e pe r unit co s t  de clines a s  the degree o f  

p lant ut i l i sation inc reases . Betvreen plant s i z es , the per unit co s t s  

o f  comparabl e  cut-off points decl ine as one moves from plant s i z e  one t o  

plant s i z e  five . This i s  due t o  the inclus ion in 'l'otal Cost (D)  of the 

opportunity co st of the farm operator ' s  l abour . �uch a co st as di s -

cus sed i n  s ection 7 . 5  de cl ine s continuous ly as h erd s i z e  increas e s , and 

the decl ine s  are of suffi ci ent magnitude to cause the per unit co s t s  of 

Total Cost ( D) , for comparable cut-off point s ,  t o  fall as one moves from 

p lant s i ze one to plant size five . 
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},or example , t h e  p er unit c o s t  of Total Cost ( c )  at the cut -off point 

of p lant s i z e  one subclass ( c )  i s  82 . 35 do l l ars . The per unit o ppo rtunity 

co st o f  t h e  operat o r ' s  l abour i s  22 . 06 dol l ar s . 'l'he p e r  unit co s t  o f  

'ro t al Cost ( D) i s  t h e refore 104 . 41 doll a rs . Comparab l e  figure s fo r the 

other p l ��t s i z e s  are : 

Pl ant s i ze t wo sub c l as s  ( c ) Per uni 1; 'l'otal Cost ( c ) 86 . 60 

Per uni t c o s t  of operato r ' s  1 2 .20 
la.bour 

Per uni t  'l'ot al Cost ( D) 99 . 10 

Plant s i ze three sub c l ass ( c ) :  Per uni t  'l'otal Cost ( c )  87 . 13 

P e r  uni t c o s t  o f  o perato r ' s  
l abour 8 . 3 ) 

}Jer lmit 'l'o t a l  C o s t  ( D) 95 . 46 

Plant s i z e  four subc las s ( c )  Per uni t  'l'o t a l  Co s t  ( c ) 85 . 98 

Per uni t co s t  o f  operator ' s 
labour 6 . ?.2 

Per uni t  'l' o t al Co s t  ( D) 92 . 23 

Pl��t s i z e  five subc lass ( c ) Per uni t '.i.'ot al Co s t  ( c )  84 . 13 

Per uni t co st o f  operato r ' s  
labour s . oo 

Per unit 'l' o t al Cos t  ( D )  89 . 13 

'rotal Co s t (B) 

Figure s  7 . 33 and 7 . 54 show the per unit co s t s  o f  Total Co st ( E )  
ac cording t o  p lant and herd s i z e . 

Figure '( . ) ) sho ws the relat i onships when the l evel o f  mi lkfat 

do llars 

do l l ars 

do l l ars 

do l l ars 

do l lars 

do l lars 

do l l ars 

dol lars 

dol l ars 

do l l ars 

do l l ars 

do l l ars 

pro duct ion per co H is cons :� . .  t over t he comp le t e  range of h erd and plant s i z e s  

s tudi e d , wh i l e  }'igure 7 . 34 shows the re lat ionships ·.vhen t h e  l evel o f  

milkfat production per co w is a func t ion o f  plant si ze and herd size .  

Figures 7 . 3 3 and 7 . 34 show that t{lP  pat t ern of  the per unit cost 

curves is s imilar to those shown in Figure 7 . 3 2  ( i . e .  the per unit cost 

curves of Total Cost ( D) ) .  'l'ha t is : 

a)  \<fithin each subclas s ,  the per unit cost decreases  as the 

degree of p lant utilisation increases ;  



b ) Between plant si z e s ,  the per unit co s t s  o f  comparabl e  cut-off 

point s decrease as one move s from plant size one to plant 

si z e  five . 

As the o pportunity co s t  o f  the farm ope rato r ' s  management is  ass e s sed 

at a percentace o f  gro s s farm income , i t  fo l lows t hat when t he l evel o f  

mi lkfat produ c t i on p e r  cow remain s cons tant over t he comp l e t e  range o f  

h erd s i z e s  s tudi e d ,  t h e  per uni t  o ppo rtu n i ty c o s t  o f  t h e  o perat o r ' s 

mam:.c-ement remains c ons t ant . £rlJ Cons efJ ' <en t ly ,  bet He en plant s i z e s , fo r 

co mparable cut -off r oint s ,  the per unit co s t s  de crease as one move s from 

p l ant s i z e  one to pla.'1t s i z e  five , b e c a1 J n e  t h e  p e r  unit co s t s  are 

obtained by adding a cons t ant sum to the per c:ni t  co s t s  of To t al Cost ( D) . 
Hence the patt ern of the p e r  uni t  co s t  cn rve.s i s  sinilar t o  t hat of 

Figure 7 . 3 2 .  

\•/hen the l evel o f  milkfat .i ' :ro du 8 t i o n  per co1.; vari e s  w i th plant and 

herd s i z e , the per uni t  o ppo rtw1ity co s t  of the farm operato r ' s  management , 

for compar�ble cut - off �oin t s , de creas e s  as one mov e s  from p lant si ze one 

to plan t  s i z e  f ive . Cons e quen t l y  in t h i s  c as e , the t rend not ed in 

Fieure '{ . 3 2 o f  decline s in the per uni t  c o s t s  ( i . e .  �·otal Co s t  ( D ) ) for 

coiT,parabl e  cut -off point s , as one r1ove s fro:n p l ant si z e  one to plant 
4 2 1 

size five i s  ac centuate d . � 
'l'hi s i s  d u e  to the p e r  unit cost s , for 

comparab l e  cut - o ff point s ,  a s  o n e  rr.ove s  f ro m  plant s i z e  o ne t o  pl ant s i z e  

fiv e , be inG o b t aine d by addinc a de crean-L n e  sum t o  the p e r  unit co sts o f  

Total Co st ( D ) . 

Gro s s  Farm Income 

Con s t ant I'-1i lkfat Pro duct i on pe r Covr ( 3 3  cent s per pound .of inilkfat ) 

'.-Jhen the level of milkfat pro du c t i o n  per COH i s  constant ove r the 

complete ranee o f  herd si zes s tudi e d ,  the per unit gro ss farm income 

4 1 . Minor variations do o c cur , hovrever , due to the number of cull sto ck 

s o l d  being expressed as i nteeers . 

42 .  i . e .  Between plant s i zes , for com parable cut -off point s ,  the abso lute 

difference in the per uni t  co s t s  increase when the per unit costs are 

expressed in t erms of Tot al Cost (�) . For examp l e , the absolute 

difference in the per uni t  co sts  of plant si z e  one subc lass ( c ) and 

plant size five subclas s ( c ) Hhen expressed in t erms o f  Total Co st 

( D) is  15 . 29 do llars . VJhen expressecL in terms of Total Co s t  (E) the 

difference i s  1 5 . 60 do llars . 
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approximates 118 do l l ars per CO\v .  (Minor variat ions between herd sizes 

do o c cur due to  the number of cul l  sto ck s o l d  being exp ressed a s  inteeers . ) 

Variab l e  Hi lkfat Pro du c t i on per CO\v ( 3 3  cent s p e r  pound o f  mi lkfat ) . 

FiGrure '( . ) j  shows tne p e r  uni t  ero s s  farm in come , according to p l ant 

s i z e  a.:1d h e rd s i z e , when mi lkfat pro duc t .i on p e r  coH i s  a func tion o f  p l ant 

s i z e  and he rd s i z e .  \.fit .1 i n  each p lan t : :  i ;� e ,  due t o  t he 1 . .  · · l of milkfat 
pro du c t i o n  per co w bei;>_; expre s s e d in t f' nn s  o f  a l inear func t i o n , .12/ the 

per uni t  i nc ome d e cl ine s as herd. si ze i n r� reases . 'l'he five _per uni t  

gro s s  farm income curv e s  are no"t st raigh t. l in e s , due t o  minor vari at i on s 

betHeen herd si ze s in the propor t ions o f  cu l l  s to ck so le . 'fhe pe r  uni t 

gro s s  farm inco me fal l s  from a maximum o f  148 . 60 do l l ars in the case of 
60 cow he rds ( p l ant s i z e  one ) t o  1 1 )  . 40 d o l lars per c o w  in the cas e o f  

600 CO \·J herds ( plant s i z e  five ) . 

7 .  8 SUI�·:J'>.RY 

In th i s c: apt e r ,  a det ai l e d  ac count has b e e:;L given o f  t he way in 'Vhi ch 

the ll e r  uni t c o s t s  o f  the vari ou.s r e sourr; e s  vary Hi th ciw.nge s in p l an t  and 

herd s i z e . 'l'he magni tude of the co st v -1.riat i ons is indi c at e d  and t h e  

�w,ner in whi ch the variat io�s ari s e  di s c us s e u . 'l'he r e sul t s  sho�J that 

Hith fev; exce 9tio n s , co s t  a.dvnntar;e :.> ac crt...e -;;o t he farms of the lareer 

plant and herd s i z e s , rela t ive to p lant s i <- : or ... e farms , be cause of lov;er 

per uni t  re source c o s t s . In mo s t ins t an c e s , the co s t  advant ages ari s e  

b e co..us e of proport i onal i ty relati onships . 

4 3 ·  'fhe linear funct ions are of the natu re 

whe re 

y b - ax 

y i s  the l evel of milkfat production per CO\v 

x is  the h erd size 

a and b are cons tant s .  



CHAPTER EI GH'l' 

'l'HE COST - S I ZE ANJJ PHOFI'l' - SIZE H !�L,\TIONSHIPS 

8 . 1  Hi'"'l'RU ::JUC'l'IUN 

In this chapt e r ,  the nat ure o f  the co s t - s i z e  and p ro f i t-si ze 

re lati onships are di s cus se d .  

In the fi r s t  part o f  the chap t e r , t e n  s eri e s  _1/ of short run 

average co s t  curv e s  and the corre sponding l o�e- run ave rage curves are 

di s cus s e a .  Bo th H i  thin and b e h1 e en subc l as s e s ,  the range s of herd 

size<> and c-ro s s  farm income s , over Hhi ch c ont inuous r e du c t i ons in the 

total co ::: t p e r  uo l lar o f  cro � s  i nc ome o ccur , are i ndi cat e d .  

'l'he co s t - s i z e  rel ati onsh ips are furthe r examine d •t�hen the output per 

l abour uni t  data o f  t he repre s entat ive f arms , appro ximat e s  tho s e  of 

corre sponding surve,y farms . 

'l'he s e c ond part o f  the chapt e r 1Jr e H cnt :::> fo ::::- each o f  the s e ri e s  o f  

short run ave ra�e c o s t  curve s ,  the co rro n ponding s e ri e s  _.1/ of short 

run net inc ome curve s ;  and fo r e ach o f  the t en long run avera�e co st 

curve s , the correSJ..10ndin� lonG run net i n co me curve . 'l'he nature o f  

the pro f i t - s i ze re la ti on .:; hips a r e  di s cu :; � e d  and th e minimum h erd s i z e  

and nilkfat pro du c t i on re�uire d ,  f o r  � h e  entrepreneurial i nc ome o f  e ach 

subclass t o  b e  p o s i t ive indi cat ed . 

Final ly , in the third part o f . the chapt e r , a breakev en analy s i s 

of the r e:mlts is p r e s en t e d  Hhi ch al lO'.-I S  the e ffe ct of chang e s  in the 

as sumpt ions of the analysis , upon th e sh ape of the long run average cost 

curv e s , t o  be s tudied . 

The di agrams showing the s erie s o f  co s t  and income curves discussed 

in this chapter are shoHn in Appeno.ix D of Vo lume II . 

1 .  A series  of short run average cost curves i s  the fifteen short run 

average curves (one for each subc l aHs ) derived from one o f  the 

five cost revenue ratios . 

2 .  A serie s  of short run net income cu rves i s the fifteen short run 
net income curves derived from one of the five net income figures . 

/ 



8 .  2 SHORT RUN AND LONG RUN AVERAGE CO S'l' CURVE0 

Int ro ductor" Comment s 

Short run and lone run avera�e co s t  curve s are derived for five � 
l ev e l s  of mi lkfat pri ce . Ji'or an;y e;iven l eve l o f  milkfat 

pri ce ,  c o s t  curves are cons t ru c t e d  for tHo l evel s  of milkfat pro du ction 

per co 11 . l<'i rs t ,  c o s t  curv e s  are deve l o pe d  for the assumpt i o n  t hat the 

l evel of mi lkfat pro u.u c t i on pe r cow r ema i n s  c om; tant irrespe c t ive of 

pl a.'1.t and h erd. s i z e , and s e cond , co st cu rves  ·are deve l op e d  for the 

as sumpt i on that t h e  l ev e l  o f  mi l kfat p ro d u c t i on per c ow vari e s  with 

chane;e s in plant and h erd s i z e . FinaLl y ,  for any e;iven m i l kfat p ri c e  

and l eve l o f  mi l kfat pro du ct i on p e r  co ·w , five s eri e s  o f  c o s t  r evenue 

rat i o s  ( and hen c e  five seri e s  of co s t  cu rv e s ) are p ro duced . Con­

se quent ly fo r any given l eve l of mi l kfat pri ce ,  te . .  s eri e s  of short run 

averae;e c o s t  curv e s  and t en long run ave rae;e co s t  curves are de rive d .  

A dia&rammat i c  repre sen tat ion o f  t h e t en l ong run average co s t  curves 

as sociat ed Hith any given l e vel of milkfat price i s  s hown in Fie;ure 8 . 1 .  

Fi mre H . l  Di e.p;ra."'lY.lat i c  Rc·ore s ent a t i on o f  the t en L . R . A . C ::;urv e s  

ad s o ciated. with e ach mi lkfat pri ce  

Co s t  Revenue Rat io 

C o s t  Revenue Rat io 

/ Constant mi lkfat Co s t  Revenue Rat i o  

per co w 
Co st Revenue Rat i o  

Co st Revenue Rat i o  

Mi lkfat pri ce 

\Variab l e  

Cos t Revenue Rati o  

Revenue Rat i o  

milkfat Revenue Rat io 
per cow Cost Revenue Ratio 

Cost Revenue Ratio 

For simplicity , details of the ten long run average cost curves 

( 1 )  

( 2 ) 

( 3 ) 
( 4 ) 
( 5 )  

( 1 ) 

( 2 )  
( 3 ) 
( 4 ) 

( 5 ) 

are presented for only one level o f  milkfat price ; 33 cent s per pound 

of milkfat ._A/ This price i s  chosen as i t  is thought to approximate the 

3 .  The five levels  of milkfat price are : 25 , 27 . 5 ,  30,  33  and 3 5  

cents per pound of  milkfat . 
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· 4 · Data concerning the long run averae;e cost curves for the other four levels 

of milkfat price ( i . e .  as mentioned above ) are lodged in the Farm 
• 

Management Department , Massey University and are available on request . 
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price whi ch vrould be paid to dairy farme rs in the t1ana•,..ratu ,  in the 

1970/71 dairying season . All co s t  curves presented in this chapter,  

are based upon an interest rate for the Group One resources of six per 

cent and an int arest rate of s even per cent for the Group Two re sources . 

8 . 3 ::>HOR'l' RuN .�.J LONG .:i.UJ'f AVE!U\G::; CO S'l' CURV?�::; - CONS'l'A:.\'T MI LKFAT PER CO'vl 

1 �  Cost  Curve s  derived from the Fir s t  Seri e s  o f  Cost  Revenue Ratios I 

Figure 8 . 2  sho vts the fifteen short run avera&e co st curve s and the 

long r�� average cost Clrrve const ructed from the first s erie s of cost 

revenue ratios . 

Hith one except ion,_2/ the co st revenue ratios of al l short run 

avera�e cost curves , decline cont inuou s l y  as gro3 s  farm income increases . 

Consequently , with o ne excep t ion , the lowest co st revenue of each sub­

class i s  re corded at the cut-off po int . 

:E'urther , for comparable cut -off IJOi nt s ,  t h e  cost revenue ratio s 

increa3e as one moves from plant s i z e  one to !Jlant si z e  five . 'l'his is 

due to the increase in the per unit co s t s o f  '.i'o t al �os t  (A )  a3 one moves 

from plant s i z e  one to  plant size  five o nd the fact t hat per  uni t  gros s  

farm income a1;proxima t e s  l H l  do l lars per co1' , over the complete range 

of plant and h erd s i z e s  studi e d .  As d i s cus s e d  in section 7 . 6 ,  the 

increase in the per unit co sts  of 'l'o tal 1 ;o s t  (A )  is du e to the increase 

in the per unit cost of  e::'I£lloye d labour b.-j ine o f  suffi ci ent magni tude to 

dffset all o ther cash co st decrease s .  

In the case of p lant sizes two to five , within each of  the three sub­

classes  of e ach plant size , the cost  revenue ratios decl ine as one moves 

from the cut-off point o f  subclas s  ( a ) to the cut-off point o f  subclass 

( c ) . Such a reduction is due to  the ctecrease in the per unit co sts  of 

Total Cost · (A ) . In t he case of p lant si �e  one , hovtever ,  the l owest co st 

revenue ratio is  recorded at the cut-off point of  subclass ( b ) . In the 

case of plant size one subclass ( c ) , the per unit increase in t he cost s 

of casual and contract labour on farms o f  herd size in exces s  of 120 cows , 

i s  of sufficient magnitude to offset al1 o ther cash co s t  decreases and 

cons�quently the cost revenue ratio at t i l e  cut-off point i s  ereat er than 

that at the cut-off point of subclass (b ) .  

5 . 'rhe except ion i s  the short run average co st curve . o f  plant size  one 

subclass ( c ) . The loHest cos t  revenue ratio of this parti cular short 

run average cost curve is reco rded at a herd size of 1 20 cows . 



As tpe re sour ces whi ch compri se the fixed y l rillt are no t c ontinuous ly 

divi s i b l e , the long run avera5e co s t  curve is s e t�ent ed . It i s  important 

to not e  that the l ong run ave raGe co s t  r, J_trve compri s es s egment s of al l 

fift e en _2./ short run averag-e c o s t  curve s . Thus each subclass of each 

p lan t s i z e , repres ent c; the l e c:. s t  co s t wa:r and hence mo s t  profi tab l e  Hay 

of pro ducin£ parti cular range s o f  gro s s  farm incowe . AlthOUGh i t  i s  

not pos sib:i.e t o  dra\.; an envel ope curve tan,:;ent t o  t h e  short run average 

co s t  curve s ,  the nat ure o f  the l ong run ave rage co s t  curve can be 

examine d oy : 

a )  Dravring a line '.vhi ch i s  t angen t to the sho r t  run average 

cost curve of plant s i ze one s u b c l as s  ( a ) . 

b )  Ext ending such a line throu.::;h t h e  cut - o ff p o int s of 

comparab l e  subclas s e s . _2/ 
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A line o f  thi s nature , Hi l l  fo r t h e  remainder o f  the di s cus sion , be term e d  

a t race curve . In Figure 8 .  2 ,  the t race curve i s  dravm through the cut-

off point s of sub c l a s s  ( c ) and i s  repre s ent e d by the l ine 'l' C - 'l'C ' .  The 

t ra c e  curve in },i eure 8 . 2  i s  "u " shar,e a . The ini tial point i s  the 

s tart point o f  the short run avera.:;e e o , ;  t curve o f  p l ant s i z e  one , sub­

C l a.:; s ( a ) , _!i/ the loH point i s  the low po int of t h e  sho rt run ave rage 

cost cur v e  of p lan t  s i ze one subclas s ( c ) a:'ld. the fir.al point i s  t he 

cut - o ff point o f  p lan t  s i z e  five subcl<h : s  ( c ) . 

