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The farm was selected from the largest group exhibit-
ing a similar goil class, size and cows per acre figure.
Holden(5> hypothetically demonstrates the selection of a
modal representative farm by compiling frequency distribu-
tions for various factors and states that the representative
farm can be a unit with modal characteristics for each
factor. Such a farm may not exist and if 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 must
be formed into a frequency distribution for the second factor,
the farms so discarded give rise to another group or groups

from which other farms can be selected.

4.3% The Postal Survey.

A postal survey was used to obtain the information
required to select the case study farm. The questionnaire
was designed<4> to provide information, for each farm, on:-

(a) The number of blocks of land involved,

their area and a broad classification of

the soils involved. (Light, sandy, medium
or heavy).

(b) The number of milking cows in 1962, 1963
and 1964,

(¢) The stock replacement policy.

(d) The area in cash and small seed crops, and

(3) Holden J.S8. (1963%), op.cit., p.97.
(4) TFor details of the questionnaire sent see Appendix &.



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 gquestionnaire was pretested on four farmers and
two questions were modified slightly on their 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.

4,4 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

29%, 57%, 66%, 66% and 73%. One of the farms was a papt

time unit and was discarded.
J

The "farms" replying to the survey are well distributed

throughout the area. For this reason area bias of the re-
sults is unlikely. Figure %.% shows the position of each
farm. The response rate also indicates that the non response

bias is probably small.
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(5) Dillon J.L. and Jarrett F.G. (1964), "Response Patterns
in Some Australian Farm Economic Mail Surveys'. The
Australian Journal of Agricultural Economics, 8(1):81.



4,4,2 Soil Class and Size of Farm.

Each farm was clessified on the basis of its major
soil type and the existence or not of a run off. The classi-
fication choices in the questionnaire were broad as it was
considered that farmers lack knowledge on the soll series
clagsification. Farms falling in a particulér 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.

Table 4.1

Soil Class and Sigze of Farm of Farms Replying to the

Postal Survey -~ Number of Farms in Each Group.
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Major Soil Class.
Heavy Medium
Area -  Sandy! Light| Total | % of
(acres) with |without | with |without Total
run run off | run |run off
off ‘ of f
0- 49 1 13 - 1 - - 15 8
50- 99 8 33 4 5 2 - 52 29
100=149 11 16 4 7 2 1 44 2%
150-199 2 7 1 12 - 3 25 14
200-249 5 ) 4 2 2 2 18 10
250-299 % 2 2 2 1 2 12 7
300-349 2 - 2 2 - - 6 3
350 + - - o} 3 - 10 6
Total 22 74 20 z4 zi 12 14799 100
% of
Total . 18 44 11 19 4 7 100




The greatest number of farwms are found on heavy soil,
59% of the total. The majority of these, 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 O 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 soll without a run off
group . Thirty three farms or 18% of the total are in this
cell. A |

4.,4,% 'The Management Factor.

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

(6)

available grazing'and fodder acre was taken as the measure
of the management input assuming tﬁat 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. BSee Appendix B for basis of
deduction.



Table 4.2

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

Major Soil Class
Cows per Heavy Medium
avallable
acre with | without | with | without | S2Rdy Light Total % gfl
run | run off | run | run off ota
off off
0=-0:19 - ~- 1 2 - 11 4 2
Ooe2=0.%9 9 4 10 10 5 %) 44 25
O.4-0 .59 16 4 o 16 2 4 85 47
0.6-0.79 6 ) 2 4 - 1 36 - 20
0.8 + 1 6 1 2 - - 10 6
Total A2 74 20 Al 7 12 179 100

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

Farms.

Cows per acre Number of

groups farms
O - 0-49 and
0.2 - 0.39 ' 1
0.4 - 0.59 31
0.8 + | 3
Total 49




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
O.4 and 0.59 cows per acre. A further break up into size
groups and replacement policy shows that small fgrms 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 optimuﬁ resource allocation is dependent upon the
size of quota. If the 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

gquota gallons

the distribution of quota per acre (total o rea

) by size

and soil class.
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(a) Quota per Acre Distribution - Number of Farms.
(1964/65 Quota)
Soil Class ’
Heévy Medium Sandy LighﬁhTotal Per Cent.
Quota ,
o With | Without | With |Without _
Run Run Off Run Run Off Area* | Area®
(gpllans) | Off off 1,2 1,2
Area* Area* Area* Area* &3 & 2
192 311 2 3 172 31 2 3
0tc0591 5 4#/0 2 8 [0 9 50 0 9| 4 |11 | 58 32
0.6-1.19R2714 1| 6 10 1 5 9 43 5 1 % 1 85 48
1.2+ 25 4 0|3 1 1 11 01 0 A 0 0 36 20
Total 4623 51 9 1% 10 619 94 511 7 12 179 100

* Area Classification 1

2
5

(b) Quota per Acre
in the Soil (Class - Heavy without

it

ii

il

0 - 99 acres
100 - 200 acres
200 + acres.

for 50-149 acre Farms

Run Off.

Quota per Number of -
acre groups Farms

0.3 - 0.59 5

006 - 0389 /17

0.9 - 1.719 15

102 ~ 1.49 15

15 + g

Total 49
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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 thaﬁ for the other groups. .Smaller farms tend
o have a higher quota per acre. Table 4.3 (b) gives the
number of farms in smaller range quota per acre groups for
50 = 149 acre farms in the Heavy - without run off éoil class.
Most of the ﬁarms have a quota per acre between 0.6 and 1.49

and are evenly distributed within this range.

4.4,5 Labour Input.

Size of herd is the major factor affecting the labour
input. Due to the discreteness of labour, large variations
in 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

and the farm layoutbt.

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)
gives the number of farms in size of herd - labour input cells’
for farms with less than 10% of their area utilized by alterna-

(7)

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

mation for farms with greater than 10% of their area utilized
by alternative enterprises. No attempt was made to sub-classify

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



for obther factors.

Size of

Table 4.4

Herd and Labour Input for ﬁ9642— Number of Farms.

(a)

For farms with less than 10% of area ubtilised

by alternative enterprises.

l/&

Equivalent Men Units

1 -1.501.6 = 2| 2.1 - 2.5 2.6 - 3 0ver 3
up to 30 2% 1 - - -
8ize of | 31 - 50 %3 - 5 -
herd -
COWS 51 - 70 7 1% 8 2 -
June 71 = 90 1 4 2 4 3
198% | over 90 1 1 2 3 5
| Total 65 25 12 12 8
Total 122
(b) For farms with greater than 10% of area utilised
by alternative enterprises.
Equivalent Men Units
4 = 1.5|1.6 =2 |21 - 2.5| 2.6 - 3|0ver 3
up to 30 6 2 - - -
Size of | 31 -~ 50 8 ) 1 - -
herd -
cows o1 =70 6 5 7 - -
June 71 -~ 90 1 - 1 2 7
1964
Over 90 - - 2 ) 2
Total 21 10 11 5 10
Total 5%

1.5 equivalent men units carried up to 50 cow herds and the

majority with an input of 1.6 to 2.5 units carried up to 70

The ma.jority of farms with a labour force of less than
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COWS. A comparison of‘farms having less than and greater
than 10% of their area in altérnétive enterprises suggests the
size of herd is the major factor affecting labour input, ex-
cept for the greater than 3 men units category. This suggest-
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).

4.5 Selection of the Case Study Farm.

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

Table 4.5
The Basgis of the Case Study Farm Selection
Soil Class |No. of Area No. of Cows per rNo. of
farms (acres) farms acre farms
Tight | 12
Sandy 7 [ 0 - 49 13 0.2 - 0.39| 1
Medium - with
run off 20 50 - 99 551 0.4 = 0.59| 31#
Medium - with- «
out run off A4 100 - 149 ﬂ6_f» 0.6 - 0,79 14
Heavy - with
run off 32 150 ~ 199 7 9.8 + 3
Heavy - with-
out run off 74 <200 - 249 3
250 - 299 | 2

* Farm selected from within this group.



The farm selected was 110 acres carrying 0.45 cows
per acre. Without considering capital ayailability, this
farm i1s probably similar to approximately 30 other units.

This is 17% of the respondents. Results of the analysis
could conceivably apply, in part, to a larger section of the
producers. The group sizes were constructed in the basls 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 the economics of allocating resources to

alternative activities.

4,6 The Parm Selected.

The property is situated 1 mile from Wailkuku on
Gressons Road. It 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 249, The present farm

policy is milk production with a limited area of cash crop.

The owner is in his middle forties and is an intelli-

gent capable farmer. A permanent married man is employed.
The 1965/66 quota was 123 gallons.

A mixed age herd of Friesian cows are milked, re-
placements being bred and reared on the property. Surplus

calves are sold as bobby calves and cull cows are sold for



meat. Average stock numbers for June, 1963, 1904 and 1965

were:-
Cows 50
Rising two year heifers 8
Rising one year heifers 10
Bull (

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 d April 12
November 2 May 10
December ) 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 is:i-

Garden Peas 5 acres
Chou moellier 8 acres
Fodder beet 2 acres
Maize (or giant rape) 2 acres

0ld Pasture -~ green
feed 5 acres

Lucerne 11 acres
Grazing 6% 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 occasgional catch crops of short rotation rye-~

grass are taken.

There is a full range of cultivation and hay making
equipment, including a baler. All heading is done>by con-
tract. Fences and buildings are in reasonable condition.
The milking shed is a conventional walk through unit with
eight stands and is capable of milking 100 cows in reasonable

time.
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CHAPTER V

THE LINEAR PROGRAMMING TABLEAU

5.1 Introduction.

The aim of the study has been to determine for the case
study farm:-

(a) the plans which maximise annual(q)profits for
different levels of quota subject to the main-~
tenance of the asset, the farmer's managerial
ability and personal preferences,<2)

(b) +the economics of spray irrigation and loafing
barn type winter housing, and

(¢) +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:-
4]

maximise 7Z = C. X.

[2]
subject to b; 2> E;, rjs¥; where i = 1.2 .......m

J.‘.‘-
and to all X, 2 0

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

(2) As the farmer was prepared to implement most of the
possible alternatives, the study is largely normatbive
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where Z = total net revenue,
X, = Level of the jth act1v1ty 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.

bi = ayailable level of the ith resource where
there are m limiting resources.

rij = the per unit requirement of the jth

activity for the ith resource.

This chapter congsiders the major factors affecting the

bagis of the tableau and describes the tableaus used.

5.2 Tactors Influencing the Tableau Construction.

5.2.1. Resource Structure.

Linear programming is often used to maximise short run
profits. The short run assumption simplifies the programming 
problem congsiderably. As it was important, however, to explore
the profitability of varying a number of critical resources
séme long run aspects were introduced into this study. Haslam(5>
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

(4)

resource and the replacement of durable resources, their

(3) Haslam D.A.R. (1965), "A Management Study of Irrigation
Farming in the Ashburton - Lyndhurst Scheme of Mid-
.Canterbury". Unpublished M.Agr.Sc. thesis, Lincoln
College. p.o1.

(4) 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.
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augmentation and acquisition of new. resources over time.<5)

In a tableau allowing resource levels to be endogenous-
ly determined the marginal value product of resources held in
the optimal plan will 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 availlability of suitably situated
land is diffioult to define and the farmer did not wish to sell
in the immediate future. The existing plant énd madhinery was
considered fixed as there was a full array for cultivation re-
guirements and a baler, and the farmer did not wish to sell any
as he considered the money was not required and felt that

A
possible unprofitable pla%fmay be useful in the future.

The tableau allows for the acquisition of stock, an

irrigation plant and the building of a loafing barn.

(5) (a) sStewart J.D. and Thornton D.S. (1962), "A Problem in
Phased Development". University of Reading, Department of
Agricultural Economics, Miscellaneous Studies No. 24.

(b) Dunford W.J. and Rickard R.C. (1961), "The‘Timing of
Farm Machinery Replacement." Journal of Agricultural
Economics, 14(3%):349,

(¢) Candler W.V. (1963), "The Rate of Interest and the
Second Hand Market for Farm Machinery". Journal of
Agricultural Economics, 15(3):461.
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Capital was assumed to be non-limiting.

5.242 Capital.

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 feasible.

(6)

Haslam , When comparing the profitability of optimum plans

from within defined management systems, incorporabted an

interest charge on the total farm capital(7) involved in each
plan. It was subsequently deducted from the programmed net
revenue . This accounts for the opportunity cost of the capital
involved but this method may lead to false cohclusions as

derived plans maximise an objective function which does not in-

clude interest charges.

Stewart(a) developed a tableau which realistically
accounts for operating capital where it is limiting. Activity
capital profifé were used. Where capital is internally non
limiting a fir; must, however, have a def'inable level of capital.
In these cases 1t is desirable that capital profiles be included

and be linked to off farm investment activities. There could

be sévéral of these activities to account for the interest rate

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

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

(8) Stewart J.D. (1961), "Farm Operating Capital as a
Constraint - a Problem on the Application of Linear
Programming". 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 aeﬁivity capital demands and returns

can be put in theilr true perspective.

Capital profiles and off farm investment activities have
not been included in the tableau. The work involved in com-
piling 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 limited by the computational facili-
ties available. Furthermore, as milk production activities
have a low net working capital requirement 1t was considered
that these activities would affect the optimum plans only
mérginally if capital profiles and off farm investment activi-

ties were not included.

