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4 Total factor productivity and alternative
measures of farm size

A P Power & J M Watson

INTRODUCTION

The average size of agricultural holdings in England and Wales has been increasing
for many years. This has a number of policy implications, one of which is the
reduced opportunity for entering the industry. This issue, like many others, needs
to take account of the effects of economies of size, which is one among a number
of factors leading to larger farms. Consideration of economies of size entails
measurement of those economies and assessment of their impact — particularly
the identification of the range of farm sizes over which they apply. Since
measurement requires a yardstick, this paper deals with the awkward fact that
different measures may indicate different sizes of farm above which economies
are less likely to be obtainable. It provides a preliminary report on research on
this aspect of the subject and, in particular, concentrates on the relationship
between efficiency and size at the lower end of the farm size spectrum.

A direct link between efficiency {or productivity) and firm size may be
expected to exist, with economies of size stemming from effects that are either
internal or external to the firm itself. In agriculture, economies of size may be
largely internal to the farm although external economies in the form, for
example, of enhanced market or bargaining power can be realised. Cooperation
and group activity make possible, even for very small farms, the realisation of
such external economies as bulk purchasing of inputs or marketing of products at
favourable prices.
ited The internal economies partly derive from the indivisibility, or ‘tumpiness’, of
a number of the inputs used in production, eg buildings, tractors or combine
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harvesters and even labour. Some indivisibility problems can be overcome by, for
example, renting machinery, hiring casual labour or using contractors. The bigger
and more expensive the item the more likely this will be and many farmers will
hire a combine harvester or casual labour at periods of peak and very heavy
requirement, However, this is by no means a general solution to the problems
posed by input lumpiness. Thus when a farmer owns a tractor and hires a fulltime
worker he can generally expect to achieve economies if the size of his business
increases from a level at which either a tractor or a hired man, or both, are
under-employed to the point at which they, and perhaps his own managerial
input, are fully employed. In this case the fixed costs represented by management,
the tractor and the workman are spread over a greater volume of production and,
provided other costs per unit are unaffected, his average unit cost is reduced.
Such economies derive from a change in average productivity as a result of i
altering the proportions of the fixed and variable inputs used. Economies of size I
include, as a special case, economies of scale which occur when all inputs are

increased proportionately and output increases more than in proportion, again

resulting in a reduced average unit cost {Vlastuin et a/, 1982).

RECENT WORK AND CURRENT OBJECTIVE
Recent work in Britain on the size or scale of farms can conveniently be thought
of as dating from the report Scale of enterprise in farming (Natural Resources
{Technical) Committee, 1961). The next major contribution was Size and
efficiency in farming (Britton & Hill, 1975) followed by Size and efficiency in
Scottish agriculture {Dellaquaglia, 1978) and Farm size, efficiency and economies
of size {Lund & Hill, 1979). During this period much work on the subject was
undertaken abroad — particularly in India and the USA — and there were also
significant contributions to the general literature on the measurement of firm size.
In the recent work on size and efficiency in British agriculture, efficiency
was measured by the ratio of the value of total inputs to that of total outputs
— henceforth referred to as total factor productivity (TFP) (this is not TFP in
the general economic sense, Lund & Hill, 1979) — and farm size either by area or
standard man days (smd). However, despite the use of a common concept of
efficiency (TFP) in these studies, there are problems in comparing them. These
stem from differences in definition and from measurement errors, and it is
unclear to what extent the use of different size measures affected the results
obtained. So much is evident from the exchange between Lund and Sutherland
{Lund, 1983; Sutherland 1983) although both agree that the choice of size
measure ultimately depends on the purpose of the study. This agreement serves to
underline, rather than resolve, two broad issues; the most acceptable measure of



farm size for general purposes and the extent to which the use of any particular
size measure may affect the picture of the TFP/size relationships.

The object of this paper is to weigh the evidence from an examination of the
observed associations between TFP and the principle alternative measures of
farm size, and to consider the extent to which the use of a particular size measure
may change one’s perception of the incidence of economies of size in agriculture
in England and Wales, particularly among smaller farms, As in recent British
studies no attempt is made to infer causal relationships from the observed
associations between TFP and size of farm.