2 )  Co st Curve s Derived frorr. the :1e co::1d Seri e s  o f'  Co s t  Revenue Rat i o s  

Figure 8 . )  shoHs the sho rt run ave rase c o s t  curv e s  and t he long run 

ave rar:;e c o s t  curve cons t ruc t e d  from the s e cond s eri e s  o f  co s t  revent:.e 

rat i o s  • 

. Again Hith the except i on o f  t he short run avera8"e c o s t  curve of 

p l ant s i z e  one subcla::os ( c ) , the co s t revenue rat i o s  of al l short run 

6 .  }'or each o f  tne t en L . R . A . C . curves ·wh i ch can be d rawn fo r e ach level 

of m i lkfat pri ce , the L . R . A . C .  curve is s egment e d  and compri s e s  s eg­

ment s of all fift een S .R .A . C .  curve s .  Further in a l l  cas e s , the 

L . R . A . C .  incl ude s the ent i re S . R . A . C . curve o f  p lant si z e  one subclas s  ( a ) . 

7 . In c ircumstan c e s  when a .S . R . A . G . curve i s  "u " shap e d , the l in e  shoul d 

be drawn t angent to the 10\v point of t he S .R .A . C .  curve in que st ion 

rat h e r  than through the cut -off point . The l i ne should be such that 

it t race s out the shor t e s t  di stance between comparab l e  cut -off point s .  

8 ,  l<'o r a l l  trace curves , the ini tial point i s  the start point o f  plant 

s i z e  one , subclas s  ( a ) . 



average cost curves ,  decline continuousl.v as gross farm income increases . 

A compari son o f  the data rel atinfi Lo comparabl e cut -off po int s 

indi cat e s  that the c o s t  revenue rat i o s  i n creas e  as one mov e s  from p l ant 

s i z e one t o  plant s i z e  five . fhe rea� o n  fo r the increase is  that 

although t he per uni t  de1Jre ci at ion co ::; t : ; ( for comparab l e  cut-o ff point s ) 
decline as one mov e s  from plant s i z e  one t o  plant s i z e  f ive , such 

de crea s e s  are not o f  suffi cient mazni tmle , to off set the p e r  u.ni t 

increas e s  in To tal Co st (A) . Conseque n t l y  the p e r  unit c o s t s  o f  Total 

Co s t  ( B )  increas e  as one move ...; from p la n t  s i z e  one t o  plant s i z e  five . 

Again for plant s i z e s  tHo to five , t he co s t  revenue rat i o s  de cl ine 

as one move s  from sub class ( a )  to sub u l a � s  ( c ) . (Thi s i s  due t o  t h e  

de crea s e  i n  the p e r  unit co � t s  o f  To t al Co s t ( B) . )  In the cas e  o f  

plant s i z e  one , hov• eve r ,  t h e  l o :" e s t  per uni t  c o s t  i s re corded at a herd 

size of 1 3 0  covrs , on the short run average co s t curve o f  subclas s  ( c ) . 

'.L'he t race curve i s  ae;ain "u " stc:.p e rt , the lo-west point b e i ng the 

low point of the short run averac:;e co s t  curv e  o f  p lant si z e  one subclass 

( c ) , and the final point b eing t h e  cu t - o i 'f lJOint of pl ant s i z e  five 

sub clas s ( c ) . 

3 )  Co s t  CL:.rv e s  Derived fro::t t he '-:'hirci :;eri e s  o f  C o s t  Revenue Rat i o s  

'l'he .short run ave .ra.:::;e co �->t cu:::ve s c-.nO. the lone ru n  averac;e c o s t  

curve ba s e d  upon the third s eri e s o f  co s t  revenue rat i o s  are shown in 

Figure 8 . 4 .  

For al l fi ft een s ho rt TIL'1 average co s t  curv e s , t::e co st revenue 

rat i o s  d e cl ine continuously as ero s s farm inco:r.e increas es , and the 

lowe st point o f  each of the fi fteen short run ave ra�·e cost curves 

corre sponds iD the cut -off point . _2../ 

A compari son of the cost revenue ratios relatin� to comparable  cut­

off points  reveals that the co st revenue ratio s ,  increase as one moves 

from plant si z e  one t o  plant size three but then decline s l ir;htly , as 

one moves from plant size three to plant H i z e  five . This is explained 

by the fact that as one moves from plant size one to plant size five , 

9 .  The short run average cost curves constructed from the fourth and 

fifth series of cost revenue ratios are o f  a similar nature . That 

i s ,  for all short run average co st curves , the cost revenue ratios 

decline continuously as the
.
degree of plant utilisation increases . 
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the per unit int erest co st s for co�para b l e  cut -off point s  decl ine s . 

In t h e  case o f  plant sizes tHo and thr e •.: , relative to p lant s i z e  one , 

such d e cl ine s are no t o f  suffi ci ent rr;aL'Ti i tud.e , to offs e t  the p e r  unit 

increases in Total Cost ( B) . However , in the case o f  p lant s i z e s  

four and five , t h e  cie crea s e s  i n  the per uni t  int erest co st s ,  re lat ive 

to p la�'1 t s i z e  thre e , are o f  suffi cient lllagni t ude , to c ause the p e r  uni t 

co s t s  o f  To G al Co s t  ( 8 ) to d e c l ine as o n e  moves from plant s i z e  three 

to plant s i z e five . 

Al l thre e cut -off po ints of each p l ant s i z e  conform to the s ame 

pat -c e rn . 'l'hat is the c o s t  revenue rat i o s  decl ine as one move s  f rom 

sub c l a s s  ( a ) to subclass ( c ) . l.Q/ ('l'h i s  i s  due to the per uni t  d e c line 

in t h e  Total Cost ( c )  as one moves from subcla3s ( a ) to subclas s ( c ) . ) 

'l'he trace curve i s  in th i s  case " s "  11/ shap e d. . The lowe s t  point 

is t he cut -off point of p lant size one tmbcla<:;s ( c ) and the highe s t  

po int , the cut -off point o f  IJ l ant s i z e  t h ree sub c l ass ( c ) . 

Vli th three e x c e p t ions , 1.]) co s t  r•" v e nue rat i o s  in exc e s s  o f  1 .  0 
are re co rde d over the initial de5re e s  o r  p lant ut i l isation of a l l  sho rt 

run averaee co s t  curv e � . :':iuch a. ratio indicates that on such repre -

s ent at ive farms , l o s s e s  are r e co rde d .  

4 )  C o �=; t l\<rve ::, D2rivr:c, f:::-o rn t h f; Your. i l 1  S e r i r: r; o f  Co s t  Hevem1e Hat i. o ::-

l<'igure Cl . )  sh 01.,; s the sh o r t  run ave rrl.ce co s t  curv e s  and t h e  l o ng run 

averace co s t  curve cons t ru c t e d  from the fourth s er i e s  o f  co s t  r e venue 

rati o s . 

A compari son of the c o s t  revenue rat i o s  relating to comparable 

cut - off point s fo r this s erie s  o f  co st curve s  indi cate s  that the co st 

10 .  The short run averace c o s t  curves derived from the fourth and fi fth 

serie s  of co s t  revenue ratio s  are s i mi lar , in tha t.  fo r both plant 

s izes , the. co st revenue ratios de crease as one moves from subclas s 

( a) to subclass ( c ) . 

l l . The t race curve i s  s imi lar to the l e t ter " s "  in shape , turned upon, 

i t s  side , i . e .  � 
12 . The · three excepti ons are : 

Plant size one , subc las s ( a) ; 

Plant s i z e  t wo , subclasses ( a) and ( b ) � 
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1 ,,venue ratios decline as one moves from plant size one to plant s i ze five . 

Thi s  i s  due t o  the inclusion in the tot al co s t s , from Hhich the co st 
revenue ratio s are derived , of the oppo r tuni ty co st of the farm operator ' s  

labour . 'l'he per unit co s t of the farm o pe rat or ' s  lab our de cl ine s 

cont inuous ly as he rd s i z e  incre as e s  and t he de cl ine s are of suffi ci ent 

niabni tuae to cause t h e  p er uni t  co s t s o f  'l'o t al Co st ( D )  to fal l as one 

moves f rom plant s i z e one to p l ant s i z e  five . 

'l'he t race curve i s  in th i s  case " L "  shap e d Hi th the final po int and 

the l Oi-r e s t  point be ing the cut - o ff point o f  ;J lant size five , sub c l as s  ( c ) . 

Fo r all fi:t e en subc las s e s , co s t  revenue rat i o s  great er than 1 . 0 

are re corded by repre sen tative farms c o rrespoc, . int; t o  th e init ial degr e e s  

of plant ut i l i sati on . 

5 ) Co s t  Curve s Derived from the Fifth 0 e ri e s  o f  Cost Revenue Rat i o s  

J:r,ieure 8 .  6 sho 1vs tlh� fift een short nm average co s t  curves and t h e  

long nm ave rage co s t  curve cons truct e d f 'rom t he fi fth s eri e s  o f  c o s t  

revenue rat io s .  

In this ca3 e , th e c o s t  revenue rat i o s  o f  co mparab le cut -o f f  po int s  

also de crease a s  one mov e s  fro� p l ant s i � e one t o  plant s i z e  five . As 

-che o pportuni ty c G s t  o f  t he o p erat or ' s  nmne:.geric.l input is in al l c a s e s  

a;:; s e s s e d  as s ix p e r  c ent o f  t h e  gro s s  farm incorr:e and as the p e r  uni t  

gro s s  farm incorr.e over the co :' . , . ::..e t e ran[;e o f  IJ lant an d  herd s i z e s  s tudied , 

approxi mat e s  l l tJ  J.o l lars p er coH , i t  fo l l ows that the per uni t c o s t  o f  

the operato r ' s  manage rial input approximat e s  s even do l l ars per c c w  over 

the comp l e t e  range of p lant and herd sizP.s s tudi ed . The inclusion o f  

the opportunity co st  o f  the operator ' s  manage rial input , therefore , does 

n o t  alter the pat t e rn o f  the short run ave rage co st curves noted in 

Figure 8 . 5 .  Hence the trace curve is acain " 1 "  shaped Hith the final 

and lowest point b e i ng the cut -off point of p lant size five subc l as s  ( c ) . 

Again for all fift een plant sizes , cost revenue ratios rrreater than 

1 . 0  are recorded by the representative farms , corresponding to the initial 

degrees of plant util isation . Proportionately more o f  the representative 

farms , however �  record cost revenue ratios  in excess of 1 . 0 , when the _  

cost curves are derived from the fifth seri e s  of cost revenue rat ios . 

For example , of the 129 representative farms from lvhi ch a long run average 

co st curve i s  constructed , when the long run average co st curve i s  

constructed from the third seri es o f  short run average cost  curves ,  12  

repres entative farms record a co st  revenue ratio greater than 1 . 0 .  



\'l'hen the long run avera0e co st curve is  derived from the fourth series  

of short run average co st curves ,  the co st revenue ratios of 47 

representative farms are great er than 1 . 0 and Hhen the curve is  con­

struc t e d  .from the fifth s erie s of co s t  curves ,  co st _· evenue ratios 

dTeat er than 1 . 0  are observed on 72 representative farms . 

t3. 4  SHQR� RU:� A!'!D LONG RUN AVERAGE �;o ::i�' C URVES - VARIA3LE IoiiLKFAT PER CO\-/ 

l )  Co st \Jurve s Derived f :!:'orn the Fi rst � )eries  o f  Co st  Hevenue Ratios  

'l'he short run average c o s t  curv e s  and long: run average co st curve 

derived from the first s erie s o f  co s t revenue rat i o s  are shO\·m in 

l<'ieure o . 7 .  

In the case of :t' lant s i z e s  tiw t o  five , the cost  revenue ratios  of 

al l short run average cost curv e s  decl ine cont inuously as the eroas  

farm income increases and conse quent ly t h t?  loHe st co st revenue ratio in 

each case i s  record.eG. a t  the cut-off point . '.!.'he short run average co s t  
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curves of plant size one subcla::; s e s ( b )  u.nd. ( c ) , hoHever , are "u" shaped.ll/ 
'-'he short run averase c o s t  curve of subc l a s s  (a )  i s  sinil ar to those  

of p lant s i zes  two to  five . 

For com:)ar.s.bl e  c -.; <;-off point s , the c:o st revenue rati o s  increas e as 

one moves from plant s i z e  one to  plant s i z e  five . �his is due to  the 

fac t  thac; for comparable cut-off point s , as or.e rioves from _tilant s i z e  one 

to plant s i z e five , the lJer unit cash costs increase and further , the per 

unit gros s farm inco�e decreas e s . 

For plant s i z e s  two t o  five , within each p lant size , the co st revenue 

ratios at the cut-off point s de crease as one moves from subclass ( a )  to 

subc lass ( c ) . This i s  due t o  the de crease in the per unit cash co sts 

being o f  suffi cient macnitude to offset the effect  of the decrease in 

the per uni t  u-ro s s  farm income . In the ca�> e  of p lant s i z e  one , hO\vev e r ,  

the cost revenue rat i o s  a t  the cut-off po int s increase as one moves from 

13 . The short run avera&e cos t curve o f  plant size  one subclass ( c )  

is "u" shaped be cause of : 

i )  The increase in the per unit cash costs of herds o f  over 120 co;.,rs . 

ii)  The decline in the per unit gro s s  farm income which accompanie s 

increases in herd siz e .  

'i'he short run average co st curve of plant s i z e  one subclas s ( b )  i s  

"u" shaped because over the range o f  110 - 1 2 0  cows '· the decline in 

uni magnitude to offset 
·. ·. 



subclass (a )  to subclass ( c ) . 11/ 

A t rac e curve draim throu.::;h the c:u t-ofr' p o int s o f  su bclass ( c ) i s  

a,_;ain "u" shap e d . 'l'he lo· .. ,.est  po int i s  the cu t-off po int o f  p l ant size 

one subclas s (a)  an d  the final po int i s  the cut - off point o f  p l ant s i z e  

five sutcl a�; s ( c 1 • 

'..L'he short run average eo :, : cc;.rve s  an�i long ru..--:. averac;e co s t  curve 

derived from the s e cond s e ri e s  o f  co s t r.::venue rat i o s are ::;ho•,;n in 

l"iE:;,ure 8 . 8 .  

'l'he short run averace co st  curve s o f  p lant s i z e s  t wo t o  f ive are 

a.::,ain ctara c t e rh; e d  b�.r a cont inuous d e c l i ne in t h e  co s t revenue rati o s 

as gro s s  farr:1 inc o .. :.-.:: i r.creas e s . In t i c  c as e  o f  p lant s iz e  one , t h e  

short ru.n ave rage cost curve o f  su-bclas:-; ( c )  is .s.gain "u " s h.s.ped . 

'l.'he s:-tort r...-n avera0·e co s t  curve..s o f  subc l a.s s e s  ( a ) ar..d ( b ) , ho wever , are 
l ;:: I 

simi lar to tho s e  of  �1lant s i z e s  t1-1o to fi vc . .!:..2i 

Par corr,p arab l e  cut-off _po int ::; ,  t n e  c..o st rev enue rat i o s  increase a s  

o r.e move s fron plant s i z e one t o  ; ,lan: size  five . 'l'hi s  i s  ciue t o  the 

per unit co s t s  of '1'otal Co s t  ( B ) ir, c rea�:inc ar:d "c rte p e r  unit GTO S s  farm 

income d e creas inc; as one rr.oves from v lan L size  one t o  p l an t  s i z e  five . 

The co s t  r ev erme rat io s at the cut -off point s o f t h e  three subc l as s e s  

o f  e ach p l ant s i ze at,rain conform t o one of t v10 patt erns . 'l'he c o s t  

:_·, ,venue rat i o s o f  p l ant s i z e s  t Ho to f'i ve de cre c..s e  c..s one mov e s  from sub-

c l a s s  ( a )  to sub clas s ( c ) .  �he co s t  rev�cue rati o s  o f  p l ant s i z e  one , 

hoHever , increas e as one move;:; :'rom subc J as s ( a ) to subclas s ( c ) . 

14 . In t h e  cas e o f  subc l a s s  ( c ) , t h i s  i s  due to the inc rec>.se in the p e r  

uni t  c ash c o s t s and t h e  d e creas e in the p e r  unit cro s s  farm income , 

1-1hi l e  fo r subc las s ( b )  th i s i s  due to de crea s e in t h e  p e r  unit gro s s  

farm income beine of suffi ci ent rnacn i tude t o  offs e t  the e ffe c t  o f  

the s l i ghtly lower per uni t  cash cos t s .  

1 5 .  'fhe short run average cos t curv e s  con structed fro m  the t hi rd , fourth 

and fifth s e ri e s  o f  co s t  revenue ra t io s al so confo rm to t h i s  pat t e rn . 

'l..'hat is , t h e  co s t  revenue ratios of al l sho:::.-t run ave rage curve s ,  

w i t h  the exception o f  that of p l ant s i ze o ne s ubclas s ( c ) , . de cline 

cont inuously as the degr e e  of plan t  utili sat ion increas e s . 

-- _ __  .. _ _  
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'rhe trace curve i s  "u " shaped Hith the lo'tT point o c curring at the 

cut -off voint o f  p lant s i z e one subc las s ( a) and the f inal po int i s  the 

cut-off po int of  l) l ant size five subc l as s  ( c ) . 

3 )  ...;o s t  L-'urve s  Derived from the 'l' h i r d  �eri e s  o f  Co s t  Revenue Hat i o s  

'l'he short rur. averae;e co s t  curves an rl  long ru:'1 average c o s t  curve 

derive d f rom the third series of co s t  rev enue rat i o s  are shown in 

A corr.pari son of the co s t r evenue ra t io s of cor:;paraole cut -off point s 

indi cates  that firs t , the c os t revenue ra t i o s  of subc las s e s ( a ) and ( b ) 

inc reas e as one moves f rom plan� size one to plant size  five . Second , 

the co s t  revenue rat ios at the cut-off �o int s of subc las s ( c )  inc rease 

from plant s i z e one to lJl an t  s i z e  four nnfi t ::�n decline s l igh tly as one 

rr.oves f ror.1 j)lan t size fou.r to plant s i z e  five . 