An attempt has been made to partially account for this
problem by including in the objective function the opportunity
cost of initial investmént capital for activities requiring a
large initial investment and in.-which the investment continues
for the one year time period assumed. These are the irriga-
tion, the loafing barn and the majority of the stock investment

activities.

Where capital is a limiting resource more information
can be obtained if the tableau used incorporates time periods,

In this way optimum plans can be computed for a number of years,
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being partly dependent on the initial supply of capibal.
Successive plans would probably be different as the supply of
capital at the beginning of each year may be different from the
initial supply. Where capital is non limiting the farmer is
not faced with this phased development. The resources re-
guired to maximise the objective function can be immediately
obtained. For this reason the tableau does not include differ-

ent time periods.

5.2.%. 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 misallocations.

Tdeally, activity labour profiles and hire labour acti-
vities should be included in the model. Holden(g), Wesney(10>
and Eramptonm/I> are New Zealand researchers who have included
labour constraints in their tableaus. They all had difficulty
in obtaining realistic labour coefficients. The experience of

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

keep a work diary lead to the conclusion that it was unrealistic

(9) Holden J.S. (1963), op.cit.

(10) Wesney D. (1964), "A Study of the Financial Returns to
Process Pea Growers in Hawkes Bay". Unpublished M.Agr.
3c. thesis, Massey University of Manawatu.

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



to incorporate labour profiles. Thé: discontinuous and non-

linear nature of labour also involves programming problems(qg).

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 in-
volved in a particular plan it would also be sufficient for
any other enterprises. This assumes that the owner's labour
is a fixed resource. Thus, included in the tableau are con-

s
straints limiting cow numbers to labour availability<1)).

This relationship would be incorrect on a large famm.
The area required to feed the cows required to mainbtain a low
guota would be too small in relation to the remaining area for
the labour to be able to handle other enterprises as well as

the cows.

5.2.4. The Production of Surplus Milk to Acguire a

Contract Increasge.

The increase of a farm's milk contract is in part based
on the quantity and pattern of surplus milk production during

(qq). (New quotas take effect from st

the previous year
September each year.) As there is a price differential between
surplus and quota milk, the value of a gallon of surplus milk

to the farmer exceeds its price where his planning horizon ex-

1

(12) BSee section 5.4.2.
(13) See section 5.4.2.
(14) See section 2.3.6,
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ceeds one year, This value (termed adjusted price) will

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

creased returns resulting from the production of a gallon of

surplus milk. If one gallon of surplus milk ensured an in-

crease in guota of one gallon the adjusted price of surplus

milk would be:-

Adjusted price

H

Where SR =

I =

(This assumes that

This is not so.

o - .
Sp D LIS T ¢ )

J =1 (1 + r)j

price of surplus milk (one gallon)
length of the farmer's planning
horizon (in years).

expected price of quota milk in
year J.

expected price of surplus milk in
year Je

discounting rate.
the prices do hot'vary within a year.

This can be overcome by assuming the

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

would give the adjusted price of one gallon per day

for a year.)

As the production of one gallon of surplus milk may

only earn the farm a fraction of a quota gallon and as the

probability of the increase is less than one<q5) a further fac-

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

(a) the fraction of a gallon of quota expected as a
result of producing one gallon of surplus milk, ané

(b) the probability of obtaining additional quota.

(15) Dependent upon the quota available for allocation and
system of allocations



Let this factor be P.

n Qs = S.
therefore adjusted price = 8y + < > J J_ ) Po vinssa(2)
=1 (1 + )Y

(16)

This is the general case Account must also be taken of
the fact that quota increases are based on the pfoduction of

surplus milk in certain months only. The adjusted pricé of

surplus milk production in non qualifying periods is its

normal price.

As this study involves the maximisation of annual
profits the possibility of producing surplus milk to acquire -
additional quota cannot be included in the tableau. This is,
however, an important factor and one on which there is a need
for research. The major problem in this research will be the
correct estimation of P in equation (2) as the gallonage
available for alloéation fluctuates considerably<q7) and the

allocational system cannot be clearly defined.(18>

It is feasible, however, theéd the optimum annual plan
will be no different from the optimum long run plan if the pro-

duction of surplus milk is more profitable than alternative

(16) Hoepner P.H. (1959) has developed a similar model in
"Optinmum Levels of Milk Production Under Marketing
Quotas." Journal of Farm Economics, 4%(3):567.

(17) Due to (a) existing suppliers surrendering their con-
tract, (b) acceptance of new suppliers, (c) population
changes, and (d) the consumption per head prior to the
setting of the N.Q.

(18) Producer Association c42 is at present moving toward
a clearly defined system of additional quota allocation.
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products. But, the optimum pattern of production would
probably differ. Where the quota per acre is high it is
probable that the annual plan would be the same as the long

run plan.

5.2.5 The Comparison of Stock Replacement Policies.

The milk production from stock bred and reared on this
farm is likely to be greater than from purchased stock. To
compare the policies, details of the comparativerproduction
must be available. The farmer had no production records per-
taining to the small number of purchased stock. These figures
could have been approximated on the basis of judgment and other
farm'$ records and a reasonable decision made on the basis of
the size of the¢ difference in the net revenues resulting from
implementing each policy. As Tbableau size limitations exis-
ted(qg) it was decided to explore the two different policies
by assuming identical production and comparing the difference

in net revenue.

5e2.6 The Crop Activities.

Due to the difficulty of defining crop inter-
relationships, crops have been aggregated into independent,
competitive rotations. While the number of rotations which
can be included is limited those considered cover the main

alternative crop combinations. The robtation activities may

(19) Due to the size of the available 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 small.

5.247 The Feed Units Used.

To engsure 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 sufficient number of units to ensure the equa-

95

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

able some information on crop and pasture yields most of the
information on stock requirements is based on indoor trials.
Early attempts to uée 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 finally decided to use stock units or ewe equi-
valents to express feed relationships.(go) Feed is limiting
at all times on a town supply farm so the year was divided
into three periods, spring-summer (September-October), summer-

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

5.2.8 A Problem of Timing.

Many relationships are continuous through time. They

(20) Coop I.E. (1965), "A Review of the Ewe Equivalent
System". WNew Zealand Agricultural Science, 1(3%):1%.
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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 equated.

In bobth 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.

In this study the periods used have been necessarily
large. It 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. e")

5.%.1 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"™. Iowa State
University Press, Ames, Iowa. 597 pp.
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J— (a)

(b)

Stock Activities P

95

1~ For
Cow calving on the first.day of Januvary and
milking for 10 months.

qu As for IP,l except these are cows calving in
February, March, April, May, June, July, August
September, October, November and December
respectively.

Rear an autumn born heifer calf for a replacement.
Rear a spring born heifer calf for a replacement.

Rear and sell an autumn born heifer calf as two

year old beef.

Rear and sell a spring born heifer calf as two year
old beef. '

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

Rear an aubtumn born heifer calf and sell as a

yearling.

Rear a spring born heifer calf and sell as a
yearling.

Buy a store lamb, fatten and sell by May.

Buy a ewe with lambs at foot in the spring and sell
fat lambs and a ewe to the works.

Buy a one year ewe in the autumn, lamb, and sell fat
lambs and a ewe to the works.

Rotation Activities P25,— P54.

P25

Rotation A.

0ld pasture ~———s Fodder Beet —— Summer Fallow
+—. 18 years grazing - ¢——— New Grass eammMW$:]



24

>

26

27

28

29

30

31

32
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Rotation B.1
0ld Pasture ————s Chou Moellier ——s Summer Fallow —
TLm18 yvears grazing &«—— New Grass e ”)

Rotation B.2
0ld Pasture ————p Chou loellier —> Summer Fallow
5 years grazing & New Grass é-nmmwm:]

Rotation C.1

0ld Pasture —————3 Malze —————> Green Feed Oats
1;18 yvears grazing ¢— New Grass e Summer Fallow e_:]

Rotation C.2

0ld Pasture ————— Maize ————s3 Green Feed Oats
tm»B years grazingé New Grassé— Summer Fallow<~:]

Rotation D.

0ld Pasture —sfodder Beet —»lMalze--sGreen Feed Oats
17 years grazing ¢— New Grass&—— Summer Fa110W4wmm:]

Rotation E.1
0ld Pasture—yChou Moellier-—»Maize-—sGreen Feed Oabs-
1L17 yvears grazing ¢«— New Grasse¢— Summer Fallow en—;]

Rotation E.2

- 01d Pasture— Chou Moellier—sMaize —Green Feed Oats:j

4 years grazinge— New Grass+4¢— Summer Fallow

Rotation P.

0ld Pasture ——3 Summer Fallow ——> New Grass-
19 years grazing @“m_,;:j

Rotation I
Old Pasture . Wheat

4 ygars ¢ Ryegrass New . Summer Green
grazing seed Gﬂ.Grass Fallow S Feed .Oats

Garden Peas - Wheat
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Rotation J<22)
0ld Pasture — Garden Peas —Barley-—»Barley -»>Green .

55

& Feed Oatg_]
4 years «— Ryegrass e— New Grass <« Summer Fallow «<—-
grazing Seed '
P54 Rotation K
Cld Pasture —» Short Summer Fallow and Winter Fallow
1; 7 years haying <——— New Lucerne e«mmumnj

/

(23)

(¢) Feed Transfer Activities 35 = P45
P55 Spring-summer milking cow to dry stock feed transfer
(see section 5.4.4).
P56 Summer-autumn milking cow to dry stock feed transfer.
P57 Winter milking cow to dry stock feed transfer.
PBB Feed Barley in spring-summer.

ng Feed Barley in summer-autumn.
P4O Feed Barley in winter,
,P4q Make ryegrass straw hay.
P42 Make spring-summer pasture hay.
P45 Make summer-~autumn pasture hay.
P44 Save autumn grown pasture forbuse in the winter,

P45 Make spring-summer silage.

(d) Acquisition Activities Pue ~“P55.

P46 Buy barley for stock food.

(22) 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 Hasglam's technique.
Haslam D.A.R. (1965), op.cit., p.?77.



P47 Buy ryegrass straw hay.

P48 Buy pasture hay.

P49 Buy lucerne hay.

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

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

P52 Buy an autumn calving heifer ('springing').

P53 Buy spring calving heifer ('springing').

P54 Buy an irrigation plant (see section 5.4.1).

P55 Build a loafing barn (see section 5.4.5).

(e) Specific Selling Activities Pog - Pry: :

P56 Sell January quota milk.

P57 Sell February milk.

P58 5ell March milk.

P59 _ P67 Sell quota milk for the months April, lMay
June, July, August, September, October, November
and December respectively.<24)

Pgg Sell an autumn born heifer as a bobby calf.

P69 Sell a spring born heifer as a bobby calf,

P?O Sell a steer calf as a bobby.

P74 Sell an autumn calving heifer ('springing').

P72 Sell a spring calving heifer ('springing').

P,75 Sell Barley.

(24). Note - surplus milk is sold by assigning the disposal

activities of milk reconciliation rows (R,, R,~R45)

the

surplus milk price.

8
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(£) Misoellaneous(25> P74.

Pry "Quota Activity" (see section 5.4.3).

The following activities were initially included in the
model but were removed because of obvious demination or their
very high marginal cost to enable other activities to be
included: - /
(a) ' Separation of milk for butterfat and porker
production.

(b) Purchasing: of both autumn and spring born
heifers as yearlings for rearing to replacement
stage.

(¢) The following rotations:-

(i) 014 Pasture —- Summer Fallow ——3 New Grass

I 6 years grazing ¢

(ii) 014 Pasture—sGreen Feed ——3Green Feed.
Italian Italian ~;]

17 years <— New Grasse— Summer Fallow
grazing

(iidl) Same as (il) 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
guota milk activities (P56’ P59-P67> into one activity:-

P75 Rotation R1 (on zrun off)

01ld Pasture ———ps» Summer “Fallow —we—» New Grass
9 years grazing

(25) Two artificial activities were also included to allow
the programming of the Minimum Constraints R24 and RES’
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P76 Rotation R2 (on run off) ’
0ld Pasture—Turnips —>Turnips —»Summer Fallow
-4 year® grazing <—— New Grass

?77 Save autumn grown pasture on the run off for use

in the winter.
P78 Make pasture hay on the run off,

P Make spring-sﬁmmer pasture hay on the home block

79
and feed it on the run off.
P8O Make lucerne hay on the home block and feed it on
the run off.
qu Buy lucerne hay and feed it on the run off,

P82 Feed barley on the run off.
P85 'Saving from ?ugging' (see section 5.4.6).

5¢3%.2 The Constraints.

The coﬁstraints included in.the tableau consist of12
milk reconciliation constraints, 11 gquota 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

Ro):'—
(a) Milk Reconciliation Constraints Ry = Rype

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.
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There is one for each month.

(b) Quota Milk Sales Constraints. Rz = Rpz-

To ensure .that milk production equates with the
quota during April-January the rows R45 - 322 were
included. A m cost was assigned to the disposal
vectors of these constraints to make these rows,in

effect, equalities.

Boz.  Quota Level.
This row defines the size of quota.

(¢) Minimum Milk Constraints. R,, and RES'

To satisfy the requirement that the quantity of
milk sold in February and March must be at least
equal to the quota two minimal constraints were in-
cluded.

(d) BStock Reconciliation Constraints. 326 - RBO'

Three rows were necessary Lo reconcile calves born
with those sold,‘reared for replacements and those sold
at older ages. Two rows were included to reconcile
cow replacement requirements with available replacement

stock,

Roe - Teconciles autumn calving cow (January-June)
replacement requirements and the sale of autumn
calving heifers with the supply.

