


























































































































number of farms in the group and compared these figures 

with the group totals. This sys-bem does not take account 

of within group variance other than through a subjective 

assessment. Holden(2) considers that flexibility in res-

pect to the possible activities and resoUrces rather than 

modality is the important choice criterion as these can be 

varied within the analysis. This criterion, however, has 

the disadvantage that the implication of constant input-output 

relationships with variation in resource levels is likely to 

be incorrect, especially with size of farm and management 

input variatJion. 

A method combining, in part, both Maunder's and 

Holden's techniques has been used to select the case farm. 

The farm was selected on the basis of soil elas's, farm 

ze and efficiency of management as reflected by cows per 

acre. As the climate throughout the major part of the area 

is similar (see section 3.202), location was not considered 

important. §ize of quota was not considered important as 

this can be varied in the analysis. Similar farms with 

different quota sizes are unlikely to have different input-

output relationships. Labour input was not used as a 

selection factor other than as a subjective guide to ensure 

the case farm had a similar relationship. 

(2) Holden J.S. (1963), tlStudies in the Measurement of 
Farm Efficiency." Unpublished lVI.Agr.Sc. thesis, 
Lincoln College, p.98. 
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The farm was selected from the largest group exhibi 

ing a similar soil class, size and cows per acre figure. 

Holden(3) hypothetically demonstrates 'selection of a 

modal representative farm by compiling frequ.ency distribu­

tions for various factors and states that the representative 

farm can be a with modal charact stics for each 

factor. Such a farm may not exist and it does may have 

a small applicational value as modal farms of one factor may 

not be the modal farms for another. Where several factors 

are used farms exhibiting modal tendencies for one factor 

be formed into a frequency distribution for the second factor, 

the farms so scarded give rise to another group or gro,ups 

from which other farms can be selected. 

L~ • 

A postal survey was used to obtain the information 

required to sect the case study The questionnaire 

was designed(4) to provide information, for each farm, on:-

(3) 
(4) 

(a) number of blocks of involved, 

(b) 

(c) 

(d) 

Holden 

area and a broad classification of 

the soils involved. (Light, sandy, medium 

or heavy). 

The number of milking cows in 1962, 1963 

and 1964. 

stock replacement policy. 

area in cash and small seed crops, and 

J.S. (1963) , op • ci t ., p. 97 • 
For details of the questionnaire sent see Appendix 1£. 



the number of other stock carried for the 

year 1964/65., 

(e) The labour input for 1964 (including family 
labour) • 

(f) The breed of cow used. 

(g) The extent of any pugging problem~ 

The questionnaire was pretested on four farmers and 

two questions were modified slightly on tpeir suggestions. 

In February, 1965.it was posted to all town supply farmers 

in the area and in March, 1965 a follow up reminder was sent. 

4Q4 Information Obtained from the Postal Survey. 

4.4.1. Response. 

Replies were received from 180 of the 254 suppliers. 

This is a response rate of 70.87%. Australian experience(5) 

indicates that this is an above average response. In five . 

postal surveys Australian workers obtained response rates of 

39%, 57%, 66%, 66% and 73%. 

time unit and was discarded. 
) 

One of the farms was a part 

The Itfarms" replying to the survey are well distributed 

throughout the area. For this reason area bias of the re-

suIts is unlikely. Figure 3.3 shows the position of each 

farm. The response rate also indicates that the non response 

bias is probably small .. 

'I'I 

-------------------------------------------
(5) Dillon J.L. and Jarrett F.G. (1964), llResponse Patterns 

in Some Australian Farm Economic Mail Surveysll. The 
Australian Journal of Agricultural Economics, 8(1):810 



Each farm was classified on the basis of its major 

soil type and the existence or not of a run off. The classi-

fication choices the questionnaire were broad as it was 

considered that farmers lack knowledge on the soil series 

classification. Farms falling in a particular soil, group 

were put in size of farm groups, the groups being in multiples 

of fifty acres. Table 4.1 gives the number of farms in each 

category. 

e 4.1 

Postal Survey - Number of Farms in Each Grou£. 

Major Soil Class. 

Heavy Medium 
Total I % of Area / Sandy Light 

(acres) with I without with without Total 

run ,run off run run off 
off off 

i I 
0- 49 1 13 - 1 

i - - 15 8 

50- 99 8 33 4 5 2 - 52 29 

100-149 11 16 4 7 2 1 41 23 

150-199 2 7 1 12 - 3 25 14 

200-249 5 3 4 2 2 2 18 ! 10 

250-299 3 2 2 2 1 2 12 I 7 I 
300-349 2 2 2 6 

I 

3 - - - I 
I 

I I 350 + - - 3 3 - 4 j 10 6 
I 

'100 Total 32 74 20 34 7 12 j 179 

% of 
Total 18 41 11 19 4 7 100 

72 

I "., , 
I 
I 

I 

i 



The greatest number of farms are found on heavy soil, 

59% of the,total. The majority of the~e, 41% of the total, 

do not operate with a run off. Twenty nine per cent. of 

all farms had some form of run off. The total area distribu-

tion tends to relatively small farms as sixty per cent of all 

farms are between 0 and 149 acres and 52% of all farms fall 

in the 50-149 acres cells. The cell with the largest number 

of farms in is the 50-99 acres, heavy soil without a run off 

group. Thirty three farms or 18% of the total are in this 

cell. 

, . 
4.4.3 The Management Factor. 
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If the results of the analysis are to have a wide appli-

cation the management input on the case study farm should be 

similar to that of as many farms as possible. Cows per 

available grazing'\ and fodder acre (6) was taken as the measure 

of the management input assuming that more cows per acre 

gives greater profit per acre and therefore higher efficiency. 

This measure was the best indication available. It does not 

take into account the level of other inputs nor does it con-

sider per cow production or the distribution of milk produc-

tion. In general, however, profit per acre is reflected by 

stock per acre. Table 4.2 gives the distribution of cows 

per acre for the different soil classes. 

(6) Land utilized by other stock, cash crops and small 
seeds was deducted. See Appendix B for basis of 
deduction. 



(a) Soil Class and Cow Stocking Rate ~ Number of Farms. 
(Cow numbers as for June', 1964) 

Major Soil Class 

Cows per Heavy Medium 
available 
acre with without with without Sandy Light ;al 

run run off run run off i 
I 

1 

(ID-O. - - 1 I 2 - 1 4 
0.2-0.39 9 4 10 I 10 5 6 '+'+ 
0.4 ... (} .59 16 l.j·1 6 16 2 4 85 
0.6-0.79 6 23 2 4 .,... 1 36 
0.8 + 1 6 1 2 - - 10 

Total 32 74 20 34 7 12 ,179 

(b) Cow Stock~ng Rate for 50-149 acre Farms in the , 
Soil Class - Heavy without.Run Off - Number of 

Cows per acre 
groups 

o - 0.19 
0.2 - 0.39 
Ou4 - 0.59 

, 0.6 - 0.79 
0.8 

Farms. 

I Number of I 
farms 

1 

31 
14 

74 

% of 
Total 

2 

25 
' L~7 

20 
6 

100 



Note:- 95% of herds were Friesian. 

80% of farms breed replacements (Farms 

buying were mainly smaller than 100 

acres). 

Almost half (47%) of the farms are carrying between 

004 and 0.59 cows per acre. A further break up into size 

groups and replacement policy shows that small farms and 

those buying replacements tend to have a heavier stocking 

rate. Table 4.2 (b) gives the stocking rate distribution 

for 50-149 acre farms in the heavy - without run off soil 

class. Sixty three per cent. of these farms carry 0.4 ~ 

0.59 cows per acre. 

4.4.4 Size of Quota in Relation to Size of Farm. 

The optimum resource allocation is dependent upon the 

size of quota. If ~he analysis on the selected farm was re-

stricted to a study assuming the existing milk contract, the 

extent to which the results may be applied would be limited 

to similar farms with an identical quota. For this reason 

information on quota variation is important. Table 4.3 gives 

the distribution of quota per acre Cg.u~t~ ~allons ) by size o-a arm area 

and soil class. 
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Quota 
per 

Acre 
(gallons) 

(a) Quota per Acre Distribution - Number of Farms. 
(1964/65 Quota) 

Soil Class 
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Heavy Medium Sandy Light Total Per Cent. 

--I ---r----
With Without With IWithout 

! 

Run Run Off Run Run Off Area* Area* 
Off Off 

1 1,2 1,2 

Area* Area* Area* I Area* & 3 & 3 

1 2 3 1 2 3 1 2 ~ 1 2 3 
-

0 to 0.59 1 5 4 0 2 8 0 9 ~ 0 0 9 4 11 58 I 

0.6-1019 
1.2+ 

Total 

2214 1 6 10 1 5 9 4 3 5 1 3 1 

23 4 0 3 1 1 1 1 C 1 a 1 0 0 

4623 5 9 13 10 6 19 9 4 5 11 7 12 

* Area Classification 1 = 0 - 99 acres 
2 = 100 - 200 acres 
3 = 200 + acres. 

(b) ~uota per Acre for 50-149 acre Farms 
in the Soil Class - Heavy without 
Run Off. 

, 
Quota per Number of 
acre groups Farms 

, 

0.3 - 0.59 3 
OQ6 - 0.89 17 

0.9 - 1 .. 19 15 
1.2 - 1.49 13 
1.5 + 1 

Total 49 

85 48 

36 20 

179 100 



Though the 0.6 - 1.19 gallons per acre group is the 

largest (48% of all farms) the number of farms involved is not 

much greater than for the other groups. Smaller farms tend 

to have a higher quota per acre. Table 4.3 (b) gives 

number of farms ler range quota per acre groups for 

50 149 acre farms in the Heavy - without run off soil class. 

Most of the farms have a quota per acre between 0.6 and 1.49 

are evenly distributed within this range. 

4.4.5 Labour Input. 

Size of is the major factor affecting the labour 

input. Due to discreteness of labour, large vari ons 

per cow labour are to be expected. other factors which 

affect the demand are the farmer's objectives, the level of 

other enterprises, the standard and type of equipment used 

the farm layout. 

The 1964 labour used - permanent, casual and family -

on farms replying was calculated and compared with the 1964 

herd size. Information on contract work was not available 

so that some of the figures may be incorrect. Table 4.4 (a) 
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gives the number of farms in size of herd - labour input cells' 

for farms with less than 1~/o of their area utilized by alterna­

tive enterprises.(7) Table 4.4 (b) presents the same infor­

mation for farms with greater than 10% of their area utilized 

by alternative erprises. No attempt was made to Sub-classify 

(7) See Appendix C for basis of labour units. 



for other factors. 

Size of Herd and Labour Input for 1964 - Number of Farms. 

(a) For farms with less than 10% of area utilised 

Size of 
herd -
cows 
June 
1964 

by alternative enterprises. 

Equivalent Men Units 

1 - 1.5 1.6 - 2 2.1 - 2.5 r 2.6 -
,. 

'jOver 

up to 30 23 1 - - -
31 - 50 33 6 - 3 -
51 - 70 7 13 8 2 -
71 - 90 1 4 2 4 3 
Over 90 1 1 2 ! 3 5 

Total 65 25 12 12 8 

Total 122 

(b) ]1or farms with greater than 100;& of area utilised 

by alternative enterprises. 

Size of 
herd -
cows 
June 
1964 

up to ,0 

31 - 50 
51 - 70 
71 - 90 
Over 90 

Total 

1 - 1.5 

6 
8 

6 
1 

-
21 

Equivalent Men Units 

1.6 - 2 2.1 - 2.5 2.6 - 3 Over 

2 - - -
3 1 - -
5 7 - -
- 1 2 7 
- 2 3 2 

10 11 5 10 

Total 57 

'I'd 

i 

3 

I 

3 

The ma,jority of farms with a labour force of less than 

1.5 equi valerrl.; men units carried up to 50 cow herds and the 

maj.ority with an input of 1.6 to ::3.5 units carried up to 70 
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cows. A comparison of farms having less than and greater 

than 10% of their area in alternative enterprises suggests the 

size of herd is t major factor affecting labour input, ex-

cept for the greater than 3 men units category. This suggest-

I 

I 
I 

ion does not take into account, however, the absolute level 

of alternative enterprises and is based on the small number 

of farms in Table 4.4 (b). 

4. 

The heavy soil without run off, 50 - 149 acres and 

0.4 - 0.59 cows per cow grazing and fodder acre is the group 

containing the largest number of farms. The case study was 

selected from this group. Table 4.5 summarizes the classi-

fication and gives the number of farms in each category. 

The Basis of the Case Study Farm Selection 

, 
Soil Class No. of I Area No. of Cows 12er iNa. of 

farms (acres) farms acre farms 
I -

Light 12 ,... ,... 
Sandy 7 0 - 49 13 0.2 - 0.39 1 
Medium - wi 

33 ..., run off 20 50 - 99 0.4 - 0.59 31* 
~ Medium - with-

out run off 34 100 - 149 16 J 0.6 - 0.79 14 

Heavy - with 
I 

run off 150 - 199 7 0.8 + 3 
"-

Heavy - with-
out run off 74 200 - 249 3 

)350 - 299 2 

* Farm selected from within this group. 

! 



The farm selected was 110 acres carrying 0.45 cows 

per acre. Without considering capital availabil ,this 

farm is probably similar to approximately 30 other units. 

s is 17% of respondents. Results of the analysis 

could conceivably apply, part, to a larger section of the 

ov 

producers. The group sizes were construct in the basis of 

range rather than variance. The selected farm has a slightly 

larger area than the modal size group. This gives scope for 

the exploration of economics of allocating resources to 

ernative activities. 

4.6 The Farm Selected. 

The property is situated 1 mile from Waikuku on 

Gressons Road. has a total area of 110 acres and an 

effective area of 104 acres. It is on the boundaries of the 

Tai Tapu silt loam and Kaiapoi silt loam soils and is well 

drained with open and a small number of tile drains. The 

mean annual rainfall is approximately 24". The present farm 

policy is milk production with a limited area of cash cropo 

The owner is his middle forties and is an intell 

gent capable farmer. A permanent married man is employed .. 

The 1965/66 quota was 123 gallons. 

A mixed herd of Frie cows are milked, re-

placements being bred and reared on the property. Surplus 

aalves are sold as bobby calves and cull cows are sold for 
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meat. Average stock numbers for JUl1e~, /1963, 1964 and 1965 

were:-

Cows 50 
Rising two year heifers 8 

sing one year heifers 10 

Bull 1 

By June 1966 the farmer expected to be carrying 60 milking 

cows. In the 1964/65 season the average milk per cow was 

900 gallons. The 1964/65 calving pattern was:-

October, 1964 1 April 12 

November 2 May 10 

December 3 June 4 

January, 1965 1 July 4 

March 12 August 2 

No fixed cropping rotation is followed. The land 

utilisation representative of the last three years :-

Garden Peas 5 acres 

Chou moellier 8 acres 

Fodder beet 2 acres 
Maize (or giant rape) 2 acres 
Old Pasture - green 

feed 5 acres 
Lucerne 11 acres 
Grazing 63 acres 

Summer Fallow 8 acres 
Waste 6 acres 

110 acres 

Irrigation has not been used. Winter fodder is supplemented 

with 2,000 bales of lucerne hay and 2,000 bales of meadow hay 

all home produced and baled. Cows are not wintered in a 



holding yard or barn. Barley and wheat have been grown in 

the past and oc catch crops of short rotation rye­

grass are taken. 

There is a full range of cUltivation hay mrucing 

equipment, includi a baler. All heading is done by con-

tract. Fences 

The milking 

buildings are in reasonable condition. 

is a conventional walk through unit with 

eight st8 . .nds and is capable of milking 100 cows 

time. 

reasonable 
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CHAPTER V 

THE LINEAR PROGRAMNIING TAB~ 

2.1 Intr£duction. 

The aim of the study has been to determine for the case 

study farm:-

(a) the plans which maximise annual(1)profits for 

differen-t levels of quota subject to the main­
tenance of the asset, the farmer's managerial 
ability and personal preferences,(2) 

(b) the economics o·f spray irrigation and loafing 

barn type winter housing, and 

(c) the likely effect a hypothetical run off would have 
on selected plans determined under (a). 

The conventional non-stochastic linear model was used. 

The general form of this model is:-

maximise Z = ! 
J=<I 

subject to b1.' ~ t 
J:=.I 

and to all ~ 0 

c. X. 
J J 

r .. X. where i ::: 1.2 •••••• <> m 
1.J J 

(1) Where annual profits equals the annual gross revenue 
minus the annual variable costs where some resources 
are permitted to vary. 

(2) As the farmer was prepared to implement most of the 
possible alternatives, the study is largely normative 
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where z ~ total net revenue. 

Xj :; Level of the jth activity where there 
are n activities. 

OJ = per unit net revenue of the jth activity, 
- being defined as the gross revenue per 

unit less the cost of those resources in 

variable supply. 
b. :; available level of the ith resource where 
~ 

there are m limiting resources. 

r ij the per unit requirement of the jth 

activity for the ith resource. 

This chapter considers the major factors affecting the 

basis of the tableau and describes the tableaus used. 

5.2 Factors Influencine; the Tableau Oonstruction. 

ture. 

Linear programming is often used to maximise short run 

profits. The short run assumption simplifies the programming 

problem considerably. As it was important, however, to explore 

the profitability of varying a number of critical resources 

84 

some long run aspects were introduced into this study. Haslam(3) 

reviewed the development of the .~. models';, allowing the resource 

structure to vary with respect to both the endogenous determina-

tion of resource levels where capital is the only limiting 

resource (4 ) and the replacement of durable resources, the'ir 

(4) 

Haslam D.A.R. (1965), "A Management study of Irrigation 
Farming in the Ashburton - Lyndhurst Scheme of Mid-
~,Oanterburyll • Unpublished 1\11 .Agr. Sc. thesis, Lincoln 
Oollege. p.61. 
Hildebrand P.E. (1959), "Farm Organisation and Resource 
Fixity - Modifications of the Linear Programming Model". 
Agricultural Economics Publication No. 769, Michigan 
state University. p.4. 



augmentation and acquisition of new, resources over time.(5) 

In a tableau allowing resource levels to be endogenous-

ly determined marginal value product of resources held 

the optimal plan wi lie between their annual acquisition and 

salvage values. The objective function of such a tableau 

incorporates the resource flow costs of acquisition activities 

and flow values of sale activities. 

