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gross output®. This is done in Figure 7, the correlation co-
efficient for these two variables being highly significant(®.
The independent contribution of fertiliser to output is again
a matter for more sophisticated analysis than we are
attempting here., As with labour, the sharp reductions in
applications of fertilisers during the war were not accom-
panied by corresponding decreases in output.

There was certainly a reduction in the rate of increase,
but not an absolute decline in output, such as could be
expected if output were uniquely dependent upon fertiliser
inputs.

We may assume again that to some extent intensifica-
tion of effort by farmers was a substitute for fertiliser and
lime, as it was for labour. Further than this the important
consideration is the significance of the residual effect of
liming and topdressing. Present indications on many soil
types where topdressing and liming has been regular and

(1) For a more detailed analysis of the relationships between
fertiliser use and physical production, readers should consult another
publication in this series, “Fertilisers, Lime and Farm Production in
New Zealand.” H. D. Orchiston, Lincoln College Technical Publication
No. 15.

(2) Y =— 149.2 4 14.8431 X where Y — Gross output

X = Lime and Fertiliser
(r = 0.88)
i.e., on average, an increase of £lm. in lime and fertiliser has been
associated with an increase of £14.8m. gross output. (Note: Lime and
Fertiliser series — lines 2 and 3 of Table 2.)
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substantial in the last ten years, are that it may be cur-
tailed without endangering production levels, particularly if
stock carrying capacities are fairly high. It is doubtful
whether this level has been reached in many areas before
the war (certainly not in many low rainfall and hilly areas)
so that it is more likely that the substitution effect, and
also technical advances in such fields as grazing manage-
ment, stock management, subdivision and animal health
prevented output from declining to the extent that it other-
wise would have.

At the time of writing it seems fairly clear that reduced
prices for farm products will be reflected in reduced inputs
of fertiliser, unless fertiliser prices also fall correspondingly,
which is not likely. It will be most unfortunate if this cur-
tailment is heavy in those hill and high country areas which
are just beginning to respond to several years of aerial top-
dressing. It will be only those farms which have a high
lime and phosphate status due to many years of heavy top-
dressing and heavy stocking, which will be able to sustain
output for several years with much reduced lime and phos-
phate application.

So far in this section we have discussed only gross out-
put as the dependent variable. But we have already seen
that net output is in many ways a more important concept.
We have seen, for example, that because of relatively larger
increases in non factor inputs than in gross output from
1931-32 onwards, net output has increased by only a small
amount (Fig. 2). Whether this is good or bad economically
depends upon the ends which the country is seeking. If
maximum export earning capacity is the aim, then it may
not be bad, unless there is a heavy import content in the
non-factor inputs. If optimum utilisation of the existing
stock of labour and capital is the aim, then, as we have
stated previously, the important consideration is the rela-
tive marginal net productivity of these factors between
agriculture and industry. The historical trend in net output
need not necessarily bear any relation to the present relative
position. The situation would not be good economically
where gross output was considered the sole criterion to the
extent that the non-factor inputs were employed in agricul-
ture at a level where their real productivity was less than
in industry. In Figure 8, against net output we have again
plotted fixed capital and labour inputs in real terms, and
also a new series-working capital (working capital = non-
factor expenses minus depreciation). The reader will observe
that there is a tendency for labour and working capital to
have moved in opposite directions, which would suggest a
tendency for non-factor inputs to be substituted for labour
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when the latter is in short supply, and for labour to be sub-
stituted for non-factor inputs when in more abundant sup-
ply. Further than this, the fact that this substitution has
not been accompanied by rises in net output would suggest
that it has not always been economic. In other words in the
period from about 1934-35 onwards when farmers were sub-
stituting working capital (fertiliser, lime, seeds, machinery
expenses, contract, etc.) for labour at a fairly fast rate, the
possibility of increase in net output faded. However,
although the correlation co-efficient between these two vari-
ables is negative (—0.2441) this is barely significant. It
is certain that other variables as well are important in deter-
mining the magnitude of non-factor expenses, which in turn
have had a decided influence on the course of net output.
The concluding part of Section II is relevant to this
discussion.