R27 - reconciles spring calving cow (July-December)
replacement requirements and the sale of spring
calving heifers withthe supply.

R28 - reconciles aubumn born heifer calves with sales
and those retained.

329 -~ reconciles spring born heifer calves with sales

and those retained.



RBO -~ reconciles steer bobby calves with sales and
those retained. To reduce the tableau size
coefficients for autumn and spring born steer
calves Were averaged to make one constraint.

(e) Feed Reconciliation Constraints. RBﬂ - 3379

Six rows were required to reconcile feed inthe three
periods considered (spring-summer, summer-autumn and
(26). A further
row was needed to reconcile ryegrass straw baled and used.

winter) for both milking and dry animals

(f) Barley Reconciliation Constraint. RBB’

This row reconciles barley produced, purchased, sold
and used as feed.

(g) Pasture Count Rows. R59 and Ry e

To ensure that the area irrigated and the area of
autumn saved grass does not exceed the available pasture
these rows were included for without them crops could be
irrigated and auvtumn saved.

(h) Maximum Irrigation Constraint. Ryqe

This constraint limits the irrigable area (see section
504’1).

(1) Reconciliation of Cow Numbers and Size of Loafing
Barn. R420

This row ensures that the size of a loafing barn built
does not exceed that required to house the tobal number
of cows milked. (see section 5.4.5).

(26) * See section 5.4.4.



(j) ZLabour Constraint. 343.
This row constrains the number of cows milked Lo that
which can be handled by a predetermined labour force.

(see section 5.4.2).

(k) Land Constraint. R, .

This row constrains: land use to the effective

~acreage of 104 acres.

The following constraints were added to the basic

(27) |

tableau to allow further analysis

(a) To enable programming with a large quota 345 - 347.

An upper limit was placed on the possible guantity
- of purchased barley (3,000 bushels) and hay (9,000
bales) for nutritional reasons. An upper 1imi®
was also placed on the number of stock which could

be grazed out (3,000 'weeks).

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

A run off land constraint and a row to record the
quantityr of pugging were included. This latter row

- reconciles the pugging prevented by using a run off
with the resultant increased grass’production. (See
section 5.4.6).

5:%05 The Inpub-Qutput Coefficients.

The input-output coefficients were largely based on
the farmer's estimates for activities with which he had had

experience. Other coefficients were obtained from varying

(27) See section 5.%.1 which describes how the tableau size
was reduced to allow these additions.
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(28>. The milk

sources but were checked with the fafmer
production figures for each month were obtained from herd
testing records. The coefficients were based on the average
of five yeér averages for up to twenty mixed age cows. The
coefficients used in the irrigation and loafing barn activi-
ties were estimated from available research,from reportsk

written by farm advisors and from discussions with people who

had had experience with these activities.

5.%.,4 The Net Revenues.

The activity net revenues are based on 1965/66 costs
and prices. The milk prices and payout system assumed is
| thét for Producer Association A. The significanée of this
is discussed in Section 6.4.2. Examples of the net revenues

are given in Appendix F.

5.4 Features of the Tableau.

5.4, The Incorporation of the Irrigation Plant's
Fixed Cost.

Edwards(gg) demonstrates how integer programming can
be used to enable the programme to select the level of a
machine at one or zero and to incorporate the fixed costs

associated with having one machine. As an integer routine

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

(29) Edwards C.E. (1963), "Using Discrete Programming".
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 wvariable costs and to programme
with and without an irrigation plant, the fixed costs being
deducted ex post. The system used is a similér method, but
fixed costs have been lncorporated within the tableaus to give

a decreasing average cost relationship.

Table 5.1 demonstrates the method adopted.

Table 5.1
The Irrigation Activity

Net Revenues and P ' P P
R g 2 3
activities - - - C
g 2 3
Constraints Irrigation Irrigation Cow
disposal
R, Spring summer feed| O 2 - T + T
Rg Maximum irrigation| O or
(acres) b, = -1 1

The irrigation activity, Pq, supplies P units of
springesummer feed per acre irrigated. (also supplies summer-
autumn feed). R, limits the area that can be irrigated. (The
water supply on the property enabled the whole area to be irri-
gated, provided the size of plant and labour supply allowed it.
The plant considered was large enough to irrigate 70 acres.

The farmer considered that with this plant one man could irri-

gate 30 acres, two men 50 acres and three men /0 acres.) Now,



where Y = total cost of using X4 units of P,1
let Cq: average cost per unit when b2 units of P,1 are used
and
let 02= Z - quq
x5
therefore Y = X/IO/I + X2C‘2 %« 9500080 (/ID

therefore per unit cost = X,C, + X,C,

but as b

® & 8 5 0 2 2 o (2)

X4

X,

i

+ X

2 2

therefore X2 = b2 - Xq

Substituting for X

5 in (2):=

per unit cost = X,C, + Co(by, - X,)

e (3)
X

#

il

Cqp = Gy * Cpbp R 078
X4

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

curve.

and

In effect:-

C,l - 62 = operating cost per unit.

Cobs

1

fixed costs of the irrigation plant.

To ascertain whether the investment is profitable the

programme was run with b2 set at zero and rerun with b2 at

the appropriate level and the total net revenues compared.

e

106
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In effect this method, where b2 i1s set at a greater
than zero level, will give one of three situations. These
are:-

(a) Pq 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) Pq in the basis at b2 units. This will mean the
return generated from using b2 units of Pq is
greater than the total variable costs.

and (c) P, in the basis at less than b, units but greater
o than zero. In this eventuality the return per
unit covers the variable costs per unit but another
constraint is limiting the level of Pq. 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
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 divisibility assumption
- and an integer roufine was not available, permanent labour
hire activities could not be included in the tableau. Thus,
én alternative method of incorporating labouf was adopted.

Table 5.2 demonstrates the system used.
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Table 5.2

The Labour Constralnt

Activity Pq P2
. \ January calving December calving
Constraint cow COW

qu labour b,I

W
N
N

To determine the optimum labour force for a particular
gsituation the programme wasg run; and re-run with b,l at the
’numbef of cows one, two and three men<5o) could handle. The
cost of employing the labour associated with each plan was

deducted ex post, thus giving the optimum plan.

5.4,5 A Simple Method of Altering the Programmed
 Quota Level.

The I.B.M. library programmés used (10;44003 and
10.1.006) included routines allowing only eleven resource
changes to be made after solving or after the data had been
read. Where there are twelve quota Constraints together with
irrigation and labour constraints to be changed, the problem
would have to be reprogrammed after the insertion of new data
cards. To facilitate the speed of programming, a system was
devised requiring one resource change for the twelve quota

constraints. Table 5.% demonstrates the method used.

(30) The farmer considered, with the facilities available,
one man could handle 50 cows, 2 men 70 cows and 5 men
100 cows. The farm had a married man's house and
accommodation for a single man.



Table 5.3

A Tableau Allowing Quota Alteration
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Activity and P P P P P
net revenues | December 2 2 . >
Calvinge 'Quota' Sell Sell Minimum
. Cow & January February February
Constraints™._ o @Quota milk milk
T | milk disposal.
- Cq O +C3 +C4 0
R, Januvary milk | 02 | -~ + 7
R2 February milk| 02 | - T +
Rz January Quota| 02 -r +
RQ Min. February
Ry Quota b52 + 1

The disposal activities of rows R5 and R5 were given a m cost,
ensuring quota fulfilment. The disposal activity associated
with Rq was assigned the surplus milk price. In reality there
are twelve milk reconciliation rows, ten maximum quo%a TOWS

and two minimum milk sale rows. It can be seen that by setting
b5 at a particular level this sets the amount of January guota
milk which can be sold and sets the lower limit on February
milk sales.. In effect:-

January quota milk sales = b5r5 5

February milk sales < b5r4‘2

Thus, in the full tableau, the setting of b5 determines quota
sales in ten months and ensures a certain minimum production

of milk in February and March.
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54,4 Discriminating Between Milking and Dry Stock

Feed Requirements.

Dry stock feed requirements can in part be obtained
from lower guality fodder than is necessary to support miliing
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 5.4

Dry and Milking Stock I'eed Reconciliation

Activity M'lﬁﬂ P2 P3 P4 P5 PG
x}@ﬂlng Dry — Rotad~  Buy Hire Transfer
Constraint ow Cow  tion §g$aw Grazing

Rq Milking

R2 Doy

Feed 0

W
+

- T - T + T

Peed 0

W
+

r - T - r - I

P4 and P5 are activities providing feed suitable only
for dry stock. The model ensures it cannot be utilised by
milking cows. P5 provides milking cow or producing feed.
P6 (a transfer activity) also ailows, however, dry stock to

utilise feed produced by P5 if this should be profitable.

5.4.5 The Incorporation of a Loafing Barn.

The tableau was designed toallow the building of a

loafing barn if this investment was profitable. A loafing
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barn can be builﬁ to house any given number of cows and while
there are some economies of scale with regard to fixed costs
it was considered that these were relatively sméll. There-
fore, the loafing barn was assumed to be divisible and to have
constant costs per unit. It was assumed that the increase in
feed production obtained by using a loafing barn wage directly
proportional to the number of cows housed. Table 5.5 shows

how the loafing barn was incorporated into the tableau.

Table 5,

A Tableau Incorporating a Loafing Barn Activity

s

t Activity 2, Py
. January Calving Loafing Barn
Constraint \ Cow (One COW U_nj_t)
R, Feed o 2 + T -

R Loafing Barn
Reconciliation | O 2 - + 1

The coefficient r, , is the feed increase (or saving) result-
ing from housing one cow in a loafing barn. (In the tableau
both the spring-summer and the winter feed were affected.)

As the level of Pg in solutions containing the activity was
equal to the number of cows milked no consideration of a

feasible minimum size was required.



5:4.6 The Inclusion of a Run Off.

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

duces pugging.

The reduction in pugging is directly related

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

and purchased feed fed on the run off.

how these two factors were accounted for:

Table 5.6
A Tabléau Including a Run Off

Table 5.6 demonstrates
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Net Revenues qu ~02 —05 0 ~04 O
Activities Pq P2 P5 P4 P5 P6
Rotation Rotatian "Home 'Saving Cow Trans-
A (homeB (run Block" of fer
i block) off) Made Lu-~  Pugging'
Constraint cerne
Hay fed on
run off
R,1 Milking ;
Feed 02 - - T + T + T
R Dry Feed O‘} - T - T + T - T
R,
% TLand (Home 5
Block) 23 4+ A +
R, Land (Run
. of f) by +
35 Pugging
Count 02 -7 + 1

P5 is an example of an activity in which home block produced

feed is fed on the run off to dry stock in the winter.

transferring this feed, dry stock; which would be wintered on

By



11%

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 r5!5 records the quantity of feed
transferred per unit of P5 and\in row R5 it is reconciled with
Pq. The coefficient L is the increased production result-
ing from. the decreased pugging associated with a transference

of rS units of feed.

5
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CHAPTER VI.

RESULTS OF THE LINEAR PROGRAMMING STUDY.

6.7 Introduction

This chapter presents and discusses the results of
the programming study. Programming solutions were obtained
for the following situations:-

s

(a) Different levels of quota.

(b) Variation in the product prices and crop yields
for two quota levels.

(¢) Variation in the input-oubput coefficients for
two quota levels.

(d) The addition of a hypothetical run off at two
quota levels. 4

With reference to (a) solutions were also obtained for
quotas exceeding those held in practice. This was an attempt
to determine the optimum size of quota. Under (c) different
input-output coefficients for the irrigation and loafing barn
activities were experimented with to determine the break even

points.

The objective function has been previously defined.
The total net revenue of each solution, after deducting labour
costs, ‘is the return to the farmer's labour, management and
capital. The total net revenue is not the farmer's cash
surplus. It must be increased 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 in cash surplus, taxation must be
taken into account. While this will result in a decreased
margin between plang it will not alter their ranking except
in special circumstances. The farmer must, however, compare
the increased cash surplus which follows a resource realloca-
tion with ohanges in the work load, risk and uncertaiﬁty 28380~
ciated with the new plan. In such an appraisal the farmer
should be aware of the opportunities to reduce taxation through
farm ownership organisation. In 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 six
solutions for each quota level programmed. Only the most
profitable of these has been presented except where a less opti-
mal plan was consideréd important. For the optimum soidﬁions
only the real variables in the basis have been included. The
output\from the computer programmes used also included shadow
‘prices and stability ranges. None of this information has
been presented except in special cases. The main reasons for

this are:-
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(a)

(b)

(c)
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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 with regard
to price change, it is unrealistic to assume that
activity net revenues are independent;

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 basig without total
net revenue penalty, only applies if all other net
revenues do not change as well. In most cases

this is unrealistic;

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, N

Results for the Case Farm's Present Quota.

6.2.71

The Optimum Plans.

