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Productivity and farm size in Australian
agriculture: reinvestigating the returns to scale*

Yu Sheng, Shiji Zhao, Katarina Nossal and Dandan Zhang†

A positive relationship between farm size and farm productivity is often considered to
be largely due to increasing returns to scale in farm production. However, using farm-
level data for the Australian broadacre industry, we found that constant or mildly
decreasing returns to scale is the more typical scenario. In this study, the marginal
returns to various farm inputs are compared across farms with different sizes. We
found that large farms achieved higher productivity by changing production
technology rather than increasing scale alone. The results highlight the disparity
between ‘returns to scale’ and ‘returns to size’ in the industry, suggesting that
productivity improvement among smaller farms can be made through increasing their
ability to access advanced technologies, rather than simply expanding their scale.

Key words: agricultural productivity, Australian broadacre agriculture, returns to
scale/size, technological progress.

1. Introduction

Since the early 1980s, it has been observed that farm productivity has been
increasing and also that the average operating size of farms in the Australian
broadacre agricultural industry has also been increasing (Mullen 2007; Nossal
and Sheng 2008; Gregg andRolfe 2010). The relatively large farms in Australia
have also demonstrated relatively high rates of return for investment and
overall profits (Productivity Commission 2005; ABARES 2007; Nossal et al.
2009). A positive relationship has also been found to exist between farm
operating size, productivity and other indicators of performance in the United
States and European Union (Hallam 1991; Chavas 2001; Mundlak 2005;
OECD 2012).
In examining the positive relationship between farm productivity and

operating size, a typical explanation for the relatively strong performance of
large farms is increasing returns to scale. In brief, the argument is that as
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farms expand their size, gross output increases proportionally more than the
change in inputs (Lawrence and Williams 1990; Diewert and Fox 2010;
O’Donnell 2010). Economists have therefore questioned the future of the
small family farms in Australian agriculture and the ability of smaller farms
to adapt to change (Productivity Commission 2005). Of particular interest is
their ability to take advantage of emerging opportunities in international
markets where large volumes are required and market competition is intense.
As such, it is argued that the pace of productivity improvement in the
agricultural industry may be hindered by the continued existence of
significant numbers of small, yet tightly held family farms.
To justify the role of ‘returns to scale’ in contributing to the explanation of

productivity differences between large and small farms in Australian
broadacre industry, researchers and policymakers may need to know more
about how large farms have achieved higher productivity than smaller farms.
In other words, while the observed positive relationship between productivity
and farm size is real, both theoretical and empirical evidence are still required
to support the argument that this is because of increasing returns to scale –
for example, larger farms are necessarily able to produce more output per
unit of inputs solely because they are larger.
In this paper, we examine the theory underlying the relationship between

farm productivity and operating size. This provides the context for empirically
investigating the effect of returns to scale on productivity, using data from the
Australian broadacre industry. According to our results, differences in the
farm production technology (measured as input mix), in addition to increasing
returns to scale, explains a significant part of productivity differences between
large and small farms.1 This finding suggests that productivity improvements
among smaller farms can be achieved through increasing their ability to access
advanced technologies, rather than simply expanding their operating scale.
The remainder of the paper is arranged as follows. Section 2 briefly describes

Australian broadacre agriculture and its characteristics. Section 3 shows the
theoretical relationship between farm productivity and its determinants
including operating size, returns to scale and changes in production technology.
Section 4 first presents a description of data and then specifies the empirical
model used to estimate the contribution of returns to scale to farmproductivity.
Section 5 discusses our estimation results and findings with regard to farm size,
production technology and productivity performance between large and small
farms. Section 6 provides conclusions and policy implications.