The d e c line in t be co ;:; t  r evenue rc;.t i u  at t!:1e cut.- o f:' point of  p lant 

s i z e �ive subcla.:> s  ( c )  i s  .... . -c.l� t o  t he o e creas e in t he p e r  uni t co s t s  o f  

'i'otal -..:o s t  ( ...; ) be ing o f  su.:.'fi cient maJ.i t;ucte: t o  offset t h e  effect of the 

c. e c line in the p e r  i..i..'1i t �TO S S  far�!! inco;nt-! . 

'J'he c o s t  revenu e  r at i o s  a v  'the cut - o l'.. :.' l;o .:.nt s o::.' plant si z e s thr2e 
to five d e creC!.se as o ne rr.oves from Sl:.bcl as s  ( a) to subclas s ( c ) . 'l'he 

lo·d e s t  c o � � t  r even :e rc.tios o: p l ant s i z e :-; one <lY'l<i 'tHO , ho \,'eve r ,  are 

re corded at -:h� cut - off poir:t of subcla�; � ;  ( o ) . 

'frace cuyve s  cons tructed throu,:s·h t l J • !  uubclc.ss ( a )  and sui:Jclass ( b )  

cut -o.ff p o int s c.re therefo re " t.;. " shc.-i>� c . }'o r both -: re.c e curve s ,  t h e  

l o ·1-.r p oint corre .s pond s t o  t he re spe c t i ve J • l ant s i z e o ne cu t-off point . 

'l'tie final l)Oint i s  corre s ponding cu t - off p oint of plant s i z e  five . A 

trac e curve c ons t ructed through the subc l as s  ( c ) cut-off point s i s , 

howeve r , " .S "  shaped . 'l'he l o-.·re s t point being the lo H p o int of the short 

run average co s t  curve of plant s i ze . one subclas s  ( c ) and the highest 

point being the cut-off point o f  p l ant s i �e four subclas s ( c ) . 

4 )  Cost eu�ve s Derived from the Fourth Serie s  of Co s t  Revenue Rat ios 

Figure 8 . 10 shows the short rQn ave raee cost curves and the l ong run 

ave rage curve derived from t he fou rth s eries of  cost revenue rati o s . 

l<,or comparab l e  cut -off po int s ,  the c o � t  revenue rat i o s  decl ine a s  

one moves from plant s i ze one t o  plant si :;; e five . 'l'his i s  due t o  the 

de creas e s  in the pe r uni t  co s t s  o f  Tot al Cost (D) be ing of suffi ci ent 

magnitude to o ffset the per unit dec reas e in gro ss farm income . 
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For al l plant sizes , the co s t  revenue rat io s at the cut-off points 

decrease as one moves from subclass (a )  to subc l as s  ( c ) .  !£/ Trace curves 

constructed through the cut-off point s o f  all three subclasses are " 1 "  
shaped . The lmvest point of such curve s i s  the cut-off point of a plant 

size five subc las s .  

},or al l fifte en subclas s e s , eo ::; �  revenue rat i o s  o f  t:,:rreat e r  than 1 . 0 

result over the i n i t i al decre e s  of plant utilisation . O f  the 1 29 repre-

s entat ive farrr:s from 1-1hich a l on.:; run avera�e cost curve i s  derived , the 

co st revenue ratios  of 18  farms i s- .::;-reater than 1 . 0 .  

5 )  t.:o s t  C'urve s  Derived fro m the Fi fth 0el'i e s  o f  Co s t  RP.venue Hat i o s  

Co st curves derived fro m  the fifth seri e s  of c o s t  r evenue rat i o s  are 

shoHn in Fi[;ure 8 . 1 1 . Yor comparable cut -off }jo int s ,  t h e  co s t  revenue 

ratios decline as one rr:ov e s  from p l ant fl i z e one to ��lant size  five due to 

t h e  decrea!::;; e in t h e  p e r  unit co s t s of 'i'otal Cost ( E )  being o f  sufficient 

magnitude to o ffset the decreases in the  pe r unit gro s s  f arm income . 

'.l.'race curves are in this c c.:. s e  " L "  shaped with t h e  l ow po int o ccurring at 

the cut - o ff p o int of a p la�t s i z e  five s u h c l a� s .  

For all f i f t e en subc la;.:; ::;e s ,  co s t  rev enue :c: � · :' . :  . - .- ::at e r  than 1 . 0  are 

:::-e co ::.·ded over the ini t:i.Rl degrees o f  _,, l B n t  uti j_ i ., :.., ., :.._ u: . . Uf t h e  1 29 

repr e s entative farr.,s i'ro:.'l Hhich the lone:; ru:: c:-.v e rage co st curve is  d erived , 
-:; :1e c o s t  r ev e nue rat ios  o f  39 farn,; i s  t;rcat e r  t;h<:m l . O .  W 

16 . :-iuch a :Jatt ern is  2.lso ciisce:::-nible in the c o s t  cu:::-ves de:::-ive d from the 

fifth seri es  of co s t  revenue rat �. -; : :  'l'h:ct i s  fo r a.l l _p lar�t s i z e s , 
the co s t revenue rat i o s  decreau e as o ne 80v e s  from subclas s ( a ) to 
subclass ( c )  . 

17 . As indicated in section 6 .  5 the aut l 10r o:ni t ted a c;·\ : ,rce fo r car expens es . 

If i t  i s  as sumed t hat such a char�e remains constant at lOO do llars per 

a..'1Ilum i rre spective of pla..YJ.t and herd s i z e , the inclusion of such a 

charce do es not markedly alter the sh ape o f  the long rtUl average cost 

curve . For example , if such a sum i s  included in the Total Cost (E)  

data , the  co st revenue ratios at  the  low point s of the five subclass 

( c ) short run average co s t  curves are increased by : 

a) Plant si ze one 0 . 0060 do llars per dollar of gro ss  income ; 

b )  Plant size  two 0 . 0034 do llars per dollar of gro ss income ; 

c )  Plant size three 0 . 002.5 dollars per dollar o f  e;ro ss  income ; 

d)  Plant size four 0 . 0018 dollars lJer do llar of e;ros s  income ; 

e )  Plant size five 0 . 0015 do llars per do llar of e;ro ss  income ; 



8 .  5 �HOR'l-' HUN .AND LONG HUN AV�::->Jl.GE t;O ' ' '  C uRVES - DI SCUSSION 

l )  In tro du c t o Y-".'.' Comment s 

In thi s study ,  the c o s t  curve s deri v e d  from the fifth s eri e s of cost 

revenue rat i o s  are t:.aed to .di.s cu.o;s t h e  natt:.re o f  the co <>t-size  rel at ion ships , 

as tne t o t a.l c o s t  data from -. ;nich the GO s t  revenue rat i o s  are derive d ,  

include s a..n. al l oHance for a LL  re sourc e s  n s e d  in the pro dt:. c t i o n  p ro ce s s  

'l'he two long ru.--1 a.ver&t:;e co st  curves of interest are therefore those 

snmm i n  }'ieure s 8 .  6 ariu Cl . l l .  

'l.'he t wo figure s indi cate tl:c-. t · ,.J t h  Hhen mill<.fat product ion p e r  cow 

v&ri es and remains con s t an t  ·.·. ::. � . .  'n . c:.: .:_: e :J in p lant and herd s i 2 e , the long 

run average co s t  curve : 

2 )  

a) Cons i s t s  o f  seg;nent s of all fi f t e en short run average c os t  

curve s . ��ence each subclass rep r e c; ent s -:;he l east co st 

Hay and henc e  mo s t  profit abl e He.y 0 1.  p ro nucing particular 

range s o f  gro s s  farm inco:r.e . 

b )  I::-w lude s the er/c i l'.? short ru.r� �we:::-<-'-ce c o s t  curve o f  p l snt 

s i z e  one subclass ( a ) . In the case o f  �he o th e r  four t een 

sho rt :::-un c..verai:e c::; . , :;  c1.:rve s ,  or..ly s e:<:,rr.ent s of each curve 

cc:::-e ir..c lud.ed in t!",e la::.,; run ave race co :; t curve . 

c )  3e cause the r e sour c e s  w!-1 i c . cons t i tute ;;!-le fixed. plant are 

, "l • . +' c:: . l'..cono::ne s  o � � ::.. ::-t.ri sintj"' fro�n Inc:-casin,q:- the J.)e.rrre c  of Plant 

In both case s ,  w i t hin each sl,':..class , reductions in the to tal 

cost per no : _ t� of cro s s  i�coQe are realised & s  the degTee of plant 

ut i l i s &tion increases . J:'ha� � . .  , i·:i thin each subclass , economie s  of 

size are realised .  Hith one except ion , su :::h redu c tions occur over 

the complete length of ·v ;·. e  short run average co st curves . 'l'he one 

exception is the short run averaee cost c urve of plant size one sub­

class ( c ) when the per CO \v milkfat pro duction varies vri th plant and 

herd size . This short run average cost  curve , as di scussed earlier,  is  

"u" shaped .  Consequently reductions in the total . cost per 

dollar of gross income are realised only over the range of 60 - 130 

CO\vS • 
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3 ) Economi e s  of Size n.ri sing from ChanL.;ing Pla:'lt .Si zt=! 

Between subclas s e s , cont inuous reduc tions in t he t o tal co st pe r 

do l lar o f  cro s s inco:c.e o c cur or.l.;r over SI>e ci fi c ranee s of herd si ze s 

and cro s s  farm inco�e s .  The r anc;e s o f  cro s s  farr:1 inc ome over Hh ich such 
·cetHeen J!laYJ.t re d·J. ct=.. ons o c cur are sho '1111 in }'iJ"u.r e s 8 . 12 and 8 . 1 3 by the 

curve TT 1 •  

'fhe s hort run ave ra.:;e co s t  curv e s  o r  Fit;t.�re 8 .  6 are repro <lu c e d  in 

Fi t311re 8 . 1 2 .  'l'he he avy s e ct io ns of the curve TI " in Fit,rure 8 . 1 2 shovr 

...1.... , ..... c.ne range 0.1. .sro s s  .farn1 inco::1e s ove r v1h i ch c ontinuous be hreen sub-

clas<> re du c ti ons in the co s t  r evenue rat i o  o c cu r ,  '. ;hen the l evel of mi lk­

fat pro du c t ion per coH rerr:ai::1s cons tant i rresp e c t ive of l; lar.t and h erd 

s i z e . 

Conve :::-s e ly ,  the i1o ri zontal do t t e d  s e c t ions o f  curve TT ' indi cate the 

ro.nge s of t,-ro s s  fa:::-:n inc o:;;e s over \·•h i ch cont inaous be tw e en subc lass 

rec.uctions in th8 c o .::; t  re-v- c. --�e rat i o  do r,o t  o c cur . 

co s t  revenue ratio , i·:h er, plan: s i z e  one '' l lbclass  ( a) i s  ut i l i s e d ,  decl ine s 

as cro s s  f arm income ir,creas e s  o v ,� r  the r an.:.;·e corres_::;ondinc; to 60 - 105 
COV!S • Ttis i s  �,:w;m by the: s e.::;:..cn: 1l'X, of t he curve 11"1' ' .  In the 

.L 

cas e of a he:cd si z e  or' 106 CO\->'�> , ut i l isinc plant s i z e  one subc lass ( b ) , 

the c o s t revenue rat i o  i s  breat er thcc!1 t ln t  r e co r c e d  at the cut -o.:'f 

poi:r.t of pl�".t s i :.-.; e  or.e 3ub c lass 1 a.) . ' i ' l le hori zontal s e €)7ient marks 
the :ran.:;e of [_,�o s s  far::-. incoa;e s over •.-:[. ich  tr1e tren d to 1vard s c ont inuoc;.s 

betHeen subc 2.as s reduct ions in t he co s t  r•;venue rat i o is int e rrupt e d . 

Over the rar:..::;e of 10'( to 120 co ·  . .fs , hoH evC? r ,  cont inuous be hrcen sub c l as s 

redu c t ions in the cost revenue rat i o  a:::-e real is e d. . 1l'his  i s  s hm-m by 

the s e r;.-:1ent x2 - x3 of curve '.:.' '.i! 1 •  'l'he hea'T'J s egment s o f  t h e  curve 't'T ' 
· p ' ... th ... · l§/ of the 1 t the rer o re , aet,arc a c. e  e po r c. l on s  one run averace co s curve 

over ·wh i ch cont i nuous reduc t i ons in the c o s t  reve!1ue re. . i o  are obtaine d ,  

an d  he nc e e conom i e s  o f  s i z e  are real i s e d  l>; · changing ( increasing ) plant 

s i z e . 

18 . 1l'he he avy s e gmen t s  of the curve TT ' sho w :  

i ) The subc las s e s  over w hi ch cont inuous reduct ions in the co s t  

revenue ratio o c cu r . 

ii ) Fo r each r el evant s ubclas s , the correspondine ranees of gro s s  

farm income . 
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L.'urve 'l"l' ' of Piaure e . 12 sho·v�s that e conomie s  of size result ing from 

change s in plant s i z e  12/ are real i s e d  over segment s � of al l short run 

average co s t  curve s o f  p lant s i ze one .  nO h'eVe r ,  i n  t h e  case o f  plant 

s i z e s t wo to five , e conomi e s  o f  s i z e  resul t ing from ch an�e s in plant 

s i z e  are real i s ed only ove� s egment s of the short run averaee c o s t  

curve s o f  subclasses  ( b )  an d ( c ) . 

Dat a concernine the rane;e .s o f  herd s i z e s and gro s s  farm income s ,  ove::r; 

wh i ch continuous be tHeen subclass re duc t i ons in the c o s t revenue ratio 

o c cur ar� shov:n in detail in Table 8 . 1 .  

l<'roLJ. t'igu.re tl . l2 aYld J.'abl e 8 . 1 ,  it can t.": see�'l t ha t  o ve r  t h e  init ial 

s e�.ent o f  the long run average co st curve ( i . e .  that s e GTient co rre sponding 
to t he short run ave rase co s t  c urve o f  p l ant s i z e  one sub c l a s s  ( a ) ) , t he 

cost revenue rat i o  declines rapidly . Howeve r ,  over the complete length 

of this s e gmen t , the c o s t  revenue ratio i s  great e r tr.an l . O .  Con-

s e quent ly , al though e conorr,i e s  of s i z e  are real i s e d  over t h i s  portion o f  

the long run average c o s t . curv e , losses are re co rded by the repre s ent ative 

farws Hhi ch co rre sp ona. t o  t::. :!.. s s e goer,t . IY1 t::.e c a s e s  o f  p lant s i z e  one 

faros , a co s t  revenue ratio of less  than 1 . 0 is not re co rde d unt i l  a herd 

size  of 11:5  co 1·rs i s  eY1countered on that p2.rt o f  tha lon� run averace co s t  

curve vrhi ch corresponds t o  the s:l o rt run o.v era::;e coc; t curve o f  subclas s ( b ) . 

Further , 1.-'it:u.re !3 . 1 2 at'.ct 'l'ab l e  d . l  indicate -c hat  t n e  r;;o s t  e.:'fi ci ent 

f<-..rw is the 1J la.."'lt size  five fa�m with a h erd s i z e of 600 co Hs and t hat 
over the co ;;:i;let e ranse of plant ar:d hent si z e s s tudi e d , t h e  t o t al 

c o s t  per d o l lar o f  e;ro s s  incorr:e i s  re duc ed. by 0 .  65'(1  d.o llars . Howeve r , 

it should oe  no t e d  t hat -che di ffe renc e  ·b(� twG en t he co st revenue rati os o f  

the mo s t  effi ci ent lJ lant s i z e  o n e  farm and. the mo s t  effici ent farm i s  

only 0 . 1281 do llars . Comparaole figure s for the o ther p l ant s i z e s  are : 

Plant s i z e  t\-10 
Plant: s i ze thre e 

l'lant s i z e  four 

0 .  08)4 dollars ; 

0 . 05 ) 5  do l ic..rs ; 

0 . 02)H do l lars ; 

19 . The phras e "econo::ii e s  of s i z e  re sul ting from chane.,e s i n  plant s i z e " 

i s  synonymous with the phra s e  " conti nuous be tween sub c l as s  reduction s  

i n  the cost revenue rat io " .  

20 . In the case of p lant s i z e  one subclas s (a ) , e conomi e s  of s i z e  are 

real i s e d  over the co mplete l eneth of the short run average curve . 

21 . i . e .  'l'he farm with the lowest co st revenue ratio . 



Table 8 . 1 

Ranee o f  

Range s of He:::::: Si z e s  (and Gro s s  Farm T n c ome s) over wh i c:h 
cont inuous bet·  •. r e en Sub c l a s s  i<eci.u c t ions i n  t h e  Co s t  Hevenue 
Ratio o c cur (Constant : -:i lkfn.t Pro di.J. c t i on ·per Cow) . 

Gro s s  Range o f  ! Su bclass r Co s t  Revenue I 
l"arm Incorr.e s �iercl S i z e s  I I Rati o  

( Do l l ars ) 
( l ) \, J.. 

7 , 138  

12 , tiOO 

14 , 587 

25 , 218 

27 , 07 1  

39 , 192  

!rO ,  5 1)  

5 2 , 4 2 0  

. )-� , 050 -

66 , 071  

67 , 390 

i ) 

( 2 )  ( 3 )  ( 4 ) ; J 
l 1 

1 2 , 384 60 105 Plan t s i z e  one ( a ) 1 . 4727 1 . 0453 

14 , 2 24 107 120  Plan t; s i ze one ( b ) 1 . 04 1 6  - 0 . 9801 

17 , 012  12 3 136  Plan t s i z e one ( c )  0 . 9771  0 . 9437 

20 , 699 213 226 ?lan � s i z e  t\.;o ( b )  0 . 94 3 6  0 . 9194 

28 , )46 229 240 Plan t s i z e  two ( c ) 0 . 9 185 0 . 8990 

40 , 03 5  j)2 3 3 9  Pl e.n l. <:" ... .... , ,, oJ ...L .u ' .  . .  , ) 0 . 8985 0 . 8898 

42 , 477 )ft) )60 1:-'lan t.. si :.:; 2  ' 
0 . 8885 o . s6;n ..� . ..  :...: ,:.. � \, C j  

53 , 30) 4t� f: r r 452 ?lan t s i z e  :our ( b ) 0 . 8688 0 . 6620 

::;ci , 643 1 , . ,, Lr ) d  !'" SO ?lant size � o1.:.r ( c ) 0 . 86 1 6  0 . 8414 

6 6 , 650 s0o - ::,.> 0 ) 2lar.�. t s i z e  five ( b )  0 . 8407 0 . 8 3 6 9  

70 ' 77 4 5 '[1 600 Plant si z e  five ( c ) 0 . 8363 0 . 8156 

'l'he rar.�·e o;,� cro s s  f n m  i::1 co :r.e s and l;, ( ":' 'i s i z e s over Hhi ch 

contir_uo -..: s ·oetHeen sub c l a S fJ reduct :.or,"' :.. :: t :: e  c o s t  

revenue rat:..o o c cur are sho<m i n  ;;o h.<.m."'ls ( l )  and ( 2 )  
re spe c t i ve ly . 

i i ) '£he sub classes over Hhi ch such c ontinuous redu c t i ons o c cur 

are shmm in Co lumn ( 3 ) . 

i i i ) 'l'he co s t  revenue rat i o s  co rre sponding to t h e  range of gro s s  
farm income s  and herd si z e s  over whi ch such c ontinuous 

re ductions o c cur are shown in Co luwn ( 4 ) . 
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'l'he short run average co st curve s o f  Figure 8 . 11 are repro duced in 

Fi{:;ure 8 . 1) .  'l'he he avy ::; e ctions o f  the curve '1''1' 1 in Pigure 8 . 13 sho1v 

the range o f  gro s s  far;;"J inco:nes over Hh i ch continuous be tH een subc las s 

reaucti ons in tte co s t  reven:1e ratio o c cu r ,  vri:.e:1. t he l ev e l  of mi lkfat 

pro auc t i on p er cow varies  vrith plant and h erd s i z e . Curve 'l"l' 1 shm.,rs 

that ,,,hen the l eve l of oi lkfat p:::-o duction vari e s  Hi th .J?lant and h erd 

s_i z e , e c onomi e s  o f  s i z e  fro m chc:.ncing pln.nt s i ze are r eal i s ed over seg­

ments of all the :::;hort run aver2�0e co s t  curv e s  o f  p l<:.r.t s i z e s o�and 

tHo and. o ver s eg;r,ent s of the s hort run ave race c o �-; t  curv e s  o f  subc las se s  

( b ) and ( c ) i n  the case o f  p lant sizes three to f ive . 