V. NOTES ON THE AGGREGATE SUPPLY OF FARM
PRODUCTS IN NEW ZEALAND

In the complex factors which determine the long term
relative level of farm incomes the aggregate supply of farm
products is of critical importance. By way of a conclusion
to this bulletin we intend to make a few observations on this
subject, arising out of our research in the field of factor
productivity.

This is a subject which has attracted a good deal of
interest from economists in most countries, and there is
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considerable relevant literature.(!’? Most of the attention
has been focussed on the nature of the response of aggre-
gate supply to falling prices for farm products. This
response has been characterised by what we call low (or
even negative) ‘“price elasticity.” That is to say, that the
supply of farm products does not respond with any consider-
able sensitivity to variations in prices. In industry of
course, the tendency is for much higher price elasticity. In
Figure 9 we plot the ratio of prices of farm output to prices
of farm input for New Zealand farming against gross output
for the period being studied. This graph reveals a similar
degree of inelasticity to that which has been observed over-
seas, and of course, which is common knowledge to New
Zealand economists and administrators. In the past in New
Zealand, the response of farmers to lower prices for their
products has not been to reduce output. In fact much liter-
ature on the subject contains suggestions that the reaction
is perverse, that is, farmers tend to increase output in times

(1) e.g.- (a) J. K. Galbraith and J. B. Black: Journal of Political
Economy. 46. 305-323.

(b) Conrad Gislason: Journal of Farm Economics. 34. 83-95.
(¢) D. Gale Johnson: “The Nature of the Supply Function of
Agricultural Products.” American Economic Review: 40. 539-564.

(d) J. L. Bellerby: “The Farm Economist.” III. 325.

(e) G. R. Allen: “The Farm Economist.” VII. 383.

(f) K. O. Campbell: “The Economic Record.” 20. 58.
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of low prices, in order to try to make ends meet.() As a
comment on this alleged “income effect” we should point out
that the increase in the volume of production over the five
worst years of the recession (15.5 per cent on the Govern-
ment Statistician’s index of volume of production) is consid-
erably less than the increase over the previous five years
(24.6 per cent). This could be taken as evidence that the
depression increase was part of, or at least residual from,
the very substantial upsurge in production capacity which
took place in the latter half of the 1920’s.

However, even if this is an acceptable explanation it
does not vitiate the main argument, and this is that price
alone, particularly short term variations in price, does not
appear to exercise a powerful influence on variations in farm
output. Theories which have been advanced for the inflexi-
bility of farm output during periods of falling prices may be
divided roughly into five categories:

(1) Long Production Periods

The argument is that most productive processes in
farming are fairly long term, and that this is respon-
sible for lags in any adjustment which may be planned.
For example, in livestock farming the rate of adjust-
ment is limited by the ability of animals to reproduce,
and with other than pigs this is fairly slow. The com-
monest example is orcharding, where it may take seven
yvears before a tree will bear fruit. Galbraith and
Black® cite the long production periods of many forms
of agriculture, and the accidental effects of weather
which do not allow farmers to “adjust their production
programmes promptly or certainly to changing prices.”

(2) The Incidence of Fixed Overhead Costs

This is probably the most popular explanation. It
is held that the farmer, instead of reducing production
because of lowered prices, may actually seek to increase
it, because of the higher marginal utility of the reduced
income. Galbraith and Black® point out that the
presence of fixed money charges may outweigh the dis-
appointment with low prices and they conclude—*if the
farmer is more influenced by his need for increased
money, he will increase his own expenditure of effort.

(1) Theoretically, if the nature of the demand for farm products is
also inelastic, and for many products it is, then such a shift in supply
as suggested here, can have the effect of reducing farmers’ incomes
still further, by forcing prices down more, proportionately, than it
lifts sales.

(2) Campbell, loc. cit. p. 71.

(3) Galbraith and Black, loc. cit. p. 305.

(4) Tbid, p. 308
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If he is more impressed by the meagreness of the
return, he will decrease his expenditure of effort.”