DATA AND SIZE MEASURES

All the recent work on size and efficiency in this country has been based on
Farm Management Survey (FMS) data for England and Wales; this paper is no
exception. However, the FMS has not remained unchanged and this has meant
that the definition of TFP has varied between studies. The Natural Resources
(Technical) Committee {1961) and Britton & Hill {1975 & 1978) used gross
output per £100 inputs {including farmer and wife labour}, whereas Lund & Hill
(1979) used total enterprise output per £100 inputs, including farmer and wife
labour, but excluding stock appreciation for breeding livestock. Total enterprise
output is gross output excluding any profit or loss on the sale of previous years’
crops plus the market value of home produced feed (excluding forage) and seed.
Out study uses another variant: total enterprise output per £100 inputs
(including farmer and wife labour) but with depreciation of machinery,
glasshouses and permanent crops calculated at current cost rather than at
acquisition cost as in the previous studies. This effects an improvement looked
forward to by Lund & Hill {1979). Like the Natural Resources {Technical)
Committee (1961) and Britton & Hill (1975 & 1978), but unlike Lund & Hill
(1979}, we include in output the stock appreciation for breeding livestock.
Although in principle it would be preferable to exclude such stock appreciation
since it leads to errors in the measurement of output, this has not proved -
immediately possible; we hope to assess the effect of its exclusion in future
work. The limitations of TFP as calculated from FMS data are thoroughly
discussed by Lund & Hill (1979) and need not be repeated here.

The Natural Resources (Technical) Committee (1961) used only area as a
measure of size, adjusting any rough grazing in sole right to permanent pasture
equivalent. Lund & Hill (1979) and Britton & Hill (1975 & 1978) used both
area and 1968 smds. However it was Sutherland (1983), rather than Britton &
Hill (1975 & 1978), who claimed that ‘for the same data from any given sample
of farms, efficiency will indeed appear to increase more rapidly with size
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measured in smd than with size measured in acres’. He argued this in response to
the MAFF evidence to the Northfield Committee {(MAFF, 1979) which noted
that rankings of individual farms by smd size were not identical with those by
area, but nevertheless claimed that broadly similar results would be obtained if
area were to substituted for smd. This paper considers this issue as part of a
more extensive analysis of the relationship between TFP and size for twelve
measures of farm size. These may be grouped as shown below as input based,
output based, and, from these standpoints, hybrid, measures of farm size, Some
of the measures are physical and others financial in nature; some are generally
applicable while others (eg cereal area, number of dairy cows) are specific to
particular farm types. The measures conventionally used in TFP/size studies

of agriculture are area, smd and now European Size Units (ESU). The twelve
measures included in this study are:

total area

annual labour units

tenants’ capital

total inputs (including farmer and wife labour)
total livestock units

number of dairy cows

cereal area

total enterprise output
turnover

standard man days (1968) .
standard man days (1976) Hybrid
European Size Units

Area is probably the most commonly used measure of farm size, perhaps
because it is relatively easy to measure and, therefore, fairly readily available.
That does not mean that it is necessarily the best measure of size for all purposes,
although it plays a role in some policy decisions and is likely to continue
to do so. The definition used in this paper is total area which includes crops,
grass, rough grazing (sole right), woodland, buildings, roads, water, etc and
corresponds to the measure of total area in the June agricultural census.

Cereal area was used as a specific size measure for specialist cereals farms and,
by the same token, numbers of dairy cows and numbers of livestock units were
included as pertinent measures for specialist dairy farms.

The MAFF introduced smd in the late 1950s {Cracknell & Palca, 1959) as a




means of classifying farms by size and in the early 1960s (Napolitan & Brown,
1963) for classification by both type and size, though earlier use of them for
these purposes had been made in Scotland (Scola, 1952). For some time it had
been felt that there were drawbacks to area as a measure of the size of business,
but it was not until computing services were made available that it became a
practical possibility to carry out the enormous number of calculations required
to set up an smd typology. Then experiments in classifying and sizing farms
using smd, standard outputs and standard gross margins (SGM) were undertaken
and smd were adopted as the new basis of classification.