In the present approach it was decided to analyse the 

possible acquisition of some resources. Land was considered 

a fixed resource as this work involves a study of a particular 

class andarea of land, the availability of suitably situated 

land is difficult to define and the farmer did not wish to sell 

in the immediate future. The plant and machinery was 

considered fixed as there was a full array for cultivation re-

quirements and a baler, ruld the farmer did not wish to s any 

as he considered the money was not required and felt that 
l' 

possible unprofitable pla~\may be useful in the future. 

The tableau allows for the acquisitiion of stock, an 

irrigation plant and the building of a barn. 

(5) (a) stewart J.D. and Thornton D.S. (1962), itA Problem in 
Phased Development ll

• University of Reading, Department of 
Agricultural Economics, Miscellaneous Studies No. 24. 
(b) Dunford W.J. ruld Rickard R.C. (1961), liThe Timing of 
Farm Ma~hinery Replacement." Journal of Agricultural 
Economics, 14(3):349. 
(c) Cruldler VI. V. (1963), liThe Rate of Interest and the 
Second Hand Market for Farm Machinery". Journal of 
Agricultural onomics, 15(3):461. 
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Capital was assumed to be non-limiting. 

Where capital is a non-limiting resource it has no 

internal value to the firm. It must have, however, external 

value in cases where off farm investment is e. 

Haslam(6), when comparing the profitability of optimum plans 

from within defined lllanagement systems, incorporated an 

interest on the total farm capital(7) involved in each 

plan. 

revenue. 

was subsequently deducted from the programmed net 

This accounts for the opportunity cost of the capital 

involved but this method may lead to false conclusions as 

derived plans maximise an objective function which does not in-

clude charges. 

stewart(8) developed a tableau which istically 

accounts for operating capital where it is limiting. Activity 

capital pro s were used. Where capital is ernally non 

limiting a firm must, however, have a de~inable level of capital. 

In these cases it is desirable that capital profiles be included 

and linked to off farm investment activities. There could 

be several of these activities to accoun-b for the interest rate 

(6) Haslam D.A.R. (1965), op.cit., p.93o 

(7) Current market value of land, stock, pI ,machinery and 
assessed working capital. 

(8) stewart J.D. (1961), "Farm Operating Capital as a 
Const - a Problem on the Applic of Linear 
Programming lJ • Farm Economist, 9(10):463 .. 



received for different length of term investments. Conceivably, 

borrowing activities could also be included. "In this way the 

structure and extent of activity capital demands and returns 

can be put in their true perspective. 

Capital profiles and off farm stment activities have 

not been included the tableau. work involved in com-

pil the profiles was considered unjustified. Their inclu-

sion would also have severely restricted the number of other 

activities and constraints which could be included as the 

feasible tableau size was limi t,ed by the computational facili-

ties available. Furthermore, as milk production activities 

have a low net working capital requirement it was considered 

that these activities would affect the optimum plans 

marginally if capital profiles and off farm investment activi­

ties were not included. 

An attempt been made to partially account for this 

problem by including in the objective function the opportunity 

co of initial investment capital for activities requiring a 

I ini tial investment and in. ·whi the investment continues 

for the one year time period assumed. These are irriga-

tion, the loafing and the majority of the stock investment 

activities. 

Where capital is a limiting resource more information 

can be obtained if the tableau used orporates time periods. 

this way optimum ans can be computed for a number of years, 
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b partly dependent on the initial supply of capital. 

Successive plans would probably be different as the supply of 

capital at the beginning of each year may be diffe~ent from the 

tial supply_ Where capital is non limiting the farmer is 

not faced with s phased development. The resources re-

quired to maximise the objective function can be immediately 
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obt ned. For this reason the tableau does not include differ-

ent time periods. 

Labour. 

On many town supply farms a large percentage of total 

costs are attributed to labour. A study ignoring labour 

relationships would probably give incorrect results and thus 

lead to large resource misallocationso 

Ideally, activity labour profiles and hire labour acti­

vities should be included in the model. HOlden(9), Wesney(10) 

and Frampton(11) are New Zealand researchers who have included 

labour constraints in their tableaus. They all had difficulty 

obtaining realistic labour coefficients. The experience of 

the aQove workers and the fact that the farmer involved did not 

keep a work diary lead to conclusion that was unrealistic 

(9) Holden J-.S. (1963), op.cit. 
(10) Wesney D. (1964-), itA Study of the Financial Returns to 

Process Growers Hawkes Bay". Unpublished M.Agr. 
Sc. thesis, Massey University of Manawatu. 

(11) Frampton A.R. (1964-), liThe Economics of Growing Sugar 
Beet on Farms in South Otago". Unpublished M.Agr.Sc. 
thesis, Massey University of Manawatu. 



to incorporate labour profiles. The scontinuous and non-

linear nature labour also involves programming problems(12) 

Rather than ignore labour it was decided to incorpor-

ate it using a less rigorous technique. Due to the pattern 

of labour input required to run cows the farmer considered that 

if sufficient labour was made available to handle the cows 

volved in a partic ar plan it would so be sufficient for 

any other entierprises. This assumes that the owner's labour 

is a fixed resource. Thus, included the tableau are con-

straints limiting cow numbers to labour availability(13). 

This relationship would be incorrect on a large famm. 

The area required to feed the cows required to maintain a low 

quota would be too small in relation to the remaining area for 

the labour to be able to handle other erprises as well as 

the cows. 

5.2 .. 4. The Production of Surplus Milk to Acquire a 

rease. 

The increase of a farm's milk contract is in part based 

on the quantity and pattern of surplus milk production during 

the previous year(14). (New quotas effect from 1st 

September each year.) As there is a price differential between 

surplus and quota , the value of a gallon of surplus milk 

to the farmer exceeds its price where 

(12) See section 5.4.20 

(13) See section 5.4.2. 
(14) See section 2.3.60 

s planning horizon ex-
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ceeds one year. This value (termed adjusted price) will 

equal the price plus the discounted sum of the expect in-

creas returns resulting from the produc on of a Ion of 

surplus mill{. If one Ion of surplus milk ensured an in-

crease in quota of one gallon the adjusted price of surplus 

milk would be:-
n 

Adjusted price ::; SR + j~ Qj - Sj. 

(1 + r)J 
••••••• (1 ) 

Where S R 
price of surplus (one gallon) 

n ::; length of the farmer's planning 
horizon (in ). 

Q. :::: expected price of quota milk in 
J year j • 

S. ::;;: expect price of surplus milk in 
J year j • 

r == discounting rate .. 

(This assumes that the prices do hot vary within a 

s is not so. This can be overcome by assuming the 

unit of milk to be one gallon for 365 days. This 

would the adjusted price of one gallon per day 

for a year.) 

As the production of one gallon surplus may 

only earn farm a fraction of a quota gallon as the 

probability of the increase is less than one(15) a further fac-

tor must be added to equation (1). This is the product of 

(a) the fraction of a gallon of quota expect as a 
result of producing one gallon of surplus milk, and 

(b) the probability of obtaining additional quota. 

(15) Dependent upon the quota available for allocation and 
system of allocation. 
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Let s factor be P. 

therefore adjusted price = J J P •••••••• (2) 
Q. - S. ) 

(1 + r)j-

This is general case(16). Account must also be taken of 

the fact tha't quota increases are based on the production of 

surplus milk in certain months only. The adjusted price of 

surplus mill{ production in non qualifying periods is its 

normal price. 

As this study involves the maximisation of annual 

profits the possibil of producing surplus milk to acquire 

additional quota cannot be included in the tableau. sis, 

however, an important factor and one on which there is a need 

for research. The major problem this research be the 

correct estimation of P in equation (2) as the gallonage 

available for allocation fluctuates considerably(1 7 ) and 

allocational system cannot be clearly def-ined.(18) 

It is feasible, however, th~ optimum annual plan 

will be no different from the optimum long run plan if the pro-

duction of surplus milk is more able than ternative 

( 16) 

(17) 

(18) 

Hoepner P.R. (1959) has developed a aillQlar model in 
tlOptimum Levels of Production Under Marketing 
Quotas. II Journal of Farm Economics, 43(3)=567. 
Due to (a) ing suppliers surrende their con-
tract, (b) acceptance of new iers, (c) population 
changes, and (d) the consumption per head prior to the 
setting of the N.Q. 
Producer 1I:ssociation is at pre moving toward 
a clearly defined system of additional quota allocationQ 



products. But, 

probably differ. 

optimum pattern of production would 

Where the quota per acre is high it is 

probable that the annual plan would be same as the long 

rllll plan. 

cies. 

The milk production from stock bred and reared on s 

farm is likely to be greater than from purchased stock. To 

compare the policies, details of the comparative production 

must be available. The farmer had no production records per-

taining to the number of purchas stock. These f 

could have been approximated on the basis of judgment and other 

farm's records a reasonable deci on made on the ba of 

the size of the erence in the revenues resulting 

implementing e policy. As tableau size limi·tations s-

ted(19) it was decided to explore two different policies 

by assuming ident al production and comparing the difference 

in net revenue. 

5.2.6 The Crop Activities. 

Due to the difficulty of defining crop inter-

relationships, crops have been aggregated into endent, 

competitive rotations. While the nrunber of rotations which 

can be included is limited those considered cover the main 

alternative crop combinations. rotation activities may 

(19) Due to ze of the e computer - an I.B.M. 
1620 (40 K storage). 



not incorporate the optimum combination but in this case the 

reduction in net revenue would be smallo 

The Feed Units Used. 

To ensure that stock receive a complete diet feed 

supply and demand should be expressed in terms of starch and 

protein equivalents. Also the period considered should be 

broken into a c~ent number of units to ensure the equa-

tion of supply and demand at all times. While there is avail-

able some information on crop and pasture most of the 

information on requirements is bas~d on indoor trials. 

Early attempts to use this technique gave carrying capacities 

which far exceeded those obtained in practice indicating that 

more information is required on field yields, the efficiency 

of utilisation and grazing animal requirements. 

Due to the above difficulties and the tableau size 

problem it was decided to use st units or ewe equi-

valents to express relationships. (20) ed is limiting 

at all times on a town supply farm so the year was divided 

into three periods, summer (September-October), summer-

autumn (January-April) and winter (May-August). 

5·2.8 A Problem of Timing. 

Many relati s are continuous through time. They 

(20) Coop I.E. (1965), itA Review of the Ewe Equivalent 
System". New and Agricultural Science, 1(3):13. 



can be satisfactorily approximated, however, by dividing them 

into many independent activities. Examples are:-

(a) the periods in which cows can calve, and 

(b) the periods over which feed supply and demand 
can be e'luated. 

In both these examples it would be feasible to break the con-

tinuous relationships into weekly periods. This would ensure 

a continuous milk ,production pattern and outline the optimum 

feed organisation in detail. With large periods the produc-

tion pattern will have a marked stepped pattern and while feed 

will be equated no indication is given of how it should be 

organised within the periods. 

large. 

In this study the periods used have been necessarily 

I-t is considered, however, that the effect on the 

optimum plans has only been marginal. Information on such 

effects would be valuable. 

5.3 The Tableau. (21) 

The Activities. 

The activities included in the tableau consist of 22 

stock activities, 12 rotation activities, 11 feed transfer 

activities, 10 acquisition activities, 18 selling activities 

and a 'miscellaneous' activity. Details of these activities 

(21) The basic programming tableau is given in appendix D. 
The notation is that used by Heady E.O. and Candler W.V. 
(1958), "Linear Programming Methods ll

• Iowa state 
University Press, Ames, Iowa. 597 pp. 



are:-

(a) stock Activities P1-

P1 Cow calving on the first day of January and 

milking for 10 months. 

- P12 As for P1 except these are cows calving in 

February, March, April, May, June, July, August 

September, October, November and December 

respecti velyo 

P13 Rear an autumn born heifer calf for a replacement. 

P14 Rear a spring born heifer calf for a replacement. 

P15 Rear and sell an autumn born heifer c f as two 

year old beef. 

P16 Rear and sell a spring born heifer calf as two year 

old beef. 

P17 Rear and sell a steer calf as two year old beef. 

P18 Rear an autumn born heifer calf and sell as a 

yearling. 

P19 Rear a spring born heifer calf and sell as a 

yearling. 

P20 Buy a store lamb, fatten and sell by May. 

P21 Buy a ewe with lambs at foot in 

fat lambs and a ewe to the works. 

spring and s 1 

Buy a one year ewe in the autumn, lamb, and s 1 fat 

lambs and a ewe to the works. 

(b) Rotation Activities P23 - P34 · 

P
23 

Rotation A. 

Old pasture ~ Fodder Beet 

L .. 18 years grazing - '4!"><tl----

)0 Summer Fallow l 
New Grass """~~-~--' 
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P24 Rotation B.1 

Old ')I Chou Moellier~ Summer FallOW] 
L.18 years grazing ( New Grass <: 

P25 Rotation B.2 

Old )' Chou IVlo er Summer FallOW] 

5 years grazing New Grass < 

P26 Rotation C.1 

Old , Maize Green Feed oa~ 
'L18 years grazing ~ New ~Summer Fallow 

P27 Rotation C.2 

Old Pasture Maize ------~) Green Feed 

5 years grazing~ New Grass:~ Suinr:.rH3.I' Fallow 

P28 Rotation D. 

Old Pasture -....,.Fodder Beet 

17 ytars grazing ~N ew 

P29 Rotation E.1 

Maize~reen Feed 

.-.- Summer Fallow~--' 

Old Pasture --4' Chou Moellier--7Maize~Green Feed 

t.17 years grazing t--. New s~ Summer Fallow 

on E.2 

Old Pastur~ Chou Moelli Maize-?Green Feed 

t..4 years grazing~ New s Summer Fallow~---J 

P31 Rotation F. 

Old Summer ow -~ New ~rass .~ 
19 years grazing ...--1 

P32 Rotation I 

Old Pasture ._- Garden Peas -- Wheat --Wheat ---..... 
l' 

4 years f-- l1yegrass Summer ~ Gre 
grazing seed Fallow Fe 
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P
33 

Rotation J(22) 

Old Pasture -7 Garden Peas ~Barley --?>-Barley -?>Green . . i Feed Oat~ 
4 years -E-- Ryegrass '~ New Grass orE- Summer Fallow ~J 

zing Seed 

P34 Rotation 
Old Pasture ~ Short Summer Fallow and Winter Fallow 

'l 7 years haying <' New Luc@rne ~-----' 

(c) Feed Transfer Activities(23) P
35 

- P
45 

P36 
P

37 
P38 
P39 
P40 

P41 

P42 

P43 

P44 

P45 

Spring-summer milking cow to dry stock feed transfer 
(see section 5.4.4). 

Summer-autumn milking cow to dry stock feed transfer. 

Winter milking cow to dry stock feed transfer. 

Feed Barley in spring-summer. 

Fe Barley in summer-autumn. 

Feed Barley in wintero 

Make ryegrass straw hay. 

Make spring-summer pasture 

Make summer-autumn pasture hay. 

Save autumn grown pasture for use in the winter. 

Make spring-summer age. 

(d) Acquisition Activities P46 -P
55

" 

P46 Buy barley for stock food. 

( ) This rotation was included to allow the possibility of 
feeding home grown barley. 

(23) Hay, silage and autumn saved grass activities have been 
incorporated in the tableau by using Haslam's technique. 
Haslam D.A.R. (1965), op.cit., p.77. 



PLj'7 Buy ryegrass straw hay. 

P48 Buy pasture hay. 

P49 Buy lucerne hay. 

P50 Buy winter grazing (including hay to make up a 
maintenance ration). 

P51 Buy a bobby calf (for fattening to 2 year beef)o 

P52 Buy an autumn calving heifer (I I). 

P53 Buy spring calving heifer (Ispringing'). 

P54 Buy an irrigation plant (see sec on 5.4 .. 1)0 

P55 a loafing barn (see section 5 .LI_. 5) 0 

(e) Specific Selling Activities 

P56 January quota milk. 

P
57 

February milk. 

P58 Sell March milk. 

P
59 

_ P67 Sell quota milk for the months April, May 

June, July, August, September, October, November 
and December respectively. (24) 

P68 1 an autumn born heifer as a bobby calf. 

P69 a spring born heifer as a bobby calfo 

P70 a steer calf as a bobby_ 

P71 an autumn calving heifer ('springing'). 

P72 a spring calving heifer ('springing l
). 

P
73 

Barley_ 

(2LJ) Note - surplus milk is sold by as gning the disposal 
activities of milk reconciliation rows (R1 , R4-.R12 ) 
the lus milk price. 

98 



(f) Miscellaneous(25) P74" 

P74 IIQuota Activityll (see section 5.4.3). 

The following activities were initially included in the 

model but were removed because of obvious domination or their 

very high marginal cost to enable other activities to be 

included:-

(a) I SeparatiQn of milk for butterfat and porker 

production. 

(b) Purchasingh of both autumn and spring born 

heifers as yearlings for rearing to replacement 
stage. 

(c) The following rotations:-

(i) Old Pasture------;). SW1l.mer Fallow ~ New Grass 
6 years grazing ( I 

(ii) Old Pasture.--?Green Fe )Green Feed, 
t Italian Italian J 

17 years ~ New Grass +- Summer Fallow 
grazing 

(lli) Same as (ii) except 4 years grazing. 

The following activities were added to the basic tab-

leau to allow a run off to be incorporated. The tableau size 

was reduced to allow these additions by incorporating the sell 

quota milk activities (P56 , P
59

- P67) into one activity:-

Rotation R1 (on run off) 
Old Summer ~Fallow ----~ 

9 years grazing 

(25) Two artificial activities were also included to allow 
the programming of the Minimum Constraints R24 and R25" 
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P
76 

Rotation R2 (on run off) 

Old Pasture -7Turnips ~Turnips ~SUID1Iler Fallow 

L,4 years grazing ~ New Grass ~ 
f77 Save autumn grown pasture on tne run off for use 

in the winter. 