Tab l e  8 .  2 is simi lar to '.!.'able 8 . 1  and p r e s ent s detai l e d  data con-

cerning t he ranee s o f  herd si z e s  and GTO Gs f2.rm inco:r.e s over vth i ch co n­

t inuous be n;een subclas3 reducticns in the co st rever,ue rat i o  o c cur \·rhen 

the l eve l of milkfat pro G.uc t ion r) e :;:- co H vari e s  1-ri th plant and h erd s i z e . 

From 'l'ab l e  8 . 2  ann }'ie-,lre C:l . l ) ,  i t  can be s e en that the co st rever.ue 

ra t i o  aeain drops rapidly over that portion of th e lone run average co s t  

curve corres1� onciine; t o  the short run ave :rage c o s t  curve o f  p lant s i z e  one 

s·L;.b c l a s s  ( a ) . Eo·.-� eve r ,  in this case , only the c o s t  revenue rat i o s  

corre sponding to the initial degre e s  o f  1J lant ut i l i s ation are great er 

thc�n , , ,  .L . v .  A co st revenue rat i o  of l e s .; thur:. 1 . 0 i s  re co rd. e u 'dhen herd 

s i z e  reaches ee cows . '1.'he r;:os t ef.1 i c.;i c'n t fart1 i s  a15ain t :te plant si z e 
i'i ve farm vli th a hero. s i z e  o:' 600 COHS . 

Ove r  tie comp le t e  ranze o f  p lan-;; o..nd :'l erd s i z e s  s tudi e d ,  however , the 

reduct ion i n  the to ·. cl co st p e r  do l lar o f  cro s s  income i s  only 

0 .  34� 6 dollars . }'urther the <ii ffe rence b e t 1-1 e en the mo s t  effici ent farm 

of p lant size  one a.'1d t h e  rr.o s t  effi ci er! t  farm i s  reduced to 0 . 0478 

do llars . Comparabl e  i' i[.,rures for the e ther plant si z es are : 

Plant s i z e  tvro 0 . 0541 <io l lars ; 

Plant s i z e  three O . Oc42 do l lars ; 

Plant s i z e  four 0 . 0133 do l lars ; 

4 ) Mi lkfat Output per Labour Unit on the Representative and Survey Farms 

The range s of mi lkf at output per labour lllli t  which correspond t o  

the data shovm in Columns ( l ) an d  ( 2 )  of 'l'able 8 . 2  are shown i n  Tab l e  

8 . 3 .  (Tab l e  8 . 3 therefore shoHs th e ranges of milkfat out put per 

labour unit over \vhich cont inuous be tween subclass reduc-r; ions in the cost 

revenue ratio occur , when the l evel of milkfat per cm.,r vari e s  Hith plant 

and herd size . ) 
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1l'abl e  8 .  2 

na.Dge of 

Ran�.,.e s o f  Eerd Si z e s  and Gro s s  Parfll I:1come s over Hhich 
continuous be tween Subcla�; � ;  He duct ions in the Co st Revenue 

Rati o  occur (Vari abl e  Mi 1kfat Pro duction per Cow) . 

I 

Gro s s  nance o f  I Sub c l e. s s  :jo s t  H.evenue 

1 83 

Farm Income He:rd Si z e s  1 Hatio 
( Do l l ars ) I 

' 

( 1 )  ( 2 ) I ( " I 
.J ,  ( 4 )  

8 , 9 20 14 , 088 60 1 05 Plant size  one ( a ) 1 . 1905 0 . 9 2 6 2  

14 , 496 1 ) ; 63 1  l O tl  120 :Plan t  size one ( " I b ,  0 . 9 1 9 5  0 . 89 7 3  

16 , 162 16 , 5 1 7  1 26 1 3 0  I Plant s i z e  one ( c )  0 . 8966 0 . 8937 

26 , 3 3 0  2 6 , 49 1  208 2 1 0  Plant s i z e  tvro ( a) 0 . 89 17 0 . 8901 

27 , 01 3  27 , 056 216 2 2 6  Plan t s i ze h:o ( b ) 0 . 8899 0 . 88 3 7  

20 , 467 29 , 00) 2)) 240 Pl an t  s ize tHO ( c ) 0 . 8836 0 . 8800 

40 , 17: 5  40 , 69)  ) 3 )  5 5 :.!  Pl an t  s i z e  thre e ( b ) 0 . 8792 0 . 8764 

41 , 269 - 42 , 425  )!�6 - ) 60 Plan t s i z e  three ( c )  O . tl763 - 0 . 8701 

5 2 , 460 5 2 , 949 4�-6 45 2 ?la.nt s i z e  four ( b )  0 . 8G96 0 . 8674 

)) , 9 3 9  :;5 , 3 U) 1,6) :. :30 Plant si ze four ( c )  0 . 8671 0 . 85 9 2  

6,� ' 549 - 64 , 985 )60 565 Plant size f ive ( b )  0 . 8591 0 . 8568 

6 5 , 026 68 , 045  )74 600 Pl c..n t s i z e  five ( c ) 0 . 8567 0 . 8459 

'l'he range of e;ro �; s  farr:l incowe s 8...."1-.: ' - •.:rei s i z e s  over vlhich 
conti nuous betvreen subclass r e d:cl c t ions in  t he co s t 
revenue rat io oc cur are shown in Columns ( 1 )  and ( 2 )  
resp e ctively . 

i i ) 1l'he subclasses over '.vhich such continuous· reductions occur 
are sho\m in Column ( 3 ) .  

iii ) 'l'he cost  revenue ratios corresponding to the range of 
gross farm income s and herd sizes , over which such 
continuous reduct :ions oe<cur are shown in Co lumn ( 4 ) . 
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1 H4 

An examination of  such data reveal ::; that the o ut put per l abour unit 

( of farms o f  each plant s i z e  ·:�i t, h  �.; J.o ·,: e s t  cost  revenue ratio ) ,  decline s 

as one moves from p lant s i � e o�e t o  p lan t s i z e  five . If  imch data i s  

c o;npare �i wi th that of "the fa:::-r� survey , the fo l lo Hin,s _:; o int s are of 
intere s t . Firs t , t!1ere are exarc:.�} l e s  o r  Group I an d II  survey farms 

·. ;he;:r� th e out :;ut l) er lc.bour u...v;.i 1; c:: x c e ec��; -c:w. t of <, {-;(:! c o rrespond ine m 
For exa1nple , 

the c-..;. tput per 1aoour unit o :  the fo J. l o Hin.:j· Group I survey farms exce e d s  
t hat of the corresp ohdinc repr e s en t a � ivP. far�s . 

lSl6o/G9 s eason - :F'cl.�:-.-:. :ro s . 7 j  G ,  q 10 and l l ; - ' 

1969/70 s e ason - �·t:..�r:. :-:o s .  7 '  n ,  9 ,  1 0 ,  l l  EU1d 1 2 . w 

Si:;:il arl�r on ::C'a:r-::1 No . 2 1 , 'oo-;;h in the l Si i)i.J/6:1 athl 1969/(0 season , the 
out pu.t per laoom.' uni t e X (; ' _ �eLL t b.>. t  of ti1'=' c o r:ce:;;rond.ing rep::- e s en t at ive 

fa.rm . Secotid , t }-; e rc i s  o;:ly one exa:r.p1 e  of a G::-oup I I I  or IV farw on 

� i z e  sho ·�·.rn i11 'l'able  U .  3 .. '.!.'hi. >  far.:.:. in I} U C s t i o:-, i s  Y�c . .  No . 2 2 , the 

9 . )  in bo t h  season� . 
coup�e was employed . 

v .:.  co ...:; t 

't'<.c"u l e  13 . ) .  

'H I 
:..:.:.....; C " "  'o.,._ c .. . ... c 

s i z e �  two to five so that the o�t put p e r  l abour u�it c � �a of t h e  ( four ) 
representative fc..'.r�r:s a_:J�,:coxi r:la. t 0s t� e rnx::. r:.u::: :' i __;u r e  r e co rd.e d by a corn-
parab l e  surve,y far:r. . 'c'i: i ...; data i s  pre. ;cmtea in 'l'able 8 . 4 . 

2� . i . e .  Farms 1-1i th the s ame :r.urnbe r o f  lacour nnit 0 .  

23 . I t  shoul d b e  not e d ,  .hm: ever , that i n  the 1 968/6;; s eason , Parm 

No s . 7 ,  8 and 10 e;r,plo�red two mi lkinc uni t s  and in the 1 969/70 

season , Farm No s . e ,  9 ,  10 and 1 2  employed t'-10 mi lking unit s .  

24 . A further c o s t  revenue ratio Has also comput e d  for p l u . t  s i ze two . 

As not ed earli e r , there i s  only one exa�pl e  of a survey farm , 

1-1here the output per labour unit exc eeds that of a co rresponding 

represent at ive farm • As on the farm in question ( i . e .  Farm No . 21 ) 

both labour units Here concerned with the ent repreneurial function, 

and hence no "employed" labour Has i nvolve d ,  the output data 

from Farm No . 21 has been ignore d .  



Tab l e  8 .  3 Ranp;e s o f  Out-out per Labour Uni t  over i.;h i ch continuous 
betveen Sub class Reduc t ion;:; in the Co s t  Hevenue Rat io 

Hange 
Herd 

( 1 )  

60 
108 
1�6 

20tl 
216 

2 ) 3 

33.5  

346 

4<r 6 
4o 3 -

) 60 -

574 

o ccur ( Variable :.:i lkfat I):coctnction per Covr) . 

o f  =.;�b el ass 
::>izes 

( 2 ) 

105 Plant s i z e  one 

120 :Plar: v s i z e  one 

1 3 0  }la.:i.t si z e  one 

2 10 Plant si z e  t •::O 

2 26 ?l.:u1t s-i ,., c  � � �  t\.;0 

240 Pla:r.t s i z e  t HO 

3 3 9  Pl 2r.t si z e  t�ree 

3 60 V� . .J.nt size  thr e e  

4) 2 :tJ::. .:mt s i z e  fo·u.r 
480 Plant s i z e  fou:r 

j65  :?lant s i z e  fi'.re 

600 !) =- � "- s i z e  fi ve . •  u 

(a ) 

( b )  

( c ) 

( a )  
( () ) 
( c )  

( b )  

( c ) 

( o )  
( c ) 

( o )  
( c ) 

Output 
( pounds 

2) , 400 

37 , t,l4 

ill ' 590 

5 3 ' 7 7 5  

)4 , 6 ) 0  
)6 , )j8 

)4 , 15 3 

3 5 , 0.54 

' -� -· , /' ) ) , ) ..i.. O 

34 , 196  

) 2 , 667 

� ;. ' 27l 

p e r  Labour Uni t  
of milkfat ) 

( 3 ) 

) 6 , 660 

40 , 264 
4 2 , - � 3 9  ·)!-

) ) , 99 2 

3 5 , 6 5 3  

) 0 , 997 -:<-

34 , 564 

3 5 ,  �M5 -�-

3 3 , 630 

.5 5 , 046 -l(-

) 2 , 900 

) !, , )!; 6  ·:<-

:·;(JT!'�S : i )  co::.ur.!r.�.� ( = ) a:1d ( 2 )  � - · :_1�.4 �J 2. o  8 . :)  ar\.� re9ro cit ·  · -: d.  fro m  
r11E... b l c  0 .  � v.. s!:0\·1 � he ra...Yl[:"e 3 o f  f'.�. crd '-; .:_ � � �.-.� the 

c o ;cre spo:--,u.::..nc subc las�: � . ; ove r vih i ch eo:: • .  _ . . . ,"..10 b e h,reen 

sub c lass re auct ions in tr.e co s t r evenue :ra� i o  o c cur . 

i i ) Co lurr.n ( ) ) shmv s fo r e ach o f  the subclasses  ove r Hhi ch 
such co s t  reductions o c cur , the c o rre sponding range s 
of milkfat ou: 1,ut p e r  l abour uni t . 'l'he o ut pu t  per 
labour UI1i t figur e s  marked by an a s t eri sk in Co lu:r.n ( 3 ) 
are t h o s e  Hhi ch corre spond to the represent at ive farm 
of e ach p lant s i z e , \·.'i th the lovre s t  co s t  r evenue r at i o . 

1 8 5  



'.!.'abl e  8 . 4  Hodified Co st Revenue Ratios  2.:1d t'- ,_tput per Labour Unit 

Data for Pl ant Si z e s  'l".·IO , '.!'hree ,  l<'our and P i  ve . jj} 

.i.)lant 
Size 

( l )  

( 2 )  

( 3 )  

( 4 )  
( 5 )  

i ) 

Mo difie d :•:edified Herd :::;'ub- Average 
Co st  He venue Out put p e r  Siz e  Clas s !'Ii lkinG" 

Rat io :L.abour 1J·r ;  .J.. 
... .L �  V 'l'ir.1e 

data ( pounds ( Hours ) 
o f  

. 1 ' . .  .L � r.Jl_.u a v )  
( 2 ) ( :5 )  ( 4 )  ( 5 ) ( 6 ) 

0 . 8899 )11, 630 216 ( b )  1 . 675 

0 . 8834 33 ! 735  327  ( b ) 1 . 690 
0 . 90;30 I 29 , 335  375  ( a) 1 . 575 

0 . 8756 I 3 0 , 694 5 1 ::: ( c:. )  l .  7 1 0  I - .)  
I 
; 

Co luZL ( 2 ) s�m-rs the co s t  revei:.ue r2.t io s o ... the ( four )  
repr e s e:·n;.;. :., ive farms 1-:hen t h e  output per labour unit 
a1)proxima t e s  the maxi:.;'Xll fi.::_;ure re corded by a 
co::4pa�a·olc ::i'U.rve.�r far1n . 

ii ) Colu;ru'l ( 5 )  s: Oh' S  t:ne re lev�cr.t :':iL<.:fz�t out1m: p e r  
laco;.;.r uni"c data o :  the ( four) represo . . . �ctive far:as . 

iL) C:; lu::-'.Yl ( .�. ) ..;!".c ·.:s fo r e::>.ch o f  tr.e (:our ) :·.:: :-re s entat ive 

:arns ' � l:..e nc �.i s i z e ·.·li1 2.. c(. f�:-.ou2. d. -:J e  !T!i J.. ::c .. J :i_n o rder 
- � � � � � �o � - " 0 � n  011 � , ... .J . ! c u .. ..:.J-::- ..:._J.J... ..L e.. v '"... .... _ 

_ :-. �u :�r�1 ( 5 )  te c b Sc:i::eu . 

. C '  I --'o - - ' '  0 +-:- c. ( ··'ou- ';' r --, -.--.� ,., s on "- , t- ; y :;:;. lV 1 O J..U�T�'l \ J ;  s .. :o·:.�S ..... .- . - !  � v .. .t.� .1.. .L �...; �.� ... ..... c; ... v c.. v ...... ..... 
1. C..:r:::s 7 the SU OCla,: s . . . . . � z c;  Of f'. e :C ·-:_ ;:._::;-bone ) Hhi ch 

s:wu:!. d  ·oe u. s e ;.� ,  =- �- ·v:-. ..; . : -.. �- 'c:--.at shown 
· ...., ,., 1 1 ,..... I t. ) ,' ' 1l� :J . ... ·.-. - • . . ' l I ,  , ' r .  - - -. �  l l l m e a n  J.. . .  1_,Q_ LL.ln \ <-;- • � . .  �::: !J••- '-'•>"' � - - �  �-U v t:: u:::. e u. . u  • S 
the subclass Hhich for the herd s i ze ( and hence 

output per l abocrr ur. i t  i n que s t i on ) giv e s  the lowe st 
co st  r evenue ratio . ) 

v ) ColUP'.n ( 6 )  sho't�s fo r the h c:::-d s i z e  and subclass shmm 
in ColuiTms ( 4 )  and ( 5 ) ,  respe cti'It� :'..y ,  the corresponding 
average rnilki!-<G t irne . 

25 . Table 8 . 4  is  based upon the assumption t hat the level of milkfat 

production per cow varies  with plant and herd s ize . 
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'.L'he co s t  revenue rati o o f  t h e  plant s i ze one farm with the hi@le st 

output p er labour unit i s  0 . 8948 ( i . e .  �lant s i � 2  one subc lass ( c ) 136 
COivS ) . li'ron Tabl e 8 . 4 , i t cc.;: be seen t hat t h e  co s t  revenue rat i o s  o f  

t he rep:::-e sent at i v e  farm s o f  :plar. t s i z e s  hto , three an d  five ( t n e  output 

p e r  labour unit data of ·,::·. i ch a:tJ_proxima t e s  the :r:aximum re corded by a 

c omparab l e  s1.�rvey farJ•i ) a:ce l o·.-�er t: an that of t::e p lant s i z e  one 

rep:resentat i  ve farr.1 di s cu::-� sed above . In the c a s e  of pl;  �t s i ze four , 

t h e  "co difi e d "  co s t revenue :!.'3.t i o  as sho1-m in '!.'abl e  8 . 4  i s  greater t han 

t nat o f  the p l ar.Lt s i z e one farm . 

It sho·c<ld b e  no t e d , hmveve r ,  that .. : 1 e  di fferen c e s  b ,·_ c; ween the co s t  

revenue rat i o s o f  the p la.'1 t si z e  one farm ( ·.vith th e higne s t  output per 

l abour uni t ) and tho se of the rep:.:-c: s ent ntive fa:rms o f  l; lan t si z e s hto 

t o  f ive as sho\-m in 'l'ab l e  tl . 4 are no t [,'Teat . For exar.-1p l e , the differenc e 

b e t ·v� e en the c o s t revenue ::-at :.o o_ the p l :-...�. t si z e  one farm ( vti th the 

shO\m in 'l'ab l e  8 . 4  i s  O . OOLI,Si do l l ars p e r  do l l c.r of gro ss  income . 