The case farm's quota was 12% gallons per day. Table

6.1 summarises the optimum solutions where purchase ssock re-

placement activities are first included and then excluded from

the tableau.
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Table 6.1

The Optimum Plans for the Quota at 123 Gallonst)

A, B.
Purchase stock re- Purchase stock re-
placement activities placement activi-
included in the ties excluded from
tableau the tableau
Land Utilisation (acres).
Pasture 59 o7
Lucerne A - 10
Chou moellier 13 ’ 7
Fodder beet 1 2
Maize 14 9
Green feed
- summer fallow
- new grass 14 9
Total 104 qo4 *
Winter Feed Supplements.
Home made lucerne
hay (bales) 610 1700
Stock Numbers.
(i) Cows - calving in the
month of (milking from
18t day):-
September 5 -
October ‘ 2 2
November 23 25
February 35 55
June 2 3
July 5 7
Total ‘ 70 70

(1) PFigures have been rounded to the nearest acre, 10 bales,
cattle beast, 10 sheep and the nearest £10.



Table 6.1 (cont.)

A. B.
C. Stock Numbers. (conb.)
(1i) Replacements:-
Buy autumn calving
heifers 7 -
Buy spring calving ~
heifers 6 -
Rear calves to
autumn calvers - 8
Rear calves to
.8pring calvers - 6
(iii) Other Cattle:-
Sell bull bobby calves 3% 35
Sell autumn born heifer
yearlings : 18 ' 10
Bell spring born heifer
yearlings 16 9
(iv) Other Stock:-
Fatten store lambs 400 60
D. Labour, 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 123 125
October 123% 12%
November 232 2%
December 142 1441
January 123 123

February ‘ 2435 240
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Table 6.1 (cont.)

A B.
E. Milk Production (cont.)
(Gallons per day)
WVarch 257 254
April 202 : 196
Meiy 171 163
June 154 154
July 154 164
August 174 185
F. Programmed net revenue ,
minus labour costs. (&) 6290 6240

E

The important feature in the comparison between these
two plans is the insignificant difference in net revenue minus
labour (adjusted net revenue - A.N.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 same as for reared stock. In view of this
unrealistic assumption, there is no doubt that a rearing
policy would be at least as‘proﬁtable as a buying system at
this quota level. Certainly it is more acceptable to the

farmer.

The feed organisation for both plans is similar.
Spring-~summer feed is 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 stock replacements can be pur-
chased. This is not a substantial increase for the work

load involved. However, irrigation reduces risk and



uncertainty -considerably because 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 én the production
of February and March milk in both plans.  This is Why maize
and irrigation are used. For the reét 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 4 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.

ool The Farm's Current Plan.

The adjustedknet 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
£1,7OQ so that the existing taxable profit (after adding

interest charges included in the total net revenue) is £2,870

120
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compared with £4,840 for Plan B. (The average taxable profit
taken from the farm's accounts for the years 1961/62 - 1965/64
was £2,570.) After subtracting tax at a code of M4 the
figures become:-

existing £2,220

Plan B £35,100
difference £880

Thus taxation decreases the margin from £1,790 to £880.‘Néver—
theless, Plan B, if it can be put into operation, will result

in a substantial increase of incone,.

It is noteworthy that by dividing the taxable income
from Plan B three ways (which can be accomplished through appro-
priate family ownership organisation), and claiming only the
personal allowance against each portion, Tthe total farm family

taxation is reduced by £790.

The increase in profitability has resulted from an in-
tensification of resocurce use as well as a change in the
resource allocation. Resulting from the change in the method
of fodder production there has been an increase in cow numbers
from just over 50 to /0. This does not appear to be unrealis-
tic as under the existing system available spring-summer
grazing is carrying 1.7 cows plus young stock per acre while
in Plan B the figure 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 thegé are changes in the areas. The area of chou
moellier i1s increased slightly as is the winter greenbfeed,
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 currentlykgrown. The irrigation plant is an
innovation further supplementing the summer-autumn maize.
While a similar quantity of lucerne hay is made, pasture hay
is not made in Plan B, thus increasing the available spring-

summer grazing. A loafing barn 1s also constructed.

The calving pattern and resultant milk production
pattern is different in Plan B. ’The emphasis is on ﬁhe pro-
duction of late spring surplus milk and February-March milk
(which is all sold at quota prices). The existing célving
pattern places an emphasis on late autumn, early winter milk
production. Only in two months of the year was any surplus
milk sold in the existing plan so that a large part of Tthe in-
come increase has resulted from selling quantities of milk
above quota level, but at quota price, in February and March
and in ensuring that at least the quota + %'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 and March milk, the Supply Association would 1limit
the payout at guota price. This depends mainly on suppliexs
existing quotas and the scope they have to produce well above

gquota in February and March. It is significant that both

12
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Supply Associations have used this payout system for at least

the last four years.

The other innovations in Plan B are the rearing and
sale of 19 yearling heifers and the fattening of a small number
of store lambs. The market for yearling.heifers, which
currently shows a firm demand, is mainly dependent on the
demand by producers in the Christchurch area. The market 1s
likely to have a low elasticity of demand. The remarks made

about February-March milk apply equally here.

Labour use has been intensified. The farm is current-
ly in a situation where the work could be handled by one man
plus family help provided the farmer was prepared to acctept
the demands of all year milking and the long hours involved.
This farmer chose to employ a married man, giving an easier way
of 1life and allowing for increases in cow numbers (which he was
planning). It isvconsidered,'therefore, that the intensifi-
cation of labour use in Plan B is reasonable and has been a

major factor in the increased A.N.R.

6.2.3% The Farmer's Views on Plan B.

The farmer considered the plan to be feasible except
that he thought it may not be possible to rear and sell the
full 19 yearling heifers. He considered that the available
labour was sufficient to put the plan into effect. In the

1966 winter he milked 60 cows and intended increasing the num-

ber for the 1967 winter. He now has plans to bulld a loafing
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barn and 1s investigating an irrigation plant.

6.5 Optimum Plans for Different Levels of Quotas.

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-
outputbt coefficients used apply to the farm and its quota, there
1s no reason why bthe coefficients should change with the level

(2)

of quota. To adequately represent the range of quota per
acre of farms similar tothe case farm, it was decided to obtain
optimum plans for the following gquotas:-

(a) 40 gallons (¢) 150 gallons

(b) 95 gallons (a) 200 gallons
Table 6.2 sets out the optimum pléns calculated from tableaus
in which activities allowing for the purchase of replacement
stock were excluded. At the end of Table 6.2, however, are
presented the A.N;Es. of plans oalculaﬁed 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
(3)

gallon case. The discussion in section 6.2.1 on this point

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

(3) This change with quota gsize 15 to be expected as the
opportunity cost of feed is higher in the 200 gallon
situation than the 40 gallon case.
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applies here. It is coumnsidered thalt a breeding policy is more
accepfable and probably more profitable. - Thus plans including
buy replacement activities have not been presented. Also, on
the basis of these results, buy replacement stock activities

were excluded from tableaus used in the remainder of the study.

Table 6.2

Optimum Plans for Four Levels of Quota

(buy replacement stock activities were excluded from
the tableau - the A.N.R. is presented, however, for
plans calculated from tableaus in which buy re-
placement stock activities were included.)

Quota (gallons) 40 95 150 200
A. Land Utilisation (in acres)
Pasture 58 59 68 89
Lucerne 1 - 12 -
Chou moellier 15 15 5 -
Fodder beet ' - - 3 5
Maize 15 15 8 5
Green feed - suwmmer
fallow - new grass « 15 15 8 5
Total 104 104 104 104
B. Winter Feed Supplements
Made lucerne hay (bales) 140 - 1930 -
Buy lucerne hay (bales) - - - 3040
Purchase grazing (weeks) - - - 560

C. OSpring-Summer Feed Supplement

Buy feed barley (bushels) - - - 570



Table 6,2 (conbt.)

Quota (gallons)

D. Summer-Autumn Feed Supplement

Buy feed barley (bushels)

. BStock Numbers

(1) Cows - calving in the

(11)

month ofi-*

September
October
November
January
February
March
April

May

June

July

Total

*Assumption is that they start
milking on the 1st

month.

Replacements
Rear calves to autumn
calvers

Rear calves to spring
calvers

(iii) Other Cattle

Sell bull bobby calves
Sell heifer bobby calves
Rear calves to 2 yr. beef

Sell autumn born heifer
yearlings

Sell spring born heifer
yearlings

40 95 150 200

- - - 1110
1

2 : 3

12 1% 11 24

3 6 7/

38 21 14 37

4

18 5

2 2 9

6 9 11

2 3 4

20 50 70 100
day of the

8 7 11 14

2 % % 6

5 8 33 47

- - 16 -

19 16 - -

10 9 2 19

3 > - 8
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Table 6.2 (cont.)

S
O

Quota (gallons) 40 95

40 200
Stock Numbers (cont.)
(iv) Other Stock
Fatten store lambs 620 700 250 -
F. Labour, Irrigation and
Loafing Barn
Labour units: 1 1 2 3
Purchase irrigation plant '
and water (in acres): 30 30 >0 -~ 70
Build loafing barn to house
(no. of cows): 50 50 70 100
G. Milk Production
(Gallons per day) . 7
September 93 95 74 205
October 82 95 159 200
Novenmber 1%8 150 193 298
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 139 114 180 240
June 120 119 188 250
July 111 119 188 250
August 132 130 208 273
H. Programmed Net Revenue
Minus Labour Costs (&£). 4780 6080 6570 6960

(1) (for plans including
buy stock replacement
activities) (4800) (6100) (e610) (7170)

(ii) (for equivalent of
plans in (i) but
without irrigation) (4750)  (6050) (6400) (6570)
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(Note: d4n all the plans presented in this chapter, there
are only three cases where an activity is in the
basis at an impractical level. These cases in-
volve growing one acre of lucerne for hay and
are in the 40 gallon quota plans for the farm
with and without a run off. As an integer
routine was not available, it would have been
necessary to reprogramme with these activities
at gzero and at a feasible level to obtain the
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 carried outb.)

The land utilisation and feeding system for both the 40
and 95 gallon plans are similar. The important feature of
these plans is the heavy reliance on fodder crops for winter
and summer-auvtumn feeding. Irrigation is also important for
the summer-autumn feed. The quantity of hay fed is negligible.
While not many farmers rely entirely on fodder crops, grass
pickings and green feed for winter feed, nutritionally this
policy is feasible. Hay can be a hedge against risk, but on
these soils, especially with irrigation, fodder crops are

reliable.

At the higher quota levels the available grazing is in-
creased and the area of fodder crops reduced. A greater
reliance is placed on hay for winter feed. Some fodder beet
and chou moellier are grown in the 150 gallon quota plan, while
in the 200 gallon plan only fodder beet is grown. This is a
reflection on the increased all year feed demand necessary to
produce guota milk so that higher per acre feed producing acti-

vities, but with a relatively greater cost, are required. In
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the 200 gallon quota plan reliance 1s placed upon purchased
feed in all periods. Winter lucerne hay is purchased and
most 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 produotion of surplus milk using purchased feeds is not
profitable. If 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 plans 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 guota increases the reduction in A.N.R.
also increases. The difference, however, for the 40 and 95
gallon situations 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
£600 Lo 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 break even is discussed in Section
6.5. This section also discusses the profitability of -

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

capable of housing all milking cows.



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
Fébruary and March are sold at the quota price. . Production
for the rest of the year declines from this period except in
Novenmber., There is, however, only one month, January, in
which surplus milk is not sold. It 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 is 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 pabttern is
C OMIMOI. » 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 énd Maich 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 1little 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.
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Cash cropping is not included in any of the plans.(q)
Rather than employ extra 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 pfoduotion is at
a similar level in the 40 and 9% gallonm 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
create 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

3

situation only sale yearling heifers are produced.

The increase in A.N.R. i1s 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 6.4.4 explores the profitability of cash
cropping fully.



6.3.7

Conclusions from the Study of Four Quota Levels.

The following are the initial propositions that can be

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

(a)

()

(e)

(d)

(e)

(£

At the low quota level stock feed should be pro-
vided by pasture and fodder crops. As the gquota
increases 1t 1s necessary to reduce fodder cropping
and to increase the grazing area, make lucerne hay
and eventually, at the 200 gallon level to purchase
feed in the form of lucerne hay, feed barley and
grazing.

The calving pattern should be arranged so that the
guota is fulfilled and with available scope to
produce above quota in February and March and to a
limited extent in the spring

The employment of additional labour is profitable
to achieve quota milk production but not for surplus
milk production.

Productive capacity not utilised by milk production
should be channelled into dairy beef, rearing and
sale of yearling heifers, and the fattening of store
lambs.

Stock replacements should be home bred and reared
in all cases.

Investment in an irrigation plant and loafing barn
is profitable at the assumed input-output coeffi-
clents, 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 levels of gurplus milk

production in the spring to autumn would be profitable in at

152



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.

6.4.1 Introduction.

Those plans presented are the'unique enterpriséicom—
binations which maximise the A.N.R; for the given quotas. A
small variation, however, in prices, costs, ylields and input-
output coefficients may meke these plans suboptimal. If this
is the case there may be other more acceptable plans which show
greater stability and whose A.N.R's, ére only slightly less
than the optimals. Thus optimum;plans resulting from varying
critical price, yield and input-output coefficients have been
computed. Time available meant that variations in the price
of the dairy beef, yearling heifers, and fattening lamb acti-

vities could not be studied.

04,2 The Resgults of Variation in the Surplus Milk
Price.

The milk contract and payout® system used by both
producer associations is such that the important prices are
the surplus milk prices and the Iebruary-March milk prices.
As suppliers sign a legal contract the price of quota milk 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
énalyses 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 discussed in Section 6.1.  Also,
as the variable price programming technique given in Heady and
Gandler(B) is difficult to interpret where more than two prices
are varied, it was decided to reprogramme with surplus milkw
prices set at a particular level. Also, 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 lowést 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 per acre of 0.76 and
1.%6 and, while there are prodﬁcers with higher and lower

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

Table 6.% gives the optimum plans for both prices.
Purchase stock replacement activities were not included in

the tableau.