The smd weights were revised on a number of occasions, in particular in
1968, and were intended to be updated every three years. However, by the
early 1970s, labour was no longer the major input to most farming enterprises
and a reexamination of farm classification was undertaken. This work was
suspended on entry to the EC when it became apparent that a harmonised
system of farm classification was required for member states. While discussions
were in progress a revised set of smd weights was issued in 1976 as a stop gap
measure unti! the new EC system became available. A classification system
based on ESU was agreed in 1978; since 1978/79 the FMS has been published
using a modified version of this. Some analysis of the June agricultural census
has been carried out on the modified system and since 1980 results have been
produced by both ESU and 1976 smd. Both 1968 and 1976 smd weights, along
with ESU weights, were available for this study.

Total enterprise output {TEQ) and total inputs (including farmer and wife
labour) (T1) are included as measures of business size. They are the numerator
and denominator respectively of the TFP ratio. Both vary as prices change and
the former is particularly sensitive to variations in yields. The remaining measures
of size considered — turnover, tenant’s capital and annual labour units (ALU) —
correspond to measures of firm size commonly used in industrial studies
{Newbould & Wilson, 1977). It seems that these latter are used more because
they are readily available than because they have anything in particular to
commend them. However, they may all be useful in particular contexts as is
shown by the analysis of firm size by trade classification and turnover size group
undertaken by the Business Statistics Office {1981, 1982, 1983) using data for
firms on the VAT register.

COVERAGE AND METHOD

Examination of the effect of using different measures of farm size on the
TFP/size relationship has been restricted to four farm types, namely, specialist
dairy and specialist cereals farms and mainly dairy and general cropping farms.
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This is because such farms are not likely to have their output, and hence their
TFP, too seriously distorted by trading livestock stock appreciation and because
the FMS contains fairly large numbers of them. The data for these farm types
were extracted from the 1981/82 tapes for England and Wales. These tapes
contain the basic data for all the farms in the survey together with aggregates of
certain physical and financial items for each farm. They also contain codes
allocating each farm to a farm type in each of four systems of farm classification.
The four systems, or typologies, are based on smd with 1968 or 1976 weights,
SGM used in the EC Farm Accounts Data Network (FADN), and a modified
version of the latter, The farm types as defined by the modified FADN typology
provide the basis of this study, in contrast with the studies by Britton & Hill
(1975 & 1978) and by Lund & Hill (1979) which were based on farm types as
defined under the smd (1968) system.

in the previous analyses farms were subdivided into preselected area or smd
size categories; the categories chosen were the customary ones used in presenting
distributions of farms by area and smd. This procedure is not well suited to our
present purpose since these categories are specific to particular measures (ie area
or smd) and their use allows no analysis of the effects on the TFP/size relationship
of substituting one measure for another, The method followed in this study was
to take the farms in the 1981/82 FMS in each of the four farm types considered
and rank them in order of increasing size, according to the particular measure
being used. The ranked series were then divided into ten subgroups so that the
smallest 10% of farms comprised the first subgroup, the next smallest 10% the
second subgroup and so on to the largest 10% of farms which formed the tenth
subgroup. The mean size and mean TFP were then calculated for each subgroup.
Also within each subgroup the farms were ranked in order of increasing TFP
and the mean size and mean TFP calculated for the top and bottom 25%.

This procedure was repeated for each of the size measures used and means
that any observed differences in the TFP/size relationship due to the different
size measures are the consequence of some proportion of the farms being
classified to different subgroups under alternative size measures. ldentification
of the frequency and extent of such reclassification lies at the heart of our
analysis. ' '

RESULTS

Before moving on to a consideration of the results of the main analysis using the
method just outlined, some results are presented for 1981/82 on a similar basis to
those provided by previous researchers. Figures 1 and 2 show the relationship
between TFP and size for specialist cereals and specialist dairy farms when size is




Figure 1

Specialist cereals farms: graphs of mean total factor productivity against various

measures of mean size, 1981/82.
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Figure 2
Specialist dairy farms: graphs of mean total factor productivity against various
measures of mean size, 1981/82.
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measured for both farm types by total area, 1968 smd and ESU, and by cereal
area and number of dairy cows for the specialist cereals and the specialist dairy
farms respectively. They show the familiar pattern at the means for ail farms and
for the top and bottom 25% of farms in each farm type. This pattern is one of
marked positive association between TFP and size among the smaller farms with
the relationship either less pronounced or absent among the larger farms. There
is also a tendency, among the largest 10% of farms, for the average size of the
25% less efficient farms to be larger than that of the 25% most efficient farms,
under all size measures.