Cozrparabl e  fi.sures fo r t ne o tf:.e:c pl8!: -:  si z e s  are : 

p, � -� +  .L!...l..;. .1. V si z e  three O . O l l<- do l lars _p er 

..:-'lant si ?: e  four O . Ol�- 2  1 1  

Plant s:.. z e  ! ... i "\lC: 0 . 01 9 2  " 1 1  

HoHeve r ,  it i :.:  

C:o l J � :,_, of 

I f  1 1  

1 1  I f  

tsro s s  
1 1  

1 1  

income ; 

I f  

f t  

� .  .. v l..me O.L 

t ii:Je o f  tl: e repre s en t e.:c; ive far::1s o f  p l 2..n t  s i zes  -: Ho t o  f i ve as · shoHn in 

Co �uw� ( 6 )  o: �ab l e  8 . LI, .  '.:.'h e avera;se mi lking time o f  the p l ant s i ze 

one farm i 3  1 . 7 j  hours . I t  s eccs like l.:r , therefore , th;-;_;:; plant s i z e 

one farms can. achi eve a c o s t  rever..ue :rat io Hhich i s  co mparab l e  to tho s e  

o f  t he farms of tile la:::-ger p lant s i z e s  and h e n c e  betHeen plan t si zes , 

constant returns t o  s i z e  are real� �e d . HO\·teve r ,  i t  vroul d seem probable 

that in order for constant re turns to s i z e  to be real i s e d ,  the hours of 

wo:rk of the labour units o f  th e plant s i � e  one farms would have to be 

ereat e r  than t h o s e  o f  the labour unit s  of the farms o f  th e larger plant 

s i z e s , ( i . 8 .  the Qegree of plant ut i l i sation o f  the p lant si z e  one farms 

,.rould ne ed to b e  great er than that of th e farms o f  the l arger plant s i z e s . )  

In this cont ext , if a neiv c o s t  revenue rat io i s  c omput e d  for plant 

si z e  one , so t hat the output p er labour unit of the repres entat ive farm 

approximates that of survey farm No . l l  in the 1968/69 s eason , the 

�esult ing co st revenue rat i o  i s  0 . 8239 . Such a co s t  revenue rat i o  is : 



a ) Lo1•er than the co st revenue ratios of all representative 

farms of Tabl e 8 . 4 . 

b ) Lower than the c o s t  revenue ra t i o s  of all 129 repre sen tative 

farms from u!1ich the lone run avera6e cost curve of },igure 

o . ll i s  deriveu ( i . e .  L . R . A . C . cu�ve , variab l e  mi lk.fat 

pro C.uction p e r  cov ) . 

) . . '- . 0>1 l t' ,_ f c \fJ..tn one e:xce_J t..J..on , �OHGr !l8.L -::1e cost revenue rat i o s o 

al l 129 ::--eprese::ctati ve far�r;s f::--0�: v:hi c!", the lon� run average 

cost curve of }'i6ure 8 . 6  is derive d  ( i . e .  L . R . A . C .  curve , 

constant mi lkfat pro du :::t i on per coH) . 

188 

HoHe-ve:!.· ,  it is impo::---;;ant to �eal ise that t he averae;e mi lking t ime of 

t h e  p la.11t size one farm , H i t i1  a co s t  revenue of 0 . 82)9 , i s  2 .  76 hours . 

8 t.: . u  

As di s cu s s e d  ear� i e r ,  for e ach repre s ent a t ive farn , five net income 

.:'::.. care .s are calculat e C. .  '.!.'he five ne-: i ncome f ie·l.lre s are : 

Net cc:.sr. i .-_cc:-:e ; 
b )  ?Tet fa:--�.; ::. . .  .::;o:ne ; 

c ) Oper<l-:; c r  2.abour �'lcl rna:'lae-cr:: ent incor.1e ; 

d. )  G1)erator , ,c:.na.g·emen-:; L:coxe ; 

e )  :S.rJ.t.!:·epreneuri<d incc::�e ; 

'1'!-"erefo re fo r each of tl"le t en s eri e c  o f  short TW"1. a.verace co s t  

c'clrves , whi ch c an  be cira.\·:n for a given level of milkfat p ri ce , a corres-

pondi:-:.c; s erie s o f  short run net income curves can be dra1m . Such curve s 

show fo r any e;:..ven subclas s ,  the net inc ome ( or net loss ) , resulting 

from producing a given level of c:;ro ss  farm income , lvi th the ;,ubc lass in 

question . 

From a s erie s of shor� run net income curves ,  another curve can be 

cons tructed ,  �orhich sho�ors the most  profitable "ray of producing any given 

level of gross farm income . Such a curve may b e  termed a l ong run net 

income curve . In this  section , ten long run net income curves are 

presented, each corresponding to one of the long run average curves 

di scussed earlier . 

26 . The one exception is the co st revenue ratio of the representative 

farm corresponding to the cut-off point of plant size five subclass  

( c ) (i . e .  600 co�ors ) . The cost revenue ratio of this farm is 

0 . 8156 . 
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8 .  7 SHORT RUN lu"ill LONG RUN NE'1' INCm•lE GVRYES - CON::>TA:N'T HILKFA'l' PER C0\1/ 

1 )  Net Cash Income Gurves 

The s hort run and long run n e t  cash income curves are shown in 

Figure 8 . 14 .  

Fo r all fift e en s�bcl as s e s , t h e  n e t  i ncome ( i . e .  ne t cash income ) 
increases as the (leeree o f  p lant u t i l i h a t i on inc :::-.:; · , f' •.: . o . Conse quent ly 

the hiche s t net cash incoz. e  ir: al l case:.> is r e c o :!'.'G.eJ. at t h e  cut - off po int . 

Al thouc;h the s.r.ort run ave:r-ace c o s 'c curve o :  .. ant s i z e one sub­

c l ass ( c ) is "u " ..;hape d , tte net cash i n cor;.e increas e s  as the deeree of 

pla.'l t u t i l i s at ion increas e s . �hi s indi cat e s that insu ff � c i ent variab l e  

re sour c e s  have be en ad <ied t o  t::--.e  f i x e d  p lant t o  cau s e  :·ofit ( i . e .  net 

cash inc orr:e ) to fall . 'l'he p lant i s  t:-:c:rc .' ore bei::f_; operat e d  at a degre e 

o:f.' p lan'C u t i l i sation v::-:ich e i ther c o i r. c i <�e s with , or i s  s l it3'ht ly l e s s  

than , the uec:r-ee o f  p l ant ut i l i sat ion at whi ch p rofi t i s  m�<imi s ed . 

::<'or comparab l e  cut -off po int s ,  t h e  ne t ::..ncome inc rea s e s  as o ne move s 

from p lant s i z e  one t o  p l G .:-.t s i z e five . l''ur:he r ,  \vi thin each p l ant s i z e , 

the r:.e t inco:r,e i!'lc reas e s  as one mov e s  frorr: c;he cut-off p o in t  of subclas s 

( a )  to the cut - o ff p a in� of su bc las s ( c ) . '.1.'he r1 i(ih e st ne t cash income 

is therefo re re corde d at the cut -off po i n t  of p l ant si z e  five subclass ( c ) . 

'fi'ie lone; run net inco:r.e ct:rve �· c. --.,..p ,-, + L ·  ?:J.} o f' al l ,, _, f• "' en '-' "-" c_;.l . . .... ... ... V J  .._ ..... .l. ....,. _ V � 

s�o rt run ne t income curve s ,  indi cating th�� e ach sub c l a s s  repre s ent s 

the mo st p roL .. ta.b l e  "ra'J' of p ro c...uc inc particul;:,:;.- ranc;es of c,ro s s  farm 
inco�ne . '1'h e lor,c run net incor.,e curve i s  s e &r.en t e d  b e caus e the re source s 

. ' . t '  
' . ' l .j. ... ' . l d .  . . ' l '0.1 Hl'1i cn cor.1pr� s e  ne i �:x,; Q p an ., are no ., conc; �nuous y �v:L s � o e .  

27 . In all cases , the long run ne t income curve inc lude s the complete net 

income curve of p lant size one subc lass ( a) . 

28 . 'l'he comment s made in the s e c on4 , fourth and fifth _paragraphs also apply 

tb the net income curves derived from the other four net income 

figure s .  Tha'C i s : 

i ) For all fifteen subclasse s ,  the net income increases as t he 

degree of plant uti l i sati on increases . 

ii ) For comparabl e  cut-off point s , the net income increas e s  as one 

move s from plant si ze one to plant si z e  five . \{i thin each plant 

size , the net income increas es as one moves from the cut-off 

point of subclass (a ) to the cut -off point o f  subclass ( c ) . 

iii ) �he long run ne t income curve comprises segment s o f  all fift een 

short run net income curv es .  
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�he net cash income of all 129 farms (from which the long run net income 

curve is  derived ) is po sitive . 

2 ) Uet Farl!l Inco:;-,e Cu.:::'ves 

'J.:lhe short ru n  L"1d long run net far:11 income curves are shovm in 

::.,i gure 8 . 1 5 .  

;;.gain , although the -�hort run avera;:;e cost curve o :  plant size  one , 

subclass net farm income increas e s  a s  the degre e 

of p lant utili�ation incre�0es . ' ..... 'hi s , as di:; cussed earlier,  i s  due t o  

insufficient variab l e  re so<Irc e s  be i ng·  �-· · ·iea t o  �;ne �-::..xed p lant t o  cause 

the net income ( i . e .  net farm incone ) to fal l .  

r.rhe net far::: ir.co: :·3 o f  all 1 29 repre .;ent at ive farms i s  P.[i.:-,.i:r. positive . 

This i s  of  part i cular i� � are s t , fo r as l o n� as this sum i s  po s i tive , the 

fa�m operator can rel!lain so lvent . �he minimuc ns t fa�� income i s  

reco rded a t  the s t...;.�t point o f  p lant .� i <>e  one su�c2.ass ( c ) , the sum in 

que s tion be ing 3 , 87 �  dollars . 

, �:::-ves are shO\m ::. '"  l<'iJure 8 . l6 .  

:J. t h i s  cas e , . l·li th three e . :;;e)t::..on : : ,?.JJ lo s"e ;; are re co rded ove r the 
ir ... i--c ic.;,� c.e ,:�;rc: c s  of )lc...n� t:t i l i sc..t i on ol.� a .ll  �·::.rt e�{l s·��oc l a�; s e s . 

':L'he cost revenue ratio s o f  such repre s en t at iv e  farms are gTeat er than 
1 . 0 . ) 

'l'he short run aYld long run operato r  management income curves are 

sho ivfl in Figure 8 .  l 7 .  Fig<;.re 8 . 17 shOivS that in all cases , losses are 

re co rded over the initial degrees o f  p lant utilisation o f  each subclas s ,  

and further compared -.ri th the operator labour and management income 

curves ,  proportionately more of the representative farms record losses . 

For example , when the net inco�e curves are derived from the operator 

labour and management income data,  on tHelve of the 129 representative 

farms , losses are reco rded .  ·,..rnen the  net  income curves are derived 

29 . The three exceptions are : 

Plant size one ,  subclass ( a ) ; 

Plant size two , subclasses  (a ) and (b ) . 



from the operator manaGement inco@e data on 47 of the 129 representative 

farms , losses are recorded . 

5 )  Ent reprene u�ial Inco�e cu�ves 

'i'he short nm and l ong ru:-1. ent repreneurial income curv e <>  are shO\·m 

in }'its·..lre 8 . 18 .  

I:-1. ttis cas e , on 7 2  of the l2SJ repres enta"tive .:ar:ns , losses are 

}\:.:r·c:'1 e r ,  it shoul ,;_ "je no t e d  that o�: . �::.. 1 r epre s en tat ive farms 

of p L:.nt s i z e o:::.e cub c lc...; ;:; ( a ) , l o s ..3 e s  are recor::te cJ. . 

6 ) : - . ::.ni;_t:rr. : lo �a � i z e  :-: :-�d ?·1i HJ;�t Cutrntt  reCii.l ire ll fo r !�nt renreneurial 
Income to be Po s i t �ve 

'j_'ab l e  8 .  5 sho·,vs fo:::- e2.ch subc l as ..., , the minir:-.u.--:-. ::,;�d. si z e  and 
cox:�e sponcing oat::Yllt a!-.ci eo ·. :.:; �;er :::.atour L.:.:li "t da-r;a reCJ.uireci fo:: the 

entrepreneurial income t o  b e  p o s i t ive . 

Yror:1 '!.'ab l e  8 . 5 ,  i t  i s  c:..;J -pa�ent t:O.at for ccr.;par2.b l e  sub c l a.:: ses , tr.e 

:J:ini;:;u.m ratio o f  co1:1s y�r l aboc;.� t�'li t anr� out put p e r  l abour uni t ,  

� e qaire u for the en� reprena�ri al inco�e to be po s i t i v e  decl ine s as one 
i::ov e s  i'ro;:-, Iilant .si z e  o r.e t o  _:; :i.ant s i z e  five . . .ith the exc ept i o n  o f  

ui thir1 e a.ch )lar.:.t si z e ) -che 
reqaire d. ( anc. he nce coHs �:; er 1 2.-tlOlA.r L:..."li t c.nd out put pe r l abou:: uni t ) i s  
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:.c-eco rJ.e cJ. "by suoc l s.s s  (a ) . �on s e quent ly , ove:.c' t h e  cc8p l e t e  ran0e o f  p l &�t 

ww h e rci s i z e ::; s tuc.i e <i. ,  the mini:::u.r:i ra-: io of CO'.-:s _Der l abour unit 

requi re d de cl ine s .t'rorn l l )  . 0  i:J. the c a :.:; e  of _;1 lant si z e  one subclass ( b )  

t o  79 . 4  in the case o !' ;.i la!'lt si z e  five s"bc l as s  ( a) .  'l'he a.J so ciated 

output per la:: ::: · :: �.lre s  2.re 3!t , 500 IJOunds , pla:J.t s i z e  one subclass 

( b ) ,  and 23 , 1::320 p.::. ·..:..:.- • ..; , :�:..��n'.; size  five sub c l as s  ( a) . 

8 . 8 SHC.)R'j_' HUN AND 101-YG HUN N:C.'T INCJ:l-1E �UTIV�� - VAHI::.3LE HILKFAT PER CO\.; 

1 )  'l'he Short Hun and Lone; Run Net Income Curves 

The five series of short run and l ( l l lG run net income curves are shO\vn 

in Figures 8 . 19 ,  e . 20 ,  8 . 21 ,  8 . 2 2 and 8 . 23 . From Figures 8 . 19 - 8 . 23 ,  

Hhen the level o f  mi lkfat production per COVI varies \vi th p lant and herd 

size , the fol lowing points are of interes t . 

30 . In the case  o f _ plant size one subclass (a) " ,  the ent repreneurial 

income is negative for all degrees o f  p lant utilisation . 



· I 
i 
I l 

'l'able 8 .  5 Minimum Eerd Size , CoHs per Labour Unit, Output per Labour 

Uni t  required .for the Jmt re-preneuria 1 Income to be Po si t i  ve 

Constan t  !�ilkfat � e r  \�OYl 

Subc lass r ���ir!:.:� . .A2 eo· .... · �-� Uut _put )\Jr 
I r�e:i. ... l' �i z e  La bot,::.' 13.00-:.li' Unit 

I ( Pounds o: 
i I'Iilkfat ) 

( 1 )  ' ( 2 ) ( 3 )  ( 4 )  I ,_ ! 

(a)  
( b )  ?1.:-... n t.  

Si.ze  one 
( c ) 

(a ) 

( b )  
u� '=l Y\  ... 
.J.. _ ........... ... �..� 
S i <: e  tH.) 

( c )  

( a ) 
( b )  ?la� ... t ! 

S i z e  tn:::: e .:: i 
( c ) ! 
( . .  \ (..... / 

� ... , .. ...- -
( 0 )  : - '-4-� .. f.., 

� i Z 8  four 
( c ) 

( a ) 
"';Jl � .,..... ..,;. 

( b )  .... ..;.,. c.. ..... i ..,  

S i z e  .L' . .L lV 0  
( c) 

115 
1 1 8  

- ;,:,. '{ 
:..c39 
192  

26) 
268 
271 

) ) .5  
)3 u 
542 

:597 
405 
409 

1 1 5  
l l 8 

� 5 . 5  
( ' .• -)'r  • )  
:; 6 . 0 

q ' f  /' !"" u 1 • r. o 

< · ) . j )  
�4 ( ) . ) 5  

0) . 25 

. 

U4 . 5 CJ 
i \ ) . 50 

'( <) . 4 0  
U l . OO 
01 . 80 

34 , 500 
) ) , 400 

28 , 05 0  
28 , )j0 
28 , 800 

26 , ) 00 
2 6 , 800 
27 , 100 

2!� ' 975 
2 5 , 3 50 
2 5 , 650 

2 ) , 820 
24 , 300 
2-1 , 540 

NOTES : i ) Co lumn ( 2 )  . · ... o,.,rs fo r e ach of the fifteen subclasses , the 
minimum h2ru size required for the entrepreneurial 
income to be positive . 

ii ) Column ( 3 )  shoHs the corres:,>onding ratio of co\.;s per 
labour unit . 

iii ) Column (4 )  shoi-rs the corresponding milkfat production 
per labour unit . 

. 

I ' 

I 
I 
I 
I 
I 
I 
I 
i 
I 

I 
I 
I 

! 

! I 
i 

.. 
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I n  al l five case s ,  2l/ a s  the degree of plant utilisat ion of each o f  

the fifteen subclasses i ncrease s , the ap_propriate net income fi gure s 

increas e . Consequent ly , the highest net income fieures for each sub-

c l a s s  are r e corde d at �he cut - off point . 

Uf parti cular int erest are the five short run net incomG curve s of 

p lam; s i z e  one subclass ( C )  a:J.d 0:18 m net income curve of p lant size 
o n e  s ub0 las s ( t ) . Al though ·v:C.e co rre s1londing short run avera.:je co s t  

curve s 0 1.  the s e  net inco:::te curves sre "u" .:; hape d ,  the n e t  income fi.s:ru.r e s  

increas e a s  the degree of p lant uti l i s at io:J. increas e � . 'l'his , as no t e d  

earl i�r , i s  u e  to insuffi ci e:J.� vari ab le re�j -�c e s  beine added to the 
fixed plant to cau s e  net income to fal l . 

In all five case s ,  :'o :::- co ;np arab l e  cu t-off po int s ,  the net income 

increas e s  a s  one r.1oves from p lant s i z e  one t o  p l ant s i z e five � within 
each plant s i z e , the :J.et inc ome fib�res inc rease as c �2 moves from the 

cut-off po int o f  subc las s ( a ) to the cut -off po int of subclass ( c ) . The 

hit�h e s t  ne t i nc ome in al. l f ive c as e s i s  r e co r:�ed. at the cut -off point of 

p l an t  s i ze five subclass ( c ) . 