(5) Heady E.O. and Candler W.V. (1958), op.cit., Chapter 8,
D.265.



Table 6.3

Optimum Plans for Variations in the

Price of Surplus Milk for Two Quota Lievels.

Quota (gallons)

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. Btock 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

104

140

12
38

50

40

High

Low

150

High

155

18 pence 14 pence 18 pence

/gallon /gallon /gallon

59 68 68
- 12 12
15 5 5
- 3 3
15 8 8
15 8 8
104 104 104
- 1930 1930
2% 11 11
6 6

14 14

4 4

18 18

5 5

9 9

27 3 5
50 70 70




Table 6.5 (cont.)

Stock Numbers (cont.)

(ii)

(iii)

(iv)

Replacements

Rear calves to aubtumn
calvers

Rear calves to spring
calvers

Other Cattle

Sell bull bobby calves
Sell heifer bobby calves
Rear calves to 2 yr. beef

Sell auvbumn born heifer

yearlings

Sell spring born heifer

yearlings

Other Stock
Fatten Store Lambs

D. Labour, Irrigation and Loafing

Barn

Labour Units

Purchase irrigation plant
and water (in acres)

Build loafing barn to
house (no. of cows)

September
October
November
December
January
February
March
April
May

June
July
August

I'. Progrmmmed. Net Revenue

Minus Labour Costs (&)

(For the original prices)

Liow

5

19
10

3

620

50

50

Milk Production (gallons per day)

10

15

13

640

50

50

101

95
202
185
167
140
129
105

5%

134
155

4960
(47780)

Loﬁ

11

55
16

250

50

70

17924
159
193
150
150
150
150
180
180
187
187
208

6540

150

High

11

35
16

250

50
70

174
159
193
150
150

- 150

150
180
180
1877
187
208

6590

(6570)

d

=



Plans for both quota situations at the low price regime
remaih unaltered‘compared with the original price plans.. Alter—
native products are less profitable where no reduction in the
labour force is possible.‘ The A.N.R. falls £160 and £30 for
the 40 and 150 gallon cases respectively. The &£%0 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 of surplus 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, The change involves the calving
pattern and milk production. The emphasls has been taken off
February-~March milk produétion, 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 mumber of plans, under
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surplus price variation, which give similar A.N.Rs.

6.4.3 The Results of Variation of the February and
March Quota Prices.

As both producer associations pay quota price for all
milk produced in February and March the stability of the plans
to variations in these prices is important. The same proce-
dure adopted in Section 6.5.2 has been used. Since 1960 the

lowest and highest prices regimes were:-

Low - February: 271 pence per gallon
March: 25 pence per gallon
High - February: 30 pence per galion
March: 29 pence per gallon

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

Optimum plans were obtained for the 40 and 150 gallon
gquota situations with prices at the low and high regimes. The
plans obtained for the high regime were identical withthe ori-
ginals for both quolta levels. The same applied for the low
regime in the 150 gallon case. The A.N.R. for these plans

compared with the original are:-

40 gallon quota 150 gallon quota
Price Regime High  Low High
New A.N.R. (&) 4860 6400 6630
Original A.N.R. (£) 4780 6570

The changes are small, reflecting the quantity of

milk involved.



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

level, there is a change in the optimum plan.

gives the new plan and the original for comparison.

Table 6.4

The Optimum Plan for the 40 Gallon Quota Case with

Table 6.4+

the Price of Milk in February and March at the Low

Regime

Price Regime

A. Land Utilisation (acres)

Pasture

Lucerne

Fodder Beet

Chou Moellier

Maize

Green feed - summer fallow

- new grass

Total

B. Winter Feed Supplements
Made lucerne hay (bales)

C., Btock Numbers

(1) Cows - calving in the
month of =

November
February
June
July

Total

(ii) Replacements:
. Rear calves to aubtumn calvers

Rear calves to spring calvers

. b
Original

58
1
15
15
15

104

140

10

129



Table 6.4 (cont.)

Price Regime

Stock Numbers (cont.)

(iii)

(div)

Original
Other Cattle:
Sell bull bobby calves 5
Rear calves to 2 yr. beef 19

Sell aubumn born heifer yearlings10
Sell spring born heifer yearlings 3
Other Stock:

Fatten store lambs 620

D. Labour, Irrigation and Loafing Barn

4

Tiabour Units:

Purchase irrigation plant and
water (in acres): 20

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

E. Milk Production (gallons per day)

September 93
October 82
November 138
December 49
January 40
February 186
March - 184
April 162
May 139
June 120
July 111
August 132

F. Programmed Net Revenue Minus

Labour Costs (&) 4780

and thus the milk production.

tion has been reduced but spring-summer production increased,

Low

14

1%

670

30

4590

The main alteration is a change in the calving pattern

February and March milk produc-

being a reflection on the relative prices of surplus and

140
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February-March quota milk. The A.N.R., however, falls only
£190,

The conclusion must be similar to that made in the
surplus price variation section. The original plans will give
an optimal, or near optimal, A.N.R. when the price regimes are

within the range studied.

6.4.4 Stability of the Optimum Plans to Crop Yield
Variation and to Intensification of the }

Cropping Rotations.

Cash cropping does not enter any of the plans. As many
town supply dairy farmers grow some cash crops, including the
case study farmer, it was considered important that this aspect

should be'explored more fully.

The yields of the two cash cropping rotations, I and J

(activities P%é and.I%?J were increased to:-

Garden Peas 45 bu. per acre
Wheat ex peas 70 bu. per acre
Wheat ex wheat ©5 bu. per acre
Barley ex peas 80 bu. per acre
Barley ex barley Y5> bu. per acre
Ryegrass 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 yields were used. Other quota levels were not reprogrammed.
This decision was made on the basis of the marginal costs of

the cash cropping rotations. The marginal cost of these two

activities in the following original optimum plans is:- (the
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levels up to which these marginal costs apply are given in

brackets)
40 gallon quota 150 gallon quota
Rotation I £3.74  (55) gh.47  (13)
Rotation J £6.44  (55) £7.17 (13)

If, following yield increases, either or both of these activi-
ties are to enter the basis they will do so when the quota is
40 gallons. The marginal costs at the high vields :are:-
Rotation I : &£2.14
Rotation J : - &£5.46
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 &ntensive the
following crop rotations were substituted and an optimum plan
obtained for the 40 gallon quota level:-

Rotation I°'

0l1d grass-—>wheat (60 bu.)—s wheat (55 bu.) —s green: fesd
L. one year's grazing e- @@W?gréésﬁi@mngummeﬁ?félIbWJéwJ

Rotation J'
0ld grass —barley (70 bu.)—pbarley (65 bu.) —>green feed
one year's grazing<—iisw grass €———-—summer fallow <

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 T° :  £2.95 (33%)
Rotation J° : £7.89 (33)

These mérginal 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. Feed i1is 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 Btahility of the Optimum Plans in Relation to
Variation in the Input-Output Coefficients.

Farms with a similar resource structure to the éase
farm's would have gimilar optimunm plans if their input-
output coefficients lie within the stability range of the
original solutions. For this reason, and for the possibility
thét 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 guota 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) Tow stock and original 'field' activities, and
(¢) Original stock and low 'field' activities.



The original coefficients were 'reduced' by:-

(a) Stock Activities.

Average milk 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 gallons. ¢

Efficiency of barley feeding reduced by 10%.

Sheep activities feed requirement increased
by 10%.

(b) 'Field' Activities.

Rotations provide 10% less feed.,

Irrigation response reduced by 10%

Feeding value of hay and silage reduced by 10%

Crop rotation activities yields reduced by 10%

(as well as the 10% reduction in feed provided).

Table 6.5 gives the optimum plans obtained.

Table ©.5

Optimum Plans for Two Quota Levels with Variation in

the Input-output Coefficlents.
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Quota (gallons) 40 150
Coefficients -~
stock activities low low orignal low low orignal
'field' activities low ariginal low low original low
A. Land Utilisation (acres)
Pasture 59 56 56 86 78 74
Lucerne - - - 11 15
Chou moellier 15 16 16 1
Fodder Beet - . - 5 5 5
Maize ‘ 15 16 16 6 5 5
Green feed ~ summer fallow
- new grass ~ 15 16 16 6 5 5

Total

104 104 104 104 104 104

(6) A random sample of 11 farms selected fr

an average per cow production of 840 gallons. The case
study farm's yield 1s 70 gallons higher.

om all producers had



Table 6.5 (cont.)
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Quota (gallons) 40 150
Coefficients - ; ; ’
stock activities low low original low low original
'field' activities low original low low original low
B. Winter Feed Sﬁpplements
Made lucerne hay (bales) 1840 2360
Buy lucerne hay (bales) 2%60 6350
Purchase grazing (weeks) 420 440 320
C. Summer-Autumn Feed Supplements
Buy feed barley (bushels) 30 220
D. Stock Numbers
(i) Cows - calving in the
month of:= o
November 13 3 5 15 20 11
January 5 6
February 37 A4 37 20 21 14
March 4
April 20 20 18
May 6 6 5
June 10 10 8
July 10 8 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 %
(iii) Other Cattle |
Sell bull bobby calves 22 10 19 36 36 3%
Sell heifer bobby
calves 14 1% 17
Rear calves to
2 yr. beef , 12 5
Sell autumn_ born .
heifer yearlihgs 8 8
Sell spring born
heifer yearlings 5 4 4 4 5 2



Table 6.5 (cont.)

Quota gallons

Coefficients -
stock activities

'field’

activities

Stock Numbers (cont.)

(iv)

Other stock
FPatten store lambs

E. Labour, Irrigation and
Loafing Barn

F.

Milk

Labour Units:

Purchase irrigation
plant and water (in

acres):

Build loafing barn to
house (no. of cows)

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)

1510]
low low
low original
500 640

1 1
- 30
50 50
80 106
69 94
125 118
50 48
40 40
162 15%
1671 149
145 133
124 97
106 85
98 110
115 150
3800 4120
(4780)

original low
low original low

low

580

50

50

123
110
123

40
180
177
156
120
103
125
150

4400

70

80

167
157
207
150
150
164
150
180
180
188
188
207

4410
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150

low original

3 2

70 50

81 70
159 174
150 160
228 193
168 150
150 150
165 150
150 150
180 180
180 180
188 188
188 188
208 208
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 been reduced

by 50%, and irrigation is not used (the A.N.R. decreases £14
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if irrigation is used). In the 'low - original' and 'original
- low' plans some November calvers have been shifted to July,

thus affecting spring milk production.

The 'ofiginal - low' plan for a 150 gallon quota isg, in
effect,identical with the original except that the feeding éysa
tem has been changed bto provide sufficient feed for the 70 cows.
The area in fodder crop hag been reduced by three acres in
summer-autumn and winter. Hay, grazing and feed barley are
now purchased. 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 numbérs have
increased, thus the labour input, to enable the quota to be ﬁ

met. Spring milk production has increased.

In all cases the A.N.R. has decreased considerably, the
largest decrease being 82,160 for the 'low - low' 150 gallons
guota 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
at the 150 gallon quota than at the 40 gallon level. The
changes made in the former case mainly arise from the need to
maintain milk production to fulfil bthe quota. - The implementa-
tion of the original plan at this quota level would be
physically impossibie. This analysis, however, does not

affect the general conclusions made in Section 6.%.7.
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6.4.6 An Analysis of the FEconomics of Irrigation and

a Loafing Barn.

The irrigation and loafing barn activities enter all
the original optimum plans. As the farmer had had no ex- -
perience with irrigation or loafing barns the input-output co-
efficients used were derived from olther sources. To further
explore these activities, the minimum levels of performance
at which they were profitable investments were determined.
This was carried out by a trial and error process for the 40
gallon quota case. When more research results become avail-
able, provided other factors remain unchanged, these calculated @

coefficients will facilitate further economic appraisals.

Results of this analysis showed that the 'break even'
coefficients were as followsg:~-
(a) Irrigation. Teed stock units provided by
irrigating one acre of pasture:

Spring-sumnmer 1.45
Summer-autumn 2,98

(b) TLoafing barn. Feed sbock units conserved
per cow wintered in a loafing barn

Winter 0.62
Spring-Summer 0.7

There are other coefficient combinations which satisfy the
criterion. Available evidence, however, indicates that the
response and saving obtained in practice are greater than the

above. (Bee section 3.5.4)
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6.4,7 Conclusion from the 3tability Analysis.

Where the prices of surplus milk and February-March
milk and the ¢rop yields are allowed to vary within the ranges
considered, the original programmed plans for the 40 and 150
gallon quota levels are stable optima. These plans, to a low
degree, become suboptimal if the input-output coefficients are
altered to the levels assumed in Bection 6.4.5. The new opti-
mum plans, however, do not affect the conclusions originally

made s

6.5 Towards an Optimum Quota Size.

This study has involved the maximisabion of annual
profit on a case study farm. Thus, the possibility of pro-
ducing surplus nilk to acquire additional gquota has been
ignored. It is, however, of importance to have an indication -
of the guota size which maximises the objective function. The
A.N.R. of plans within the 40-200 gallon quota range increases
with the size of quota, but at a decreasing rate. The farm's
exlsting milk shed and labour accommodatlion, however, are
fully utilised in the 200 gsllon plan. To enable further ex-
‘pansion additions would be required to the milking shed and a
whare bullt to accommodate a youth. Optimally, to allow ex-—
pansion at quota levels greater than 200 gallons, the tableau
should include investment activities and be defined so that
purchased feeds satisfy rigorous nutritional regquirements.