P
7S 

Make pasture hay on the run offo 

P
79 

Make springpsummer pasture hay on the home block 

and feed it on the run off. 

P80 Make lucerne hay on the home block and feed it on 

the run off. 

PS1 Buy lucerne hay and feed it on the run offo 

P82 Feed barley on the run off. 

P
83 

'Saving from Pugging' (see section 5.4.6). 

5.3.2 The Constraints. 

The constraints included in. the tableau consist of12 

100 

milk reconciliation constraints, 11 quota milk sales constraints, 

2. minimum milk constraints, 5 stock reconciliation constraints, 

7 feed reconciliation constraints, 2 pasture count constraints, 

a barley reconciliation constraint, an irrigation constraint, 

a loafing barn constraint, a labour constraint and a land 

constraint. Details of the constraints are (they are denoted 

R.) :-

(a) Milk Reconciliation Constr~ints R1 - R12 6 

These rows reconcile the milk produced by the milk 

production activities and used by milk selling activities 

together with a small quantity by calf rearing activities. 



There is one for each month. 

(b) Quota Sales Constraints. 

To ensure ,that milk production 
- R23 • 

with the 

quota April-January the rows 3 - R22 were 

included. A m cost was assigned to disposal 

vectors of se constraints to rows ,in 

effect, ities. 

R23" Quota Level. 
This row defines the size of 

(c) Minimum Milk Constraints. and R25 • 

To the requirement that the quantity of 

milk sold February and March must he at least 

equal to 

cluded. 

(d) ock 

quota two minimal constraints were in-

onciliation Cons s. 

Three rows were necessary to reconcile calves born 

with those sold, reared for replac and those sold 

at older s. Two rows were luded to reconcile 

cow 

stock. 

requirements with available replacement 

reconciles autumn c cow (January-June) 

ement requirements and the sale of autumn 

calving heifers with supply. 

R27 reconciles spring c cow (July-December) 

replacement requirements and the sale of 

cal ving heifers wi ththe supply. 

reconciles autumn born heifer calves with 

and those retained. 

reconciles spring born heifer calves with 

and those retained. 

es 

es 
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R30 reconciles steer bobby calves with sales and 

those retained. To reduce the tableau size 

coefficients for autunm and spring born steer 

calves were averaged to make one constraint. 

(e) Feed Reconciliation Constraints. R31 - 7-

rows were required to reconcile feed in the three 

p ods considered (spring-summer, summer-autumn 

winter) for both milking and dry animals(26). A further 

row was needed to reconcile ryegrass straw bal and used. 

(f) Barley Reconc iation Constraint. R
3S

" 

This row reconciles barley produced, purchas ,sold 

and used as feed. 

(g) Pasture Count Rows. R39 and R40 • 

To ensure that the area irrigated and the area of 

autunm saved grass does not exc the available pasture 

these rows were included for thout them crops could be 

gated and autunm saved. 

(h) Maximum Irrigation Constraint. R41 " 

This constraint limits the irrigable area (see section 

5.4.1). 

(i) Reconciliation of CO\~J Numbers and Size of Loafing 

R42 0 

This row ensures that size of a loafing barn built 

does not exceed that required tD house the total number 

of cows milked. (see section 5.4.5). 

(26) See section 5.4.4. 
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(j) Labour Constraint. R43" 

This row constrains the number of cows mi to that 

which can be handled by a predetermined labour force. 

(see section 5.4.2). 

(k) Land Constraint. RL~Lj_" 

s row constrain's land use to 

,acreage of 104 acres. 

effective 

The following constraints were added to the basic 

tableau to allow further analysis(27 ). 

(a) To enable programming with a large quota R45 - R47" 

An upper limit was ed on possible quantity 

of purchased barley (3,000 bushels) and hay (9,000 

bales) for nutritional reasons. An upper limiti 

was so placed on the number OI stock which could 

be grazed out (3,000:,weeks). 

(b) To enable the farm to be programmed with a 

hypothetical run off. RLj_8 and R49 • 

A run land constraint and a row to record the 

quao~t~ of pugging were included. This er row 

reconciles pugging prevented by using a run off 

with the resultant increased grass production. ( e 

section 5.4.6). 

The input-output coefficients were largely based on 

the farmer's estimates for ac vities with which he had had 

experience" Other co ients were obtained from varying 

(27) See sect 5.3.1 which describes how the eau size 
was reduced -1:;0 allow these additions" 
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sources but were checked with the farmer(28). milk 

production s for each month were obtained from herd 

testing records. The coefficients were based on the average 

of five year s for up to twenty mixed cows. The 

coefficients us in the irrigation and loafing barn activi-

ties were e ed from available research,from reports 

written by farm advisors and from discussions with people who 

had had experience with these activities. 

s. 

The act ty net revenues are based on 1965/66 costs 

and prices. milk prices and payout system assumed is 

that for Producer Association A. The significance of this 

is discussed Section 6.4.2. Exampleq of the net revenues 

are given in F. 

Edwards(29) demonstrates how integerprogr&mm~ng can 

be used to e the programme to select the 1 of a 

machine at one or zero and to incorporate the costs 

associated with having one machine. As an int routine 

(28) Crop yi assumed are given in Appendix E. An inspec-
tion of the tableau given in Appendix D reveal other 
relationships .. 

(29) Edwards C.E. (1963), "Using Discrete Programmingu • 

Agricultural Economics Research, 15(2):49. 
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was not available some other system had to be used. One 

method is to include only the vari costs and to progranllie 

with without an irrigation plant, the fixed costs being 

deducted ex post. system used is a similar method, but 

fixed costs have been incorporated within the tableaus to give 

a decreasing average cost relationship_ 

Table 5.1 demonstrates the method adopted. 

Tab~~ 

The Irrigation Activity 

Net Revenues and P1 P2 P
3 activities 

I - °1 - C - °3 2 

Oonstraints Irrigation Irrigation Cow 
disposal 

R 1 Spring summer feed O~ - r + r 

R2 Niaximum irrigation a or 
(acres) b2 = 1 1 

The irrigation activity, P1 , supplies r 11 units of 

spring~surrrraer feed per acre irri ed. (also supplies summer 6 

autumn feed). R2 limits the area that can be irrigated. (The 

water supply on property enabled the whole area to be irri-

gated, provided ze OI plant and labour allowed it. 

The plant considered was large enough to irrigate 70 acres. 

farmer considered that with s plant one man could irri-

gate 30 acres, two men 50 acres and three men 70 acres.) Now, 



where Y ; total cost of using x1 units of P1 

let 01= average cost per unit when b 2 units of P1 are used 

and 

1 

therefore Y = X1 01 + X202 

therefore per unit cost = X1 01 + X202 

hut as 

Substituting for X2 in (2):-

per unit cost; X1 01 + 02(b2 - X1 ) 

= 01 - 02 + 02b2 
X1 

· . . . . . . . (1 ) 

• • • • • • •• (2) 

· • • • . • •• (3) 

.. • • • • • •• (4) 

Equation (4) is the equation of a decreasing average cost 

curve. In effect:-

01 - 02 = operating cost per unit. 

and fixed costs of the irrigation plant. 

To ascertain whether investment is profitable the 

programme was run with b 2 set at zero and rerun with b 2 at 

the appropriate level and the total net revenues compared. 
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In effect thismGthod, where b 2 is set at a greater 

than zero level, will give one of three situatilions. These 

are:-

(a) P1 not in the final basis. In this case the 

return from the extra production is not sufficient 

to cover the variable costs. It is more profit­

able to pay the fixed costs and leave the plant 

idle. 

(b) P1 in the basis at b2 units. This will mean the 

return generated from using b 2 units of P1 is 

greater than the total variable costs. 

and (c) P1 in the basis at less than b2 units but greater 

than zero. In this eventuality the return per 

unit covers the variable costs per unit but another 

constraint is limiting the level of P1' For 

example, all available pasture has been irrigated. 

5.4.2 The Determination of the Optimum Labour Force. 

The farmer considered that milking was the main labour 
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bottleneck. He regarded casual labour as being unsatisfactory 

for this job so casual labour hire activities were not in-

cluded in the tableau. 

As permanent labour violates the di visibility assJ,llIlption 

and an integer routine was not available, permanent labour 

hire activities could not be included in the tableau. Thus, 

an alternative method of incorporating labour was adopted. 

Table 5.2 demonstrates the system usedo 



Table 5.2 

~ 
Activity P1 P2 

COIlstraint 
January calving December calving 

cow cow 

R1 labour b1 ~ 1 1 

To determine the optimum labour force for a particular 

situation the progr~e was run, and re-run with b1 at the 

number of cows one, two and three men(30 ) could handle. The 

cost of employing the labour associat with each was 

deducted ex post, thus giving the optimum plan. 

g,uota Level. 

The I •. B.IVI. library programmes used (10.1.00a 

10.1.006) included routines allowing only eleven resource 

changes to be made er solving or after the data had been 

read. Where there are twelve quo constraints together with 

irrigation and labour constraints to be changed, problem 

would have to be reprogrammed after the insertion of Ilew data 

cards. To facilitate the speed of programming, a system was 

devised requiring one resource for the twelve quota 

constraints. Table 5.3 demonstrates the method usedo 

(30) The farmer considered, with the facilities available, 
one man could handle 50 cows, 2 men 70 cows and 3 men 
100 cows. The farm had a ed man's house and 
accommodation for a single mano 
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R1 
R2 

R3 
R4 

Table 5.3 

A Tableau Allowing Quota Alteration 

Actlvi ty and r P1 
revenues December 

Calving 
Cow 

n - v1 

January milk O~ - r 
0.). - r 

O~ 

Min. 
milk 0= 

P2 
'Quota' 

o 

P3 
Sell 
January 
Quota 
milk 

+C3 

+ 1 

- r + 1 

- r 

Sell 
February 
milk 

+ 1 

+ 1 
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P5 
Minimum 
February 
milk 
disposal. 

o 

- 1 

R5 Quota b
5
) + 1 

The di sal activities of rows R3 and R5 were a m cost, 

ensuring quota fulfilment. The disposal activity associated 

with R1 was assigned the surplus milk price. In ity there 

are twelve milk reconciliation rows, ten maximum quota rows 

and two minimum milk sale rows. It can be seen by setting 

a particular level this sets the amount of quota 

milk which can be sold and sets the lower limit on February 

es. In effect:-

January quota milk sales = b5r 3•2 

February milk sales 

Thus, the full tableau,the setting of b5 det quota 

sales ten months and ensures a certain minimum production 

of in February and March. 



Discriminating Between Milking and Dry Stock 

Feed Reguirements. 

Dry stock feed requirements can in part be obtained 

from lower quality fodlder than is necessary to support millLing 

cows. Also, dry stock need not be kept on the' block where 

the milking shed is situated. Table 5.4 demonstrates a method 

of differentiating between the two types. 

Table .4 

Dry and Milking Stock Feed Reconciliation 

~ 
P P2 P3 P4 P5 P6 Milking Dry :lRota- Buy Hire Transfer 

Const:paint Cow Cow tion 
iltraw Grazing ay 

R1 

R2 

Milking 
:B'eed O~ + r - r + r 

Dry 
Feed 0)- + r - r - r - r 

P4 and P5 are activities providing feed suitable only 

for dry stock. The model ensures it cannot be utilised by 

milking cows. P3 provides milking cow or producing feed. 

P6 (a transfer activity) also allows, however, dry stock to 

utilise feed produced by P3 this should be profitableo 

The tableau was designed ~allow the building of a 

loafing barn if this investment was profitable. A loafing 
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barn can be built to house any given number of cows and while 

there are some economies of sc e with regard to fixed c s 

it was considered that these were relatively small. There-

fore, loafing barn was assumed to be divisible and to have 

constant costs per unit. It was assumed that the increase in 

ed production obtained by using a loafing barn waf!!;f; directly 

proportional to the number of cows housed. Table 5.5 shows 

how loafing barn was incorporated into the tableau. 

Table 5.5 

A Tableau Incorporating a Loafing Barn Activity 

'~ P ·1 

Constraint January Calving Loafing Barn 
Cow (one cow unit) 

R1 Feed 0 ~ + r - r 

.R2 Loafing Barn 
Reconciliation 0 .;;-. - 1 + 1 

The coefficient r 1 •2 is the feed increase (or saving) result-

ing from housing one cow in a barn. ( the tableau 

both the spring-summer and the winter feed were affected.) 

As the level P2 in solutions containing the activity was 

equal to the number of cows milked no consideration of a 

feasible minimum ze was required. 



5.4.6 The Inclusion of a Run Off. 

Basically, a run off increases the farm ze and re-

duces pugging. reduction pugging is directly ed. 

to feed produced on the home farm but fed on the run off 

and purchas feed fed on the run off. Table 5 .. 6 demonstrates 

how these two factors were accounted for: 

.6 

A Tableau Including a Run Off 

Net Revenues -C1 -C2 -C3 0 -C4 
Activities P1 P3 P4 

Rot atian Rotation 11 Home 'Saving Cow Trans-
A (homeB (run Block" of 
block) off) Made Lu- Pugging' 

Constraint cerne 
Hay fed on 
run off 

R1 Milking 
Feed· 0 ~. - r - r + r + r r 

R2 Dry Feed 0 )- - r - r + r - r 

Land (Home 
b3~ Block) + 1 + 1 

R4 (Hun 
b 4 ). ) + 1 

Pugging 
o ~ Count - r + 1 

is an example of an ac ty in which home block produced 

feed is fed OIl the run off to dry stock in the ere By 

transferring this ed, dry stock, which would be wint on 



the paddocks of the home block, are now wintered elsewhere. 

Dry stock wintered on feed produced on the run off, however, 

have no effect as without the run off they would not be 

carried. The coefficient r
5

•3 records the quantity of feed 
." 

transferred per unit of P3 and in row R5 it is reconciled with 

P4. The coefficient r 1 •4 is t;he increased production resul t­

ing from the decreased pugging associated with a transference 

of r 5 •3 units of feed. 
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s chapter presents scusses the results of 

the programming study. Programming solutions were obtained 

for the following situations:-
r 

(a) Different levels of quota. 

(b) Variation in the product prices and crop ds 

for two quota levels. 

(c) Variation in the input-output coefficients for 

two quota levels. 

(d) The addition of a hypothetic 

quota levels. 

run off at two 

With reference to (a) solutions were also obtained for 

quotas exceeding those held in practice. This was an attempt 

to determine the optimum ze of quota. Under (c) different 

input-output coefficients for the irrigation and loafing barn 

activities were erimented with to determine the even 

points. 

objective function has been previously defined. 

The total net revenue of each solution, r deducting labour 

costs, ~is the return to the farmer's labour, management and 

capi tal. '.['he total net revenue is not the I s cash 

surplus. It must be increas by the interest charges incor-

porated in the objective function and decreased by the fixed 
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costs and taxation to give the cash surplus. 

When assessing whether a reallocation of resources will 

give a worthwhile increase cash surplus, taxation must be 

taken into account. While this wiLl result in a decreased 

margin between plans it will not alter their ranking except 

special circumstances. Irhe farmer must, however, compare 

the increased cash surplus which follows a resource realloca­

tion with changes in the work load,o sk and uncertainty asso-

ciated with the new plan. such an appraisal the farmer 

should be aware of the opportunities to reduce taxation through 

farm ownership organisation. some cases the fastest way 

of increasing a farm family's cash surplus is to reorganise 

asset ownership_ 

As the programme had to be run with and without an irri­

gation plant for each level of quota, and for these two situa­

tions run with labour at different levels, there are 
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solutions for each quota level programmed. Only the most 

profitable of these has been presented except where a less opti­

mal plan was considered important. For the optimum solutions 

only the real variables in the basis have been included. The 

output from the computer programmes used so included shadow 

prices and stability ranges. None of this information has 

been presented except in special cases. 

this are:-

The main reasons for 



(a) the price range within which a basis activity's net 
revenue can vary without affecting the optimum plan 
only applies where the net revenue of all other 
activities does not change. In most cases, when 
analysing the stability of a solution witih regard 
to price change, it is unrealistic to assume that 
activitiy net revenues are independent; 

(b) the net revenue rise necessary to reduce a non-basis 
activity's marginal cost to zero, so allowing the 
inclusion of the activity in the basis without total 
net revenue penalty, only applies if all other net 

revenues do not change as well. In most cases 
this is unrealistic; 

(c) because of the method used to incorporate labour, 
the marginal value products calculated are not the 
true value of a unit of a scarce resource. 

\ 

6.2 Results for the Case Farm's Present Quota. 

6.2.1 The Optimum Plans. 

The case farm's quota was 123 gallons per day. Table 

6.1 summarises the optimum solu·tlons where purchase Iltock re­

placement activities are first included and then excluded from 

the tableauo 
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A. 

c. 

Table 6.1 

The Optimum Plans for the Quota at 123 Gallons (.1 ) 

A. 
Purchase stock re­
placement activities 
included in the 
tableau 

Land Utilisation (acres). 

Pasture 

Lucerne 

Chou moellier 

Fodder beet 

Maize 

Green feed 
- summer ow 
- new grass 

Total 

Home made lucerne 
hay (bales) 

stock Numbers. 

(i) Cows - calving in 
month of (milking 
1st day):-

September 
October 
November 
]'ebruary 
June 
July 

Total 

the 
from 

59 
3 

13 

1 

14 

14 

104 

610 

3 
2 

23 
35 

2 
5 

70 

B. 
Purchase stock re­
placement activi­
ties excluded from 
the tableau 

67 

10 

7 
2 

9 

9 

104 " 

1700 

2 
23 
35 

3 
7 

70 

(1) Figures 
cattle 

been rounded to the neare acre, 10 bales, 
, 10 sheep and the neare £10. 
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.1 (cont.) 