'.L'he l or.�· r..1.n net income curve in al l case s i s  ::; ec';,rment e d ,  due to t h e  

r e s o ur c e s  wh� ch co=prise  t!:e no t bein5 cont inuous ly divi s i bl e . 

.''..S one nave s fro::: the first to t h e  fift!', se:::-i e s  o f  net; incor.1e curve s ,  

the re i s  a t:::-enn t o Haru.s l o s s e s  be inu- recorned on proportionat e ly rr.ore 

of ·vne repre s entative farms . }'ur  exami' l e , vrnen t h e  n e t  income curve s 

are derived from the net cash in corr.e da t a ,  on none of the 129 repre senta­

t iv...: farms ( from Htiicn the long r...:.n net income curve i s  derived ) i s  the 

net; income ( i . e .  ne t cash i ncorr.e ) negative . Comparab l e  figure s for the 

four o ther seri e s  of net inc ome curves are : 

Seri e s  'l'wo Net }�arm Income 

Seri e s  Three : Operator Labour 
and Hanagement 
Income 

Seri e s  Four 

Seri e s  Five 

Operator 
Management 
Incor-.e 

Entrepreneurial 
Income 

Lo s s e s  are re corded on 0 of the 1 29 farms ; 

Los se s  are re co rded on 0 of the 129 farms ; 

Los ses are reco rded on 18 of the 1 29 farms ; 

Los s e s  are re corded on 39 of the 129 farms ; 

3 1 .  i . e .  }�or each of the five seri e s  o f  net income curves .  

3 2 . i . e .  The net income curve derived from the net cash income data. 



2 ) Minimum Herd Si z e  �nd Mi lkfat Outpu t re quired fo r Entrepreneurial 

Income to be ? o s i t ive 

r.l'ab l e  8 . 6  sho..rs for e ach subc l as s , the minirr.t<.L h erd s i z e  and 
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co rre spor.ding output and c o >·rs p e r  l aboJ.r unit data require d fo r the entre-

p rerteurial income t: be p o s itive , when the l eve l o f  mi lkfat p ro du ct ion 

per coH vari e s  Hi�h plant �d h er-d s i z e . 

Co lwrti1 ( 3 )  sho·l'l s that v;hen th e l eve l o :· milkfat produ c t i on per co1.: 

v�r i e s  Hi th p i ant a."l.d he re.. s i z e , i'o r  co;nparc:.ble . <Q classe s ,  the diffe r enc e s  

bct;·;e en the i'ive p l�n-;; s i z e s  i n  t enTJs o f  the mi.nimum ra"C i o  o f  c o w s  per 

l abour unit re quire d. are much �', . (::.lc e d . l ti thin each p lant s i z e , the 

mi::.ir:m.in }l.e rd. s i z e c:-�: - �::. :ced i s  re ccn·de d  oy sub c l �s s ( � ) . Co lumn ( 4 )  
shoHs that fo r comparab l e  �· ,1 oclas s e s , the output per l s.bour uni t required 

de creas e s  from p lant o:::.. z e  v.�t: -:; o  p l ar.t s i ze  fi·ve a:1d H i  thin e ach p lant 

s i z e , the mini mum outiJUt 1er la bour Uili t requireei i s  re corued by sub c l a s s  

Cons equently over t l-; e  c ompl e t e  range o f  pL:...:1t an d.  h erd s i z e s  

s tuai e d ,  t h e  1nini.::um :r�t i o  o :  cov:s p e r  labour U...'1i t required de cl ines 

fror.:: o i:l . O  in the c�s e o :  p 2.ant s i z e or..e . ; 1 �oclass : �;. ) to 7 2 . 8  i n  the case 

O f'  n la·n+ s -i z e I� i "e � - , ·o � l "' ' · s  f � j ..._ .!. .i. J,. V  ...0... - V .:::> U. \,_; ....,.. ,J \ C.. ; • 'l'he co :::-re s1)vncii::.6 ou-:; piJ.t p e r  l abour 

unit fi,:;-Llres are ) 2 , 0o) pounds i::� the ca�;e o: · lant s i z e  one sub clas s ( a ) 
ar.ci 2 3 , 2 1 8  pounus ir. trw c�se o :' p lant s i ze :I":.;.ve subclas s  (a ) . 

l )  l·:i lki'c:.t Pro C:.u c t:: cn ; E.:: :::- C :::> ; :  

One o :  t h e  no s "C  c:::·i t i cal �s�unp t ion 1 ;  o f  t h e  c.�-�'-l;>r s i s  i s  t h e  as sumpt i on 

con c er::1ing the l eve l of milkfat production p e r  coH p e rtaining t o  e ach o f  

t h e  1 2 9  ��·epre s en tative farms , from wh i ch t h e  lone run average cost curve s 

are cons t ruct e d .  

As di s cu s s e d  earli e r  i n  this study ,  long run average co st curves are 

p r e s e nt e d :  

a ) Unde r  the as swnpt i o n  that the l evel of milkfat p ro duct ion 

per coH remains constant over the complet e  range of herd 

sizes studiea . 

b )  Under the assumpt ion that milkfat p roduct i on per cow i s  a 

funct ion of plant and herei size . 

Pigure s  8 . 6 a.11d S . ll show that in . both cases , t he loH point of the long 

run average co st  curve is  represented by the cut-off point of plant size 

five subclass ( c ) . 



'l'abl e  8 . 6  Hinimum Herd S i z e , CoHs per Labour Uni t , Output ner Labour 

Uni t  requ i r e d  f o r  t h e  int repreneuri 2 l  :I.1.corr;e t o  b e  Po s i t iv e  

(Variabl e  IO::L lk.:at ; e r  c o v1) . 

Sub c l as s l•1ir1irr,u.71 Cowf; per Out put per 

( l ) 

( a ) 
( b ) 
( c ) 

( a ) 
( ' \ b ;  

( c )  

( r� \ \ '- I  

( (I ) 
r e \ \ J 

( a )  
Co ) 
( c ) 

( a )  
( b )  

( c ) 

NO'l'ES : 

He rd Size Labonr Unit Labour Uni t  
( Pounds o f  

( 2 ) 
Milkfat ) 

( 5 )  ( 4 )  

88 88 . 0  3 2 , 083 
.Pla."lt 90  ))0 . 0  3 2 , 649 Siz e  l : ·  

9 2  92 . 0  3 3 , 207 

140 70 . 0  25 , 180 
Pla."lt 1,� 2  7 1 . 0 25 , 467 
S i z e  2 

lt � '(2 . )  2 5 , 89 3 

.?la.Yit 
2 "' ' 

-� . ? I .  5 3  24 , 503 
� i z. e  3 219  ·r :; . eo 2,� ' 97 1  

22:.:' 7!; . 00 2 5 , 246 

l1lc .. :n t i 292  7 5  . O'J 2( ' 01',3 
I 

S i z e  4 I 296 74 . 00 24- , ) J. �  

I )02 7 ') . )0 2�� ' 7 1 6  
I 

l 364 7'2 . 30 2 3 , 218  
Plar.t J 7l . 7tJ . 20 23 , 592 Size 5 

3 7 6 7� . 20 2 > , 858 

i )  Co lumn ( 2 )  shovrs for e ach o f  the f ift een subclas ses , 
the minimum herd s i z e  required for entrepreneurial 
income to be positive . 

ii ) Colurnn ( 3 )  shows the corre sponding ratio of coHs 
per labour unit .  

iii ) Colwnn ( 4 )  shO'IIS the co rre sponding mi lkfat product ion 
per labour uni t . 
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If milkfat p ro ducti on p e r  cm.; i s  a s : � u.med not to vary vri th p lant and 

herd s i z e , the s e l e ction of ano ther l evt' l. o f  mi lkfat pro du c t i on per cow ,  

Hi l l no t alter the shape o f  the l ong ru t t  averace co s t curv e s .  I f  i t  i s  

co n s i dered that millr..fat pro duction p e r  c o 1v i s  a func t ion o f  h erd and 

p l m1t s i z e ( and in the author ' s  opini on , th i s  i s  more l ikely ) , then 
al t erins the five linec:.r functi ons which x;>re.3 s mi lkfat production per 

cow a s  a �1.mcti or. o f  herd a.'1 d  p l ant s i z e , could alt er the s hape of t he long 

r..L'1 averac;e co s t  curve � .  :!:<'urtl�.e r ,  it shoul d be remen1oereci the data Hhi c h  

Has us e d  in t n e  de rivat ion of the five l i i�ear fun ct i ons H a s  arb i t rarily 

ae cided upon b:y the a1.. .J : :or aft er a s t-c.ci.,y of -;; he farm s u:::-vey dat a .  

I?.ather than derive a numbe r  o f  lont'� run averat;e co s t curv e s  base d  

upon a s e ri e s o f  as s um�)t ion:.:; co:·. _; � rning l .he l eve l s  o f  mi l:<::fat p ro duct ion 

p e :c .._ .  cow , u:le e f:.. e c t  o f  varying l ev e l s o f  mi lkfat /L 'Odu c t i o n  p er coH on 

the shape o f  the l o:!'lg run ave ra[;e co s t c: t 1rvcs i s  s tudi ed in t h e  fo l loHing 

way . · For each o f  the l 2Si repres ent at ivr'! farms ( fro m Hh ich a long run 

ave rage cos -;; curve i s  d e rive ci. } , the l evt> L o f  :r.i lkfat pro duct ion per cow 
require d  for the co st :!::' evenue rat i o  o f  t l l v  far;n i n  que s t ion t o  be equal 

to t hat of the low p o i:'lt of the lont,· run n.verace cost curve i s  det errr.ine d • 

.rteade r s  are -;;here fore irwi t e d  -eo f, • • lfl their O'-in opi nions concernin,·s 

the relationsh i .:) betHe Gr. :ni lK:fat prodclct i on per C O \·r and p lant and herd 

s i z e  an CL to examine Fic,ure s  8 .  24 and c . ? ' • to det ermine Hhe the r  their 
o pinior.s are such t :'1a t the loH p o int a:!'ld r.et:ce s?ta.pe o f  the l ong run 

avera0e c o s t  curves vri l l  al t er .  

Figl.l::.' -: o .24 shovrd the level o f  rr.ilk i.at pro duction p e r  CO 'd vrhich mus t  

b e  att aine d by each o f  the repre sentativ�' fari!l.s i f  t h e  co s t  rever.ue ratio 

of each farm is to equal that of the loH point of the long run average 

co st · shO\m in l<'ieure 8 .  6 .  :Simi larly l<'i 1 ,ure 8 . 25 shovrs the level o f  

nilkfat product ion p e r  c o vr Hhich rr.ust oe at tained ·.:;y e a c h  o f  the 

repre sentative farms if the co st revenue ratio of each f arm is to be equal 

to t hat o f  the l m1 po int of the l ong run ave rage co st curve shown in 

.,.,.. . 8 11  ;( 4 1Th 
. 

AA '  ..., ." ' · · c •  · JD ' ' , . ,  f' p · 8 2 5  how �·l.t,ure . • L::if • e curves , .DJJ , �.... , J a."lu 1'.1� o _ · 1.gure • s 
the re lationship be tvreen mi lkfat pro duct i on p e r  cow and plant and h erd 

3 5 . �he cost revenue ratio s i n  que sti on are tho s e  of the fifth s eri e s  of 

cost revenue rat i o s  i . e .  �otal co st (E) 
Gro s s  farm :i.ncome 

34 • .  A s e cond comput er pro gramme \vas useli  fo r the determinati on of t he 

data shO\·m in }'i gures 8 . 24 and 8 . 2 5 .  



::Ji z e , r e su l t inc f'rom the u s e  o f'  the five l i near fun c t ions de s cri bed in 

s e c t ion B . 2 of Ap pendix B .  

1 97 

A n  ex:-un inat i on of l''it�nres 0 . 2tl a n d  0 . 2 ) i nrl i cR. t r :w t h a t  in bo t h  ca se s , 

t l !e l eve l of mi l k f at pro du c t i on pe r c 0 <1 'ti h i r ; h  Jlll H> t be a !; t a i n e d  h.Y the 
f a rm . :  rP.i)re sE:mt inc the i ni t i a. l degre e s  o f  p lan t t t t i l i s a t i o n , o f  the 

fi f t e e n  s u b c l a s , ; e s  i s  re l a t i ve ly h ich . Fo r e x : unp l e , f o r  e ach o f  t h n  

t h r e e  su bc l a:� �.;e s  as so ci a t e d w i t h  e a c h  p l :u t t  s i  ;� e , uo t l J  �1h c n  t h e  l e ve l  o f  

ii l i l k fat pro duc t i on vari e s and r emai m; c o n s t <m t , w i t h  c h anc-es .i. n plan t 
s L; -� nnd h erd s i z e , in o rder t ha t  t h P  co r; t  r"v0nue ra t i o :> be efJu a l  to t h a t.  

o r  t h e  l o �-o•  po i n t of t he lonrr run n.ve r<\�C eo <: t curv e ,  th e rn i l k fa t p ro rlu c t i on· 

jll' !' eo "' o f  t.h o : ; e farms co rre s pondinG' t o  tlw i n i t i a l  d errr(� P. s  o f  p l a n t  

l l  L i l L;aL i on· r�wJ t e x c e e d  400 pou nrl. s . J ).i s cu: ; : ; i  on::; wi t h  Jv.ann.>m tu J� t P n s i o n  

O f f i c e r::; l e d t he a u t h o r  t o  t h e  c o n c l t t H i o n t h: t L  n ttch ott t pu t  l P.ve l s  n. r e  
c x t rel lte ly t m l i k e ly to be a t tai ne d ,  p a r ti c l t l ar ly a n  r:; to ck i nc; rate remains 
c o n r; tan t i r rt' sp e c t i  ve of p l an t  and h P rd r-d ;.; n . t ;onv P r : : e l,y , .i n bo t h  

._; ' l f; •• : ; , f o r  each o f  the fi f t e en n u bc l : t . : . : r. : ;  O V " l' L i t e  ] a L t e r  ( [ P [_rre r� : :  o r  p l n n t  

u L i  I i � : n. L i o n , t h e  l eve l s  o f  mi lk fat p ro d ' l C L i o l l  l '"r C O H  req 11 i  r r � d  b:r t h e 

2"'-' J >rc . ; c n t at i  v e  farms to equal i :J e  t he l o·.-1 p .: t  e o : :  t, n�ve n u r. r a t; i o  o J ' the 
J cn1t ;  nm a ve race c urve ap pear t o be m o rr: l i L• ' l ,y .  

'l' :t b l e  H . '{ pre rHmt s  d a t a  concern i n ;_; t. h "  ] pv r > l u f' Pl i 1 !-· f' : ! l .  r ro l u c t ion 

j) < ' r  c (l· .. r requi r o li b,y the r e 11r e s e n  tati VL ' J 'arn ! ;  ( : r )  l ' l'':? � l  po nd j n; ; t,o Ui (� loH 
i. 'O i n  t ; :  o f  the f i v e  :.. ubc l m; n  ( c ) :Jho r t  n m  <1. V " r'1 1 ; 1� co n t  curv c n  i n  o rd ( ' r  

L •  · L  t hr> coa t r c •vr.nue rati o s of r; u c h  J ' a rr � a  lw " fl ' t rl l  t o  t l 1 0 H C o f  t;he l o VI  

;1o i n t  n r  t h e l o ng run averat;e co �; t c m·v · � � . l"rora t h e  cla. t a  prP s P n t P · l  
.i.n 'J 'able Cl . ? , i t  r.an be s e en that re l a t ive l: •  :-;mal l inc rea n e u  i n  m i l k fat 

11ro llu c t i on per. co w are requi re d for t h e  co s t  revenue ra t i o s o f  t h r� four 

repr e ::.: e u t u t i v e  farms to be equal to thoa e o f  t h e  low ] ' O i nt s  o f  the lone 

run ave rac;c c o s t  curve s .  Di s cu s 3 i o n s  Hi t h  f·latuLwa tu J•:x t en s i o n  Offi cers 
l ea.J t he aut hor t o  the conc l us i o n  tha t such in c rean e s  arc fea s i b l e , i n  

•,.;h i ch c a s e  be tH een plant s i zes , co ns tan t re turns t o  s i ze \•IOu l d  exi.. s t .  

r'ina l ly , if t he reader shoul d di ::m�_,rre e vl i t h  the l eve l of mi l k fat 
pro d u e  t ion pe r CO\-/ of t h e  represen t a t i v e  f a rm s  -.rh ich  co rren pond to the 
l o w  point s of the long run ave raee co s t  curvt =w , the da ta p re s e n t e d  i n  

r'icure s 8 .  2 4  and 0 �  2 5  are no longer ap pl i ca b l e . I n  s uch circwm=� t ance s , 



Table  8 .7 Mil.ir.J.'at Production per cow required for the Cost  Hevenue 

Ratios of Representative Farms to be egual to tho�e of  

the Low Point of the Long Run Avera;;e Cos t Curves 

Plan t 
Size 

( l )  

l 

2 

5 
4 

5 

IW'l'ES : 

Constant Nilkfat per �ow Variable  f-1i lkfat per Cow 

Nilkfat/ Difference Hilkfat/ Difference 
Cow ( Pounds of Cow (Pounds of 
(Pounds ) Milkfat ) ( Pounds )  Mi lkfat ) 

( 2 )  ( 3 )  ( 4 )  ( 5 ) 

)65 . 95 65 . 95 3 49 . 86 28 . 86 

339 · 45 39 · 4 5  324 . 20 15 . 89 

325 . 24 25 . 24 3 10 . 5 5 11 . 01 

312 . 17 1:!? . 1 7 297 - 98 5 · 93 

300 . 00  0 . 00 286 . 22 o . oo 

i ) Column ( 2 )  shows the level of mi lkfat production pe r cow 
required by each of the five represen tative farms , in 
o rder that the cost revenue ratios of t he representative 
farms be equal to that o f  thP. low point of the long 
run averat;e co st  curve shown in Figt· re 8 . 6 .  

ii ) Colwrm ( 3 )  show::; for each of Uw reprenen tativc fams, 
the required increase in the per cow p!7oduction .  

iii ) Column ( 4 )  shows for each o f  the representative farms , 
the level of  milkfat production per cow required i n  
o rder that the cost revenue ratios o f  the representative 
farms be equal to that of the low point of the long 
run average cost  curve shown in Figure 8 . 1 1 .  

iv ) Column ( 5 )  shows for each of the representative farms , 
the required increase in per cow product ion . 
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the effect of varying leve l s  o f  milkfat production per cow on the shape 

of the long run averaee cost  curva? can be determined by recalculating 

the cos t  revenue ratios from the data shown in Figures 7 . 33 , 7 . 34 and 

7 . 3 5 .  ··by the use of the followine procedure . 