2. Trends in broadacre agriculture

The Australian broadacre farm sector comprises cropping, mixed crop-
livestock, sheep, beef and mixed livestock producers. The sector accounts for

1 Larger farms tend to use relatively larger proportions of intermediate inputs to substitute
labour and capital in production.
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around 70 per cent of the output value of Australian agriculture (ABARES
2012). In 2011–2012, the approximately 54,000 broadacre farms that
comprise this sector produced output to the gross value of A$36.4 billion.
More than two-thirds of total output was exported.
Trends in the number of broadacre farms, their output value (based on

farm cash receipts) and total land areas operated are shown in Figure 1.
Although the number of broadacre farms in Australia halved between 1977–
1978 and 2011–2012, the gross value of output (in real terms) remained
relatively stable. Concurrently, the average land area operated per farm
increased by 30 per cent and the average total capital value per farm
increased 16 times, despite a decline in the total land area operated by
broadacre farmers.
Broadacre farms became larger and more capital intensive enterprises on

average over the three decades to 2011–2012, with the number of farms with
an expected value of operations (EVAO) above A$5,00,000 increasing by 35
per cent, while the number with an output value less than A$1,00,000 fell by
60 per cent.
Farm productivity and size have been compared in a number of previous

studies of broadacre agriculture, including Townsend et al. (1998), Chavas
(2001) and Nossal and Sheng (2010). Larger broadacre farms tend to have
significantly higher total factor productivity (TFP) than their smaller
counterparts. In previous Australian Bureau of Agricultural and Resource
Economics and Sciences (ABARES) studies, the smallest one third quantile
of broadacre farmers were found to be least productive on average (Knopke
et al. 1995; ABARES 2004; Nossal and Sheng 2010). Larger farms have also
recorded higher rates of return for investment and profitability compared
with smaller farms (Knopke et al. 2000; Hooper et al. 2002; Gleeson et al.
2003; Nossal et al. 2009). These findings suggest that increasing farm size may
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Figure 1 Number of broadacre farms, broadacre farm receipts and total broadacre land area
operated (1977–1978 to 2010–2011). Source: ABARES AAGIS data.
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be an important factor in explaining the pattern of productivity and
profitability of farms in Australia’s broadacre agriculture sector (Knopke
et al. 2000).
Two explanations have typically been offered to explain the positive

correlation between farm size and productivity. One is the presence of
‘economies of scale’ or increasing returns to scale (Knopke et al. 1995, 2000;
Gregg and Rolfe 2010). The other is that emerging technologies have
favoured farms of relatively large size, leading to greater scope for input
substitution, and improved access to capital for financing investments in new
management and farming practices (Hooper et al. 2002; Hughes et al. 2012).
The following analysis aims to assess each of these explanations from both
theoretical and empirical perspectives.

3. A theoretical framework: returns to scale versus returns to size

While the concepts of returns to scale and returns to size are often used inter-
changeably in practice, production theory distinguishes between the two under
particular conditions. Based on Frisch’s (1965) work on the relationship
between the production technology and the U-shaped average cost curves,
Hanoch (1975) proved that the two concepts are equivalent only if the input
usage changes proportionally with size. Later, Chambers (1984) introduced
specific production technologies (such as homothetic or ray-homogeneous
technologies) to further explain the inter-relationship between the two
concepts.
Theoretically, the relationship between returns to size and returns to scale

can be summarised using two important theorems (McClelland et al. 1988;
Boussemart et al. 2006; Diewert and Fox 2010; O’Donnell 2010). First,
returns to size and returns to scale are equivalent if and only if the production
technique is homothetic – a condition where an increase in size is not
associated with the changes in the relative proportion of various inputs used
in production.2 Second, elasticity of size is the envelope of elasticity of scale,
which implies that returns to size (global concept) is generally greater than
returns to scale (local concept).
The literature cited above helps us to distinguish between returns to scale

and returns to size. To illustrate how, assume that a farm can produce an
output with various inputs using a given production technology;

Y ¼ fðXÞ ð1Þ

where Y denotes total output and X denotes a vector of various inputs used in
production (such as land, labour, capital and intermediate inputs), and f(.) is

2 When the output increase is due to a change in the relative proportions of the inputs used
in production, one cannot claim it is a result of scale change. Instead, it is widely interpreted as
the income effect obtained from input-saving technological progress (Mundlak 2005).
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a generalised production function shaping the combination of inputs used to
produce output. To establish the relationship between the output level (Y)
and farm size (i.e. a proportional increase in all inputs), the generalised
production function can be re-formulated as f(kX) = G[k,X/|X|,f(X)], where
|X| is the Euclidian norm of the original input vector X, k is a scalar and X/|X|
is a ray from the origin in Euclidian N space.
Following McClelland et al. (1988), Diewert and Fox (2010) and O’Don-

nell (2010), it is assumed that production takes a ray-homothetic technology.
This gives G[k,X/|X|,f(X)] = kH(X/|X|)�f(X) and thus Equation (1) can be
rearranged as:

Y ¼ fðkX0Þ ¼ kHðX=jXjÞ � fðX0Þ ð2Þ

where H(X/|X|) is assumed to be a strictly positive and bounded function.3

Differentiating Equation (2) with respect to farm size (k) gives returns to size
as olnY/olnk = H(X/|X|). Defining c as the elasticity of scale (i.e., the
proportional change in output resulting from a proportional change in all
inputs) and a � h(X/|X| � 1) as the output increase due to the changing relative
proportion of inputs used (F€are and Mitchell 1995), the returns to size can be
decomposed into two components: returns to scale effect (captured by c) and
the input substitution effect (captured by a � h(X/|X| � 1)). The second effect
is a result of using different technology. Thus, the returns to farm size under the
assumption of profit maximisation can be written as:

HðX=jXjÞ ¼ cþ a � hðX=jXj � 1Þ ð3Þ

Alternatively, under the assumption of cost minimisation, the returns to
farm size can also be defined using duality theory as the proportional change
in output associated with a proportional change in cost, as derived from
Y = TC. Taking the first order condition leads to olnY/olnTC = AC/MC =
g�1, where AC and MC are farm average and marginal costs, and g is the
elasticity of costs (Chambers 1984; Chavas 2001; Mundlak 2005). Applying
the duality theorem and under the assumptions of profit maximisation (and
cost minimisation) and perfect competition in the output market (or zero
profit), Equation (3) can be used to specify the relationship between returns
to scale and returns to farm size:

c ¼ g�1 � a � hðX=jXj � 1Þ ð4Þ

Increasing all inputs proportionally gives h(X/|X| � 1) = 0. In this case,
returns to scale are equivalent to returns to size c = g�1. Since g�1 is always

3 This assumption is reasonable since the marginal product value of one unit of input should
always be equal to its marginal cost. In this paper, we assume that perfect competition holds
for factor markets, and thus, marginal input costs are equal for all producers, independent of
scale, and hence the marginal product of one unit of input should also be equal for all farms.
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greater than or equal to one in a competitive market (McClelland et al. 1988;
Diewert and Fox 2010), it follows that increasing returns to scale must occur
for production in the longer term.4 However, if an increase in operating size is
associated with some technological change that alters the relative input mix
used in production, constant/decreasing returns to scale can coexist with
increasing returns to size.
By way of illustration, the relationship between average cost and farm scale

and size is shown in Figure 2. For a given technology characterised by a fixed
input mix (e.g. Tech1, Tech2, . . .), average cost tends to decrease with scale up
to a certain size, beyond which average cost begins to increase.5 However, as
farm size increases, it enables a switch to be made from one technology to
another. For example, as farms become larger, farmers tend to able to afford
to use more advanced technology in production (through increasing capital
investment), which leads to a shift from Tech1 to Tech2. This shift is usually
accompanied by some change in input mix (e.g., the capital–labour ratio). As
a consequence, average cost can decrease further irrespective of whether
increasing returns to scale exist or not. This implies that the benefits of
increasing size can be a result of increasing returns to scale or technological
progress enabled by increasing size or a combination of both.
The above analysis indicates that in the long run, agriculture may not

necessarily experience increasing returns to scale. In fact, limitations in land
availability and quality, labour availability, variable and sometimes partic-
ularly adverse seasonal conditions and missing markets for other inputs
might act to limit the opportunities for increasing returns to scale in the
industry. This suggests that the positive relationship between farm size and
productivity is more likely to be the result of innovation and technology

0 Farm size

AC
Tech1

Tech2

Tech3 Tech4

Figure 2 Relationship between farm average cost and operating size

4 Reflecting McClelland et al. (1988), g�1 ¼ l 1� Spð Þ, where Sp is the average share of
economic profits and l is the corresponding mark-up of price above marginal cost. In a
competitive market, Sp is small and l is more than or equal to one, and thus g�1 > 1.