By subsequently deducting the annual costs resullting from this

investment and by lmposing some purchased feed constraints, it
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was considered that the tableau could be used to investigate
the general effect of size of quota on A.N.R. The feed con~
straints used are defined in Section 5.3%.2 <R46 - R47>' Using
this adjusted tableau, which included the irrigation activity,
the quota was initially set at 200 gallons and successively
increased. The amount by which it was increased wasg deter-
mined by the stability range of the shadow price on the quota
disposal activity. This was repeated so long as it was pos-

sible to meel the quota. Table 6.6 presents the results.

Table 6.6

The Programmed Net Revenue Less Labour and Investment

Annual Costs for Increasing Quota Sige.

Bize of Quota AN.R. minus
(gallons) Investment Annual Costs (&)
200 6960
216 6570%
217 6530
22% 6650
238 0820
24% 6860
252 | 6916
254 6915 (quota not
satisfied)

(Note - the 252 gallon quota solution had 118 cows)
* Expansion investments required.

Expansion beyond a 252 gallon quota was not feasible,
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as barley was being fed at the maximum allowed in the spring-
sunmer and summer-aubumn. No other way existed of increasing

the feed supply in these periods.

The A.N.R. minus annual expansion costs does not ex-
ceed the A.N.R. for a 200 gallon quota. Thié is due to the
annual expansion costs assumed.  Given the defined tableau,
the optimum size of quota is 200 gallons (1.8 gallons per
acre) . If the labour requirement per cow had been less, for
example, as a result of a herringbone milking shed, the opbimum
quota size would have been greater. Also, if the purchased
feed constraints had been defined to enable a greater reliance
on purchased feed, the same conclusion may have applied. of
greater importance in this latter case, however, is that the
increased cash surplus resulting is likely to be insilgnificant

compared with the increased work load and worry.

6.6 Effect of a Hypothetical Run Off on Two Plans.

Nineteen of the 50-149 acres heavy soil class farms
operated with a run off. In an attempt teowiden the applica-
tional scope of this study the original tableau was adjusted
to allow programming, with a hypothetical run off.‘ This

approach has the disadvantage of not being realistic.

As the majority of run offs attached to farms in the
heavy soil class were 1/6 - 1/3 of the totalarea in size, the
hypothetical run off was assumed to be 27 acres of light soil

situated 15 miles from the home farm. Optimum plans were



obtained for 40 and 150 gallon gquotas. Table 6.7 presents

these plans.

Table 6.7

Case Farm with Hypothetical Run Off - Optimum Plans
for Two Quota Levels,

Quota (gallons) 40 150

A. Land Utilisation (acres)

(i)  Home farm |
Pasture : 58 5%

Lucerne : 1 5
Chou moellier 15 14
Maize 15 14
Green feed - summer fallow

~ new grass 15 14
Total 104 104

(ii) Run Off ”

Pasture 18 24
Turnips 6 C -
Sunmer fallow - new grass 3 %
Total 2% 27

B. Winter Feed Supplements(made lucerne hay)
(i) Fed on home farm(bales) 100 370
(ii) TFed on run off (bales) 410

C. Stock Numbers
(i) Cows (calving in the

month of):-

November 12 . 11
January S
February %8 14
March ' : 4
April ‘ : 18
May 5
June 9
July %

Total 50 70



Table 6.7 (cont.)

Quota (gallons) 40 150 .
Stock Numbers (cont.)
(ii) Replacements
Rear calves to autumn calvers 8 11
Rear calves to spring calvers 2 3
(iii)Other Cattle
Sell bull bobby calves - 5%
Sell heifer bobby calves - 16
Buy bull bobby calves 9 -
Rear calves to 2 yr. beef 32 -
Sell autumn born hf. ylgs. 10 2
Sell spring born hf. ylgs. % -
(iv) Other Stock
 Fatten store lambs 580 680
D. Labour, Irrigation and Loafing
Barn
Labour unitse 1 2
Purchase irrig.plant and :
water (in acres): 30 50
Build loafing barn to
house (no. of cows): 50 70
E. Milk Production (gallons per day)
September 91 174
October 80 159
November 1%8 19%
December 49 150
January 40 150
February 184 150
March 18% 150
April 160 180
May 138 180
June 119 187
July 110 187
August 130 208
F. Programmed Net Revenue
iinus Labour Costs (&) 5040 6880
(A.N.R. of Solution
without run off) (4780) (6570)
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The 40 gallon quota plan is the same as the 'without
run off' plan except that an extra 13 2-yr. dairy beef animals
are reared and Sold, and there is a small reduction 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 summer-autumn fodder
crops have been increased while pasture and lucerne have been
reduced. This has enabled more than double the number of

store lambs bto be fabtened.

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

ties other than milk production to be increased.

The A,N.R. has increased by £260 and £3%10 for the 40
and 150 gallon quota situations respectively. This is an
increase of £9.6 and £11.5 per acre of run off. If this land
could be purchased for approximately &30 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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PART IIT

THE PRODUCER PRICE OF MNMILK




155

CHAPTER VII

THE USE OF LINEAR PROGRAMMING TO DETERMINE A
SUPPLY PRICE OF MILK

747 Introduction.

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
Zeaiand 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 the 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
programming 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 determining mechanism and gquota system to

give a more efficient resource allocation.
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72 Theoretical Considerations in Determining a Producer

In a free market system, the producer should’produce
milk to the point where the marginal cost equals the marginal
return. The supply function or marginal cost curve will
shift in different seasons of the year. Assuming the demand
curve does not shift within a year, the equilibrium price and
quantity will vary from period to period. In New Zealand,
market forces are not allowed to determine supply and demand.
The consumer price is constant throughout the year and is set
below the marginal cost so that, %o ensure sufficient supplies
to meet the demand, the Government must subsidise the producer
price. In this Situation the optimum producer price is still
that which'equates with the marginal cost, 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 marketing quota system. The optimum price
under this condition remains the marginal cost but where quotas
are rigidly enforced the price paid need not vary withthe
marginal cost. Neutze<4) 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 marginél
cost should be weighted 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):1%6.
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S?

This discussion, however, overlooks the fact that a
rational farmer must consider other products when deciding on
a profit maximising enterprise combination. Parish(g)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 Chrisbtchurch 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, 1f 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).

7ed The Use of Linear Programming to Determine a Producer

Price.

7.5.71 Methodology.

Heady and Candler(a) developed a variable price program-
ming techniqgue 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 fquota milk?',

(2) Parish R.M. (1963), "On Marketing Quotas for Fluid Milk".
Australian Journal of Agricultural Economics, 7(1):67.

(3) Heady E.O. and Candler W.V. (1958), op.cit.
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a unit of this activity being one gallon of milk for 565 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 prioes 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, in effect, the 'product' is a multi—product consisting of

twelve activities, one for each month.

To overcome this problem a technique varying the gquan-
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 town 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 sales' levels,

a set of twelve ‘ﬁown milk' marginal costs can be obtainedkfor
each level. Fach marginal cost or supply price set is not,
however, the unigque combination necessary bto ensure a parti-
cular quantity of milk per day. If milk is produced in one

month the production will naturally continue in following



months so that the same quantity of milk can be obtained@by
many price combinations provided the weighted average is

approximately equal in all cases.

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. If such a:set
were paid per gallon, for a corresponding quantity of milk
the profit made will beequal to that which could be earned if
the farm maximised profits from an array of alternatives ex-
cluding town milk. The array of alternatives consldered

included butterfat and pilg 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.

7:%.2 The Demand for Milk in the Christchurch Area.

The demand for milk and crean, at‘the present consumer
price, is not constant throughout the 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

159
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multiplied by the total 'quota' allocated, satisfy the demand.

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

Table 7.1 gives the average sales of milk and cream in

the Christchurch area for the years 1963/64 and 1964/65.

Table 7.1

Average Sales of Milk and Cream* in the Christchurch

Area during 1963/64 and 1964/654)

Month Gallons Sold
September 860,814
October 920,617
November 881,183
December 906,776
January 814,369
february 825,47%

Month
March
April
May
June
July
August

Gallons BSold
892,325
868,546
887,659
907,338
926,989
916,873

* Cream converted to gallons of milk.

The month of lowest sales is January. If a unit of
'quota' in Januvary is assumed to be one gallon per day the

unit must be, in the following months:

September 1.057 gallons March 1.096 gallons
October 1130 " April 1.066 "
November 1,082 " May 1.087%7 "
December 1.113% " June 1.114 "
January 1,000 " July 1.138 "
February 1.014 " August 1.126 "

(4) Source, New Zealand Wilk Board (1966), Pers.comn.
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In this study the marginal costs were obtained for
different levels of 'quota', bult the costs presented later in

the chapter are in per gallon figures.

If, by definition, 'gquota' is allocated to town milk
pfoducerg so that the total 'guota' 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 consis?t of a unit of gquota being a
fixed volume of milk with the level of guota varying with the
month. The ahove 'quota' system was used to simplify the

tableau construction and in no way affects the estimates.

7e%.5 The Tableau.

The tableau used was basically the same as the tableau
presented in Chapter V; +the changes made were Lo provide
positive supply price estimates. Details of the tableau are

given in Appendix E.

B The interest charges in the 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 capital when considering an enterprise

ccombination. Capital was assumed to be non~limiting.

Land, plant and machinéry were assumed to be fixed.
Provision was made, however, for the acquisition of pig housing
to allow for a butterfat and plg production activity. This

activity's net revenue therefore included the pig housing
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costs of insurance, depreciation, and repairs and maintenance,
but not a capital opportunity cost. All other buildings were
assumed to be fixed resources. Thus the irrigation and loafing
barn activities were removed from the tableau. Stock numbers
were allowed to vary. These modifications limit the possible
enterprise combinations to those which can be carried out with
the existing plant and buildings other than the pig enterprise

and associated housing.

The other activities which the farmer had not used on
the farm were also excluded. These were the dairy beef acti-
vities, the 'sell yearling heifer' activities, 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 'barley
cropping' activity. The constraints directly concerned with

these activities were removed as they were no longer necessary.

Only two real activities were added to the tableau. One
was a butterfat and pig production activity using Jersey cows.
This activity was included to ensure that the supply prices
obtained would be high enough to give a total net revenue as
great as would be obtained if butterfat énd pig production was
the most profitable form of alternative production. High |
yields and prices were assumed in calculating the net revenue
of this activity to ensure that the supply price estimates

were conservative. The labour requirement of this activity

is outlined later in this section. The other activity was
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a two year ewe flock which was included to allow its

possible incorporation with a cropping policy.

A number of additional husbandry constraints were in-
cluded. Two of these limited the maximum number of store
lambs fattened to three hundred and the maximum number of the
'ewes and lambs all counted' activity to tWo hundred ewes.
The maximum number of bales of hay that Cbuld be purchased
was limited to five thousand and the purchase and feeding of
barley in the winter was limited to a maximum of 19 bushels
per milking cow. A minimum winter hay constraint ensuring
that for each milking cow at least thirty bales were made or
purchased and fed was also included. All these constraints
were inoluded in the tableau to limit possible plans to those

complying with the farmer's present ideas.

It‘is not possible on a dairy farm to produce an
exactly épecified quantity of milk per day. To ensure that
the daily milk production is at least as great as the 'quota',
a supplier must plan to produce above the quota to allow for
day to day fluctuations. For this reason a minimum con-
straint was necessary to ensure that at least a spgcified
amount of surplus milk was produced. Table 7.2 demonstrates

how this was accomplished.



Table 7.2

Tableau Ensuring a Vinimum Quantity of Surplus
Milk Production.
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\ L P P P P
\\éct1v1ty 1 2 3 4.

T 'Quota' Surplus January  December
Constraint \“m\\\ milk  calving calving
\\\\\h | cow cow
R, Minimum 'quota' b, & 1
R, Minimum surplus milk] 0 < ~0.1
R January milk 0 2 -
R, December milk o 2 ~ T

The row R2 ensures that the per day surplus milk pro-
duction in each month is at least.ﬂo% of the 'quota'. The
nét revenue of P2 is the price received for %65 gallons of
milk, one gallon being sold on every day of the year. As, by
definition, 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 fér 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 P2 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
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TOWS , 35 and R4 in Table 7.2, were assigned the per gallon
surplus milk price. Thus, over and above the level of Pg,

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

- tion being necessary in other months.

Labour costs were not incorp@rated 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 ag those in the
original tableaus, ‘i.e., one man (the farmer) could handle any
feasible level of éropping and sheep on thé 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 haﬁdled was assumed to be:

1 man - 70 cows

2 men - 98 cows
4 men - 140 cows

The tableau used to define these relationships and to
include labour costs is presented in Table 7.35.
Table 72

The TLabour Relationship and the Incorporation of

Labour Costs

; T Activity P o Pz 5y Pg e
Constraint MMM\%MM, gin.&ﬂmb %g%eylL?g§u1'D?§?r i R%al dﬂféﬁﬁl
: ~—_ ing cow ow , Spo! SP

R, Labour(1) |50 2| 0.714 -1 -

Ry TLabour(2) |0 or 20 = 1 g

R5 Labour(3) |0 or %0 = g 1
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By setting RZ and 35 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. If RZ is ’
set at 20 then the maximum numbers are 70 or 98 respectively
or a corresponding combination. Ir 85 is set at 30 while R,
is still at 20 the maximum cows are 100 or 140 respectively

or a corresponding combination.