For example , if the reader should decide that the level of  milkfat 

production per cow at the cut-off point of plant size five subclass ( c ) 

should be 290 pounds and at the cut-off point of plant size four sub­

class ( c ) 30) pounds � the modified cost revenue ratio s  can be obtained 

as fol lows : 

i) From Fieure e . 2) it can be seen that the level of mi lkfat 

production per CO\v has increased by : 

Approximately 1 3  pounds per cow in the case of  the p.lant 

size  four farm ; 

Approximately 4 pounds in the case of the p lant s i ze 

five farm ; 

ii ) 'l'he per unit gross farm income data is shown in l<,igure 7 .  3 5 .  

From Fieure 7 . 35 ,  i t  c an  be seen that the p e r  unit gross 

farm income is : 

In the case of  the plant s i ze four farm, approximately 

1 1 5  dol lars per cow ; 

In the case of the. plant Size five farm , approximately 

1 13 dol lars per cow ; 

iii ) The modified per unit eross farm income figures are therefore : 

Plant size four farm , �115 + t4 . 29 

Plant si ze five farm , t113 + �1 . 3 2 

�119 . 29 

;4114 . 3 2  

iv ) The per unit costs  of  total co st ( E) are shown in Figure 7 . 34 . 

The per unit costs are : 

Approximately �99 per cow in the case o f  the p lant 

size four farm ; 

Approximately �96 per cow in the case o f  the p lant 

size five farm ; 

v )  The modified per unit co s t s  o f  total cost (E )  therefore become : 

(The per unit opportunity cost of the o perator ' s  management is 

increas e d . ) 
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Plant si ze four farm , )599 .00 + �0. 26 

Plant size five farm , �96 . 00 + �0 .08 

- .Z99 . 26 

"' $96 . 08 

vi ) The modified cos t  revenue ratios therefore become : 

Plant size four farm, 2�. 26 = 0 . 8320 
119 . 29 

Plant size five farm ,  26 . 08 = 0 . 8404 
114 . 3 2 

2 )  Cos t  Data 

Similarly , the reader may also disagree with some of the assumptions 

made in the study , and with certain details  of the cost data . l<'or this 

reason , for each of the 129 farms from which a long run average cost 

curve is constructed , the sum by which the 'l'otal Cost (E) must be 

reduced in order that the cost  revenue ratio be er1ual to that of the low 

point of the lonts run average cost  curve is determined.  22/ As the 'rotal 

Cost (E )  consis ts of five separate component s ,  alterations in the 

assumptions maue , or cost data used , in the computation of each of the 

five components ,  wil l  cause variations in the ( fifth ) cost  revenue ratio . 

Figure 8 . 26 shows the reductions in the per unit co st  of Total Cost 

( E ) , required for the cost revenue ratios of each of the  representative 

farms , to be equal to that of the low point of the long run average cost 

curve , when the level of mi lkfe..t production per cow remains constant 

over the complete range of herd s i zes studie d .  

200 

Similarly Pigure 8 . 27 shows the reductionH required in the per unit 

cost of Total Cost ( E )  when the level of milkfat production per cow varies 

with plant and herd size . 

Figure�> 8 .  26 and 8 .  27 show that for each of the fifteen plant sizes , 

when the degree of  plant utilisation is  low , the maenitude of  the cost 

reductions required is relatively high . This  indicates that major 

alterations ( i . e .  in excess of 30 dollars per cow ) in the assumptions made 

or in the cost  data used,  are required if the cost  revenue ratios of such 

farms are to be equal to those of the low points of the long run average 

cost curves .  Such reductions i n  the per unit costs  o f  Total Cost  (E)  
are , in the  author ' s  opinion , extremely" unlikely to be attained.  Con­

versely over the latter degrees of plant utilisation , particularly in the 

case of the larger plant sizes , the magnitude of cost reductions required 

3 5 .  A computer programme was written t o  determine these  sums . 



i s  relat ively low . Consequently , on such farms , minor al t erations in 

t h e  as sumpt ions made , or cost data use d ,  coul d alter the shape of t he 

lone run ave raee c o ::; t  curves . 

Con s e quen t ly ,  i f  readers di s aeree w i t h an,y o f  the as swnpt ions made , 

or w i th c e rt ain detai l s  of cost d a t a  used , ( o th e r  t han t h e  as sumpt ions 

mane or c o s t  data u s e d , fo r the cal cu la tion o f  the c o s t  �evenue rat i o s  

o f  t he repre s entative f arms co rre spondinG t o  t h e  low p o i n t s  of the long 

run avera0e co s t  curv e s ) , they are invi t ed t o  re cal cul a t e the p er unit 

co ::; t s  o f  1'o t al Co st (E ) , (based upon t h e i r  own as sump t ions and cost data ) 

ana to compare the re su l t s of such recal cu l a t i ons wi t h  t h e  dat a shown 

in l<'i �.;ures B .  26 and B .  27 . 

If th e  reauer shou l d  di saere e  ·,'fi th the assumpt i on s  made o r  w i th 

detai l s  o f  the c0s t cl ata us ed ,  f o r  t he cal cu l at ion of  t h e  c o s t  revenue 

rat i o s  o f  t he r epre s en tat ive farms corre spond i nG to t he l o w points d f  

the lone run averaee co :.:; t  curves , t h e  e ffe c t  of variati ons i n  t he p er 

unit cos t s  o f  t he represen t at ive f a rms , upon the shape o f  t h e  lone- run 

avera&e co s t  curves c an be d e t e rm ine d by recal cu l at i ng t he c o s t  r evenue 

rati o ::;  us inc; a s imi lar pro cedure to t ha t  d i ::; cu:-; sed on pages 199 - 200 . 

8 . 10 SIDTI'1ARY 

In t h i u  chap t e r , a de tai l e d  a c co un t  has been �iven o f  t h e  nat ure 

of the c o s t - s i z e  and p rof i t - s i z e r e l a t i ons h i ps . The remt l t s i ndi cate 

t h • t  ·..,..hereas w i th in e ach subc l a s s  rel a t i ve J y l are-e reriuc t i 0ns i n  the 

cost revenue ra tio ar e obtained as the decre e o f  p lan t n t i l i s a t i 0 n  

i nc reas es , co mparat ively smctl l redu c t ions in the cos t revenue ratio are 

obtained. by chan&in.G" p l ant si z e . l<'urthe r , be tv1een plant s i z e s  vihen 

the output per labou r uni t data of the reprer ;cntati ve farms approxi mates  

the  ma."'<imum f igure o f  a comparabl e :mrvey farm , ex tremely small 

differen c e s  in the cost revenue r a t i o s  are obs erved . 

The net income data indi cat e s that in al l case s  wi thin each subclass , 

the net income increases cont inuous ly as the degree of p lant uti l isat i on 

increase s , and within each plant s i ze , the net income increase s  as one 

moves from the cut -off point of subclass ( a )  to the cut-off point of 

subclass ( c ) . Further for comparable cut�off point s ,  the net income ( in 

al l . case s ) increases as one move s from plant s i ze one to p lant s i z e  five 

and consequently the highest ne t i ncome figure is recorded at the cut-off 

point of p lant size five subclas s  ( c ) . 
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\.J.hen the level of milkfat pro duc tion per co\.,r remains c ons tant 

irre spective of changes in plant and herd si ze , the minimum ratio of 

cows per labour unit and outvut pe r l a bo ur uni t  required for the 

ent repreneurial income o f  comparab le subclasses to be pos i tive de c line s  

a s  one move s  from plant s i z e one t o plant s i z e  five . A s imi lar trend 

i B  di scernibl e in the output per labour unit data when the mi lki'at 

pro duction per cow varie s  with pla nt and h erd s i z e .  The co nt inuous 

de cl ine for comparabl e  subc l a s s e s  a.s one mov e s  f ro m  plan t  s i z e  one t o  

p lant s i :& e  five is n o t  a1.pa.rent in t h e  data. relat ing to t h e  minimum 

rat io ·of co•,rs per labour t.mi t requ i red v1hen per covl product ion varies 

Hi t h  plant and h erd s i z e . 'rhis resul t s  be cause o f  the higher per cow 

pro duc tion of t he representat ive farms of the smal l e r  p lant s i ze s .  In 

t h i s  cas e , the minimum rat io of coHs pe r labour unit is reco rded by 

p lan t s i :& e  two . 

The brea.keven anetly s i s  indicates t hat bo th when the l evel of 

mi l kfa.t prouuct i on per co w varies and remains cons tant w i t h  c h ance s i n  

p l an t  [-illd h erd s i ze , re l at i v e ly smal l increas es in th e mi l kf a t  pro duced 

p e r  cow,  and re l at ive ly sl"'la.l l d e creas e s  in the p e r  uni t co s t s , a re 

required for the cos t revenue rat ios o f  the rep resenta t i v e  farms 

· co rre sponding to the lat t e r  degree s  of plant ut i l isa t ion o f  each subclas s , 

to be equal to th o s e  of the low po int s o f  the long run average co s t 

curve s . 
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CHAPrER NINE 

IMPLI CAT IONS OF 'l'HE STUDY AND CONCLUSIONS 

9 . 1  INfRO DU CTION 

In t h i s  chap t e r , s ome of the mo re sal i en t  implicat i ons of the 

s tu� are d i s cus sed and the aut ho r ' s  conclusions present e d .  

9 . 2  PROF'I'l' I1AXINISA'l'ION AND CO S'l' MINH1I;JATION CONSI DERA'l' IONS 

The r e sul t s  of the analysis i l lus trat e an i mpo rtant p o int wh i ch 

should be borne in mind when co nsiderinG economies of s i z e  s t udies . 

In the case of p lant s i z e one subclass ( c ) , the low po int o f  the sho rt 

run average co s t  curve ( \vhen the l e vel o f  mi lkfat pro duction per c o w  
• 

vari e s  wi t h  plant and h e rd s i ze ) co rre sponds t o  a he rd s i z e  of 1 3 0  

CO\v'S . _l/ Further increases i n  t h e  deeree o f  p lant ut i l i s at ion le ad 

to the rea l i sat ion o f  d i seconomi e s  of s i z e . Howev e r ,  a l t hough 

di seco nom i e s  of s i z e  are real i s e d  as the degree of p lant ut i l i sation 

i ncreas es beyond a herd s i ze of 1 3 0  cows , n e t  i ncome ( in all five 

cas e s ) increas e s . 

Simi larly , i t  i s  po s s i ble t o  move from a given po int on a 

part i cular sho rt run average co s t  curve to a hiehe r point on ano t he r  

s hort ru n  average co s t  curve ( and hence di s e c onomies of s i z e  are 

real i s ed) and for t h e  change to be associated w i th an i nc reas e in n e t  

i ncome . }'o r  example , the five s e r i e s  of co n t  revenue ra tios 

corre sponding to a p l an t  s i ze one s ubclas s  ( c ) repr e s entat ive farm , 

wi th 1 30 cows are shown in Co lumn ( l ) of Tab l e  9 . 1 .  'l'he c o rresp .onding 

figure s  for a p l ant size two subclas s (a )  repres ent ative farm , with a 

herd s i ze o f  180 co ws are shown in Column ( 2 ) of Tab l e  9 . 1 .  

1 .  The low point corresponds to a herd size o f  130 cows , when the 

short run average cost curves are derived from the third , fourth 

and fifth series of cost revenue ratios . When the cost curves 

are derived from the first and second s erie s  of cost  revenue 

ratios ,  the low point corresponds to a herd size of 120 cows . 



Tabl e 9 . 1 Co st Revenue Ratio s corresponding t o  Herd Sizes of 130 cows 

(Plant size one) and 180 co ws (Plant size two) (Vari able 

Milkfat Production per cow) . 

Cost  Revenue Plant size one Plant size  two 
Ratio Subclass ( c ) ::>ubclass ( a ) 

1)0 cows 180 cows 
( l )  ( 2 )  

Ratio l 0 . 2850 0 . 3894 

Ratio 2 0 . 3 1 1 7  0 . 4 1 1 8  

Ratio 3 0 . 6520 0 . 7341 

Ratio 4 0 . 8)37 0 . 86 1 3  

Ratio 5 0 . 8<;37 0 . 9 2 1 3  

The net income data of the two farms corre sponding to the c os.t 

revenue ratio data of 'l'able 9 . 1  are shown in 'l'able 9 .  2 .  

'rable 9.  2 Ne t Inco me Data corresponding to Herd Si z e s  of 130 co 1.,s 

(Plant size  one) and 180 cows (Plant size two) (Variable 

Milkfat Production per covr) .  

Net Income Plant size one Plant size two 
Subclas s ( c ) Subclas s (a ) 

130 co vrs 180 cows 
( dollars ) ( dol lars ) 

( 1 )  ( 2 )  

Cash Income 1 1 , 809 14 , 4 01  

Net Farm Income 1 1 , 368 1 3 , 872 

Operator Labour and 
Management Income 5 , 746 6 , 270 

' 
: 

Operator Management 
Income 2 , 746 3 , 270 

Entrepreneurial · 
Income 1 , 755 1 , 85 5  

From Tables 9 . 1  and 9 . 2 ,  it  can . be s een that although the cost  reven� 

ratios  of the plant size two farm are in al l ( five ) cases greater than 

those of .the plant size one farm , the corresponding net income figures 

of the plant si ze t wo farm are in all ( five ) cases greater than those 

of the p lant size  one farm . This arises  be cause ,  although the net return 
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p e r  do l lar o f  gro s s  farm inc ome i s  lower in al l five cas e s  fo r the p lant 

s i ze t wo farm , the numbe r of uni t s  of gro s s  f arm income ( i . e  do l lars ) 
of the p l ant s i z e  two farm i s  suffic iently great t o  overcome t h e  lowere d 

p e r  uni t return and cau s e  the abso lute ( income ) sum to be c;reat e r .  _1/ 

Al t hough i t  se ems l ik e ly t hat the main fac tor of intere s t  t o  a 

farmer cons i de ring a change o f  farm s i z e  i s  Hhe t he r  such a change wi l l  

l ead t o  an inc reas e in ne t income , i t  i s  desi rab l e  that any change in 

f arm size b e  s uch t h at e conomi e s  o f  s i z e are real i s e d .  ( Con se quen t ly , 

t h e  t o t al c o s t  of produ c ing a d o l lar o f  gro s s  farm i ncome i s  reduced 

an d  hen c e  the net re turn per do l l ar o f  ero s s  farm income increased . ) 

In order for such changes in farm s i z e  to be ac companied by the 

real i sation o f  e conomi e s  o f  si z e , i t  i s  e s s en t i a l  that a l l  resourc e s  

( and parti cu larly tho s e  wh i ch in th i s  s tudy con s t i tute t h e  f i x e d  p lant 

be u t i l i s e d  as fu l ly as po ssibl e .  For exampl e , i f  a change i s  made 

from a farm corresponding to the l o H  po int of t he short ntn ave rage 

co s t  curve , o f  p lant si z e  one subc lass ( c ) t o  a farm co rre sponding t o  

a plant s i z e  t wo represen t ative farm wi th 210 cows , t h e  re s ul t i ng  co s t  

revenue ratios an d  n et i nco1ne data are shown i n  Table 9 . 3 .  

2 .  Por exampl e , the ero s s  farm i n co me of the t wo farms i s : 

P l an t  s i z e  one 

Plan t  s i z e  t wo 

16 , 517 do l l ars 

23 , 586 do l lars 

'rhe f i r s t  co s t  revenue rat i o s  for the farms are : 

Plant siz e  one 

Plan t  s i ze t wo 

0 . 2850 

0 . 3894 

The net return per do l lar of gro s s  farm income i s  therefo re : 

Plan t  ::J i z e  one 

Plant s i ze t wo 

( l 

( l 

0 . 2H50 ) 

0 . 3894 ) 

0 .  7150 do l lars 

0 .  6106 do l l ars 

The net cash income i s  therefo re :  

Plant s i z e  one 

Plant size t wo 

16 , 517 x 0 . 7150 = 11 , 809 do l l ars 

23 , 586 x 0 . 6106 14 , 401 dol lars 
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'fable 9.3 Cost  Revenue Ratios and Net Income Data corresponding to  a 

Herd Size of  130 co·,;s (Plant size one) and 210 cows (Plant 

size tHO) (Vari able r1i l k fat Production pe r  COV/) . 

Cost Revenue Plant size Plant  size Net Income Plant Size Plant Size 
Ratio one tHO one tHO 

130 cows 210  COvlS 130 cows 210 cows 

Ratio 1 0 . 2850 0 . 3729 Net Cash l l  ' 809 16 ' 562 
Income ' 

Ratio 2 0 . 3 1 1 7  0 . 3950 Net Farm ll ' 368 1 6 , 026 
Income 

Ratio 3 0 . 6520 0 . 7168 Operator 5 , 746 7 , 49 9  
Labour 
and 
Nru1agemen t 
Inc ome 

Ratio -1 0 . 8 337 0 . 8301  ( 1perator 2 , 74 6  4 , 499 
Nanagement 
Income 

Hat io 5 0 . 8937 0 . 8901 Entre- l , 7j5  2 , 910  
preneurial 
Inconte 

Frofl'i 'l'o.bl e  Si .  3 , i t  i �  apyJo.nmt that ·i n  tr.e G a s e  o f  the fourth and 

fifth se rie s of co :::; t revenu e rat io,_; ,  the co : ' t  revenue r a t i o �; of the  

plan t  s i z e  ti-10 f<.Lr;;J are lo ·.ver tha.n tho :::; e o t '  t he p lo.n t s i z e  on e farm and 

hen c e  e co nomi e s  o f  s i z e  are rPal ised . 'l'hu s mov i nt; f ro m  the 130  cow 

farm to the 2 1 0  cow farm , eives rise  not only to a greater GT0 3 S  farm 
income but also t o  a lo·.-1er total cos t  per do l l ar of ero s :a  farm inco1ne and 

consequently a hieher net return I>er dol lar of gross  farm income . 

}urther in this context , it  seems l ikely that in certain circumstance s ,  

the magnitude o f  the cost reduct ions Hhich accompany increases in farm 

size  ( as indicated in this study) will  be reduced and consequently , it 

may be extremely difficult for a change in farm s i z e  to be accompanied 

by the re alisation of e conomies of size . 

For example , there are thre e  main ways in which the area of the farm 

a farmer operat e s  can be �ncreased . 

a) The exi s ting property can be sold and another purchased ; 

b ) Contiguous areas of land can be purchased and farmed in 

conjunction with the present p ro perty . 

I 

I 



c ) Non cont iguous areas o f  land c an be purchas ed and farme d in 

conjunc tion wi th the present property . 