5 Under increasing returns to scale, average cost falls as size increases; under decreasing
returns to scale, average cost increase as size increases; and under constant returns to scale,
average cost is not affected by operating size.
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uptake by farmers as farm size increases (Chavas 2008). Other studies,
including McClelland et al. (1988), Făre (1988), Basu and Fernald (1997) and
Diewert and Fox (2010), have reached a similar conclusion.6

4. Data collection and estimation strategy

Drawing on the theoretical framework described above, this section details
the farm-level data used to empirically test the relationships between
productivity, farm scale and farm size. More specifically, the analysis
involves a three-step procedure: (i) estimating the impact of farm size on
productivity with a pre-assumed production functional form; (ii) identifying
returns to scale when the production technology is restricted to be
homogeneous; and (iii) testing for the existence of heterogeneous production
technology for farms of different size.

4.1. Data collection and variable definition

The data set used in this study is from the Australian Agricultural and
Grazing Industries Survey (AAGIS), which is carried out by the ABARES.
The annual survey covers agricultural establishments across five broadacre
farm types, including cropping specialists, mixed crop-livestock, sheep
specialists, beef specialists and mixed sheep-beef for all Australian states
and territories. After eliminating outliers and surveyed farms with missing
variables, the sample contained 39,560 observations for the period between
1977–1978 and 2006–2007.
The three major variable types in the analysis were outputs, inputs and

farm size category dummies. The dependent variable is output, while inputs
and farm size dummies are the independent variables. To eliminate the impact
of price changes across establishments, regions and over time, aggregate farm
outputs were defined as a Fisher quantity index using prices of 13 output
products as weights, while farm inputs were classed into four categories (land,
labour, capital, and materials and services) and also aggregated using a Fisher
quantity index of inputs estimated and weighted using the prices of 23 inputs.
In addition, the Elteto-Koves-Szulc (Elteto and Koves 1964; Szulc 1964)
formula was applied in the estimation process for each index to ensure
transitivity and thus comparability of total output and various inputs across
farms and over time.
To capture the impact of farm size on productivity, farms were categorised

by their overall size of production. Specifically, each farm’s size was defined

6 In the context of agricultural production, McClelland et al. (1988) and subsequently F€are
(1988) acknowledged that the returns to scale concept is too narrow for explaining the
differences in performance between large and small sized farms. This discussion is elaborated
on by Basu and Fernald (1997), who highlight that technological change and demand shocks
can play a role in explaining the higher productivity experienced by larger farms over smaller
ones.
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according to how much dry sheep equivalents (DSE) it represented, and
dummy variables were used to allocate farms to one of three size categories:
small, medium and large. A DSE is the quantity of energy required to
maintain a 50 kg wether at constant weight (Davies 2005). As such, DSE can
be used to derive a measure of the overall physical ‘size’ of a farm, including
some allowance for differences in land quality. Specifically, hectares of
rangeland were converted to hectares of arable land by dividing total carrying
capacity measured in DSE (where 1 cattle = 8 DSE) by 12 DSE/ha. For
cropland, one hectare of cropping land for coarse grain production is
equivalent to one unit of DSE (Millear et al. 2003).7 When farms are ranked
by size of output (in DSE terms), large farms were those forming the top 30
per cent of the sample in DSE per farm terms, small farms were those in the
bottom 30 per cent and medium farms were the remainder. DSE (rather than
the total input and output indices) is used as the measure for farm size mainly
to avoid a potential multi-collinearity problem in regressions, which may
otherwise be caused by the positive relationship between input use and farm
size. To check the robustness of this approach, the total input and output
Fisher quantity indices were also used to classify the samples into three farm
size categories.8

Table 1 shows the average total output and various input indices. The table
shows that as farm size increases, all input indices increase. Once sample
weights are taken into account, medium farms are on average 1.1 times the
size of small farms, while large farms are on average 5.1 times larger than
small farms. The quantities of inputs used by bigger farms are found not all
proportionally larger. In particular, large-sized farms tend to use more land
and materials and services and have a higher capital to labour ratio relative to
small farms. Over the study period, the average capital–labour ratio and
materials–labour ratio for large farms were 1.2 and 1.6, which are 50 per cent
and 100 per cent more than those for small farms (0.79 and 0.74) and 20

Table 1 Broadacre farm output and input indexes by operating size and sectors: 1977–1978
to 2006–2007