A general summary of the main results is given in Figures 3 to 6. This type of
presentation cannot be used to illustrate the precise differences introduced into
the TFP/size relationship by the various size measures employed, but it does
serve admirably to identify, or confirm, three major matters of general and quite
fundamental interest. These are that:

(i) the positive association between TFP and size is marked among the

smaller farm subgroups for all four farm types;

(ii) some of the size measures produce more variable and erratic, sometimes

even conflicting, results than others.

{iii} a fairly distinctive pattern of TFP/size relatlonshnp is observable for each

farm type. Thus for general cropping farms (Figure 3) the overall picture is

one of a steep rise in TFP as farm size increases, with a levelling off at about
the fourth to fifth subgroup and some suggestion of a decline in productivity
in the largest subgroup. With specialist cereals farms (Figure 4), on the other
hand, the impression gained is one of continuous improvement of TFP over
virtually the whole range of subgroups. Like the general cropping farms there
is a more pronounced positive association between TFP and size at the lower
end of the farm size spectrum. There is also an indication of a flattening out
or even a reversal of the relationship in the largest subgroup of farms. Specialist
dairy farms (Figure 5) display an overall pattern which is akin to that for the
specialist cereals type except that the positive TFP/size association is more
marked for the first two subgroups, perhaps a little less marked subsequently
and there is no suggestion of a negative relationship in the largest subgroup
of farms. Finally, the picture for mainly dairy farms (Figure 6) differs in one
major respect from all the others: having shown the expected positive
relationship for the smaller subgroups, there is a general tendency for TFP to
be negatively related to size from the fourth to fifth subgroups onwards.

Figures 7 and 8 provide a closer examination of some of the more conventional
size measures. Average TFP is plotted against average size for each subgroup of
the size distributions of all four farm types. The graphs show TFP increasing
with farm size up to some limit in each case. However, the large range of TFP
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within each subgroup is indicated by the standard deviations of the overall
means shown in Tables 1 to 4 and implies that the relationship between size and
TFP is generally weak and that TFP would have to be accounted for by many
factors other than size.

Figure 7 compares the effects for the four farm types of using total area,
ALU and smd as size measures. In all cases (except for ALU when measuring
specialist cereals, specialist dairy and mainly dairy farms) the marked positive
relationship between TFP and size for the smaller farms is evident. However, the
point beyond which economies of size become less marked varies with the
measure and also by farm type. For example, this point occurs in general

cropping farms at the third subgroup with ALU as the size measure, at the
fourth with 1968 smd as the yardstick and possibly as high as the sixth with
total area. In specialist dairy farms there seems to be a strong positive TFP/size
relationship for smd up to and including the fourth subgroup that is less apparent
with the other measures. For the mainly dairy group, TFP peaks at the fourth
subgroup with smd and ALU and at the fifth with total area. The most notable
feature of the specialist cereals farms is the generally continuous increase in
TFP with smd size over the first nine tenths of the size range.

Figure 8 shows the TFP/size relationship using Tl and TEO as size measures.
Both these show TFP steeply rising with size up to and including the third
subgroup of specialist cereals farms. There is a less marked, but still generally
positive relationship thereafter, peaking at the eighth and ninth subgroups with
Tt and TEO respectively. By comparison economies of size are exhausted
relatively rapidly in the case of mainly dairy farms. With TEO as the measure
specialist dairy farms continue to exhibit modest increases in TFP after about
the fourth subgroup.

Figures 7 and 8 also provide information on two points discussed by Lund
(1983) and Suthertand (1983) in their exchange. Figure 7 shows that, for a given

- group of farms, TFP does appear to increase more rapidly when their size is
measured in smd rather than in area; however, the effect is quite small. The
evidence in Figure 8 demonstrates the fact that a ratio will tend to be more
positively related to its numerator than to its denominator, but again the effect
is not very pronounced.

The main feature of the group of measures in Figure 9 is the reasonably close -
similarity of the TFP/size relationship they portray, despite their different
conceptual bases. Once again all these measures show a marked positive association

between TFP and size among the smaller farms in all farm types.