The cost of the first employed labour unit is included
by dividing its total cost by twenty and assigning this
figure to the net revenue of P5 the Labour (2) activity, and
P5 the R2 disposal activity. Algebraically the relatlionship
iss -

Where T, = Yearly cost of the labour unit

L

L =557y

3 2

As 20 = X, + X the full cost of the unit must be

3 5
included in the total net revenue whether some 'labour' is in
disposal or not. When 35 was set at thirty, the same system
included the total cost of the second employed labour unit in

the total net revenue.

7.4  The Linear Programmed Supply 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 until it was physically impossible to
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increase the 'quota' and then increased to two and eventually

three men.

The sets of supply prices obtained did not change with
an increasing 'quota' where there was no change in the labour
supply. The only ohénges occurred when an extra labour unit
was introduced into the tableau. The reason for this was
(that no limiting constraints began operating 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 rebturns to scale were obtained
within each labhour level. The 'guota' levels sustained by

the three different labour forces were:

1 man - 40 to 100 'quota' units
2 men - 110 to 140 'quota' units
3 men - 150 to 160 'qguota' units

(Note -~ labour was not the limiting factor in
producing more than 160 'quota' units)

Table 7.4 presents the supply prices obtained.



Table l/“l‘

The Supply Price Estimates for a 'Quota'

Range of 40 —~ 160 Units.

'Quota’ Raﬁgé

40 - 100
pence per gallon

110 ~ 140
pence per gallon

150 - 160
pence per gallon

danuary
February
March
April
May

June
July
August
September
October
November
December

24,72
25.86
26,71
21.71
36,01
26454
24,90
16.00
%0.78
Dl 4]
16.00
27,43

2% .42
27.05
26.05
2% .04
5%2.05
29.46
34 .24
16.00
34,2
27.79
17.16
32,09

24, 4]
25.77
26.50
22,71
29.66
29.21
29,90
16.00
%6.26
%1.02
21.63
%1.76

The low prices in August for all plans and for November

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

profitable to produce surplus milk in these plans during these

months over and above that required by the minimum surplus

milk constraint.

Thus to produce an extra gallon of town

milk in these months involves forfeiting one gallon of surplus

milk which has a price of sixteen pence per gallon. The

other month to month price changes which appear unusual are

mainly due to the milk quantity variation of a unit of 'quota'

and the problem of timing.

EFach month has been treated as
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an independent period whereas in fact the processes are con-
tinuous through time and in some cases this has distorted the
basic physical marginal rates of substitution. This problem

could only be overcome by defining much shorter time periods.

It would be expected that the price for a particular
month should increase with increasing quota, since the margi-
nal cost of milk production should increase. In some cases
this has not occurred. For example, the December price has
risen from 27.45 pence per gallon to 32.09 pencé per gallon
and then dropped to 31.76 pence per gallon Withfincreasing
quota. This is due to an inherent fault of tﬁe supply price
estimating system adopted. By forcing in an increasiig level
of 'quota' in subsequent plans some activities are necessarily
forced out of the bagis to ensure that sufficient milk is pro-
duced and thus have no effect on the shadow prices of the
"town milk sales' disposal activities. In effect, the number
of feasible alternatives the farmer can choose frbm has been
reduced., For example in the 40 - 100 uvnits of 'quota' plans
heifer calves are reared and sold as springing heifers but in
the 110 - 140 units of quota plans these 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 rate
of substitution between these activities in the 40 units
"quota' solutién tableau) units of the activity 'sell spring

calving heifers'.

This effect is further demonstrated by calculating the



total net revenue of each plan assuming that the price of town
milk is the corresponding set of supply prices. Table 7.5

presents these figures,

Table 7.5

The Total Net Revenue of the Plans Assuming the

Prices of Town Milk are the Supply Price Estimates.

Size of Total Net Size of Total Net ,
'Quota' Revenue (&) 'Quota' Revenue (£)
40 Units 5189 110 Units 5001
50 Units 5174 120 Units 4984,
60 Units 5159 130 Units 4967
70 Units 514% 140 Units 4951
80 Unitse 5128 150 Units 4110
90 Units 5113 160 Units 4O94
- 100 Units 5098
{ .

* Rounded to the nearest &

While there is a small constant reduction in total net
revenue between plans of a particular labour force there are
larger differences when another labour unit is introduced,
especially between the 140 and 150 units 'quqta’ plans. This
is due to activities directly producing revenue being forced

outb.

The small constant reduction in net revenue that has
occurred is due to the minimum surplus constraint. With in-

creased 'quota' the level of surplus milk production has

170



*pounded bto nearest

penny

been forced to increase, in absolute terms, and as there are

nore profitable alternatives, the net revenue has decreased. -

If these two related problems had not existed the btotal net

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

This should be the case if the supply price estimates are

correct.

Because of thesgse outlined problems the supply price

estimates obtained can only be considered as a guide.

Vb2 - Conclusions.

Due to the limitations of the supply price estimates

their most helpful use 1s a general comparison with the

existing prices received by Christchurch producers to deter-

mine whether the prices could be reduced without the supply

of milk falling.

prices.

Table 7.6

Table 7.6 compares these two sets of

A Comparison Between a Set of Supply Price Bstimates

and the Actual Prices Paild to Producers 1965/66.

Supply Price Estimates
with the 'Quota' at Forty
Units. (Pence per gallon)*

Pricesgs Paid to Members‘
of Producer Association A
1965/66 (Perce per gallon) |

September
October
November
December
January
February
March
April
May

June
July
August

%1
o1
16

25
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While the quantity of milk these prices are paid on is
not strictly comparable, the general indication is that the
existing prices are higher than they need be. In only two
months, December and January, are the estimates greater than
the actual prices paid. In other months the estimates are
from zero pence té twenty Uthree pence less than the actual

prices.

This conclusion only holds for the case farm but because
of its method of selection it is likely to be the case also
on at least 17% of the producers in the area. The informa-
tion presented in Chapter IT on the differences between the
producer price for town milk and the cheese milk price and the
suggestions, which are difficult to establish empirically
because the information is not available, thaﬁ in some cases
there are waibting lists for admittance to producer associations,
tends to support the conclusion made at least for some areas
if not in Ohristchurch. While it is not categorically stated
that the producer price should be reduced, it is suggested
that the present gquota system and the method of calculating
the producer price should be critically éxamined in order 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. Section

7.5 presents suggestions along these lines.
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Y5 A Practical Ap@roach to Determining the Producer Price.

R

A cost of production system of determining the éroducer
price can give rise to an economically efficieﬁt price but it
does not provide an assurance that this is the case. If a
system can be devised Whiéh takes account of market forces and
still ensures that at all times 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 1t need De. 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 Jjoin a producer association, 1t 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, qguotas 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 price, 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 sysbtem

account will be taken of market forces.

The only basic alteration necessary 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
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also have to approve each sale where a new producer was 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 “quota units would
be that a particular unit of guota cannot change hands within,
say, two years of purchase, so that a certain amount of stabi-
lity is ensured. This condition would also 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 cage with the present system, the total quota
allocated at any one 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
prides could be taken as the base line and thereafter, on the
basis of the quota price, the price could remain constant or
increase. The two year minimum quota holding period and a
rigorous enforcement of legal quota contracts would give stabi-
1ity 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 units is zero under the system outlined would be greater

than the short run marginal cost as to enter into a contract
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lasting at least two years makes the farmer's positioﬁ
inflexible. For this inflexibility he 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 made 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 to 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.

The current producer<pricé is the basic price applicable
throughout New Zealand.  In some éreas this price is increased
by the N.Z.M.B. to compensate producers for greater than
average costs of production. This system hés the same failings
as the setting of the basic producer price. As New Zealand is
a country of widegly 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 areca 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
nunber of areas involved though there are at present N.Z.M.B.

offices in the main centres which could control the area prices.
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Saleable quotags have other advantages besides assisting

the producer price setting.

Parish(5) lists thesé 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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CHAPTER VIIT

The study analysed the profit maximising problem of a
town supply dairy farm in the Christchurch area and made
conclusions on how resources should be combined for several)
quota levels. It also discussed the organisation of the
town milk industry with particular reference to the sgetting

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
area. The factors used in defining the groups were the major
soll class, sigze 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 epply to all farms in this group but information was
not available to verify this. If 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
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descriptive material about farms in the area. The most
important points which came from the survey were that 60% of
the farms had a total area of 4501acres 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 acquisition of some resources. Capital wasg 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 capital 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 12% gallons. This was achieved hy increasing the cow

nunbers from Jjust over 50 to 70 and rearranging the calving
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pattern so that the milk production exceeded the quota in late
spring and in February and March. Winter feed was prévided
mainly by chou moellier and fodder beet with supplemenbtation
from lucerne hay. Sumner-autumn feed consisted of maigze,
pasture, and irrigated pasture. A loafihg barn was built for
wintering the milking cows. Stock replacements were home

bred and reared and some surplus heifers 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 empleyed to enable sufficient cows to be milked to
meet the quota but not employed solely to allow surplus milk
production. It was also concluded that where, for example,
one man cannot handle sufficient cows to meet the gquota but
two men allow it to be more than satisfied then surplus milk
should be produced dufing February and March and to a limited
extent in the late spring. Where the quota level enables
other prodﬁcts to bé produced the surplus resources should be
utilised by”dairy beef production, rearing and selling yearling
heifers and the fattening of store lambs. The analysis showed
that replacemenﬁ stock should be home bred and reared in all
cases. Feed should be provided by pasture (some irrigated)
and fodder crops at the low quota levels. At the higher quota
levels it was necessary'to reduce the fodder cropping so that
the grazing area could be increased, and to make lucerne hay.
At the 200 gallon quota lucerne hay, feed barley, and grazing

had to be purchased. Finally, it was concluded that a loafing
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barn was a profitable investment.

The computational facilities and time available meant
that some of the important features of the programming solu-
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 particular reference to the
fattening of store lambs. Dairy beef production and 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, gréen
feed, fodder, and éash CIopS. Basic research is also fequired
in many other fields but in particular 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 soils.
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The risk and uncertainty involved in town supply dairy
farming on heavy soils due to both price and input-outputb
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 un-
certainty are not required to the same extent. Similarly,
an analysis which takes into consideration the stochastic
nature of the coefficients would probably give an expected

<0

income - income variance indifference curve in which the
income variance would not increase to the same’extént with
greater expected income as, say, would be the case for sheep
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 stochastic variables do not follow a normal
distribution, and maximum expected lncome is the sole objective,
optimum plans calculated using average coefficients will be
suboptimal. Because, as far as possible, average coefficients
were used in this study the calculated plans may be suboptimal.

The skewness of the variable distributions, however, is

probably small.

The major problem in using risk programming is the lack

of the necessary data. To obtain this, records must be kept

(1) Heady E.O0., and Candler W.V. (1958), op.cit., p.554,
demonstrate how these curves can be calculated.



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 asseséed, This approach
was partially used in this study in that, for example, 1t was
concluded that home bred and reared replacement stock were
more acceptable than purchased replacements even though the
latter alternative may have been slightly more profitable at
the high quota levels. The study could have been given great-
er scope, however, 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 1945, before which milk was not subsidised, constitu-
ted the first. During the latter part of this period the -
supply and gquality of milk was generally considered inadequate.
It was concluded that this was due to the inadequate policing
of qualibty standards and the irrationality of, mainly, the
treatment and vending organisations. Since 1945 the industry
has been nationally organised. The systen adopted has pro-
vided little competition within the sectors of the industry.
The price received by the producers is set on a 'cheese price

plus exbra costs of production' basis and the prices received
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by treatment and vending organisations are based on cost of
- production surveys. The study suggested that the industry is
more likely to approach economlc éfficiency'if the producer

price and the vendor's margin are based on market forces.

Some milk supply price estimates were calculated for
the case study farm using linear programming and it was con-
cluded that bthe estimates were sufficiently lower than the
actual prices to warrant a change in the price estimating
systen. It was, therefore, suggested‘that quotas should be
made saleable. I saleaﬁle quotas were introduced the prices
at which they changed hands would indicate whether the pro-

ducer price should be increased or reduced.

The other major aspect which requires study 1s the
introduction of more compebtition into the industry. This is
not a simple problem where bhe consumer price is fixed. The
sector in which competition could be introduced with the
greatest advantages is the producer association - treatment
station combination. If there were two of these organisations
in centres of a reasonable size, the allocation of area nomina-
ted quantity increases could be based on their actual operating
costs, the organisation with the lower costs receiving most of
the N.Q. increase. This would provide a greater incentive for
the organisations to increasé 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 alsoiensure that it is
kept at a minimum but again provided that collusion did notb

occur.

The town milk industry at present deals solely with
fresh milk though recently the New Zealand Milk Board has been
invegtigating the possibility of introducing various reconstli-
tuted milk policies. Due to the inefficiency of producing
fresh milk in the winter, it is probablé 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 Government subsidy of approximately 5275,000.
Similarly, Scott(5> found that in the Palmerston 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 &/6,000, In terms of the increase in export earnings

per capita the increase in Palmerston North is much greater

(2) DNuthall P.L. (1966), "The Effect of Three Reconstituted
Milk Policies on Export 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 Dalry Exports if Seasonal Production and
Reconstituted Milk were Used." Unpublished report
prepared for the N.Z.M.B.



than in Christchurch.  This effect is partially due to the
lack of facilities 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 Lo 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 bf 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. Its internal use would also be a good

advertisement.