A. B. 

C. Stock Numbers. (cont.) 

(ii) Replacements:-
Buy autumn calving 
heifers 7 
Buy spring calving 
heifers 6 

Rear calves to 
autumn calvers 8 

Rear calves to 
. spring calvers 6 

(iii) other Cattle: -
Sell bull bobby calves 33 33 
Sell autumn born heifer 
yearlings 18 10 

Sell spring born heifer 
yearlings 16 9 

(iv) other Stock:-
Fatten store lambs '+00 60 

D. Labour 2 Irrigation and 

Loafing Barn 

Labour Units 2 2 

Purchasean irrigation 
plant and irrigate 
(in acres) 50 50 

Build a loafing barn to 
house (no. of cows) 70 70 

E. Milk Production 

(Gallons per day) 

September 1 123 
October 123 123 
November 232 231 
December 142 141 
January 123 123 
February 243 240 
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Table 6.1 (cont.) 

A. B. 
E. Milk Production (cont.) 

(Gallons per day) 
lVIarch 237 234 
April 202 "196 
May 171 163 
June 154 154 
July 154 164 
August 174 185 

F. Programmed net revenue 
minus labour costs. (£) 6290 6240 

The important feature 'in the comparison between these 

two plans is the insignificant difference in net revenue minus 

labour (adjusted net revenue - A,aN.R.) even though replace-

ments are purchased in Plan A and reared in Plan B. It will 

be- recalled that the milk production of purchased stock was 

assumed to be the s as for reared stock. view of this 

unreal tic assumption, there is no doubt that a rearing 

policy would be at least as proDtable as a buying system 

this quota level. Certainly it is more acceptable to the 

farmer .. 

The feed organisation for both plans is similar. 

Spring-summer feed entirely from pasture while maize and 

pasture are used in the summer-autumn. Fifty acres of pas-

ture are irrigated. Without irrigation the A.N.R. falls 

£250 for the tableau in which ock replacements can be pur-

chased. This is not a SUbstantial increase for the work 

load involved. However, irrigation reduces risk and 



uncertainty·considerably b~cause of the variability of the 

climate. 

Winter feed consists mainly of fodder crops with a 

small amount of lucerne hay made on the property. A loafing 

barn is built to house the milking herd. The cost of 

reducing the size of the barn to house only 69 cows in Plan 

B is only £1. 

The calving pattern places emphasis on the production 

of February and March milk in both plans. This is why ma~ze 

and irrigation are used. For the rest of the year, little 

surplus milk has been produced except in the early summer 

period. Rather than produce surplus milk all year production 

has been channelled into the rearing and selling of yearling 

heifers. In Plan A all heifer calves are reared to this 

stage while in Plan B the same applies except for those kept 

as replacements. The fattening of store lambs has also en­

tered both plans, but mainly into Plan A. 

6.2.2 The Farm's Current Plan. 

The adjusted net revenue of the farm's current plan has 

been calculated using the prices and costs assumed in the cal­

culation of activity net revenues. The A.N.R. is £4,450 com­

pared with £6,240 for Plan B in Table 6.1. This is an in-

crease of £1,790 or 40%. The farm's overhead costs are 

£1.,700 so that the existing taxable profit (after adding 

interest charges included in the total net revenue) is £2,870 
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compared with ,840 for Plan B. (The average taxable profit 

taken from the farm's accounts for the years 1961/62 - 1963/64 

was £2,570.) After subtracting tax at a code of M4 the 

figures become:-

existing 

B 

difference 

£2,220 

,100 

£860 

Thus taxation decreases the margin from £1,790 to £880. 'N~ver-

theless, B, if can be put into operation, will result 

in a substant increase of income. 

is noteworthy that by divi the t~xable income 
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from Plan B three ways (which can be accomplished through appro­

priate family ownership organisation), ruld claiming only the 

personal allowance against each portion, the tot farm family 

taxation is reduced by £790. 

The increase in profitability has resulted from an in-

tensification of resource use as well as a change in the 

resource allocation. suIting from the change the method 

of fodder production there has been an increase in cow numbers 

from just over 50 to 70. s does not appear to be unrealis-

tic as under the existing system available spring-summer 

grazing is carrying 1.1 cows plus young stock per acre while 

in Plan B the fi is 1.0 cows plus young stock per acre and 

it includes 50 acres of irrigated pasture. 

The crops grown under Plan B are not very different 



but there are changes in the areas. The area of chou 

moellier is increased slightly as is the winter en feed, 

but the maize area has increased from 2 acres to 9 acres. No 

cash crops are grown in Plan B compared with the 7 acres of 

garden peas currently grown. irrigation pI is an 

innovation further supplementing the summer-autumn maize. 

While a quantity of lucerne hay is made, pasture hay 

is not made Plan B, thus reasing the avail e spring-

summer grazing. A loafing barn is also construct • 

The calving pat·tern tant milk production 

pattern is different in Plan B. The emphasis is on the pro-

duction of e spring surplus milk and February-March milk 

(which is sold at quota prices). The existing calving 

pattern places an emphasis on 1 e autumn, early milk 

production. Only in two months the year was surplus 

milk sold existing plan so that a large part of the in-

come increase has resulted from s ling quantities of milk 

above quota I , but at quota price, in February March 

and in ensuring that 'at least the quota + % I S are supplied 

during the remainder of the year. The maize and irrigation 

sustain the February-March milk production. It is probable, 

however, that if all suppliers concentrated on the production 

of February March milk, the Supply Association would limit 

the payout quota price. This depends mainly on supplieIS 

existing quotas and the scope they have to produce well above 

quota in February and March. is significant that; both 

'1 



Supply As 

the last 

tions have used 

years. 

The other innovations in 

sale of 19 yearling heifers and 

of store lambs. The market 

s payout system for at least 

an B are the 

fattening of a 

and 

1 number 

yearling heifers, which 

currently shows a firm demand, is mainly dependent on 

demand by producers in the Christchurch area. The t is 

likely to have a low elasticity of demand. The remarks made 

about February-March milk apply equally here. 

Labour use has been int ed. The farm is current-

ly in a situation where the work could be handled by one man 

plus family help provided the 

the demands of all year milking 

This farmer chose to employ a 

was prepared to acc.ept 

the long hours involved. 

ed man, giving an er way 

of life and 

planning). 

lowing for increases in cow numbers (which he was 

is considered, therefore, that the intensifi-

cation of labour use in Plan B is reasonable and has been a 

major factor the increased A.N.R. 

B. 

The considered the plan to be feasible exc 

that he thought it may not be pos e to rear and sell 

full 19 ye heifers. He that the available 

labour was ficient to put the plan into effect. In 

1966 winter milked 60 cows and ended increasing the num-

ber for the 1967 winter. He now plans to build a 10 
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barn and is investigating an irrigation plant. 

As the majority of suppliers have different quotas', it 

is important to calculate optimum plans for a range of quota 

sizes to give this study a wider application. While the.input-

output coeffi ent p used apply to the farm and its quota, there 

is no reason why the coefficients should change with the level 

of quota. (2) To adequately represent the range of quota per 

acre of farms similar to the case farm, it was decided to obtain 

optimum plans for the following quotas:-

(a) 40 gallons (c) 150 gallons 

(b) 95 gallons (d) 200 gallons 

Table 6.2 sets out the optimwn plans calculated from tableaus 

in which activities allowing for the purchase of replacement 

stock were excluded. At the end of 11able 6.2, however, are 

presented the A.N. . of plans calculated from tableaus in-

cluding the purchase of replacement stock activities. Replace-

ments are purchased in these plans except in the 95 gallon 

quota case. In this plan approximately half are purchased. 

In all cases the A.N.R. is higher, but at the most £210 for 

the 200 gallons quota case and at the least £20 for the 40 

gallon case.(3) The discussion in section 6.2.1 on this point 

(2) 

(3) 

It is possible, however, that through quota increases, 
intensification may be forced upon a farmer and, by 
increasing cow numbers alone, the milk production per 
acre may rise. 

This change with quota ze is to be expected as the 
opportunity cost of feed is higher in the 200 gallon 
situation than the 40 gallon case. 



applies is considered that a policy is more 

accept' e probably more profitable. plans including 

buy replac activities have not en Also, on 

the basis of e results, buy replac acti vi ties 

were from tableaus used in the of the study. 

Table 6.2 

(buy 
the 
plans 
plac 

ement stock ~ctivities were excluded from 
eau - the A.N.R. is pres ed, however, for 
culated from tableaus in which buy re-

stock activities were uded.) 

Quota (gallons) 

A. 

B. 

Total 

Made lucerne hay (bales) 

Buy lucerne hay (bales) 

Purchase (weeks) 

C. Spring-Bumm~r Feed Supplement 

Buy feed barley (bushels) 

40 

'58 

1 

15 

15 

15 

10'+ 

140 

68 

12 

15 5 

3 
15 8 

15 8 

104 104 

1930 

200 

89 

5 

104 

3040 

560 

570 
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Table 2 (cont.) 

Quota (gallons) 40 150 

D. Summer-Autumn Feed .8uEElement 

Buy feed barley (bushels) 1110 

E. Stock Numbers 

(i) Cows - calving in the 
month of:-* 

September 1 
October 2 3 
November 12 13 11 24 
January 3 6 7 
February 38 21 14 37 
lViarch 1.~ 

April 18 5 
May 2 5 9 
June 6 9 11 
July 2 3 4 

----
Total 50 50 70 100 

*Assumption is that they star-t; 
milking on the 1st day of the 
month. 

(ii) Heplacements 

Rear calves to autumn 
calvers 8 7 11 14 

Rear calves to spring 
calvers 2 3 3 6 

( ) Other Cattle 

Sell bull bobby calves 5 8 33 47 
heifer bobby calves 16 

Rear calves to 2 • beef 19 16 

Sell autumn born heifer 
yearlings 10 9 2 19 

Sell spring born heifer 
yearlings 3 5 8 
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Table 6.2 (cont.) 

Quota (gallons) 40 95 150 200 

Stock Numbers (cont.) 
(iv) Other Stock 

Fatten store lambs 620 700 250 

F. Labour 2 Irrigation and 

Labour units: 1 1 2 3 
Purchase irrigation plant 
and water (in acres): 30 30 50 70 

Build loafing barn to house 
(no. of cows): 50 50 70 100 

G. Milk Produc"bion 
(Gallons per day) 
September 93 95 174 205 
October 82 95 159 200 
November 138 150 193 298 
December 49 95 150 200 
January 40 95 150 200 
February 186 165 150 307 
March 184 156 150 281 
April 162 124- 180 240 
May 139 114- 180 24-0 
June .120 119 188 250 
July 11/1 119 188 250 
August 132 130 208 273 

H. ~rogrammed Net Revenue 
Minus Labour Costs (£2 • 4780 6080 6570 6960 

(i) (for plans including 
buy stock replacement 
activities) (4800) (6100) (6610) (7170) 

(ii) (for equivalent of 
plans in (i) but 

(6570) without irrigation) (4750) (6050) (6400) 



(Note: in all the plans presented in this chapter there 
are only three cases where an activity is the 
basis at an impractical level. These cases in-

and 95 

these 

volve growing one acre of lucerne for and 
are in the L~O gallon quota plans for the 
with and without a run off. As an int 
routine was not available, it would 
necessary to reprogramme with these acti 

zero and at a feasible level to obtain 
optimum practical solution. Owing to the compu­
tational burden involved and because without the 
lucerne the A.N.R. of these plans would only be 
marginally different, this was not c ed out.) 

1 utilisation and feeding system for both the 40 

on plans are similar. The important of 

ans the heavy reliance on fodder crops for winter 

and summer-autumn feeding. Irrigation is so impo ant for 
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the summer-autumn feed. The quantity of hay fed is igible. 

While not many farmers rely entirely on fodder crops, 

pickings green feed for winter feed, nutritional this 

policy is feasible. Hay can be a hedge against but on 

these Is, especially with irrigation, fodder c s are 

iable. 

At the higher quota levels the available 

creased the area of fodder crops reduced. A 

reliance is placed on hay for winter feed. Some fo 

and chou mo lier are grown in the 150 gallon quota 

in the 200 lon plan only fodder beet is grown. 

refl on increased all year feed demand neces 

is 

beet 

an, while 

s is a 

to 

produce quota milk so that higher per acre feed produc acti-

vities, but with a relatively greater cost, are required. In 



the 200 gallon quota plan reliance is placed upon purchased 

feed in all periods. Winter lucerne hay is purchased and 

mo of the dry stock are wintered on purchased grazing (in­

cluding hay). Seventeen hundred bushels of feed barley-are 

purchased and fed in both the spring-summer and summer-autumn. 

In effect, as the quota increases, the marginal return app­

roaches and surpasses the marginal cost of purchased feeds. 

The production of surplus milk using purchased feeds is not 

profitable. the owner of a small unit is prepared to milk 

a large number of cows by himself, this may not be the case. 

Irrigation is a profitable investment in all ans and 

enters at the maximum level allowed by the labour forces. At 

the end of Table 6.2 the A,,~N .R. is given for plans without 

irrigation. As the quota increases the reduction in A.N.R. 

also increases. The difference, however, for the 40 and 95 

gallon tuations is only £50. Investment in irrigation in 

these cases must be considered marginal. The decision on 

whether to invest in these cases must depend on the farmer's 

attitude to risk and uncertainty. Irrigation contributes 

1 

£600 to the A.N.R. in the 200 gallon quota case, thus probably it 

is essential to profit maximisation. The necessary yield in-

crease from irrigation to breru{ even is discussed in Section 

6.5. This section also discusses the profitability of -

loafing barns - an investment which enters all plans at a ze 

capable of housing all milking cowSo 



A simple calving pattern is optimal in the 40 gallons 

quota plan. The majority of the cows start milking at the 

beginning of February so that over 180 gallons per day in 

February and March are sold at the quota price. ; Production 

for the rest of the year declines from this period except in 

November. There is, however, only one month, January, irl 

which surplus milk is not sold. is evident, therefore, 

that in this case surplus milk production, associated with it 

the February-March milk, is more profitable than the sale of 

alternative products. It not, however, profitable to em-

ploy a labour unit enabling a further increase in surplus milk 

production. 

For the other quota cases a complex calving pattern is 

common. This is necessary for the contract to be met all year. 

The calving pattern in the 95 and 200 gallon situations produces 

milk in excess of quota in February and March and in early and 

late spring. Surplus milk is produced in the spring-summer 

period for the 150 gallons plan. Basically, for these three 

quota levels, milk production is designed to meet the quota. 

With the quota at 200 gallons there is little scope for surplus 

milk production. 

One and two units of labour are utilised in the 95 and 

150 gallon situations respectively_ Employment of additional 

labour to allow more surplus milk production is not profitable 

in either case. Three units are necessary to produce 

sufficient milk to fulfil the 200 gallon quota. 

130 
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Cash cropping is not; included in any of the plans.(4) 

Rather than employ ex-bra labour for surplus milk production, 

or to cash crop, the scope above the quota and surplus milk pro-

duced is utilised by other stock. This stock production is at 

a similar level in the 40 and 95 gallon plans. Dairy beef and 

yearling heifers for sale are produced. These enterprises 

have a low labour input. A large number of store lambs are 

fattened. These numbers, 620 and 700 respectively, would 

crea-be purchasing and fattening problems. Owing to the compu-

tational facilities available, a limit on their numbers was 

not possible without excluding an activity. 

In the 150 gallon plan, the stock production is limited 

to a smaller number of store lambs and in the highest quota 

situation only sale yearling heifers are produced. 

The increase in_ A.N.R. is not proportional to the quota 

increase. The difference between 40 gallons and 95 gallons 

is £1,300 but the increase from 95 gallons to 200 gallons is 

only £900. 

The increased labour costs with increasing quota is the 

main reason for this. 

(4) Section 6.~-.4 explores the profitability of cash 
cropping fullyo 



Conclusions from the Study of ]?our Quota Levels. 

The following are the initial propositions that can be 

from the four optimum plans for the case study farm:-

(a) At the low quota level stock feed should.. be pro­

vided by pasture and fodder crops. As the 

increases it is necessary to reduce fodder c 

and to increase the grazing area, make lucerne 

and eventually, at the 200 gallon level to purc 

feed in the form of lucerne hay, feed barley and 

• 

(b) The calving pattern should be arranged so that 

quo·ta is fulfilled and with available scope to 

produce above quota in February and March 

limited extent in the spring 

to a 

(c) The employment of additional labour is profitable 

to achieve quota milk production but not for 

milk production. 

(d) Productive capacity not utilised by milk produc on 

should be channelled into dairy beef, rearing 

sale of yearling heifers, and the fattening of 

lambs. 

(e) Stock replacements should be home bred and reared 

in all cases. 

(f) Investment in an irrigation plant loafing barn 

is profitable at the assumed input-output coeffi­

cients, but marginally so at the low quota levels. 

If more cows could be milked per labour unit, either 

through the use of a herringbone shed or acceptance by the 

labour of longer working hours, higher s surplus milk 

production in the spring to autumn would be profitable in at 

1 



least the 40 and 95 gallon quota cases. 

The strength of these propositions depends on the 

stability of the plans as a result of changes in the important 

parameters. The rest of this chapter is devoted mainly to 

an analysis of the stability of two of these plans. 

6.4 An Analysis of the Optimum Solutions and Stability. 

Those plans presented_ are the unique enterprise com­

binations which maximise the A.N.R. for the given quotas. A 

small variation, however, in prices, costs, yields and input-

output coefficients may make these plans suboptimal. If this 

1 

is case there may be other more acceptable plans which show 

greater stability and whose A.N.R's. are only slightly less 

than the optimals. Thus optimum plans resulting from varying 

critical price,yi d and input-output coefficients have been 

computed. Time available meant that variations the price 

of the dairy bee~, yearling heifers, and fattening lamb act 

vities could not studied. 

Price. 

The milk contract payout~; system used by both 

producer associations is such that the important prices are 

the surplus milk prices and the February-March milk prices. 