In all thre e case s ,  p e culiar i t i e s  in the shape of the "new l arge 
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farm " ma.)r be su ch that mo s t  o f  the co s t  advantage s  ac cruing to the l arge r 

farms ,  in t erms o f  reduc ed per nnit inves tment co s t s  o f  fencing , wat er re t i cu-

0 

l Rt i on sys t ems and fariJ rac e s  are de st roye d . :F'urthe r ,  re s ourc e s may have 

to be purcha s e d  Hh i ch are no t require d ,  ( e . g . dwe l lines , farm dai rie s , 

e t c . ) . '£he acqu i s i t i on o f  such resour c e s  whi ch canno t be effect ive ly 

ut i l i s ed wi l l  t end to incre a se the per unit co st s .  In addi t i on in the 

case o f  b) an d  c ) , pecunia�r economi e s  in the acqui s i t ion o f  land may 

n o t  be real i s e d  be cause land i s  pur chased in smal l parce l s .  

Ho weve r ,  in th e autho r ' s  opinion , i t  i s  extremely important that any 

farmer cont emplat inG a change in farm s i z e  shoul d c are fully consider the 

various fRc to rs wh ich give ri s e  to e conomie s  of size and wherever pos s ible , 

take advan t��e o f  these fac tors . 

<) . )  FARI'IS '.VHI CH CAN JE CONS IDEKKD '"l'OU ::;�:ALL"  

'£he re sult s of the analy s i s  also indicate that o n  tho s e f arms o f  e ach 

subc lass whe r e  the output p e r labour uni t  i s  l o vr ,  the ent repreneurial 

income is negat ive . This d o e s  not ne ce s sari ly mean t hat such f arms 

w i l l  be forced out o f  pro duc t i on .  

pro du ct ion only i f :  

Such farms wi l l  be forced out of 

a ) 

b ) 

'£he ne t faro inc ome s are negative ; 

'rhe income gene rat ed by such farms i s  insuffi cient to over­

come the res ervat i on price _]} the operators at tach t o  

the i r  invested c apital , and the ir p e rso nal s e rvi c e s  o f  

l ab our and management . 

I t  i s int ere sting to not e  that both when the l evel of mi lkfat 

pro duction pe r cow varie s  and remains cons tant Hi th p lant and herd s i z e , 

3 .  Maddern ( 9 �  p . l3 ) des cribe s oppo rtw1ity c o s t  as the highest return 

a resourc e  c an earn i n  any alt ernative empl oyment current ly avai l abl e .  

In some c ases , the returns to c ertain resources are lower than the 

opportunity co s t s  but t he resourc e s  are sti l l  retaine d in pro duc t ion . 

In the se cases , the r e s ervat ion pri ce become s re levant as the lower 

limit of resource returns be low whi ch the re sources wi l l  be retired 

from use . 



the ne t farm income of al l farms i s  po s i t ive . The l owe st figure 

recorded i s  tha. t of the 60 CO\v p lant s i ze one subclas s ( c )  farm , when 

the l e vel of mi lkfat production per cow remains constant irrespe ctive 

of p lant and h erd si ze . The fieure in question being 3 , 879 do llarH .  

In this context , Candler ( 3 5 ,  p . 5 )  in his submis s ions to the Scal e 

of Farming \v'orkine Party of the Agri cultural Development Conference , 

sugcested that : 

"A farm should be considered too  smal l if farm fami ly income 
is less t han the basi c  waGe order . " 

'l'he lowest  net farm income observed ( i . e .  3 , 879 do llars ) Hould appear 

to ei ve a weekly remunerati on which is t.,rreater than the average we ekly 

i-la&e e arned in New 6ealand . _!v' Howeve r , in aci<i.i t ion to meeting t h e  

l i vi nc expens e s  and t ax c:tti on l i ab i l i t "  of t h e  farm operat or, the sum 

i n  ins t an c e s  Hil l  al so ·be re uired t o  servi ce amr 

and pro·.r i de fund s fo r nevr fam1 i nve s tmen t s . 

The operators o f  thos e farms where entrepreneur i al i n�ome s  are 

necat ive , may cons ider that  the farms have sufficient earn ing capac i ty 

to ov erco me the reservation prices they attach to the ir i nv e s t e d  c ap it al 

anu personal services of  l abour and manacement w h i l e  s t ill  provid ing 

sat i s fac tory l eve l s  of "farm fami ly income " and so el ect to continue 

farmin� . 

However , any serious d e c line i n  the farmers ' teros of t rade could 

resul t  in th e s e  farms be ing unable to provide a s at i s facto ry "farm 

family income " . For exampl e , if  the price o f  mi lkfat vms to drop to 

20 cents a pound , the net farm incomes of the repre sent ative farms , 

co rre sponding to the s tart point s of the five subc las s  ( a ) plant s i z e s  

are shown in Table 9 . 4 .  

4 . · 'l'he average Heekly wage payout per person in New Zealand as at 

O ctober 1969 , was est imated to be 4 9 . 945 dol lars . ( 36 ,  p . 45 ) 

·5 . e . g.  Interest and principal payment s .  
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Table 9·4 Net Farm Income at the s tart point o f  Plant sizes one t o  five 

at 20 cents  per potmd of Milkfat 

Plant Size Constant Hilkfat Variable Milkfat 
per co w ( dollars ) per co"' ( do l lar s )  

( 1 )  ( 2 )  ( 3 )  

1 1 , 6613 2 , 748 
') 1 ,  44iJ. ' 
L 3 , 124 

3 884 2 , 8 20 
4 692 2 , 596 

) 476 2 , 144 

In the author ' s  opinion , these sums ( and parti cularly those sho•m in 

Co lumn ( 2 ) )  are unlikely to provide a satii5factory level of farm family 

income and hence such farms under the se condi tions could be viewed as 

beinc:; "too smal l " .  

l<"'urther ,  on farms "'he re the output per labour unit i s  lovr ( and hence 

entrepreneurial incomes negative ) ,  such losses can be offset if the l abour 

fo rce ( plus certain other resources ) can be emplo.red in other remunerative 

activities . }'or exampl e , a farm operator of a farrn Hhere the output per 

la tour uni t  is l01• , may be able  to "sel l "  some of  the exce . .;s l abour and 

machinery capaci t,y of his farc. , b;{ .t>erforminc; out ::: ide con tract work . 

Maddern ( 9 ,  p . 2l )  not e s that i f  such fa.rms arc viewed. as goo d s  [ln , servi ce 

firms , rather than as firm::; concerne d solely wi th the production of farm 

pro duce , the rc� :::;ul  tine n e t  income of s u c h  farms may be satisfactory . In 

addi t ion , he postulat es  that if the inc rease in costs associated with 

off-farm activi ties , are l ess than the proportionate increase in gro ss  

farm income , the farm ' s  co st revenue ratio wi l l  de creas e .  

Finally , the data shown in 'l'able s 8 . 5 and 8 . 6  showing for each sub­

clas s ,  the minimum herd s i z e  and output per labour unit required for the 

entrepreneurial income to  be  positive are .based upon an imputed int erest 

charge , which is  asses sed on a percentage basis  of the data shovm in 

Fieure 7 . 13 ( i . e .  the t o tal farm investment data) . Investie;ations , hov1-

ever , indicated that t he total investment requirement s of the representa­

tive farms , Here in excess of those expected to be required by farms of 

comparabl e  plant and herd size s ·  in the AHahuri di stri ct .  Hence , when the 

interest charee is as sessed on t he data shoHU in Fieure 7 . 14 ( i . e .  the 

estimated "market value " of farms ) ,  the minimum herd si ze and output per 

labour unit figures required by each subclass for the entrepreneurial 

income 'to be positive will  be lower than thos e  shown in Tab le s  8 . 5  and 8 . 6 .  



9 . 4 THE EFFECT OF VARIATIONS IN MILKFAT PRI GS 
2 1 0  

Increases  or decreases in the price of  milkfat do not alte r  the shape 
of the long run a.verace cost  curves . ( i . e .  'l'he L . H .A . C .  curve in all cases 
is  s egmented , comprise s segment s of all 1 5  ::5 . R . A . C .  curves and t h e  loH 
point i s  recorded at the cut-off point of plant s i z e  five subc lass ( c ) . ) 

The effe ct of an increase in t he p ri c e  o f  milkfat is to decrease the mini­
mum herd size ( and hence out put p e r  labour uni t ) required by each subclass 
in order t hat entrepreneurial income be po sit ive . Gonversel;:,r , the effe ct 
of a decrease in the p r i c e  o f  milkfat i s  to increase the minimum he rd 
s i ze ( a..'1d hence output per labour unit ) required b;;r each subclass in order 
that the entrepreneurial income be positive . 

At a mi lkfat p ri ce o f  25 cent s per pound , l o s s e s  are re corded on all 
129 representative farms . At a milkfat pri ce o f  27 . 5  cent s per pound of  
�i lkfat , losses are recorded on al l farms exc ept tho s e  corre sponding to  the 
L1t t er de{:.rree s  of plant u t i l i sat i on of plant s i zes four and five . However , 
i t  must be remembered that t here were no examples of Group III and IV 
survey farms •-;here the output per labour unit data is e qual to o r  e;reat e r  

than tho s e  o f  comparab l e  r e pres ent at ive farms . Consequent ly , if  a new 
series  of co s t  revenue rat i o s  are cal cul at ed for varyinc; level s  of milk-
fat price so t ha t  the output per labour uni t  data of the r epres entative 

farms , a.f.Jproxima tes t he maximum fi0c1re r e c o rcied by a comparabl e survey 

faro , it i s  found tha. t at a pri ce of 27 . 5  cent s per pound of mi l kfat , on 
none of the farmG of the five plant s izes is ent repreneurial income positive . 
Cons e quent ly in t he event of a severe drop in the pri c e  o f  mi lkfat , 
auvantaces wi l l  accrue to plant size  four and five farms but only if the 
output per labour uni t  fi&Ure s of such farms can be increased above the 
levels currently being achieved.  

9 . 5 CONCLUSIONS 
One of  the most salient features o f  the farm survey was the extremely 

high ratio of coHs ·per labour unit and output p e r  labour unit on some of  
the Group I farms . The hi&h productivity of these farms doe s  not 
necessarily indicate that phenomena exist  which �ive advantages to one 
man farms relative to mult i  labour uni t  farms in  terms of  labour product-
ivity . 'J.lhe extremely high ratios of  cows per labour unit and output per 
labour unit on the Group I farms were achieved by the labour units working 
extremely lon� hours (particularly in the spring) , taking little  time off 
durine the milking season , making extensive use of  contractors and special-
ising in stock work . The author bel ieves that the differences between the 

four groups of farms in t erms of the output per laboU+ unit would decrease , 

i f  t he ratio of  cows per labour �it and hence the hours o f  work of t he 

labour units  on some o f  the Group III and IV farms were increased .  
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Althou6h special isation and divi sion of labour was evident on al l 

multi-labour unit farms , the author considers such division and special i sa­

tion to be of l i ttle importance . 'l'he author i s  of the opinion that the 

main reason for  such divi sion and specialisa tion was be cause o f  the large 

ntunbers of animal s carri e d  on some of  the farms , technical diffi culties 

were encountere d 1vi th certain tasks ( e .  g .  calf rearine , det ec t ing in-

season cows for art i ficial breeding e t c . ) In o rder for such tasks to 

b e  performed t o  a satisfactory level of profi cien cy ,  t h e  l abour unit s 

performing th e s e  t asks mus t  be ski lful and experienc ed . 'l'here were some 

tasks vrhere advantages could be gained by al lowing the labour units  t o  

specialise in t asks for which they had a natural aptitude . ( e . g. 

machinery work , and repai rs and maintenance work . )  However , the author 

consi ders t hat c o s t  e conomies resulting from this source are likely to 

be of little significance be cause such tasks are perfo rme d infrequently 

and do not cont ri bute c;reatly t o  the p ro ductivity of the farm . 

'rhe data o f  the far:n survey indi cates that over the range of herd 

si zes studied , the re appeared to be fe ·,., technical di seconomie s . '.rh ere 

vras a trend to vrards a lovrer mi lkfat pro du c t i on per covr on those farms o f  

the larcer herd siz e s . .�eh data are extremely difficul t to interpret 

b e cause of the di fficul t i e s  in di sentangl in� the effects of suc h  factors 

as stock ing rat e , age compos i tion and c;ene t i c  meri t of the herd . In 

this context , i t  vras of int ere s t  to o b s erve that certain o f  the l arge 

herds Here producing or had produced at satisfactory leve l s  ( i . e . 300 

pounds of milkfat per coH or more ) in the past . 

In the abs ence of a detailed study , lit t l e can be said about the 

effect o f  herd size on animal health problems . The author considers that 

the manager of a large herd would have to pay more attenti on to calf 

rearing and herd conditi on . 

The author do es no t consider that increases in herd si ze are 

accompanied bJ' any significant deterioration in stock performance 

statistics . ( i . e .  percentages of  stock losses , herd Hastage , empty cows 

and heifers and calving percentages . ) The author be l ieves that the 

detection of in-season cows becomes increasingly difficul t  as herd size 

increases and can be regarded as a possible technical di seconomy . 

The farm survey data does indicate that i t  i s  likely that advantages 

wil l  accrue to the larger farms because of pecuniary economies . 'rhe 



aut hor takes the view , hoHever , that the obtaining of pe cuniary economies 

i s  probably more a function o f  managerial abil ity than herd size per s e .  

'l'here i s  l it t l e  t.o suGee st that cost  e c onomi e s  could accrue t o  farms 

of lar&er herd sizes becaus e of the empl oyment of superior resour c e s  and 

t e chniques . · �here were no maj or differenc e s  between the sys t ems o f  

farming employed b,y t h e  four c-roups o f  survey farms . 

fhe author is of t he opinion that the managerial problems of the 

mul t i - labour unit farms are c;reater than tho se o f  one man farms . Two 
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reasons are advanced fo r t h i s . First the employment of labour ne c e s sitates 

some effort by management to  evolve and apply s t rategi e s  which give rise 

t o  high labour pro duc t i  vi t�r an d  second , t e chnical diffi cul t i e s  are 

encount ered Hhen large numbers of animals are run in a single herd , ( e . g . 
calf rearinG , dete cting in-season cows , herd c ondi tion , e t c  .• ) 

fhe re sul t s  o f  the analy s i s  indi cate that e conomie s  o f  size  exi s t  in 

N e w  Zeal and dai ry far.ning . Hovrever , a l t h oueh wi thin e ach subclas s ,  

relatively large reduc t i on s  i n  the co s t  revenue rati o are obtaine d ,  as 

the degree of plant ut i l i s at i on increases , rela tively smal l reductions 

i n  t h e  cos t revenue ratio are obte.ined by chan[;i ng filant s i z e . }'or 

example , l<'ieures 8 . 6 and 8 . 11  shov; that for e ach of the three subclasses 

as so ciated with each of the f ive p lant siz e s , reductions i n  the co s t  

revenue rat io i n  excess o f  0 . 170 dollars are o b t ained by increasing the 

degree of p lant u t i l i sation . 'rhe difference be tHeen t h e  co s t  revenue 

rat ios of the no st effici ent plant s i z e  one farm and the mo st effi c i ent 

farm i s  ho·"' ever : 

0 . 1 28 1  do l lars , per do llar of gros s  income vrhen the l evel of milk­

fat per coVT remains constant i rrespe c tive of p lant and herd size . 

0 . 0-478 do l lars , per dol lar o f  gro s s  income when the level of 

milkfat produ ction per cow varies with plant and herd size . 

(The differences in both cases are in the same direct ion . That is  the 

cost revenue ratios of t he plant size five farm are loHer than tho::;P of the 

plant size one farm . ) 

l<1rrther ,  when a new series o f  co s t  revenue ratios are computed so 

that the output per l abour unit data of the plant size two to five 

representative farms approximates that of the maxim� figure recorded by 

a comparabl e  survey farm , the difference between the most efficient 

plant size one farm and the most efficient farm is only 0 . 0192 dol lars . 



It s eems likely the refore that one man farms can ach ieve a c o s t  

revenue rat io whi ch i s  comparable to t hat o f  mul t i - labour unit farms , 

but in o rder fo r t h i s  t o  be achieve d , i t  i s probable· that t h e  hours of 

work o f  the labour uni t s  of t he one man farms mu s t be greater t han . tho se 

of t he l abour uni t s  o f  the mul t i - l abour unit farms . 

Bo th within and between p lan t s i z e s , pro port ional i ty relat i o ns h i p s  

are l art;ely re spon s i b l e  f o r  t h e  r e duc t ions in the c o s t  revenue rati o s . 

fh e compi lat i on o f  the co s t  dat a and t he re3ul t c  o f  t he analys i s confirm 

the o b s ervati on made from the farl!l surve;>r the. t pe cuniary e co nomi e s  exi s t . 

In - ce rtain c i r cums tan c e s , chance s i n  farm si z e may be ac companie d  

by the real i s at i o n  of di s e c onomie s o f  s i z e  de spite the fac t that the 

chanc;e is accompani e d  by an in creas e in net income . In the autho r ' s  

view , it i s  irnpo rtfl.nt that any farmer c o n s i ci e rine a chan5e i n  f arm s i z e  

�3houl d pay at t ent i on to the vari ous fac t o r G  wh i ch gi v e  ri s e  t o  e c onomi e s  

o f  s i z e  and vih erever })O s s i b le ,  t ake advan t age o f  the ::; e  fac to r s . 

'.i'he au thor do es no t advo cat e a maj o r  re s t ruc turing of the NeH 

Zealand dai ry indust ry to1-1ards so l e ly lar;_;e uni t s . The re sul t s o f  t h e  

analys i s indi cate that lo ;:; se s  are re corde d on t h o s e  farms o f  e ac h  sub c l a s s  

-,.,he r�:e t h e  outl}u t p e r  l abour Uil i t  i s  loH , and hence i t  w o u l d  s eem more 

d e s i rab l e  to encourace the fo rma. t i on o f  farms where t h e  output l;e r  labour 

uni t  i s  hich irre sp e c t i ve of l) l an t  s i z e . Subs t antial increases in the 

l ab our p ro ci.uct ivi ty o f  t ho s e  farms co rresponding to the lat t er d egre e s 

of plant u t i l i sat i on of p l ant s i z e s  four anC: five could �ive such farms 

def ini t e  advant ace s parti cu l arly in the event · o f . a sub s t an t i a l  fal l in 

the price of mi lkfat . 

The re cent evo lut ion o f _ rot ary farm dai rie s and automa t i c cup ·removal 

devi ces are important deve l o pment s .  If the empl oyment of ro tary farm 

dai ri e s  and automatic cup removal d evi ce s can l ead to a great er numbe r 

of cows being handl e d  per l abour unit (and hence a �Teat er output per 

labour unit ) , then it s e ems l ike ly that for farms of e ach plant s i ze , 

oppo rtuni t i e s  may exi s t  for lower c o s t  revenue rati o s  to be o bt aine d and 

higher ne t income s to be earne d ,  and in addi tion , these innovati ons may 

be o f  cons iderab l e  impo rtance in combat t ing t he effe c t s  of a cont inuation 

in the cost pri ce squee ze . }Ur the r ,  i f  by the ·ut ilisation of rotar,y farm 

dairies and automatic cup removal devi ce s ,  advant affe s ac crue t o  a 

particular plant s i ze , the shape of t he l ong run average c o s t  c urve s may 

be mark�dly altered . 
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