Campbell, commenting on the Australian situa-
tion, while conceding that “the presence of fixed charges
in a price recession may affect the marginal utility of
money to the farmer, which in turn may cause him to
increase his physical input of labour, which, under cer-
tain circumstances, results in the maintenance or
increase of the output of the farm,” suggests on the
other hand that “fixed charges may cause a reduction
in supply, since their existence, when prices are falling,
may cause a reduction in available cash resources so
that cash expenditure on variable factors is reduced,
resulting in all probability in reduced output.” He con-
tends that this is a more realistic explanation of the
curtailment of expenditure on variable cost factors than
that which suggests that it represents an attempt by
the farmer to equate marginal variable costs with
marginal returns.

(3) Nature of Costs in Farming

The main thesis here is that the nature of farm
costs at the normal operating level of most types of
farms is such that the savings which can be made by
curtailing production are not always substantial. In
other words, the marginal cost curve is steep over the
relevant portion, so that when average price rises or
falls the optimum level of output does not alter signifi-
cantly. A protagonist of this idea in the United King-
dom in recent times has been Bellerby( but he has
been criticised by Allen® on the grounds that he has
cited too narrow a range of farm products and farm
types.

(4) Flexible Factor Costs in Agriculture

This theory is that prices of many factors used by
farmers, have in times of depression been reduced, so
that the farmer finds his most profitable output to be
no less than previously. D. Gale Johnson®) offers this
explanation for the behaviour of American aggregate
farm output in the early 1930’s, and gives some statis-
tical support. Similarly Allen® finds support for this
argument in some New Zealand figures which he
publishes.

(5) Inelastic Supply of Land and Elastic Supply of Labour

We have already shown that there was consid-
erable human migration to farms in the early 1920’s,

(1) Loc. cit. pp. 68-69. (4) D. Gale Johnson. Loec. cit.
(2) Bellerby. Loc. cit. (5) Loc. cit. p. 387.
(3) Allen. Loc. cit.
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but have suggested the possibility of a good deal
of disguised unemployment being present. However
the fact is that the absence of alternative opportunity
did maintain and bolster the farm labour force, which
must have had some influence on changes in the level of
aggregate farm output.

Allen™ makes the interesting suggestion that the
migration effect would be of much smaller importance
in the event of another depression, due to a progressive
loosening of the human ties between town and country,
and to the growth of unemployment relief.

These then, albeit very roughly and superficially sum-
marised, are the principal hypotheses which have been made
to account for the nature of the aggregate supply of farm
products. They have all obviously some relevance.

But the present writers undertook this research, the
broad results of which appear in the previous sections of this
bulletin, with the basic idea of getting behind the simple
relationships which exist between changes in prices and
changes in ouput, by investigating the nature of the produc-
tion function for New Zealand agriculture, with time series
data. Because of this work, it is now possible to make
some suggestions of a fundamental nature about the supply
of farm products. If these are not always entirely new, they
at least underline or substantiate previous suggestions which
may not have been empirically tested for validity.

The basic causes of expansion in the supply of farm
products are: (i) changes in the quantity of “ouput gener-
ating” inputs; (ii) technological and managerial change. It
is fairly clear from our analysis of the input-output relation-
ships in New Zealand farming since 1921 that the principal
“output generating” inputs come under the general head-
ing of investment, and include investment in fixed capital
improvements, i.e., fencing, drainage, water supplies, build-
ings, ete., investment in lime and fertiliser, investment in
plant and machinery, and investment in a category which
we have called current inputs, including all non-factor
expenses, other than depreciation and investment in live-
stock. In any attempt to explain the basic determinants of
agricultural supplv, we must therefore be concerned with
the “investment function.” What determines the level of
investment in farming? If we were to accept that profit
motives alone were important in the farm business then we
should say that the expected return on the capital invest-
ment, in relation to its current cost (the “marginal effici-
ency of capital”) is the prime determinant, as it is assumed
to.be in industry. However we know that in agriculture

(1) Loe. cit. p. 390.