The underlying reason why different size measures show different patterns of
economies of size for the same group of farms is because farms change their rank
as the measure is changed. Naturally some reordering of farms will take place




Figure 7

Comparisons for each farm type of the associations between mean total factor
productivity and mean size indicated by the alternative size measures: total area,
annual labour units and 1968 SMDs, 1981/82.
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Figure 8

Comparisons for each farm type of the associations between mean total factor
productivity and mean size indicated by the alternative size measures: total
inputs including farmer and wife labour and total enterprise ouput, 1981/82.
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Figure 9

Comparison for each farm type of the associations between mean total factor
productivity and mean size indicated by the alternative size measures: total ESU,
turnover and tenant’s capital, 1981/82,
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the conclusion must be that, in assessing the association between TFP and
farm size, the choice of farm size measure will influence the results obtained,
particularly any estimate of the farm size range above which economies of size
either cease to occur or decline markedly. However, the analysis is a preliminary
one in certain respects: it is for one year only (1981/82) and it covers only four
farm types of the Farm Management Surveys for England and Wales. Further
work is required to extend the analysis in time and coverage.

APPENDIX

IDENTIFICATION OF THE CRITICAL FARM SIZE RANGES :
ABOVE WHICH ECONOMIES OF SIZE MARKEDLY CHANGE |
Analyses based on average subgroup data are not very amenable to statistical '
testing. They indicate only approximately the farm size ranges above which the
relationship between TFP and farm size changes markedly. However, since these
size ranges are of interest the following method is suggested as a possible means
of locating them more precisely. Since the method is time consuming and
experimental its application has been restricted to specialist cereals farms and
to the three more conventional farm size measures.
The procedure involved repeated and sequential estimations of simple linear
regressions by least-squares between TFP and size using individual farm data. To i
begin with a regression was run on the smallest 10% of farms and then repeated '
on the remaining 90% of farms. The difference between the estimates of the
two slope coefficients was recorded. A second pair of regressions was then
estimated, this time for the smallest 10% of the farms plus the ten next smallest
farms and then for the remaining farms; once more the difference between the
estimates of the two slope coefficients was recorded. This procedure was
repeated, each time with ten farms being transferred from the second to the
first group of farms, until it became clear that the difference between the slope
coefficients of each successive pair of regressions was either continually 4
diminishing or remaining relatively constant. The point of largest difference in
slopes, in a series of differences which first generally increase and subsequently
decline, indicates the farm size range within which economies of size apparently
either cease to be obtainable or begin to decline in importance. Whether or not
the economies cease completely, or merely decline in magnitude, depends upon
whether the coefficient relating TFP to size for the group of larger farms is found
to be significantly different from zero. This procedure can be used to identify
more than one marked change in the rate at which TFP rises with size.
The step by step linear regression approach used approximates for a



relationship between TFP and size that may be non-linear in form and this may
entail bias in the estimates obtained. |f the results are judged on the evidence
provided by the graphs, however, the bias would not appear to be a very serious
problem with the measures used. Nevertheless where the relationship between
TFP and size is markedly non-linear the estimated slope coefficients will be
subject to considerable bias.

The results are summarised in Table 10. Column 1 indicates the percentage
ranges of the farm size distributions within which economies of size change
markedly. It appears that the critical percentage ranges are not very different for
the three conventional measures. The corresponding actual size ranges are given
in column 2. The estimates of the slope coefficents {columns 3 and 6) on which
the identification of the ranges depends are all highly significant with the
exception of that for the larger group of farms when total area is used as the
measure of size.

There are a number of important qualifications that must be made concerning
these results. In the first place they reflect broad aggregate relationships and
cannot be interpreted as applying in any way to individual farms which can, and
do, depart very noticeably from the average as the sizes of the standard deviations
in Tables 1 to 4 show. Secondly, the size ranges given relate to the maximum
difference between the slope coefficients and there are other size ranges over
which the economies of size obtainable may still be considerable. Thirdly,
economies of size are obtained, but at a reduced rate, by the larger group of
farms when size is measured by 1968 smd and ESU. Fourthly, the observed
TFP/size relationships are weak as indicated by the values of the correlation
coefficients shown {columns 5 and 8). Finally it has to be stressed that we have
not attempted to explain how TFP is determined, but have merely estimated
degrees of association between TFP and size for the purposes of finding the farm
size ranges above which the relationships between TFP and farm size show a
considerable change. No special meaning should be attrlbuted to the absolute
values of the slope coefficients themselves.
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