The acceplbance 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 pasteurised milk there is no doubt it
would take a long time for bthe consumer to accept reconstituted
milk. Another important problem involved is the effect in-
creased dairy exports would have on the price of these products.
With an increased supply the total revenue may remain the same.
For this reason, the released resources may be more profitably

employed if directed to other forms of primary production.



Therefore, while the New Zealand Milk Board and the
Government should be trying to make the present system as
efficient as possible,they should also be thoroughly
exploring the role reconstituted milk can play and putting

into effect the appropriate policies.
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APPENDIX A

THE POSTAL QUESTIONNAIRE

The questionnaire sent to all town supply dairy farmers

in the Christchurch area took the following form:-

1.

(A

WHAT IS THE SURVEYED AREA (in acrea) OF ALI, LAND USED FOR
FARMING (leased and freehold areas)? (Your rate state-
ment will help you answer.) WHAT IS THE SOIL TYPE OF
EACH BLOCK? (State whether light, sandy, medium oxr

heavy)

(a) YOUR HOME BLOCK +es+.. acres cessssesess. SOLL.

(b) OTHER BLOCKS (e.g. run off).

1 seeses ACTES sesesnassasce SOLIL
2 esseaes ACTES esssesosasss SOIL
ebc.

. ON AVERAGE, IS WINTER PUGGING OF YOUR PASTURES A SERIOUS

PROBLEM?

Yes ( ) No ( ) (Tick which applieg)

WHAT WAS THE TOTAL NUMBER OF MILKING COWS (excluding
replacement stock), BOTH IN MILK AND DRY, YOU CARRIED

JUNE 1962? * e 50
JUI@J /]963? LR IR )
JUNE 1961}‘? G o* & & 8 O

WHAT IS YOUR STOCK REPLACEMENT POLICY? (Tick which applies)

DO YOU ( ) REAR YOUR OWN REPLACEMENTS?
( ) BUY YOUR REFLACEMENTS?
( ) PARTLY REAR (...%) AND PARTLY BUY (...%)?



5.

6.

WHAT BREED ARE THE MAJORITY OF YOUR COWSYT ceeeecesasceson

WHAT OTHER FARMING ACTIVITIES (excluding milk production)
ARE YOU CARRYING OUT NOwW? (1964/65 season)

(a)

(o)
(e)
()

(e)

(a)

(b)

OATS ceseoss ACTES
WHEAT cassees ACTES
BARLEY csseese ACITES
PEAS sassess ACTES
POTATOES teceses BCTES
SMATL, SEEDS essssss ACTES

OTHER CROPS:-

Specify kind, ebc. seeveenncscas ceesone ACTES
SHEED : -

Specify kind, elic. ciecoscscasss e s e Duuber
PIGS: -

Specify kind, etc. siesoeronsans ossesss number

OTHER STOCK:-
Speclly kind, etCs verenrcascoas eoeeess number

HOW MUCH NON PANTLY PERBMANENT LABOUR DID YOU EMPLOY
IN 19647 (State number of full time men)

MANAGER seseso
MARRIED MEN cesesa
SINGLE MBEN esanan
YOUTHS (under 20 yrs.) ceenes

HOW MUCH NON FAMILY CASUAL LABOUR DID YOU EMPLOY
IN 19647 (Please give answer in weeks, €.g.,
1 youth for 6 weeks.)
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(¢) HOW MUCH FAMILY LABOUR CONTRIBUTED TO THE RUNNING

OF YOUR FARM IN 19647

(/
YOURSELT (
WIFE
SON (Age «..)(
e}b C ‘s
DAUGHTER

(hge «v.) (

aste.

(Tick if

(If part

average

LI R I I 1

full time)

time please state
hours/week)

hours/week
hours/week
hours/weelk

hours/week



APPENDIX

B

THE MANAGEMENT INPUT AS REFLECTED BY
COWS PER ACRE

When calculating the available grazing area to deter-

mine the cowsg per acre for farms replying to the question-

naire other activities were deducted from the botal area

on the following bases:-

(a)

(b)

(c)

Parms with a majority of

1 acre of cash crop

1 acre of small seeds

6 5.U.(other than cows)

Farms with a majority of

1 acre of cash crop

1 acre of small secds

4 5.U.(other than cows)

Farms with a majority of
sandy soil.

1 acre cash crop

1 acre of small seeds

3 S.U.(other than cows)

heaﬁy soil.

=

=
-3

= 1 acre

acre

acre

mediuvm soil.

1 acre

il

=. % acre
= 7 acre

light or

1

1 acre

q
= 4 acre
= ‘1 acre

T

6



APPENDIX C

LABOUR UNITS

AN

To determine the labour input on farms replying to

the questionnaire a labour unit was assumed to be:-

One man unit %10 man days

it

One man day = 10 hours work by mature man.

The various classes of labour were converted to man units

on the fdllowimg bases (if full time):-

Class Unit
Married man 1
Single man 1
Youth (20-18 years) 0.8
Youth (17-14 years) 0.6
Farmer's wife O.7

Farmer's daughter ( 2 18 yrs.) 0.6
Farmer's daughter (17-14 yrs.) 0.4

(Note ~ if part time, labour was converted
to man units by using the above conversion
 figures and the assumption that one man
day consists of 10 hours work.)



APPENDIX D

DETATLS OF THE BASIC PROGRAMMING TABLLAU.

198

D.1  The Tableau.
The whole tableau will be found inside the back
. COVEI.
D.2 Stock Prices used were:-
Bobby calf | 46/-
Auvtumn calving heifer £48
Autumn calving cow E45
Spring calving heifer £58
Spring calving cow £5%
Autumn born yearling £25
Spring born yearling 520
Dairy beef 40 (571 1bs. at £7/100 1bs.)
Poner cow £25
Store lamb 4O/
Ewe and lambs all counted - 3/-
One year ewe 60/5
D.3 Carrying Capacities of the Stock Feedg:-

Stock Units per Acre

Spring-Summner Summer-Autwnn  Winter

Pasture 10 : o 1.5
Barley Stubble (& Pea) 0.5
Autumn Saved Pasture 8
Pasture for Ryegrass

Seed 2 4
New grass ' 5
Chou moellier 50
F'odder beet 60
Green feed Italian

Ryegrass 12
Green Feed Oats : 8
Maize 20

(Note -~ a 8.U. is a quantity of feed which varies with the
season. . While this system is suitable for sheep farming
it is less so where a production requirement is required

all year.)
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D.4 Hay yields.
Lucerne - 156 bales per acre»f%&f N ﬁi{%‘ﬁwﬁx
Pasture hay, spring-suunmer - 90 bales per acre.
Pasture hay, summer-autumn - 60 bales per acre.

D.5 MWilking Cow Fecd Requirements.

Maintenance Production (per gallon)

Spring-summer 5 8.0 + 2 5.0,
Sunmer-autumn 5 8.U. + 2 8.U.
Winter . 10 8.0, + % 8.0.

D.5 Run Off.

As bhe run off activities are nct shown in Appendix D.7
they are presented here. The run off rotation net

revenues were: -

RO"b ok’ }R/I - a‘%/l ° 64‘

Rot. R2 - £1.8%8

Their feed production wag:=-

Spring—Summer Summer-Autumn Winter
Roto R,] 506 SOUC 200 SoUo 105 S‘Ul
ROt. RZ 2-67 B.U. /liq‘ S'UO 5044‘ SOU

The run off autumn saved pasture activity required 2 3.U.
in summer-autumn 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 Lo be:-

Spring-summer - 0.1 8.U.
Winter - 0,025 5.0,
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D.6 WMiscellaneous.

(a) Irrigation. It was assumed that the size of plant

required to enable:-

1 man bto irrigate %0 acres
2 men bto irrigate 50 acres

% men to irrigate 70 acres

was the same for all cases as one man could not keep the
plant operating for as long as two men, nor two men for
as long as three men. The investment in the plant was
assumed to be £1100, the overhead costs per year £142.56
and the operating costs per acre £5.921. This gave the
following net revenues for the irrigation activity (1)
and the overhead count disposal activity (2):-

| (1) @)
1 man (30 acres maximum) - £8.67% - 84,752
2 men (50 acres maximum) - £6.772 - £2.851
% men (70 acres maximum) - £5.957 - £2.0%6

(Note - see section 5.4,1 for a further explanation of
how the activity was incorporated into the tableau.)

(b) TLabour Costs. (which were deducted ex post)

Married man:- £900 per year.

Single man:- £800 actual wages plus £100
for food, electricity etc,
., total per year £900.
(assumed was competent man)

(¢) Loafing Barn.

Capital cost per cow:- £12.



APPENDIX E

CROP YIELDS

The yields and prices assumed for the crops in

rotvations I and J were:=

Crop Yield/acre Price

Garden peas 40 bu. 15/=/bu.
Wheat ex peas 60 Dbu. 1%3/6/du.
Wheat ex wheat 55 bu. u "
Barley ex peas 70 bu. 8/-/bu.

Barley ex barley 65 bu. i n

Short rotation
ryegrass 45 bu. 20/-/bu.
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APPENDIX F

SOME EXAMPLES OF THE ACTIVITY NET
REVENUE CALCULATIONS

F.1 _Pig (Rear an autumn born heifer calf and sell as a

yearling).
(1) Revenue. £ s a £ S
0.96 of a yearling at £25 24 0O o 24 0

(2) Variable costs.
138 gallons skim milk (powder)

at 9d. 5 3 S
Vaccinations, drench, etc. o 7 0
Interest on invegtment 0 15 0
e 5
(3) TNet Revenue 17 14
F.2 P, (January Calving Cow).
™) ‘Revenue £ s d & s
0.14 of a boner cow at £25 % 10 O % 10
(2) Variable costs
Artificial insemination 1 O 0
Health “1 5 0
Dairy shed expenses 1 5 0
Electricity 1 5 0
Bloat control 0 5 0
Interest on investment 2 4 O
7 4
(3) Net Revenue - % 4
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F.2 P, (Rotation Bq)

&
w
o

(1) Variable Costs : £ s d

(a) 1 acre old grass to chou
moellier

Cultivation and tractor repairs

and maintenance 1 5 )
Seed 0o 12 0
Fertilizer 1 9 6
Cartage o 35 9
Sundry 0 5 0
3 14 0
(b) Summer fallow to new grass
(1 acre) ]
Cultivation and tractor repairs
and maintenance 1 11 10
Seed 2 5 %
Time 5 0 O
Fertilizer 1 0 8
Cartage 0 2 6
Sundry O ) 0
8 3 0
(¢) Average pasture costs for 7
year (1 acre)
D.D.T fertilizer 0O 6 ©
Fertilizer o 14 2
Cartage 0 2 1
Spreading 0 4 6
1 7 0
(2) UWet Revenue per acre of Poy S
0ld grass - chou moellier
0.05 x £5.7 = 0.185
Summer fallow - new grass '
0.05 x £8.15 = 0.407
Pagture 0.9 x £1.535 = 1,215



G.1 The

APPENDIX G

DETAILS OF THE SUPPLY PRICE TABLEAU

Tableau.

the back cover.

The whole tableau will be found inside

G.2 Details of the Butterfat and Pig Production Activity

(a)

(b)

(e)

Physical

Butterfat per cow:i-
Cow replacement rate:-
Cattle death rate:-

Cow calving percentage:-

Bows to cow ratio:--
Production per sow:=-

Sow replacement rate:=

Prices

Butterfat
Boner Cow
Bobby calf

Fat heifers (not in calf)

Porker
Baconer
Chopper

400 1bs,
18%
5%
95
0.1
12 porkers (s. to s.%)
2 baconers (s. o s.)
25%

3/- per pound
£15

36/~

£25

£7.10.0
£11.0.0
£12.0.0

It was assumed that both the cow and sow replace-

ments were bred and reared on the farm.

G.5 Details of the Two Year Ewe Aotiviﬁy

Lambing: -~
Deaths i~ 5%
Wool per head:-

10 1bs.

115% s+ to s. (60% fat off mother)

204

* 3,

to s. = survival Lo sale.
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(b)
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APPENDIX H-

A NOTE ON THE USE OF THE I.B.M. LIBRARY PROGRANNE
10.1.006.

Haslam<q), 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 thé
figure it was at in the programme (40_8) the solutions
obtained were consistent with the original equations.
This problem also occurred in the I.B.M. Library
Programme used in this study (10.4.006)<2) but was over-
come satisfactorily in the same way, i.e., by setting

-6 8

'egssential zero' at 10 instead of 10°°.

After making resource changes after obtaining an initial
solution the card reader would not accept the solver
card deck. This was due to the read instruction being
removed from the sborage when the resource change card
deck was read. This can be overcome by btyping in the

read instruction after making Uthe resource changes.

1)
(@)

Haslam D.A.R. (1965), op.cit., p.147.

The advantage of using programme 10.1.006 compared with
programme 10.1.002 is that all the output can be
~obtéined on cards.
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The procedure is:=-—

After making the resource changes,

(a) Press, on the console, instant stop,
reset, insert.

(b) Type in 4939840 R-S.

(c) Proceed to the solver deck.