there are some strong non-economic motives at work, which
are related to the concept of “family farm living,” and farm-
ing as a way of life, but we do not feel that these non-
economic considerations mitigate against the general thesis,
that investment in farming is primarily a function of net
farm incomes. The source of most development capital in
farming is undoubtedly farm profits. The idea of “plough-
ing back” is uppermost in most farmers’ minds when they
are making profits, and the driving force behind this is
the strong desire to improve the farm, its productivity,
appearance and stability. It could be added that a spirit of
competition often has a large influence. The farmers who
can resist the urge to follow the successful practices of their
neighbours are rare, and when farm incomes are high this
rivalry has a substantial basis on which to operate,

Investment Functions in New Zealand Farming

We have chosen to illustrate investment functions in
two ways. Firstly we illustrate the level of total real invest-
ment (Improvements, Livestock, Plant and Machinery, Cur-
rent Inputs) as a function of real farmers’ income(), and
secondly because of the essential importance of lime and
fertiliser as ‘“‘output generating” factors, we illustrate the
level of lime and fertiliser usage as a function of real
farmers’ incomes.
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In Figure 10 we have plotted total real investment in
farming against farmers’ real income for corresponding
years. The regression line() plotted by means of least
squares reveals that an increase of £100 in real farmers’
income is associated with an increase of £81 in real invest-
ment. Again we must point out, that this simple regression
analysis does not permit us to postulate a direct causal
relationship between real farmers’ income and real invest-
ment, because there may be other factors involved. For
example, depreciation allowances affect investment in
machinery, technical innovation such as aerial topdressing
affects investment in “current inputs.” Investment in live-
stock may be influenced by climatic conditions, good sea-
sons encouraging the build up of flocks and herds, and also
by technical developments in pasture production. It is
appropriate to add that a period of rapid increases in sheep
numbers (investment) as, for example, in the 1920’s and
1950’s may be followed by increases in the supply of meat
and wool accompanying falling prices. This is not, as has
been suggested, a case of negative supply elasticity, but is
rather a case of slowing down in the rate of investment. A
decision not to increase the numbers of hoggets reared is a
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decision to slaughter more lambs(). However the above
correlation is quite high, and leads to a substantial justifica-
tion of the view that the major factor determining the level
of real investment in farming is farmers’ net incomes.

In other words the notion of the aggregate supply of
farm products can not be considered without reference to
the level of met farming incomes. For we have already
illustrated in the section on input-output data that there is
a significant relationship between the level of capital inputs
(the result of investment) and gross output.

The argument is pushed a little further in Figure 11
where fertiliser and lime usage is plotted against real
farmers’ incomes. As a small added refinement the former
is lagged one year, on the assumption that farmers’ top-
dressing and liming plans will be more influenced by the
previous year’s income than by current income. The least-
squares equation(® reveals that change of £1,000,000 in net
income is associated with a change of £80,000 in the input of
lime and fertiliser. We have already emphasised the role of
lime and fertiliser in the determination of gross farm out-
put. It will be recalled that the correlation coefficient was
very high (0.88).

Thus, the argument that the influence of farmers’ net
incomes on the aggregate supply of farm products is sub-
stantial receives further reinforcement. But now we are
faced by a powerful rejoinder, which is that during times
of depressed farm incomes the supply of farm products con-
tinues to flow in an unabated way. Can we account for this
and still leave our investment-function argument intact? In
attempting to, we turn to two final concepts, those of excess
capacity, and of technological and managerial innovations.

Excess Capacity

Wherever a firm is operating under circumstances
where it would be possible to expand output with little or
no addition to the supply of resources (land, labour, capital)
we say that there is excess capacity. There is some empiri-
cal evidence that this state of affairs is not unusual in
industry, and may result from the existence of indivisibili-
ties, or from the nature of the market, or from the exist-
ence of non-economic motives.

We suggest that a comparable sort of excess capacity
exists in farming, although not necessarily for the same
reasons. The art of stocking a farm is not so refined and

(1) This idea has been rigorously developed by A. R. Bergstrom.
“Elasticities of Demand and Supply for New Zealand Meat and Dairy
Produce,” Section K, A.N.Z.A.A.S. 1957.