No. of
observations

Output
index

Land
index

Labour
index

Capital
index

Intermediate
inputs index

All broadacre 34,915 1.89 (2.31) 4.58 (16.82) 1.50 (1.21) 1.72 (2.42) 1.80 (2.15)
Small-size
farms

10,475 0.38 (0.16) 0.73 (4.06) 0.74 (0.32) 0.53 (0.38) 0.50 (0.32)

Medium-size
farms

13,965 1.22 (0.37) 2.62 (9.96) 1.28 (0.61) 1.23 (0.94) 1.26 (0.72)

Large-size
farms

10,475 4.29 (2.97) 11.04 (27.06) 2.54 (1.61) 3.55 (3.63) 3.82 (2.90)

Note: Standard errors in parentheses.

7 Although the DSE was initially designed to measure the carrying capacity of grazing
farms, it is widely used to measure the size of broadacre farms including their cropping
activities.

8 Results are available upon request.
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per cent and 40 per cent more than those for medium farms (0.97 and 1.06).
This is consistent across each of the broadacre farm types, indicating there are
likely to be differences in the production technology used by large and small
farms. All indices imply that the assumption of homothetic production
technology across farms with different operating size might be invalid.

4.2. Empirical model specification

In order to examine the impact of size on farm productivity (output per unit
of input), we first specify a production function for broadacre farms using the
homothetic production technology locally. For simplicity, a Cobb-Douglas
functional form is chosen for approximation, and two dummy variables for
the medium-sized and large-sized farms are incorporated into the empirical
specification, such that:

lnYit ¼ b0 þ b1 lnLandit þ b2 lnLabourit þ b3 lnCapitalit þ b4 lnMaterialsit

þ b5DMit þ b6DLit þ
X

htD Yeart þ
X

#rD Regionr

þ
X

jiD Industryi þ eit ð5Þ
where Yit represents farmer i‘s output at time t, and lnLandit, lnLabourit,
lnCapitalit and lnMaterialsit represent the log of land, labour, capital and
materials and services.DMit takes the value of one if farm i at time t is classified
as the medium-sized farm and zero otherwise. Similarly,DLit takes the value of
one if farm i at time t is classified as the large-sized farm and zero otherwise.
It should be noted that the empirical specification contains three groups of

dummy variables:
P

#rD Regionr,
P

jiD Industryi and
P

htD Yeart. The
dummy variables for industry

�P
jiD Industryi

�
and region�P

#rD Regionr
�
are used to account for possible aggregation problems

that may be associated with pooling farms that produce different products in
different regions, while the dummy variables for year

�P
htD Yeart

�
are

used to account for time-specific factors such as climate conditions and the
terms of trade.
Estimation of Equation (5) using the ordinary least squares (OLS)

regression technique may be biased because of a potential endogeneity
problem. Specifically, there are many unobserved, time-invariant, farm-
specific characteristics (such as farmers’ education levels, management skills
and other omitted factors) that could improve farm performance while being
positively correlated with farm size (Zhao et al. 2010). Without controlling
for these factors, the regression estimates are likely to be overestimated or
underestimated depending on their correlation with inputs. To deal with this
problem, previous studies have suggested three possible regression tech-
niques: first-differencing (FD), panel data with fixed effects (FE) and the
generalised method of moments (GMM; Arellano and Bond 1991; Wind-
meijer 2005; Greene 2008). The FD and FE regression techniques are both
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criticised on the basis that they mainly reflect short-term effects and hence
may not be suitable for the examination of benefits to farms from returns to
scale, which usually occur over a long period of time (Basu 2008). Thus, we
choose the GMM regression technique to address potential endogeneity
problems and also use the FD and FE methods as robustness checks.
Equation (5) can be used for three purposes. The first is to examine the

relationship between farm size and productivity, the second is to examine
whether farms can benefit from increasing returns to scale (when imposing
the conditions of b5 = 0 and b6 = 0), and the third is to examine the relative
contribution of returns to scale to the observed productivity disparity
between farms of different sizes. For the second purpose, a Chow test should
be conducted to verify the hypothesis of b1 + b2 +b3 + b4 > 1 (Basu 2008). If
the sum of estimated input elasticities (land, labour, capital and intermediate
input) is greater than one, increasing returns to scale prevail.
Furthermore, we hope to establish whether or not the production