As suppliers sign a legal contract the p'rice of quota mill{ is 

not so important. Prices used in the previous analysis have 
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been those paid by Producer Association A. The major differ-

ence between the two associations is the price paid for surplus 

and February-March milk. This analysis, therefore, not only 

analyses the stability of plans computed but defines, in part, 

the relevance of the results to members of Producer Associa-

tion B. 

The problem. of using price stability limits of basis 

activities has already been scussed in Section 6.1. Also, 

as the variable price programming technique given in Heady and 

Candler(5) is difficult to interpret where more than two p es 

are varied, it was decided to reprogramme with surplus milk 

prices set at a particular level. so, the surplus milk 

price is usually the same for all months. Rather than use 

hypothetical prices, actual prices taken from the last few 

years have been used. The highest and lowest surplus milk 

prices paid since 1960 are 18 pence and 14 pence per gallon. 

The present price is 16 pence. 

The 40 and 150 gallon quotas have been programmed at 

these prices. These levels give a quota acre of 0.36 and 

1.36 and, while there are producers with higher and lower 

figures, they cover the range within which most suppliers fall. 

Table 6.3 gives the optimum plans for both prices. 

Purchase stock replacement activities were not included 

the tableau. 

5) Heady E.O. and Candler w.v. (1958), op.cit., Chapter 8, 
p.265. 
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Table 6.3 

Optimum Plans for Variations in the 

Price of Surplus Milk for /J1wo (~uota l.Ievels. 

Quota (gallonsl 

Price Regime 

A. Land Utilisation (in acres) 

Pasture 

Lucerne 

Chou Moellier 

Fodder beet 

Maize 

Green feed - summer 
fallow - new grass 

Total 

B. Winter Feed Supplements 

Make lucerne hay (bales) 

C. Stock Numbers 

(i) Cows - calving in 
the month of:-

September 
October 
November 
January 
February 
March 
April 
May 
June 
July 

Total 

Low 
14 pence 
/gallon 

58 
1 

15 

15 

15 

10L~ 

140 

12 

38 

50 

40 150 

High Low High 
18 pence 14 pence 18 pence 
/gallon /gallon /gallon 

59 

15 

15 

15 

10Lj· 

23 

27 

50 

68 

12 

5 
3 
8 

8 

104 

1930 

11 
6 

14 
4 

18 
5 
9 
3 

70 

68 

12 

5 
3 
8 

8 

104 

1930 

11 
6 

14 
4 

18 
5 
9 
3 

70 
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Table (cont.) 
L~O 150 

stock Numbers (cont.) Low High Low 

(ii) Replacements 

Rear calves to autumn 
calvers 8 11 11 

Rear calves to ring 
calvers 2 10 3 3 

(iii) Other Cattle 

Sell bull bobby c s 5 8 33 
Sell er bobby calves 16 16 

Hear calves to 2 yr. be 19 15 

1 autumn born heifer 
yearlings 10 2 2 

Sell spring born heifer 
yearlings 3 13 

(iv) Other Stock 

ten Store Lambs 620 6L~0 250 250 

D. 

Labour Units 1 1 2 2 

Purchase irrigation plant 
and water (in acres) 30 30 50 50 
Build loafing barn to 
house (no. of cows) 50 50 70 70 

E. Milk lons per day) 

September 93 101 174 174 
October 82 95 159 159 
November 138 202 193 193 
December 49 185 150 150 
January 40 167 150 150 
February 186 140 150 150 
March 184 129 150 150 
April 162 105 180 180 
May 1 57 180 180 
June 1 50 187 187 
July 111 13L~ 187 187 
August 132 155 208 208 

F. Programmed Net Revenue LI-62 0 L~960 6540 6590 
Minus Labour Costs C£; 
( the original prices) (4780) (6570) 



'15'/ 

Plans for both quota situations at the low price regime 

remain unaltered compared with the original price plans .. Al ter­

native products are less profitable where no reduction in the 

labour force is possible. ~:he A.N.R. falls £160 and £30 for 

the LI-O and 150 gallon cases respectively. The £30 drop re­

flects the small amount of surplus milk produced. At the 

high price regime with the quota at 150 gallons, the plan does 

not change. The increase in A.N.R. is only £30, again 

reflecting the small quantity ofaurplus milk produced. The 

price rise, therefore, is not large enough to warrant extra 

labour employment and the necessary increased per unit average 

cost of fodder. 

With the surplus milk price at 18 pence there are small 

changes to the 40 gallon plan. The change in A.N.R., however, 

is only an increase of £180. 

pattern and milk production. 

The change involves the calving 

The emphasis has been taken off 

February-March milk production, and put on spring-summer surplus 

milk production. The price competes favourably with the 

February-March quota price. 

Programming at these prices indicates that the plans 

show stability to variation in the surplus milk prices within 

the range 14-18 pence per gallon, except for the 40 gallon 

quota - high price regime combination. In this latter case, 

however, the difference in the A.N.R. if the high price regime 

had been superimposed on the original plan would be insignifi­

cant. This suggests that there are a number of plans, under 



price variation, which give similar A.N. 

6.4 of Variation of the 

March Quota Prices. 

both producer associations pay quota e r 

produced in February and March the stability of ans 

to variations in these prices is important. The same proce-

adopted in Section 6.5.2 has been used. Since 1960 the 

ghest prices regimes were:-

Low February: 21 pence per gallon 

March: 25 pence per gallon 
< 

High ]'ebruary: 30 pence per gallon 

March: 29 pence per gallon 

(Existing - February and March: 28 pence per gallon) 

Optimum plans were obtained for the 40 and 150 

quota situations with prices at the low and high regimes. The 

ans obtained for: the high regime were identical with ori-

s for both quota levels. The same applied for 

in the 150 gallon case. The A.N.R. for these 

compared with the original are:-

40 gallon quota 150 gallon 

ce Regime High Low 

New A.N.R. (£,) 4860 6400 

Original A.N.R. (£.) 4780 6570 

low 

ans 

quota 

6630 

The changes are small, reflecting the quantity of 

involved. 

1 
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With the quota at 40,gallons and the prices at the low 

level, is a change the optimum plan. Table 6.4 

gives the new plan and the orit~~~k~.~ for comparison. 

The Plan for the 40 Gallon Case with 

the Low 

Price Regim~ o .~. 1 _rlglna Low 

A. I,and (acres) 

Pasture 58 59 
Lucerne 1 

Fodder 1 

Chou Moellier 15 14 

Maize 15 15 

Green feed - summer fallow 
- new s 15 15 

--. 
Total 10Lj· 104 

B. Winter Feed Supplements 

Made lucerne hay (bales) 140 

C. 

(i) Cows - calving in the 
month of:-

November 12 20 
February 38 
J'une 2 
July 28 

Total 50 50 

(ii) Replacements: 

Rear calves to autumn calvers 8 

Rear calves to spring calvers 2 10 



Table 6.4 (cont.) 

D. 

E. 

F. 

Original Low 

(cont. ) 

(iii) Other Cattle: 

Sell bull bobby calves 5 
Rear calves to 2 yr. beef 19 

Sell autumn born heifer yearlingp10 

Sell spring born heifer yearlingp 3 

(iv) Other Stock: 

en store lambs 

Labour Units: 

Purchase irrigation plant and 
water (in acres): 

Build loafing barn to house 
(no. of cows): 

(gallons per day) 

September 
October 
November 
December 
January 
February 
March 
April 
May 
June 
July 
August 

620 

/1 

30 

50 

93 
82 

138 
49 
L~O 

186 
184 
162 
139 
120 
111 
132 

4780 

9 
14 

1 

13 

670 

1 

30 

50 

114 
108 
197 
180 
163 
137 
126 

98 
48 
50 

141 
163 

4590 

The main alteration is a change in the calving pattern 

thus ·the milk produc ti on. February and March milk produc-

tion has been reduced but spring-summer production increased, 

a reflection on the relative prices of surplus and 

1LI-0 
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February-March quota milk. The A.N.R., however, Is only 

90. 

conclusion must be similar to that made in the 

ce variation section. Irhe original ans 1 

an , or near optimal, A.N.R. when the price s are 

range studied. 

6.4.4 Sta~=hli t~ of the OJ2timum Plans to CroJ2 Yield 
Variation and to Intensification of the 

CroPJ2ing Rotations. 

Cash cropping does not enter any of the plans. many 

town supply dairy farmers grow some cash crops, inc 

case study farmer, it was considered important that s ect 

should be ored more fully. 

elds of the two cash cropping rotations, I J 

( es and ) were increased to:-

Garden Peas 45 bu. per acre 

Wheat ex peas 70 bu. per acre 

Wheat ex wheat 65 bu. per acre 

ey ex peas 80 bu. per acre 

ex barley 75 bu. per acre 

s seed 50 bu. per acre 

and an optimum plan was obtained for the 40 gallon quota case. 

The optimum plan was the same as that obtained when the origi-

nal were used. other quota levels were not reprogrammed. 

This deci on was made on the basis of the marginal costs of 

the cash cropping rotations. The marginal cost of these two 

activities the following original optimum plans is: - (the 



leve~up to which these marginal costs apply are given in 

brackets) 

ltO gallon guota 150 gallon guota 

Rotation I 
Rotation J 

£3.74 
.L14 

(55) 
(55) 

£4.47 

£7.17 

( 13) 

(13) 

If, following yield increases, either or both of these activi-

ties are to enter the basis they will do so when the quo~a is 

40 gallons. The marginal costs at the high yields ~re:-

Rotation I 
Rotation J 

For Rotation I's marginal cost to be reduced to zero the 

wheat yield would have to increase a further 15 bushels per 

acre (assuming other yields remain constant). 

As these rotations are not highly lbntensive the 

following crop rotations were substituted and an optimum plan 

obtained for the 40 gallon quota level:-

Rotation I t 

Old grass~wheat (60 bu.)~wheat (55 bU.)---il> 
t, one year I s grazing 1(,-, 1 ~" S'~umme:rc 

Rotation Jt 

Old grass~ barley (70 bu.) 
L one year IS grazing./ '."6"' .......--nvw 

barley (65 bu.)~ 

'''i--".- s umm e r fallow <e----' 

The optimum plan obtained was the same as for the ori-

ginal crop rotations. The new marginal costs were (the 

level above which the marginal cost increases are given in 

brackets):-
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Rotation I 
;. 

Rotation J.1 

.95 ( ) 
£7.89 (33) 

These marginal costs are higher than those obtained 

under the high yield rotations despite the fact that their 

net revenues are higher. In effect, the higher net revenues 

do not compensate for the reduced fodder production of the 

primed activities. ed is more valuable than grain. 

The results of this analysis indicate that the cash 

crops considered should not be grown on the case study farm, 

even at a low milk contract. 

6.4.5 Stability of the Optimum Plans in Relation to 
Variation in the Input-Output Coefficients. 

Farms with a similar resource structure to the case 

farm's would have similar optimum plans their input-

output coefficients e wi thin the sta"bili ty range of the 

original solutions. For this reason, and for the possibility 

that the assumed coefficients are subject to error, it was 

decided to explore the effect of variations in the input­

output coefficients. 

This study is limited to the two quota levels, 40 and 

150 gallons, and the effect of lower physical performance. 

Activities were put into two groups, dependent on whether 

they were stock or 'field' activities. Optimum plans were 

obtained for the following coefficient combinations:­

(a) Low stock and 'field' activities, 
(b) Low stock and original 'field' activities, and 
(c) Original stock and low 'field' activities. 

1 



original coefficients were 'reduced' by:-

(a) Stock Activities. 

Average per cow reduced to 800 gallons.(6) 

Calving percentage reduced by 5% 

Death rate increased by 1% 

Young stock feed requirements increased by 10% 

Effect of a loafing barn decreased by 10% 

Calf whole milk requirements increased from 
30 to 40 Ions. 

Efficiency of barley feeding reduced by 1~~. 

Sheep activities feed requirement increased 
by 10%. 

(b) 'Field' Activities. 

Rotations provide 10% less feedo 

Irrigation response reduced by 10% 

Feeding value of hay and reduced by 10% 

Crop rotation activities yi reduced by 1~~ 

(as well as the 1~~ reduction feed provided). 

Table 6.5 gives the optimum obtained. 

Table 6.2 

O~timum Plans for Two guota Levels with Variation in 

the InI2ut-out~ut Coefficients. 

144 

Quo"t;a (gallons) 40 150 

Coef'f'ic s -

A. 

stock activities low low original low low o:rjginiL , , activities low aciginal low low aciginBl low 

(acres) 

59 56 56 86 78 7L~ 
Lucerne 11 15 
Chou moellier 15 16 16 1 
Fodder Beet 5 5 5 
Maize 15 16 16 6 5 5 
Green feed - summer low 

- new grass ~ 16 6 

Total 104 104 104 104 104 104 

(6) A random sample of 11 farms selected from all producers had 
an average per cow production of 840 gallons. The case 
study farm's yield 1S 70 gallons higher. 
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Table 6.5 (cant.) 

Quota (gallons) 40 150 

Coefficients -
stock activities low low original low low original 
'field' activities low original low low original low 

B. Winter Feed Supplements 

Made lucerne hay (bales) 1840 2360 

Buy lucerne hay (bales) 2360 630 

Purchase grazing (weeks) 420 440 320 

C. Summer-Autumn Feed SUJ2plements 

Buy feed parley (bushels) 30 220 

D. Stock Numbers 

(i) Cows - calving in the 
month of:-

November 13 6 5 15 20 11 
January 5 6 
l!'ebruary 37 34 37 20 21 14 
March 4 
April 20 20 18 
May 6 6 5 
June 10 10 8 
July 10 4 4 4 

Total 50 50 50 80 81 70 

(ii) Replacements 

Rear calves to 
autumn calvers 8 8 7 14 13 11 

Rear calves to 
spring calvers 3 3 3 4 5 3 

(ill) Other Cattle 
Sell bull bobby calves 10 19 36 36 33 
Sell heifer bobby 
calves 14 13 17 
Rear calves to 
2 yr. be 12 5 
Sell autumn born 
heifer yearlihgs 8 8 9 
Sell spring born 
heifer yearlings 3 4 4 L~ 5 2 



Table 6.5 (cont.) 

Quota gallons 

Coefficients -
stock activities 
'field' activities 

stock Numbers (cont.) 

(iv) Other stock 

Fatten store lambs 

E. ~~~2~r, Irrigation and 
~oafing Barn 

Labour Units: 

Purchase irrigation 
plant and water (in 
acres) : 

l'jo 

low low original 
low original low 

300 640 580 

1 1 1 

30 30 

'1 Ltb 

150 

low low original 
low original low 

3 3 2 

70 70 50 
Build loafing barn to 
house (no. of cows) 50 50 50 80 81 70 

F. Milk Production (gallons 
per day) 

September 
October 
November 
December 
January 
February 
March 
April 
May 
June 
July 
August 

G. Programmed Net Revenue 
Minus Labour Costs (£) 

(£A.N.R. for original 
plans) 

80 106 
69 94 

125 118 
50 48 
40 40 

162 153 
161 149 
143 133 
121 97 
106 85 

98 110 
115 130 

3800 4120 

(4780) 

123 167 159 174 
110 157 150 160 
133 207 228 193 

47 150 168 150 
40 150 150 150 

180 164 165 150 
177 150 150 150 
156 180 180 180 
120 180 180 180 
103 188 188 188 
125 188 188 188 
150 207 208 208 

Lj-L~OO 4410 5010 6090 

(6570) 

The 40 gallon quota plans are basically the same as the origi-

nal plan, except that in the 'low - low' plan no dairy beef is 

produced, the number of store lambs fattened has be~n reduced 

by 50%, and irrigation is not used (the A.N.R. decreases £14 



if irrigation is used). In the 'low - original' and 'orig~inal 

- low' ans some November calvers have been shifted to July, 

thus affecting spring milk production. 

The '0 ginal - low' plan for a 150 gallon quota is, in 

effect ,identic with the original except that the feeding sys­

tem has been changed to provide sufficient feed for the '70 cows. 

The area in fodder crop has been reduced by three acres in 

swnrner-autumn and winter. Hay, grazing and ed barley are 

now purchas In all cases no store lambs are fattened. The 

changes in the 'low - low' and 'low - original' plans are 

similar except that no lucerne hay is made and cow numbers have 

increas ,thus the labour input, to enable the quota to be 

met. Spring milk production increased. 

In all cases the A.N.R. has decreased considerably, the 

largest decrease being ,160 for the 'low - loW' 150 gallons 

quota situation. These results indicate the paramount impor­

tance of physical efficiency. 

The results show that, under input-output coefficient 

variation of the order assumed, the original plans are no 

longer optimal. The extent of the reorganisation is greater 

the 150 gallon quota than at the LI·O gallon level. The 

changes made in the former case mainly arise from the need to 

maintain milk production to fulfil tihe quota. The implementa­

tion of the original plan at this quota level would be 

physic ly impossible. This analysis, however, does not 

affect the general conclusions made in Section 6.3.1. 



6.4.6 

a IJo af ing Barn. 

The i gation and loafing barn activities enter 

the ori optimum plans. As the farmer had had no ex-

perience with irrigation or loafing barns input-output co-

efficients used were derived from other sources. To further 

explore these activities, the minimum levels of performance 

at which they were profitable investments were determined. 

This was c ed out by a t and error process for the 40 

gallon quota case. more research results become avail-

able, provided other factors remain unchanged, these calculated 

co cients will ilitate further economic appraisals. 

sul ts of thir3 analysis showed that the I break even I 

coefficients were as follows:-

(a) I gation. Feed stock units provided by 

irrigating one acre of pasture: 

Spring-summer 

Summer-autumn 

1.45 
2.98 

(b) Loafing barn. Feed stock s conserved 

per cow wint in a loafing barn 

Winter 

Spring-Summer 

0.62 

0.71 

There are other coefficient combinations which sfy the 

criterion. Available evidence, however, indicates that the 

response saving obtained in prac ce are greater than the 

above. (See section 3.5.4) 



6.4.7 Conclusion from the Stability Anallsis. 

Where the es of surplus and February-March 

milk and the crop yiel are lowed to vary within the ranges 

considered, the original programmed plans for the 40 and 150 

gallon Ciuota levels are able optima. These plans, to a low 

degree, become suboptimal if the input-output coefficients are 

altered to the levels assumed in Section 6.4.5_ The new opti­

mum plans, however, do not affect the conclusions originally 

made. 