(2) Y = 0.13 4 0.08X where Y — Lime and Fertiliser
X == Real Farmers’ Income.
(r = 0.77—highly significant).
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precise that a farmer can make an exact decision as to the
carrying capacity of his farm, and in general, particularly
when prices are good, he will tend to stock at a level which
he considers gives him a safe margin against seasonal fluctu-
ations. In fact it is only the most highly skilled and efficient
managers who can stock at such a level that they do not
have surplus feed in seasons which are better than average.
A typical dairy farmer for example, when confronted by
falling income may with little difficulty do one or more of the
following things. He may retain an extra four or five heifer
calves, and have them in milk in two years’ time. He may
retain a few extra old cows which he would normally dispose
of, but which would milk quite comfortably for another sea-
son with some special treatment. He might rear a few extra
pigs either by saving extra sows from litters, or by buying
sows. He can do all these things without loading his exist-
ing labour force or facilities more than previously, and in
general without endangering his feed supply. A few extra
refinements in the rationing of grass and supplementary
feed would normally take care of this. Similar adjustments
may be made on sheep farms. On mixed arable farms it
would normally be possible for farmers to take up any excess
capacity by sowing an extra paddock of cash crop, without
reducing sheep numbers. If this excess capacity existed in
only a small way on a proportion of our 90,000 rural hold-
ings, the effect of the above adjustments could be quite
substantial and could go a considerable way towards explain-
ing the reaction of aggregate farm output to falling incomes.
We have suggested in the previous section on input-output
relationships, that there are likely to be residual effects
from investment in improvements and fertiliser which will
help to sustain output at least at the previous level. Berg-
strom’s argument concerning the effect of slowing down the
rate of investment in stock on meat output, is also relevant.

However, it is clear that these suggestions could hold
over only a limited range of increased output and for a
limited time, and that ultimately fresh injections of capital,
in the form of farm improvements. fertiliser and other
inputs and stock, would be necessary if further increases are
to be generated. Great increases in output can not be
achieved with only great increases in effort.

Technological and Managerial Innovations

Of all the factors which contribute to farm output the
most difficult to isolate are management and innovation. It
is clear that if on a particular farm we produce in one year
an output of 1,000 units, and in a subsequent year (environ-
mental conditions remaining the same) we produce 1,500
units by the use of exactly the same quantity of inputs, the
increase in output may be ascribed to improvements in the

38



quality of labour or to management and innovation, i.e., the
way in which these inputs are organised. For example, a
dairy farmer without employing any additional tangible
inputs, may increase his output substantially by adopting
strip grazing techniques or by using artificial breeding.
There are great numbers of similar possibilities. If then
we had some statistical device which enabled us to determine
variations in output per unit of aggregate input, this would
give us an indication of the role of management and innova-
tion during the period being studied.

The statistical problems are difficult, and the method
we have adopted here can only be regarded as a preliminary
attempt, which we hope to refine subsequently.

Aggregate input has been divided into four components:
(a) Land; (b) Fixed capital; (¢) Labour; (d) Working
capital (i.e., non-factor inputs). For land the first step was
to estimate the average per acre unimproved value of occu-
pied rural land for 1949-50 from the published figures (New
Zealand Year Book). This figure was then applied to the
published area of the occupied rural land for each year, and
the input of land calculated at five per cent of these real
figures. The fixed capital input was estimated at five per
cent of our series of real fixed capital, five per cent being
regarded as an appropriate rate of interest for the whole
period being studied. For labour, a figure of £350 (the aver-
age farm wage rate for 1949-50) was applied to the Labour
Department’s series on farm employment. Finally the
working capital component of aggregate income, is our
series of real current inputs.

The results of these calculations are given in Table 7.
Our calculated figures for real aggregate inputs are shown
against real gross output (gross output in 1949-50 prices).
In the third column output as a ratio of input is expressed
as an index number series, with the base 1949-50 — 100.
This reveals that output per unit of aggregate input has
increased over the whole period of 32 years by about 21 per
cent. This is an average rate of 0.64 per cent per annum.
In other words, it could be argued that had inputs remained
at the same quantitative level throughout the period being
studied, output would have increased by about 22 per cent
due to the more efficient use of these inputs(?). This is the
contribution to total increases in output which may be
ascribed to management and innovation.