technology is homothetic for farms of varying size. This is an important
test because from Equation (4), if farms of different sizes do not use the
homothetic production technology, increasing returns to scale will not be a
necessary condition for larger farms to perform better than smaller ones. To
perform this test, Equation (5) was revised by introducing the interaction of
the two dummy variables (for medium and large-sized farms respectively)
with input variables for land, labour, capital and intermediate inputs:

lnYit ¼ b0 þ b1 lnLandit þ b2 lnLabourit þ b3 lnCapitalit þ b4 lnMaterialsit

þ a11DMit þ a12DMit lnLandit þ a13DMit lnLabourit

þ a14DMit lnCapitalit þ a15DMit lnMaterialsit

þ a21DLit þ a22DLit lnLandit þ a23DLit lnLabourit

þ a24DLit lnCapitalit þ a25DLit lnMaterialsit

þ
X

htD Yeart þ
X

#rD Regionr þ
X

jiD Industryi þ ui þ eit

ð6Þ

where DMit_lnLandit, DLit_lnLandit, DMit_lnLabourit, DLit_lnLabourit,
DMit_lnCapitalit, DLit_lnCapitalit, DMit_lnMaterialsit and DLit_lnMaterialsit
are interaction terms between DMit, DLit and land, labour, capital, and
materials and services.
To see how Equation (6) works for the test, one can take the first

differentiation of Equation (5) with respect to land, labour, capital, and
materials and services, respectively. Under the assumption of perfect
competition in the product and input markets, the condition
bi=Xi ¼ PXi

=PY always holds, where bi is the marginal output of input Xi

(i represents land, labour, capital, and combined materials and services) and
PXi

=PY is the price of inputs relative to that of outputs. Since farms of
different sizes face the same relative prices of inputs and outputs (PXi

=PY),

© 2014 Australian Agricultural and Resource Economics Society Inc.

Productivity and farm size 25



any difference in the marginal output of each farm input will reflect a
difference in the mix of inputs used in production XL

i =X
S
i ¼ bLi =b

S
i (Basu

2008). In other words, as farms become larger, only a disproportional change
in the use of inputs in production will lead to a change in the marginal return
to those inputs (or coefficients) in a perfectly competitive market. Thus, the
null hypothesis is that if the production technology is homothetic, there
would not be a significant difference in the estimated relative elasticities for
each input (including land, labour, capital, and materials and services)
between large and small farms. This is captured by identifying the significance
of the interactions between the farm size dummies and input variables.
Finally, it could be argued that the Cobb-Douglas production function is

too restrictive to reflect all other locally homothetic production technologies.
In order to extend the empirical test to a more general framework, we also
applied a trans-log production function to the data, with specific constraints
imposed to ensure the homothetic production technology. A series of
robustness checks were also carried out for each of the five farm types in the
broadacre sector.

5. How does farm size affect productivity?

The estimated results for the broadacre sector as a whole and for individual
industries are shown in Tables 2–5.

5.1. Farm productivity and returns to scale and to size

First, Table 2 illustrates the impact of farm size on broadacre farm
productivity based on the results of Equation (5), assuming homogeneous
production technology across farms of different sizes. After controlling for
land, labour, capital, and materials and services, the estimated elasticities of
farm output with respect to size category are positive and significant at the 1
per cent level. The magnitudes of elasticities estimated from the OLS
regression show that medium and large farms have on average 32.3 per cent
and 53.5 per cent higher output (when variations in input use are controlled
for) than small farms. This result suggests that larger farms are more
productive than smaller ones.
As mentioned in Section 4, the coefficients from the OLS regression may be

over- or underestimated, because of endogeneity caused by unobserved farm-
specific factors. To deal with this problem, the FD, FE and system-GMM
regression techniques were used to re-examine the input-output relationships
for broadacre farms. Compared with those from the OLS regression
(Table 2), the estimated coefficients from the FD, FE and system-GMM
regressions are smaller, indicating the existence of some endogeneity bias in
the OLS regression results caused by the presence of unobserved farm-specific
factors that contribute to farm productivity, which are also correlated with
farm size. Nonetheless, the estimated elasticities of farm output with respect
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to size from the FD, FE and system-GMM regressions remain positive and
significant at the 1 per cent level. This result confirms the finding that larger
farms perform better than smaller ones in terms of productivity.
The second task was to test whether the higher productivity of large farms