This study involved the maximisation of annual 

profit on a case study farm. Thus, the possibility of pro­

ducing surplus milk to acquire additional Ciuota has en 

ignored. is, however, of importance to have an indication 

of the Ciuota size which maximises objective function. The 

A.N.H. of plans within the 40-200 Ion Ciuota range reases 

with size of quota, but at a decreasing e. The farm's 

exi ing shed and labour accommodation, however, are 

utilised the 200 gallon plan. To enable further ex-

pansion addi ons would be required to the milking shed and a 

whare built to accommodate a youth. Optimally, to allow ex-

pansion at quota levels greater than 200 Ions, the tableau 

should include investment activit and be defined so that 

purchased feeds satisfy gorous nutri onal requirements. 

By subsequently deducting the annual costs result from this 

investment and by imposing some purchased feed constraints, it 
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was c that the tableau could. be used to stigate 

the ect of size of quota on A.N.R. feed con-

straints used are defined in Section 5.3.2 ( 

this adj tableau, which included the 

the quota was tially set at 200 gallons and succes 

inc The amount by which it was increas was deter-

mined range of the shadow e on quota 

dispo This was repeated so 1 as it was pos-

sible to quota. Table 6.6 presents the re ts. 

Table 6.6 

of Quota A.N.R. minus 
( Ions) Investment Annual Costs ) 

200 6960 

216 6570* 

217 6580 

6650 

238 6820 

6860 

6916 

6915 (quota not 
sati ) 

(No - the 252 gallon quota solution had 118 cows) 

*' on investments required. 

beyond a 252 gallon quota was not , 



as 

summer 

was -being fed at the maximum allowed 

summer-autumn. No other way existed 

supply in these periods. 

re 

A.N.R. minus annual expansion costs does ex-

ceed A.N.R. for a 200 gallon quota. This is to 

on costs assumed. Given the defined tableau, 

optimum size of quota is 200 gallons (1.8 

acre). If labour requ~rement per cow had been less, 

e, as a result of a herringbone milking shed, 

quota ze would have been greater. Also, if the purc ed 

c s had been defined to enable a greater e 

on ed, the same conclusion may have applied. Of 

er importance in this latter case, however, is that 

c surplus resulting is likely to be insi 

compared with increased work load and worry. 

6.6 Effect of a Hypothetical Hun Off on Two Plans. 

een of the 50-149 acres heavy soil class farms 

ed a run off. an attempt to:)widen the applica-

tional scope of this study the original tableau was adjusted 

to low wi th a hy-pothetical run off. This 

approach 

heavy so 

hypothetic 

situated 15 

advantage of not being realistic. 

majority of run offs attached to farms in the 

s were 1/6 - 1/3 of the total area in size, the 

run off was assumed to be 27 acres of light soil 

es from the home farm. Optimum plans were 
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obtained for 40 and 150 gallon quotas. 

these plans. 

Table 6.7 presents 

Case Farm with Hypothetical Run Off - Optimum Plans 

Quota (gallons) 40 150 '" 

A. (acres) 
(i) Home farm 

Pasture 58 57 
Lucerne 1 5 
Chou moellier 15 14 
Maize 15 14 
Green feed - summer fallow 
- new s 15 14 

Total 10L~ 104 

(ii) Run Off 
Pasture 18 24 
Turnips 6 
Summer fallow - new grass 3 3 

Irota! 27 

B. Winter Feed SUEElements(ma el'ne hay) 

(i) Fed on home farm(bales) 100 370 
(ii) ]'ed on run off (bales) 410 

C. Stock Numbers 
(i) Cows (calving 

month of):-
in the 

November 12 11 
January 6 
February 38 14 
March 4 
April 18 
May 5 
June 9 
July 3 

Total 50 70 



Table 6.7 (cant.) 

Quota (gallons) 

stock Numbers (cant.) 
(ii) Replacements 

Rear calves to autumn calvers 
Rear calves to spring calvers 

(iii)Other Cattle 
Sell bull bobby calves 
Sell heifer bobby calves 
Buy bull bobby calves 
Rear calves to 2 yr. beef 
Sell autumn born hf. ylgs. 
Sell spring born hr. ylgs. 

(iv) Other Stock 
Fatten store lambs 

D. Labour, Irrigation and Loafing 
Barn 

Labour units 
Purchase irrig.plant and 

water (in acres): 
Build loafing barn to 

house (no. of cows): 

E. Milk Production ( 
September 
October 
November 
December 
January 
February 
March 
April 
May 
June 
July 
August 

lons per day) 

F. Programmed Net Revenue 
Minus Labour CostSl(~-r 

(A.N.R. of Solution 
without run off) 

40 

8 

2 

9 
32 
10 

3 

580 

1 

30 

50 

91 
80 

138 
49 
40 

184 
183 
160 
138 
119 
110 
130 

5040 

(Lj·780) 

150 

11 

3 

33 
16 

2 

680 

2 

50 

70 

174 
159 
193 
150 
150 
150 
150 
180 
180 
187 
187 
208 

6880 

(6570) 
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The 40 Ion quota plan is the same as the 'without 

run off' plan exc that an extra 13 2-yr. dairy beef anima,ls 

are reared and sold, there is a small reduqtion in the 

number of store lambs fattened. To enable the increase in 

dairy beef, nine bobby calves are purchased. 

In the 150 gallon plan, winter and sun~er-autumn fodder 

crops have been increased while pasture and lucerne have been 

reduced. f1'his has enabled more than double the number of 

are lambs to be fattened. 

In effect, the run off has owed the level of activi-

ties other than milk production to be increased. 

'1'he A.N.R. has increased by £260 and 0 for the 40 

and 150 gallon quota situations respectively. This is an 

increase of £9.6 and £11.5 per acre of run off. this land 

could be purchased for approximat £80 per acre or less, 

this investment would be economically worthwhile. The total 

extra cash surplus, however, is small compared with the in­

creased travelling time, work, and worry involved. 
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CHAPTER VII 

THE USE OF LINEAR PROGRAMMING TO DETERMINE A 

Assuming that the policy of providing the consumer with 

the quantity of milk he requires at a constant, subsidised: 

price is socially acceptable, the major problem facing the New 

Zealand Milk Board is the determination of a producer price 

which ensures sufficient supplies to meet the demand. If the 

price is too high, producers will earn greater than normal 

profits and part of the nation's resources will be misallocated. 

Chapter II, in discussing t;he organisation of the industry, 

indicates that the producer price may be greater than is neces­

sary and that the method used in determining the price has thus 

led to a resource misallocation. While this study has not 

discussed the margins received by treating and vending organisa­

tions, many points made equally apply_ 

This chapter considers the theoretical price necessary 

to ensure adequate supplies. It describes the use of linear 

progran~ing to calculate the minimum prices necessary to 

attract varying quantities of milk from the case study farm 

and thus gives an indication of the economic efficiency of the 

present prices. It also suggests practical alterations to 

the present price detennining mechanism and quota system to 

give a more efficient resource allocation. 



7.2 Theoretical Considerations in Determining a Producer 

a free market system, the producer should produce 

milk to the point the marginal cost equals the marginal 

return. The supply function or cost curve will 

shift in different seasons of the Assuming demand 

curve does not shift within a year, the equilibrium price and 

quantity will vary from period to In New 

market rces are not allowed to determine supply 

The consumer price is constant throughout the year 

below the marginal cost so that, to ensure suffici 

to meet the demand, Government must subsidise 

and, 

demand. 

is set 

supplies 

producer 

price. In this situation the optimum producer price is still 

that which equates with the marginal co , and will vary be-

tween seasons. Further, to have a more complete control over 

supplies, and the conditions under which milk is produced, the 

Government uses a quota em. The optimum price 

under this condition remains the marginal cost but where quotas 

are dly enforced price paid not vary withthe 

marginal cost" Neutze(1) points out that the optimum price 

under this condition will be the average marginal cost and, 

if the quota varies throughout the year, the average marginal 

cost should be weight by the number of quota gallons in 

each month. 

(1 ) Neutze G.M. (1961), "Saleable City Milk Supply Quotas." 
Australian Journal of Agricultural Economics, 5(2):136. 

156 



This discussion, however, overlooks the fact that a 

rational farmer must consider other products when deciding on 

a profit maximising enterprise combinat;ion. Parish (2)recog­

nises this when he introduces the idea that the minimum price 

paid must be at least as high as the price paid for manu-

facturing .milk. Farmers in the Christchurch area, however, 

have more than this alternative to consider. 

In effect, therefore, the N.Z.M.B. must set the price 

in each area at the marginal opportunity cost or the marginal 

cost, which ever is the greater, if least cost supplies are to 

be obtained. Where producers are irrational the price must 

be as near to this price as possible (however, especially 

where the producers' prime objectives are not the maximisation 

of profits, the necessary price could be less than the theore­

tical optimum) 

er 
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Heady and Candler(3) developed a variable price program-

ming technique which can be used to calculate a normative 

supply function for a product. This technique could be used 

to form a supply function for a product called 'quota milk', 

(2) Parish R.M. (1963), "On Marketing Quotas for J:l"luid Milkll. 
Australian Journal of Agricultural Economics, 7(1):67 .. 

(3) Heady E.O. and Candler W.V. (1958), op.cit. 



a unit of this activity being one gallon of milk for 365 days. 

This function, however, would give no indication of the month 

by month price making up the activity price. Where the quota 

system is rigidly enforced this information is irrelevant. As 

the existing price system, however, is made up of different 

monthly prices information on the monthly supply price was con-

sidered important for comparative purposes. Thus the conven-

tional variable price programming technique could not be used 

as, effect, the 'product' is a multi-product consisting of 

twelve activities, one for each month. 

To overcome this problem a technique varying the quan­

tity of the product rather than the price was used. In the 

tableau used, twelve selling 'quota' milk activities, one for 

each month, were included. These were assigned a zero net 

revenue. A minimal constraint was also included to ensure 

that a predetermined quantity of tovill milk was produced and 

sold. The marginal costs of the twelve 'town milk sales' 

disposal activities so obtained are equivalent to the reduction 

in total net revenue which would occur if an extra gallon of 

milk was produced every day in a particular month. Thus, by 

obtaining solutions for a range of 'town milk est levels, 

a set of twelve 'town milk' marginal costs can be obtained for 

each level. Each marginal cost or supply price set is not, 

however, the unique combination necessary to ensure a parti­

cular quantity of milk per day. If milk is produced in one 

month the production will naturally continue in following 
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months so that the same quantity of milk can be obtained by 

many price combinations provided the weighted average is 

approximately equal in all caseso 

The objective, therefore, has been to compute sets of 

milk prices which should attract, from the case study farm, 

varying quantities of milk in the short run. such a: set 

were paid per gallon, for a corresponding quantity of milk 

the profit made will be equal to that which could be earned if 

the farm maximised profits from an array of alternatives ex­

cluding town milk. The array of alternatives considered 

included butterfat and pig production. 

A linear programming computed supply function, if all 

possible alternatives are considered, is a normative function. 

Such a function usually only provides a guide to policy makers. 

The tableau used in this study, however, has been constructed 

in order to obtain, for the case farm, as near to positive 

estimates as possible. Constraints have been included and 

some possible alternatives excluded to ensure that the solu­

tions obtained comply with the farmer's present concepts. 

Christc 

The demand for milk and cream, at the present consumer 

price, is not constant throughout tihe year. For the sum of 

all suppliers' production of town milk to equal the demand 

this production must vary. A unit of 'quota' has therefore 

been defined as that quantity of milk which will, when 
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mul i by the total 'quota' allocated, sati the 

The ity of milk in a unit of quota thus varies. 

e 7.1 gives the average sales of cream 

the stchurch area for the years 1963/64 and 196L~/65. 

Table 7.1 

es of Milk and Cream* 

Area dUFing 1963/64 and 1964/65 

Gallons Sold ---
860,814 lV:arch 

920,617 April 

November 881,183 May 

Dec 906,776 June 

Janu 814,369 July 

825,473 August 

'" Cream converted to gallons of 

month of lowest sales is January. 

January is assumed to be one gallon 

must be, in the following months: 

S ember 1.057 gallons March 

October 1.130 II April 

November 1.082 .. May 

December 1.113 .. June 

January 1.000 II July 

February 1.014 II August 

(4) Source, New Zealand lV:ilk Board (1966), 

,659 

907,338 

,989 

916,873 

• 

a unit of 

day the 

1.096 Ions 

1 . II 

1.087 11 

1.11Lj· tI 

1 .1 " 
1 .1 II 

.comm. 
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In s study the marginal costs were obtained for 

different levels of 'quota', but the costs presented later in 

tho chapter are in per gallon figures. 

, by definition, 'quota' is allocated to town lk 

produce.rs so that the total 'quota' equals the expected per 

day January sales, then sufficient; milk will be produced to 

satisfy the demand in all other months. In practice a more 

acceptable system would consist of a 'Lilli t of quota ing a 

fixed volume of milk with the level of quota varying with the 

month. The above 'quota' system was used to simplify the 

tableau construction in no way ects the estimates. 

The tableau used was basically the same as the tableau 

present in Chapter V; the changes made were to provide 

posi-bive supply price estimates. Det s of the tableau are 

given in Appendix E. 

interest charges in net revenues of the 

'investment' activities of the original tableau were deducted 

as it was considered the farmer failed to account for the 

opportunity cost of c ital when considering an enterprise 

,combination. Capital was assumed to be non-limiting. 

Land, plant and machinery were assumed to be fixed. 
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Provision was made, however, for the acquisition of pig housing 

to allow for a butterfat and g production acti vi ty. r.rhis 

activity's net revenue therefore included the pig housing 



costs of insurance, depreciation, and repairs and maintenance, 

but not a .capital opportunity cost. All other buildings were 
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assumed to be fixed resources. Thus the irrigation and loafing 

barn activities were removed from the t eau. 

were allowed to vary. These modifications limit 

Stock numbers 

possible 

ent se combinations to those which can be carried out with 

the existing ant and dings other than the pig enterprise 

ruld associ ed housing. 

The other activities which the farmer not used on 

the farm were also excluded. se were the dairy beef acti-

vities, the 'sell yearling heifer' activi es, the 'make 

summer - autumn pasture hay' activity, the 'purchase grazing' 

activity, the 'purchase straw' activity, the 'spring-summer 

and summer-autumn barley feeding' activities, and the 'barl 

cropping' activity. Tlle constraints directly concerned with 

these,~ activi ties were removed as they were no longer necessary. 

Only two activities were added to the tableau. One 

was a butterfat and g production activity using ey cows. 

This activity was included to ensure that the supply es 

obtained would be high enoug:h to give a total net revenue as 

great as would be obtained butterfat and pig production was 

the most profitable form of alternative production. High 

yields prices were assumed in calculating the net revenue 

of this activity to ensure that the supply price estimates 

were conservative. labour requirement of this activity 

is outlined later in this section. The other activity was 



a two 

possible 

A 

c1uded. 

lambs fatt 

ewe ock which was included to 

orporation with a cropping policy. 

of additional husbandry 

Two of these limited the maximum 

s 

s were iri-

of store 

to three hundred and the maximum number of the 

~ewes and 1 all counted' activity to two hundred ewes. 

The maximum number of bales of hay that could purchased 

was limit to five thousand and the purchase and feeding of 

barley 

per 

winter was limited to a maximum of 19 bushels 

that for 

purchas 

cow. A minimum winter hay c 

milking cow at least thirty 

fed was also included. All 

were included the tableau to limit po 

complying with the farmer's present ideas. 

ensuring 

es were made or 

se constraints 

e plans to those 

It is not possible on a dairy to produce an 

exactly eci ed quantity of milk per day. To ensure that 
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the daily production is at least as as the 'quota', 

a supplier plan to produce above the quota to allow for 

day to day tuations. For this reason a minimum con-

straint was necessary to ensure that 

amount of surplus milk was produced. 

how this was accomplished. 

1 a ecified 

Tab1~ 7.2 demonstrates 



Table 7,,2 

Tableau Ensuring a IVlinimum quantity of Surplus 

tivity P1 P2 P3 PLj. 

'Quota' Surplus January December 
Constraint milk calving calving 

R1 
R2 

R4 

cow cow 

lVlinimum 'quota' b1 1 
Minimum surplus mil 0 ~ -0.1 1 
January milk 0 ~ 1 - r 
December milk 0 ~ 1 - r 

The row R2 ensures that the per day surplus milk pro­

duction in each month is at least 10% of the 'quota'. The 

net revenue of is the price received for 365 gallons of 

milk, one gallon being sold on every day of the ye~r. As, by 

definit.ion, a unit of 'quota' is a varying quantity of milk, 

the minimum 10% of 'quota' milk production will not be 10% 

of the milk sold for human consumption. To overcome this 

problem, which is considered to be only of minor importance, 

twelve minimum surplus milk production constraints and twelve 

surplus milk sale activities would be necessary. The avail-

able computational facilities precluded the use of this 

system. 

While a unit of is one gallon of milk every day of 

a year, surplus milk production was not limited to this com­

bination as the disposal activities of the milk reconciliation 



rows, R3 and R4 in Table 7.2, were assigned the per gallon 

surplus milk price. Thus, over and above the level of P2' 

surplus milk can be produced in any month without its produc-

tion being necessary other months. 

Labour costs were not incorpQrated in the original 

tableau but were deducted ex post. Their inclusion was neces-

sary in this tableau to give correct supply price estimates. 

The labour relationships assumed are the same as those in the 

original tableaus,i.e., one man (the farmer) could handle any 

feasible level of cropping and sheep on the property but could 

handle only 50 cows milked for town ,milk. Two men could 

handle 70 cows and three men 100 cows. The number of Jersey 

cows for butterfat production (and associated pigs, 0.11 sows 

per cow) able to be handl was assumed to be: 

1 man 70 cows 
2 men 98 cows 

3 men - 140 cows 

The tableau used to define these relationships and to 

include labour costs is presented in Table 7.3. 