If we now look more closely at Column 3 of Table 7,
we note that the average increase in output per unit of input

(1) Schultz (“The Economic Organisation of Agriculture” 1953,
p. 109) has found that when using 1946-48 input prices for weighting,
output per unit of aggregate input increased at an average rate of
1.35 per cent per year for 40 years to 1950 for American agriculture.
Using 1910-14 weights the result was 0.80 per cent.
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which we have been discussing, is not reflected by a steady
rate of increase. In fact it has behaved quite capriciously.
It rose steadily during the first ten years of our period, but
when the great depression really began to be felt in the early.
1930’s it gave a sharp jump from 93.8 in 1929-30 to 107.8
in 1933-34, an increase of 5.6 per cent in four years. The
index was showing a tendency to fall in the late 1930’s but
rose again quite sharply in the early war years. Since
1948-49 there has been a marked tendency for it to fall.

TABLE 7

CALCULATION OF OUTPUT PER UNIT OF AGGREGATE INPUT
IN NEW ZEALAND FARMING, 1921-22/1953-54

(1) (2) (3) .
Output per Unit
Index of Gross Index of Aggregate of Aggregate

Output Input Input
1949-50 = 100 1949-50 = 100 1949-50 = 100

1921-22 vis 50.3 61.4 81.9
1922-23 bo 51.3 62.5 82.0
1923-24 i 52.5 64.0 82.1
1924-25 Ky 54.1 64.7 83.6
1925-26 s 52.5 . 66.0 79.5
1926-27 % 55.5 67.8 81.9
1927-28 o 61.4 69.7 88.1
1928-29 al 64.2 70.5 91.1
1929-30 s 67.5 72.0 93.8
1930-31 o 68.3 73.0 93.6
1931-32 w0 68.3 73.6 92.8
1932-33 2 78.0 74.5 104.7
1933-34 . 80.5 74.7 107.8
1934-35 I 78.0 75.4 103.4
1935-36 " 82.0 76.9 106.6
1936-37 % 84.5 78.1 108.2
1937-38 %2 84.5 79.6 106.1
1938-39 v 81.3 79.9 101.8
1939-40 s 84.6 82.1 103.0
1940-41 ik 93.5 82.0 114.0
1941-42 o5 90.2 79.9 112.9
1942-43 s 87.0 81.5 106.7
1943-44 5 86.2 84.5 102.0
1944-45 - 93.5 89.1 104.9
1945-46 7 87.0 86.3 100.8
1946-47 - 90.2 83.8 107.6
1947-48 3% 92.7 88.5 104.7
1948-49 3ie 95.9 88.1 108.7
1949-50 s 100.0 100.0 100.0
1950-51 i 103.3 106.6 96.9
1951-52 203 102.4 105.7 96.9
1952-53 - 107.3 108.8 98.6
1953-54 . 108.1 108.5 99.6

It may now be clear to the reader that if we omit the
war years, when the shortage of such important inputs as
labour, fertiliser, fencing wire, etc., complicates the issue,
there has been a tendency for output per unit of input to
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Improvements to Land

This series is derived from the published statistics of
the value of improvements in the Government valuations of
rural counties. These have been deflated by our own index
of the cost of improvements, thus giving the real value of
improvements at 1949-50 depreciated replacement cost. The
method suffers from some deficiencies which are indicated in
the Economic Record article.

Appendix 3: Notes on Table 4. Annual Real Gross Invest-
ment in New Zealand Farming.

Column 1—Plant and Machinery. Changes in real value
of machinery from Table 3.

Column 2—Livestock, Changes in annual real value
from Table 3.

Column 4—Current Real Inputs. Changes in annual real
inputs, line 11, Table 2, less depreciation.

Column 6—Changes in real value of improvements
(Table 3) which is measured net of depreciation. To this is
added therefore real depreciation on buildings and structures
as in line 9(i) of Table 2.

43









	Blank Page