is caused by increasing returns to scale under the assumption of the use of the
Cobb-Douglas production function. The null hypothesis is that there are
increasing returns to scale if and only if the elasticities of land, labour, capital,
and materials and services add up to more than one (when coefficients for the
size dummies are constrained to be zero). The Chow test was conducted to
test this hypothesis, using the OLS, FD, FE and system-GMM regression
techniques. The Chow test results for the null hypothesis (the presence of
increasing returns to scale) are mixed across different regressions (Table 3).
Specifically, the estimation results obtained from the OLS and system-GMM
regressions show that broadacre farms exhibit increasing returns to scale
while those obtained from the FD and FE regressions show that broadacre
farms do not exhibit increasing returns to scale.
Further analysis of the measured increasing returns to scale obtained from

the OLS and system-GMM regressions – namely the sum of all input
coefficients (Table 3) – shows that the magnitude of benefit from this effect is
not large enough to explain the disparity in productivity between large and
small farms. On average, farms that double their use of inputs will increase
TFP by 8.0 per cent to 9.0 per cent. This, combined with the average
difference in farm size among small, medium (1.1 times of small farms) and
large farms (5.1 times of small farms), suggests that returns to scale can only
raise the TFP of medium and large farms by 3.8–10.2 per cent and 17.3–45.8
per cent, which are much lower than what we have found in Table 2 (namely
18.8–32.3 per cent and 42.5–53.5 per cent). In other words, the existence of
increasing returns to scale does not adequately explain the differences in
productivity between large and small farms.

5.2. Homothetic versus non-homothetic production technology

If productivity differences among small, medium and large farms cannot be
fully explained by increasing returns to scale, what is the cause of the
remaining differences? Equation (4) shows that returns to size and returns
to scale can diverge from each other if the production technology is

Table 5 Test for homothetic production technology with the trans-log function

OLS FD FE System-GMM

Dependent variable: ln_output
H0: homothetic production technology Rejected Rejected Rejected Rejected
Wald test v2 78.54 62.10 61.30 115.02

Note: FD, first-differencing; FE, fixed effects; GMM, generalised method of moments; OLS, ordinary least
squares.
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non-homothetic. In other words, if the use of different production technol-
ogies allows large farms to use a different input mix from small farms (when
faced with the same relative prices of various inputs), the difference in
production technology could be an explanation for the productivity
difference. Based on Equation (6), we test this hypothesis by introducing
interaction terms between farm size dummies and the various inputs.
The estimated coefficients for the interaction terms between size category

and the various inputs are jointly significant at the 1 per cent level (Table 4).
This implies that the marginal outputs of (and thus the use of) various inputs
on large and medium farms are different to those that apply on small farms.
Compared with small farms, the marginal output of the land and capital
inputs on medium and large farms are smaller, while the marginal outputs of
labour and materials and services in medium and large farms are larger,
suggesting that large and small farms have adopted different input mix and
production technologies (or the production technology is non-homothetic
given their different input mixes). In particular, large and medium farms tend
to use more labour and materials and services but fewer land and capital
inputs per unit of output. In other words, larger farms tend to substitute land
and capital for materials and services. The above results are consistent with
the estimation using the trans-log function, where the null hypothesis of
farms using the homothetic production technology (from Kim 1992) is
rejected at the 1 per cent level regardless of estimation techniques (Table 5).
A possible explanation for the findings in Table 4 is that as farms become

larger, they can afford to invest in more advanced production technologies,
which help to push their production frontier outwards. In this context,
technological progress and farmers’ financial capacity are likely to be two
important factors determining the relationship between farm size and
productivity, rather than increasing returns to scale alone.