Table 7.3 

The Labour Relationship and the Incorporation of 

Constraint 

R1 Labour(1) 50 ~ 1 0·714 -1 -1 

R2 Labour(2) 0 or 20 = 1 1 

R3 Labour(3) o or 30 "" 1 1 
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By setting R2 and R3 at zero, January calving town milk 

cows are limited to a maximum of fifty or Jersey cows to a 

maximum of seventy or a corresponding combination. 

set at 20 then the maximum numbers are 70 or 98 respectively 

or a corresponding combination. If R3 is set at 30 while R2 

is still at 20 the maximum cows are 100 or 140 respectively 

or a corresponding combination. 

The cost of the rst employed labour unit is included 

by dividing its total cost by twenty and assigning this 

figure to the net revenue of P3 the Labour (2) activity, ruld 

P5 the R2 disposal activity. Algebraically the relationship 

is: 

Where L = Yearly cost of the labour unit 

As 20· 

L 
L =20 X 

3 

the full cost of the unit must be 

included in the total net revenue whether some 'labour' is in 

disposal or not. 

included the tot 

When R7, was set at thirty, the same system 
::; 

cost of the second employed labour unit in 

the total net revenue. 

2.4 The Linear Programmed SUEply Price Estimates. 

7.4.1 The Results. 

The 'quota' was initially set at 40 units and increased 

by 10 units for each subsequent solution. The labour supply 

was limited to one man untiJ,. it was physically impossible to 
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e the 'quota' and then increas to two and eventually 

men. 

The sets of supply prices obtained did not change with 

an increasing 'quota' where there was no change in labour 

supply_ The only changes occurred when an extra labour unit 

was introduced into t tableau. The reason for this was 

that no limiting constraints began oper~ting for plans ob-

tained within a particular labour supply and it was not neces­

sary for more costly higher feed providing activities to be 

introduced. Thus constant returns to scale were obtained 

within each lahour level. The 'quota' levels sustained by 

the three different labour forc,es were: 

1 man l~O to 100 'quota' units 
2 IDen 110 to 140 'quota' units 

3 men 150 to 160 'quota' units 

(Note - labour was not the limit factor in 
producing IDore than 160 'quota' units) 

Table 7.4 presents supply prices obtained.. 
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Table 7.4· 

The Sup;ely Price Estimates for a 'Quota' 

Range of 40 - 160 Units. 

'Quota' Range 

40 - 100 110 - 140 150 - 160 

pence Ion pence per gallon pence per gallon 

January 24. 23.42 24.41 

February • 27.05 25.77 

March ·71 26.05 26.50 

April 21.71 23.04 22.7LJ. 

May 36.01 33.05 29.66 

June 29 .L~6 29.21 

July .90 34.24 29/~90 

August 16.00 16.0@ 16.00 

September 30.78 34.21 36.26 

October .4·1 27.79 31.02 

November 16.00 17.16 21.63 

December 27·43 32.09 31.76 

The low es in August for all ans and for November 

in the 40 - 100 'quota' range are due to fact that it is 

profitable to produce surplus milk in e plans during these 

months over above that required by minimum surplus 

milk constraint. Thus to produce an gallon of town 

milk in these months involves forfeiting one gallon of surplus 

milk which a price of sixteen pence gallon. The 

other month to month price changes which ear unusual are 

mainly due to mill~ quantity variation of a unit of 'quota I 

and the problem of timing. Each month been treated as 
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an independent od whereas in fact the processes are con-

tinuous through and in some cases this hgs storted the 

basic physical rates of substitution. This problem 

could only be overcome by defining mUCll shorter time periods. 

It would be expec'l:ied that the price a particular 

month should increase with increasing quota, since the margi-

nal cost of milk production should increase. some cases 

this has not occurred. For example, December price has 

risen from 27.43 pence per gallon to 32.09 pence per gallon 

and then dropped to 31.76 pence per on With increasing 

quota. This is due to an inherent of the supply price 
,:' 

estimating system adopted. By forcing an increasing level 

of I quota' in subsequent plans some es are necessarily 

forced out of t basis to ensure that ent milk is pro-

duced and thus no effect on the shadow prices of the 

'town milk sales' sposal activities. effect, the number 

of feasible ternatives the farmer can choose from has been 

reduced. For example in the 40 - 100 units of Iquota l ans 

heifer calves are reared and ,sold as springing heifers but in 

the 110 - 140 units of quota plans e heifers are sold as 

bobby calves. Thus the production of an extra gallon of June 

town milk will no longer force out 0.0601 (the marginal e 

of substitution between these act in the 40 units 

'quota' solution tableau) units of acti vi ty 'sell 

calving heifers'. 

This ect is further demonstrated by calculating the 



total net revenue of plan assuming that the price of town 

milk is the corresponding set of supply prices. Table 7.5 

presents these So 

Table 2·5 

~rotal Net Revenue of the Plans Assuming the 

Size of Total Net * Size of Total Net >I< 

'Quota' Revenue (£) 'Quota' Revenue (£) 

40 Units 5189 110 Units 5001 

50 s 5174 120 Units 4984 

60 Units 5159 130 s 4967 

70 Units 5143 140 Units 4951 

80 Units 51 150 Units 4110 

90 Units 5113 160 Units 4094 

100 Units 5098 
I 

* Rounded to the nearest £ 

While there is a 1 constant reduction in total net 

revenue between plans of a cular labour force there are 

larger differences when another labour unit is introduced, 

especially between the 140 and 150 units 'quota' plans. This 

is due to activities directly producing revenue being forced 

out. 

The constant reduction in net revenue has 

occurred is due to the minimum surplus constraint. Wi 

creased 'quota' the level of surplus milk production has 
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en forced to increase, in absolute terms, and as there are 

more profitable alternatives, the net revenue has decreased. ' 

If these two related problems had not existed the total net 

revenue would have remained constant for all 'quota' levels. 

This should be case if the supply price estimates are 

correct. 

Because these outlined problems the supply price 

estimates obtained can only be considered as a guide. 

ions. 

Due to the limitations of the supply price estimates 

their most helpful use a general comparison with the 

st prices received by Christchurch producers to deter-

mine whether the prices could be reduced without t supply 

of milk falling. Table 7.6 compares these two sets of 

prices. 

.6 

es 

Supply Price imat8s Prices Paid to Members 
with the 'Quota' at Forty of Producer AssociationA 

ts. (Pence per gallon)'" 1965/66 (Peme per: gallon) 

September 31 39 
October 24 24 
November 16 
December 27 24 
January 25 24 
February 26 28 
March 27 28 
~ril 22 ~9 ill ay 36 
June 26 39 
July 35 39 
August 16 39 

-
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While quantity of milk these prices are paid on is 

not strictly comparable, the general indication is that 

sting prices are higher than they need be. In only two 

months, December and January, are the estimates greater than 

the actual p rices paid. other months the estimates are 

from zero pence to "t;wentiY three pence less than~ithe actual 

prices. 

This conclusion only holds for case farm but because 

of its method of ection it is likely to be 

on at least 17% of the producers in the area. 

ca:se also 

informa-

tion presented Chapter on 

producer price for town milk and 

differences between the 

cheese milk price and the 

suggestions, which are icult to establish empirically 

because 

there are 

information is not available, that in some cases 

ting lists for admittance to producer associations., 

tends to support conclusion made at least for some areas 

if not in Christchurch. While is not categorically stated 

that the producer price should be reduced, it is sted 

that present quota system and the met:hod of calculating 

the producer price should be critical examined o to 

determine whether more account can be taken of market forces 

so that there is a more positive approach to setting the 

producer price at an economically efficient level. 

7.5 presents suggestions along these lines. 

Section 



e. 

A co of production system of determining the producer 

price can give rise to an ecopomically efficient price but it 

does not provide an assurance that this is the case. If a 

system can be devised which takes account of market forces and 

1 

still ensures that at s supplies of milk will be suffi-

cient to meet the demand there is more chance of a correct 

resource allocation occurring in that the subsidy will be no 

greater than need be. The two most suitable indicators 

of the demand for town milk production rights are the waiting 

lists for admittance and, if quotas were saleable, the prices 

paid for them. Where a quota system operates and there are 

producers waiting to join a producer association, it can be 

assumed that the quotas are acting as restrictions on the 

supply of milk and therefore it is likely that the price ex­

ceeds the marginal cost of milk. If, where quotas are sale­

able, quotas are changing hands at a high price it can be simi­

larly assumed that the price exceeds the marginal cost of milk 

for, at the correct pri~e, quotas should have no value as the 

profits being made would be normal. If, therefore, one of 

these two indicators can be incorporated into the system 

account will be taken of market forces. 

The only basic alteration neces to the present sys-

tem of ensuring adequate supplies is the introduction of 

saleable quotas and an efficient organisation to record the 

price at which quotas change hands. This organisation would 



also have to approve each sale where a new producer wa~ in­

volved so that milking shed and other regulations are complied 

with. New producers would also have to fit reasonably well 

into existing milk transportation routes. The other neces­

sary condition attached to the purchase of~q.uota units would 

be that a particular unit of quota cannot change hands within, 

say, two years of purchase, so that a certain amount of stabi­

Ii ty is ensured. irhis condition would so stop the seasonal 

sale and purchase of quotas which may (although unlikely) 

occur if there was a stable producer price and therefore above 

normal profits to be made in certain periods of the year. 

Also, as is the case with the present system, the total q:uota 

allocated at anyone time would be equal to the estimated 

demand plus a percentage to allow flexibility. As new quotas 

become necessary they could be introduced and sold by the 

producer associations. 

If saleable quotas were introduced the present producer 

prices could be taken as the base line and thereaf,ter, on the 

basis of the quota price, the price could remain constant or 

increase. The two year minimum quota holding period and a 

1 '7LJ-

rigorous enforcement of legal quota contracts would give stabi­

lity and time for the administration to adjust the price when 

the market indicators showed this as being necessary. 

The producer price necessary to ensure that the value of 

quota lInits is zero under the system outlined would be greater 

than the short run marginal cost as to enter into a contract 



lasting at least two years makes the farmer's po tion 

inflexible. For this inflexibility should expect compensa-

tion. The producer price may also need to be greater than the 

long run marginal cost as in some, areas there may be insuffi­

cient farmers prepared to take on dairying if similar profits 

can be rnade in other forms of farming. Similarly, as profit 

maximisation is seldom the sole objective, the producer price 

may need to be greater than the marginal cost. Because of 

these conditions the necessary producer price may have -1;0 be 

greater than the theoretical optimum. In effect there is a 

cost involved in ensuring a continuous availability of adequate 

supplies. The proposed system, however, should keep these 

costs to a minimum. 
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The current producer-price is the basic price applicable 

throughout New Zealand. In some areas this price is increased 

by the N.Z.M.B. to compensate producers for greater than 

average costs of production. This system has the same failings 

as the setting of the basic producer price. As New Zealand is 

a country of widely divergent environmental conditions, there 

is no doubt the producer price must vary from area to area. To 

overcome this problem the producer price should be independent­

ly set for each area using the outlined system and thus entire­

ly removing the cost of production basis from the system. This 

may not be completely feasible, however, due to the large 

number of areas involved though there are at present N.Z.M.B. 

offices in the main centres which could control the area prices. 



Saleable quotap have other advantages besides assisting 

the producer price setting. 

Parish(5) lists these as:-

(a) A voluntary transfer of quotas is a much 

more efficient and faster method of re­

allocating quotas than is forfeiture 

plus arbitrary reallocation; and 

(b) A voluntary transfer ensures an optimal 

allocation of production among farms 

even if the price of milk is set too 

high. 

These are valuable attributes. 

The advantages of saleable quotas equally apply to the 

setting of the margins paid to vendors. At present vendors 

receive and pay a set sum for the 'good will' attached to the 

right to distribute a gallon of milk. If there was a 

reasonably free market on the sale and purchase of 'distribu-

tion gallons', the prices paid would indicate whether the 

margin should be increased or lowered. 

(5) Parish R.M. (1963), op.cit. 
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SUlVllVLARY 

The study a~alysed the profit maximising problem of a 

tovm supply dairy farm in the Christchurch area and made 

conclusions on how resources should be combined for several 

quota levels. It also discussed the organi ion of the 

town milk industry with particular reference to the setting 

of an economically efficient producer price. 

The farm used in the study was selected so that it was 

representative of the largest group of similar farms in the 
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area. The .factors used in defining the groups were the major 

soil class, size of farm, and the cows carried per available 

grazing and fodder acre. As it was shown that the climate 

throughout the area was similar this factor was not considered 

important. Information on the selection factors was obtained 

from a postal survey of all town supply farmers in the area. 

On the above basis the farm selected was similar to 17% of the 

179 farms replying to the postal survey. Results of the 

study. may apply to all farms in this group but information was 

not available to verify this. the case study method of 

research is going to be used extensively in the future, investi­

gations must be carried out in order to determine the permis­

sible variance in a group's parameters for a case farm to 

adequately represent this group. 

The information obtained from the survey also provided 



descriptive material about farms in the area. The most 

important points which came from the survey were that 60% of 

the farms had 0 total area of 150 acres or less and that 68% 

of the farms had a quota of 0.6 gallons per acre or greater. 

The labour input on the farms appears to he much higher than 

in other forms of dairying. The majority of farms carrying 

50 cows or less operated with 1 to 1.5 labour units and those 

carrying 51-70 cows operated with 1.6 to 2 labour units. 

Linear programming was used to formulate the plans 

maximising annual profits for the farm's existing quota and 

for other levels of quota. The tableau was designed to allow 

the acquisi tj.on of some resources. Capital was assumed to be 

non-limiting. The activities' capital requirements were par­

tially accounted for by including in their net revenues the 

opportunity cost of any large initial investment. Ideally, 

activity capita~ profiles and 'off farm' investment activities 

should be included to account for capital. Because the study 

involved the maximisation of annual profit consideration was 

not given to the production of surplus milk for acquiring 

additional quota. This aspect should be the subject of some 

future research. 

It was found that the case farm's programmed net 

revenue could be increased by 40% at the farm's existing quota 

of 123 gallons. This was achieved hy increasing the cow 

numbers from just over 50 to 70 and rearranging the calving 

I (U 
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ern so that the production exceeded the quota e 

spring and in February and March. Winter feed was provided 

mainly by chou moell r and fodder beet with supplementation 

from lucerne hay. Surrrrner-autumn feed consisted of maize, 

pasture, and irrigated pasture. A loafihg barn was 'built for 

wintering the cows. stock replacements were home 

and reared and some surplus he were sold as yearlings. 

From an analysis assuming different levels of quota 

(40, 95, 150 and 200 gallons) it was concluded that labour 

should be employed to enable sufficient cows to be milked to 

the quota but not employed solely to allow surplus 

production. It was so concluded that where, for example, 

one man cannot handle sufficient cows to meet the quota but 

two men allow it to more tha,n sati ed then surplus 

should be produced during February and March and to a 1 ed 

extent in the late Where the quota level enables 

other products to be produced the surplus resources should be 

ised by dairy be 

ers and the fatt 

production, and selling ye 

of store lambs. The analysis showed 

that replacement stock should be home bred and reared in 1 . 
cases. Feed should be provided by (some irrigated) 

fodder crops at the low quota levels. At the higher quota 

levels it was neces to reduce the fodder cropping so that 

the grazing area could be increased, to make lucerne hay. 

At the 200 gallon quota lucerne hay, barley, and 

had to be purchased. Finally, it was concluded that a loafing 



barn was a profitable investment. 

The computational facilities and time available meant 

that some of the important features of the programming solu-
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tions obtained could not be fully explored. The large number 

of store lambs fattened in some of the plans indicated that 

this activity's maximum level should have been constrained. 

There is also a need for a study on the effect of sheep acti­

vity net revenue variation with partic ar reference to the 

fattening of store lambs. Dairy beef production lliLd the sale 

of yearling heifers are enterprises which also need further 

study, particularly with respect to the characteristics of 

their respective markets and the effect these may have on the 

optimum plans. 

The study did not consider returns to most variable 

factors mainly because insufficient information was available 

to allow this. It assumed, for example, a particular pasture 

topdressing rate and a particular level of watering per acre. 

The most important fields in this respect for which information 

is required are probably the milk produced per cow at different 

feeding levels, and the effect of different fertiliser rates, 

particularly superphosphate and nitrogen, on pasture, green 

feed, fodder,and cash crops. Basic research is also required 

in many other elds but in pcu"ticular more work must be 

carried out on the effects of pugging on pasture yields, and 

several years' irrigation trials are required on a much wider 

range of soilso 



The and uncertainty involved in town supply ry 

farming on heavy soils due to both price and input-output 

coefficient variation is not as great as that experienced under 

farming on light land in the variable Canterbury climate. For 

this reason, policies designed to act as a hedge against Ull-

certainty are not required to the same ent. Similarly, 

an analysis which takes into consideration the stochastic 

nature of coeffici s would probably give an expected 

income income varianc~ indifference curve(1) in which the 

income variance would not increase to the same ent with 

greater expected income as, say, would be the case for ep 

farming on light land. Thus, it is considered that the single 

valued assumption has not, comparatively, been a major disad-

vantage to this stUdy. 

Where the ochastic ables do not follow a normal 

distribution, and maxim~ expected income is the sole 0 bj ective, 

optimul1l plans calculat using coefficients will be 

suboptimal. Because, as far as possible, average co ients 

were used in this study the calculated may be suboptimal. 

skewness the variable distributions, however, is 

probably 1. 