5.3. Robustness check with different farm types

It is also possible that the above findings could partly be the result of an
aggregation problem. In particular, as argued by Griliches (1957) and Basu
and Fernald (1997), the use of different production techniques by different
farm types (such as crops, beef or sheep) may lead to an over- or
underestimation of marginal output with respect to inputs that are influenced
by the aggregation method. Also, the various industries may be comprised of
farms of different sizes that employ different production technologies. For
example, sheep and beef specialists could be very different from cropping
specialists in size and may use more labour in production. A regression that
includes farms which are of different types (cropping or livestock) or sizes
unrealistically assumes that they all use a homothetic production technology.
To avoid this aggregation problem, the estimation process was repeated using
data for each individual farm type using the three estimation techniques (FD,
FE and system-GMM). For simplicity, only the estimation results from the
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system-GMM regressions are reported since system-GMM is the preferred
estimation technique. The estimation results are shown in Tables 6–8, and
three key findings are worth noting.
First, similar to the previous results, large farms in each industry are shown

to have higher productivity than small farms. As shown in Table 6, the
estimated elasticities of the size dummies for large farms are much larger than
those of medium farms (and all are positive and significant at the 1 per cent
level). This implies that there is a positive relationship between farm size and
productivity for each farm type.
Second, although the estimated elasticities of various inputs differ across

farm types, the sum of these elasticities is close to one for crop specialists and
beef specialists. However, the crop-livestock mixed farms and sheep specialists
exhibit significant increasing returns to scale at the 1 per cent level. After
addressing the endogeneity problem through the system-GMMregressions, the
sum of input elasticities (under the assumption of homogeneous production
technology) is marginally above unity (around 1.06) for the crop specialists, the
crop-livestock mixed farms and the beef specialists. The null hypotheses for
increasing returns to scale among the crop specialists and the beef specialists are
rejected at the 1 and 5 per cent levels. This suggests that evidence of increasing
returns to scale is not strong among farms of particular types (namely crop
specialists, crop-livestock mix, sheep specialist and beef specialists). Hence,
increasing returns to scale cannot explain the disparity in productivity among
farms of different sizes, although differences across industries are significant.
Third, there are significant differences in input mix among farms of

different sizes in each industry. In particular, large and medium crop
specialists are generally more intensive in the use of materials and services
and less in the use of land and labour relative to smaller ones, while larger
sheep specialists tend to be more intensive in the use of labour relative to the
use of land and capital. This finding suggests that farms employ different
technologies as they become larger. In other words, technology differences,
rather than returns to scale, are more likely to be responsible for the gap in
productivity between farms of different sizes.
In sum, Australian broadacre farms have been found to exhibit only mildly

increasing returns to scale. This is true for estimation using the whole sample
and when only considering farms of a particular type. However, larger farms
are observed to display significantly higher productivity than their smaller
counterparts. This suggests that adoption of different production technolo-
gies among farms of different size, rather than size itself, plays a more
important role in explaining the productivity differences between large and
small farms.

6. Concluding remarks

This paper examines the relationship between the productivity and operating
size of Australian broadacre farms. While the benefits of increasing farm size
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have often been attributed to increasing returns to scale, the results from this
analysis suggest that this might not be the case. Australian broadacre farms
typically exhibit only mildly increasing returns to scale, suggesting that there
is a more complex relationship between farm size and productivity. Although
larger farms tend to perform better in terms of productivity, it has been found
that these productivity differences are more likely to be caused by differences
in production technology rather than returns to scale. The results demon-
strate the importance in distinguishing between ‘returns to scale’ and ‘returns
to size’.
Our findings suggest that smaller farms have limited capability to improve

productivity by increasing their size, unless they are able to adopt different
technologies. However, adopting advanced technologies involves more than
just purchasing and learning how to operate equipment suitable for a larger
operating size. For example, farmers need to acquire the knowledge and skills
to deal with the more complex management, financial, technical and
operational matters that are associated with the operation of large farms.
This is not necessarily a straightforward process, and like any other kinds of
transformation in the rural economy, its success depends on many conditions,
including the availability and accessibility of financial, human, social, and
natural capital (Ellis 2000).
Our findings are also relevant when considering the ongoing structural

adjustment that is occurring in the broadacre agriculture sector. As
circumstances change, it is important for farms to develop the capabilities
and resources required to cope with climate change and other challenges.
Specifically, regardless of size, farmers’ ability to adopt suitable production
technology is essential to maintain productivity performance and to be
resilient in the face of challenges. In this context, governments can play a role
by promoting innovation adoption – for example, through building capacity,
sharing information, supporting training and facilitating R&D.
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