The major problem in using ri programming is the lack 

of the necessary data. To obtain this, rec must be 

(1) E.O., Candler w.v. (1958), op.cit., 
demonstrate how these curves can calculat 
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for many years so that in many cases the information obtained 

will probably be incorrect in the current situations context 

due to technological change. Because of this problem the 

most realistic approach to take would be to use what appear to 

be modal·values and to calculate most. of the plans giving 

similar expected income. The risk and uncertainty involved 

in each plan can then be subjectively :assessed, This approach 

was partially used in this study in that, for example, it was 

concluded'that home bred and reared replacement stock were 

more acceptable than purchased replacements even though the 

latter alternative may have been ightly more profitable at 

the high quota levels. The study could have been given great­

er scope, hmvever, if a greater number of plans giving similar 

expected income had been calculated. 

In regard to the industry as a whole the study dis­

cussed its development in two distinct periods. The period 

prior to 19LI·5, before which milk was not subsidised, consti tu­

ted the first. During the latter part of this period the 

supply and quality of milk was generally considered inadequate. 

It was concluded that this was due to 'bhe inadequate policing 

of quality standards and the irrationality of, mainly, the 

treatment and vending organisations. Since 1945 the industry 

has been nationally organised. The system adopted has pro­

vided ttle competition within the sectors of the industry. 

The price received by the producers is set on a lcheese price 

plus extra costs of production' basis and the prices received 



by treatment and vending organisations are based on cost of 

. production surveys. The study suggested tha-b the industry is 

more likely to approach economic efficiency if the producer 

price and the vendor's margin are based on market forces. 

Some milk supply price estimates were calculat for 

the case study farm using linear progrc®ming and was con-

cluded that the estimates were ently lower than the 

actual prices to warrant a change in the price estimating 

system. It was, therefore, suggested that quotas should be 

made saleable. If saleable quotas were introduced the prices 

at which they changed hands would indicate whether the pro­

ducer price should be increased or reduced .. 

other major aspect v\Thich requires study is the 

introduction of more competition into the industry. This is 

not a simple problem where the consumer price is fixed. The 

sector in which competition could be introduced with the 

greatest advantages is the producer association - treatment 

station combination. there were two of these organisations 

in centres of a reasonable size, the allocation of area nomina­

t quantity increases could be based on their actual operating 

costs, the orgal1isation with the lower costs receiving most of 

tb.e N .Q. increase. This would provide a greater incentive for 

the organisations to increase their efficiency provided that 

collusion did not occur. As the price received by treatment 

organisations for each gallon treated is based on cost of 
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production surveys, this system should also ensure that it is 

kept at a minimum but again provided that collusion did not; 

occur. 

The town milk industry at present deals solely with 

fresh milk though recently the New Zealand Milk Board has been 

investigating the possibility of introducing various reconsti-

tuted milk policies. Due to the' inefficiency of producing 

fresh milk in the winter, it is probable that the winter use 

of reconstituted milk would increase the overall efficiency 

of the system. Nuthall(2) estimated that a reconstituted 

milk policy in the Christchurch area during 1964/65, in which 

at least 70% of the milk was fresh, would have resulted in an 

increase in export earnings of approximately £78,000 and a 

decrease in Govermnent subsidy of approximately £275,000. 

Similarly, Scott(3) found that in the Palmers ton North area 

in the North Island, which has a population of approximately 

one fifth the size of the Christchurch area, the increase in 

export earnings for the same period would have been approxi-

mately £76,000. In terms of the increase in export earnings 

per capita the increase in Palmerston North is much greater 

(2) Nuthall P.L. (1966), "The Effect of Three Reconstituted 
lVlilk Policies on E:;cport Earnings and the Cost of 
Government Subsidy in the Christchurch Area." Unpublished 
report for the N.Z.M.B. 

(3) Scott J'. (1966), "Report on the Cost of Town Milk and 
the Increase in Dairy EXports if Seasonal Production and 
Reconsti tuted NliHc were Used." Unpublished report 
prepared for the N.Z.M.B. 



than in Christchurch. This effect is partial due to the 

lack of facil ies in the Christchurch area to handle skim 

milk for conversion to exportable skim milk powder. 

, These estimates indicate that there are substantial 

economic gains to be made if a reconstituted milk policy is 

put into effect. Due to New Zealand's reliance on export 

earnings, these must command a premium over the value of 

internal savings. The internal savings, however, if correct 

ly reallocated will also give rise to increased exports. The 

other advantage of a reconstituted milk policy would be the 

development of reconstitution technology. This could be im­

portant in developing export markets for the constituents of 

reconstituted milk. 

advertisement. 

Its internal use would also be a good 
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The acceptance of reconstituted milk by the consumer 

would be the major problem involved despite the fact that it 

would probably be as palatable as fresh milk and nutritionally 

no different. As it took approximately ten years for the con­

sumer to fully accept pasteurisedlllilk there is no doubt it 

would take a long time for the consumer to accept reconstituted 

milk. Another important problem involved is the ect in-

creased dairy exports would have on the price of these products. 

With an increased supply the total revenue may remain the same 0 

For this reason, the released resources may be more profitably 

employed if directed to other forms of primary production. 



Therefore, while New Zealand Board and the 

Government should be trying·to make the present system as 

cieht as possible,they should also be thoroughly 

oring the role reconstituted milk can play and putting 

into effect the appropriate policieso 
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APPENDIX A 

The questionnaire sent to all town supply dairy 

in the Christchurch area took the following form:-

1. WHAT IS THE 
FARMING (1 
ment will 
EACH BLOCK? 
heavy) 

AREA (in acre~) OF ALL LAND USED 
freehold areas)? (Your rate state-

answer.) WHAT THE SOIL TYPE OF 

(a) YOUR HOME BLOCK •••.•• acres .......... e ... soil ... 

(b) o'rEER 

1 

(e.g. run off). 

,. . . . . ., acres 

2 . .. . ,. . . acres 
etc .. 

2. ON AVERAGE, 
I.JROBIJEM? 

3. WBAT WAS 
replacement 

WINTER PUGGING 

s ( ) 

TOT,AL NUMBER 0]' 
ock), BOTH IN 

JUNE 1962":> 

JUN];~ 1 963 '? 

JUNE 196LI·? 

. . . .. . . . . .. . . . soil 

. . . . .. . .. . . ~ .. . soil 

YOUR PASTURES A SERIOUS 

No ( 

.. • • • • 4) 

. . . . . .. 

) (Tick which 

COWS (excluding 
DRY, YOU CARRIED 

1 

es) 

4. WHAT IS YOUR ,STOCK REPLACEMENT POLICY? (Tick applies) 

DO YOU ( 
( 

( 

) YOUR OWN REP]JACEMEN~~S? 
) BUY YOUR 
) PARTLY REAR (... AND PARTLY BUY ( ••• %)? 



WHAT BREED ARE MAlTORIT~ OF YOUR COWS? • • • • • • • • • • • • • • 0 

6 0 OCr.H'2~R FARlV[ING ACTIVITIES (excluding procluc on) 

7· 

ARE YOU CARRYING oUlr NOW? (1964/65 season) 

(a) OATS 

WHEAT 

BAl1LEY 

POTATOES.' 

SlViALIJ SEEDS 

(b) OTfillR CROPS:­

Specify 

(c) :-

Specify kind, 

(d) PIGS:­

ecify 

(e) OTHER STOCK:­

Specify kind, 

• • & • • • • acres 

· . . . . . ., acres 

· . . . .. . .. acres 

· " ....... acres 

· . . . .. . . acres 

· . . . . . . acres 

e-bc. • • ., • ., It ••••••• 

. ............ . 
. 

etc. . . ., . . . . . . . . . . 
. ............., 

(a) HOW MUCH 
IN 196LJ-? 

FAMILY PEHMANENT LABOUR 
(State nUluber of full 

)\rLANAGER 

IVIARRIED 

• • • • • •• acres 

• •••••• nlunber 

o •••••• nUTIlber 

· . . . . . \) number 

YOU EMPLOY 
men) 

MEN • • • • • Q 

YOUTHS (under 20 yrs.) 'II • • .. • it 

(b) HOW MUCH NON FitilflIIJY CASUAL LABOUR YOU EJ)l[PLOY 
IN 196L~? (Please give answer in we 
1 youth for 6 v..reeks.) 

, e.g., 

. . . . . . . . . . . . . . 

. . . • • • • .' 0 • • • • • • • • 
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(c) HOW lVIDOH JrAlVIILY LABOUR OONIJ:'HIBUTED IJ.'O THE HUNNING 
OF YOUR FAHIIJI IN 196LJ-? (Tick if 1 ) 

YOURSELF ( 

WIFE ( 

SON (Age ••. )( 

etc. 

DAUGHTER 

(Age .•• ) ( 

etc. 

) 

) 

) 

) 

( part t please st e 
average hours/week) 

· . . . . . hours/week 

· . . . .. . hours/week 

· . . ., . . hours/we 

•••••• hours/week 



APPENDIX B 

When the available 

mine the cows acre for farms 

naire other act es were deducted 

on the following s:-

area to deter-

to the question­

total area 

(a) th a majority of heavy soil. 

(b) 

Cc) 

.:11 acre 

1 acre 

6 S.U.( 

1 acre 
1 acre 

of 

cash crop 

small seeds 

than covvs) 

a majority of 

cash crop 

small seeds 
L~ s. U. (other than. COINs) 

Farms with a majority of 
soil. 

1 acre c crop 

1 acre seeds 

3 S.U·,Cother than cows) 

::= 1 acre 
;::: -} acre 

- 1 acre 

so 

;;;;;: 1 acre 
'1 acre := j' 

1 acre 

1 

1 acre 
::: 

-! acre :r 
1 acre 
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( 

\ 

" 

C 

To determine the labour input on farms replying to 

the ques ormaire R labour unit; was arc3sumed to be:-

310 man days One man unit 
One man day :::: 10 hours work by mature man. 

The various classes of labour were convert 

on the following bases (if full time):-

Class 

Marri man 
Single man 
Youth (20-18 

Youth (17-14 

Parmer's e 

ars) 
) 

1 

1 

0.8 

0.6 

0.7 
Parmer's daughter (~18 yrs.) 0.6 
Farmer I s daughter (17-1L~ yrs.) 0.4 

to man 

(Note - if part time, labour was converted 

to man units by using the above conversion 
,figures and the assumption that one man 

consists of 10 hours work.) 

s 

/1 '--)'/ 



. cover. 

used were;-

Bobby 

Autumn 

Autumn 

Spring 

Spring 

calving heifer 

calving cow 

calving heifer 

calving cow 

Autumn born yearling 

Spring born yearling 

Dairy beef 

Boner cow 

Store lamb 

JEwe lambs I counted 

One year ewe 

es of the 

found inside the back 

46/­

£4-8 

£38 

£33 

£25 

198 

£40 (571 lbs. at £7/100 lbso) 

t2,25 
LJ-O/-

37/-
60/-

Stock Units per Acre 

Pasture 10 
Barley Stubble (& Pea) 
Autumn Saved Pasture 
Pasture for Hyegro_ss 

ed 2 
New grass 
Chou moellier 
Fodder 
Green ed Italian 

Hyegrass 
Green :B'eed Oats 
Maize 

Sunimer-Autumn ...........--.- "". 

6 

4 

30 

5 
50 
60 

12 
8 

(Note - a S.U. is a ty of ed which varies with the 
season. ,While s system is suitable for ep farming 
it is less so where a production requirement is required 
all year.) 



D. 

Lucerne - 1 bales per acre 

Pasture hay, ring-summer - 90 bales per acre. 

Pasture hay, sum.m.er-autumn - 60 bales per acre. 

ring-summer 5 S.u + 2 

Sum.m.er-autllllln 5 s.u. + 2 

Winter 10 S.U. + 3 

S.U. 
s.u. 
s.u. 

the run activities are not shown in endix D.1 

they are pres 

revenues were:-

ed here. The run off rotation net 

The 

Rot .c-H
1 

Rot. R2 

£1.64 

fe production was:-

Rot. R1 

Rot. R2 

3.6 s.u. 
2.67 s.u. 

2.0 S.U. 
1.4 S.U. 

er 

1 ::z: c' U ~./ I:>. I) 

5.44 S.U 

~[1he run. off autumn saved pasture activity required 2 S.U. 

summer-autwlln and provided 4 S. U. in the winter per 
unit. 

The increase in production resulting from removing one 
stock unit from the home block to the run off in winter, 

thus reducing pugging, was assumed to be:-

Spring-summer 

Winter 

- 0.1 S.U. 
- 00023 S.U. 

1 



was 

as 

as 

It was assumed that the size 

1 man to. irrigate 30 acres 

2 men to irrigate 50 acres 

3 men to irrigate '70 acres 

same for all cases as one man could not 

for as long as two men, nor two men 

as three men. The investment in the pI was 

to be £1100, the overhead costs per 

operating costs per acre £3.921. 

ar £142.56 

s the 

lowing net revenues for the irrigation ac (1) 

1 man 

2 men 

3 men 

overhead count disposal activity (2): 

(1 ) 

(30 acres maximum) - £8.673 

(50 acres maximum) - £6.'772 

(70 acres ma."'Cimum ) - £5.957 

(2) 

.851 

.036 

(Note - see section 5.Lt-.1 for a further on of 
\" 

how the activity was incorporated into eau.) 

sts. (which were deducted ex po ) 
~~--=~~~~-~.~ 

rvlarri ed man:-

e man:-

£900 per year. 

£800 actual wages plus 00 

for food, electricity etc. 

,'. total per year £900. 

(assrnned was compet man) 

cost per cow:- £12. 
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APPENDIX E 

CROP YIELDS 

The yields es assumed for crops in 

rotations I J were:-

Crop Yield/acre e 

Garden peas 40 bu. 15/-/bu. 

Wheat ex peas 60 bu. 13/6/bu. 

Wheat ex wheat 55 bu. II II 

Barley ex 70 bu. 8/-/bu. 

Barley ex barl 65 bu. II II 

Short rotation 
ryegrass 45 bu. 20/-/bu. 



SOME EXAMPLES 0]' THE ACTIVI TY NET 

F .1 8 
yearling) . 

(1 ) Hevenue. £, s d £, s d 

0.96 of a yearling a-t £25 24 0 0 24- 0 0 

(2) Variable costs. 
138 gallons skim milk (powder) 
at 9d. 5 3 6 
Vaccinations, drench, etc. 0 7 0 

Interest on investment 0 15 0 

6 5 6 

(3) Net Revenue 17 14 6 

(January Calving Cow). 

(1 ) < Revenue £, s d £ s d 
0.1LJ- of a boner cow at £25 3 10 0 3 10 0 

(2) Variable costs 
Artificial insemination 1 0 0 
Health 1 5 0 
Dairy shed expenses 1 5 0 
Electricity 1 5 0 
Bloat con-brol 0 5 0 
Interest on investment 2 LJ- 0 

7 4 0 

(3) Net Revenue 3 1L~ 0 



(1 ) Variable Costs £ s d £ s d 

(a) 1 acre old grass to chou 
llloellier 

Cul-I;i vation and tractor repairs 
and maintenance 1 5 6 

ed 0 12 0 

Fertilizer 1 9 6 

Oartage 0 3 9 
Sundry 0 3 0 

3 14 0 

(b) Summer fallow to new grass 
(1 acre) 

Oultivation and tractor repairs 
and maintenance 1 11 10 

Seed 2 5 3 
IJime 3 0 0 

Fertilizer 1 0 8 

Oartage 0 2 6 

Spndry 0 3 0 

8 3 0 

(c) Average pasture costs for 1 
year (1 acre) 

D.D.T fertilizer 0 6 6 

li'ertilizer 0 14 2 

Oartage 0 2 1 

Spreading 0 4 6 

1 7 0 

(2) Net Revenue per acre of P24 -£ 

Old grass - chou moellier 
0.05 x £3.7 = 0 .. 185 

Summer fallow - new grass 
0.05 x £8.15 :::; 0.407 

Pasture 0 .. 9 x £'1.35 = 1 

1 .81 



DETAILS OF TKE SUFFLY FRICE TABLEAU 

.1 The The whole tableau will be found inside 

the back covero 

(a) Fhysical 

terfat per cow:­
Cow replacement rate:­
Cattle death rate: 
Cow calving percentage:­
Sows to cow ratio:-' 
Froduction per sow:-

Sow replacement rate:-

(b) Frices 

Butterfat 
Boner Cow 
Bobby calf 

and 

Fat heifers (not in calf) 
Forker 
Baconer 
Chopper 

400 lbs. 
18% 

5% 
95 
0011 
12 porkers (s. to s.*) 

2 baconers (s. to s.) 
25% 

3/- per pound 
£15 
36/-
£25 
£7.10.0 
£11.0.0 
£12.0.0 

(c) It was assumed that both the cow and sow replace­

ments were bred and reared on the farm. 

Lambing:- 115% s. to s. (6~~ fat off mother) 

Deaths:- 5% 
Wool per head:- 10 lbs. 

* s. to s. = survival to sale. 
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(a) Haslam(1), when using the I.B.M. Library Programme 

10.1.002 on the University of Canterbury's I.B.M. 1620, 

found that he obtained solutions that were inconsistent 

with the original equations if the tableau used was 

sparse. He attributed this to rounding errors and found 

that by setting 'essential zero' to 10-6 instead of the 

gure it was at in the progranMe (10-8 ) the solutions 

obtained were consistent with the original equations 0 

This problem also occurred in the I.B.M. Library 

Programme used in this study (10.1.006)(2) but was over-

come satisfactorily in the same way, i .. e., by se-tting 

'essential zero' at 10-6 instead of 10-8 • 

(b) After malting resour'ce changes after obtaining an initial 

solution the card reader would not accept the solver 

card deck. This was due to the read instrumtion being 

removed from the storage when the resource change card 

deck was read. ~lhis can be overcome by typing in the 

read instructi on after mal"Cing the resource changes. 

(1) Haslam D.A.R. (1965), op.cit., p.1L~7. 

(2) The advcmtage of using programme 10.1.006 compared with 
programme 10.1.002 is that all the output can be 
.obt~ined on cards. 
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procedure is:-

After making the resource changes, 

(a) Press, on the console, instant stop, 
re insert. 

(b) Type LI-939840 

(c) Frace to the solver deck. 




