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foreword

In recent years, strengthened regulatory control over existing native 
vegetation stocks has been introduced with the stated aim of maintaining 
or increasing environmental outcomes. This has raised concerns about 
whether or not the level of environmental services derived from native 
vegetation both now and in the future can be achieved more effi ciently.

Following the Australian Government’s response to recommendations in 
the Productivity Commission Inquiry into the impacts of native vegetation 
and biodiversity regulations, the research reported here was conducted to 
assess the economic impact that native vegetation management is having 
on the broadacre agriculture sector.

Based on face-to-face surveys conducted with 386 broadacre farmers 
across a 400 000 square kilometre region of central and western New 
South Wales in 2005, this report quantifi es the extent to which native 
vegetation is having an impact on farm productivity and returns.

BRIAN S. FISHER

Executive Director

March 2006
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summary

As society’s perception of the benefi ts generated by native vegetation 
has increased, there has been an apparent increase in the demand for 
native vegetation in rural landscapes. All state and territory governments 
have introduced legislation to restrict broadscale clearing in an attempt to 
conserve the native vegetation that exists on privately managed agricultural 
land.

The broader benefi ts that the conservation of native vegetation can 
generate — such as biodiversity, wildlife habitat, improved water quality 
and carbon sequestration — are public goods that will be underprovided 
by private landholders facing limited market based incentives. Under 
such circumstances government involvement in the management of native 
vegetation is justifi ed if the benefi ts of such intervention outweigh the costs 
of intervention.

While the desired level and distribution of native vegetation is an assess-
ment that society has largely been unable to make, consideration of the 
issue within a benefi t–cost framework can shed light on whether the current 
or future level of environmental services derived from native vegetation is 
able to be achieved more effi ciently. In order to investigate whether envi-
ronmental outcomes can be delivered at least cost, or whether the benefi ts 
can be maximised for a given cost, a better understanding of the costs 
associated with mandated native vegetation conservation is required.

The Productivity Commission inquiry into native vegetation and biodiversity 
regulations was a milestone in the investigation of the costs associated 
with native vegetation conservation. Their report concluded that the current 
regulatory approaches to native vegetation management were having a 
negative impact on some private landholders by imposing signifi cant costs 
— preventing property development, preventing land use change to more 
profi table activities, preventing the introduction of cost saving innovations 
and restricting the clearing of regrowth vegetation and woodland thick-
ening, resulting in reduced production.

In the largest study undertaken to date to investigate this issue in Australia, 
ABARE conducted a survey of 386 broadacre farmers in a 400 000 
square kilometre region of New South Wales to quantify the impact 
of native vegetation on farm productivity and returns. Analysis of data 
collected as part of the survey found that farms with lower vegetation 
density generally have higher total factor productivity. However, the 
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removal of vegetation below the level that generates private benefi ts to 
farmers is likely to have a negative impact on productivity.

The way in which vegetation was having an adverse impact on farm 
productivity varied across the study region and between farm enterprise 
types. In the rangelands, increased levels of vegetation were found to 
lower carrying capacity. On mixed livestock and cropping properties, regu-
lations preventing the further development of land for either more intensive 
grazing or for cropping were also imposing costs in the form of forgone 
development opportunities.

On the farms with some cropping activities, isolated paddock trees were 
found to limit the effi ciency of crop management. The presence of isolated 
trees is preventing the effi cient use of cost saving GPS technologies in 
many instances. The impact of this is likely to increase over time as the 
trend toward larger farms continues. It should be emphasised that, while 
the survey was conducted in New South Wales, the general fi ndings are 
relevant to other jurisdictions.

Ensuring that native vegetation management policies are economically 
effi cient and deliver environmental outcomes at least cost to the community 
requires an understanding of the cost that these policies are imposing on 
agricultural landholders. Native vegetation regulations can impose opportu-
nity costs on the farm sector that take the form of lost annual income, which 
has consequential effects on land values because farmers are unable to 
clear and crop as they would wish.

In the ABARE study region, around 20 per cent of farmers reported that 
they would like to clear rangelands for crop development. This demand for 
additional cleared land refl ects the ongoing pressure to shift enterprise mix 
out of wool production as well as the availability of new crop varieties and 
cropping practices. The opportunity cost of preventing this development in 
order to conserve native vegetation for environmental services was esti-
mated to be as much as $1.1 billion across the study region in net present 
value terms.

When reported on a per hectare basis, the estimates reveal that the poten-
tial opportunity cost of conserving native vegetation varies widely across 
the region. In some regions — predominantly in the Central Division — the 
opportunity costs of conserving native vegetation were as high as $1445 
per hectare. In other regions — particularly in the Western Division — the 
costs were as low as $129 per hectare.

The considerable variation in the cost of conserving native vegetation 
across the study region suggests that there may be scope to achieve the 
desired level of environmental outcomes at lower cost to the farm sector if 
more fl exible policy instruments were adopted. To the extent that equivalent 



3

native vegetation management on broadacre farms     abare  eReport  06.3

environmental outcomes can be achieved, it appears that conserving native 
vegetation on land with lower agricultural productivity could reduce the 
total economic cost of achieving the desired environmental benefi ts.

The reliance on only a regulatory regime to manage native vegetation is 
therefore likely to lead to an outcome that fails to deliver environmental 
services at least cost. Determining the balance of land allocated between 
agricultural production and environmental services using a regulatory 
approach based on substantially incomplete information sets is likely to 
be costly to society, particularly across areas where the opportunity cost 
of native vegetation conservation is relatively high. Furthermore, the use of 
regulatory settings that determine how much, what types and where native 
vegetation is mandated to be conserved is unlikely to deliver the outcomes 
that the community desires, given continual changes in ecological, market 
and social environments.

In contrast, an economically effi cient native vegetation management policy 
is one that is fl exible enough to respond to these changes in ecological, 
market and social environments. An effi cient policy regime is likely to make 
use of a broader suite of tools — including market based instruments such 
as auctions and tenders — that can take advantage of the wide variation 
in the private costs of conserving native vegetation that the ABARE survey 
has identifi ed. Specifi cally, the cost to society of achieving its desired 
environmental outcomes is likely to fall signifi cantly below that reported in 
this paper if landholders are able to alter the location, density and mix of 
native vegetation on their properties where it is possible to do so without 
jeopardising the environmental services such vegetation provides in aggre-
gate.

Information on the opportunity cost of vegetation restrictions is one aspect 
of developing better and more fl exible native vegetation management 
policies. The key to the introduction of fl exible policy instruments is a clear 
understanding of the underlying environmental objective and the different 
means by which that objective can be achieved. Formulating fl exible 
instruments that deliver specifi ed environmental objectives at least cost 
requires an understanding of the extent to which alternative landscapes 
can be designed to generate equivalent or improved benefi ts. This remains 
a critical information gap in designing native vegetation policy. Insights 
gained from past and proposed trials of market based instruments around 
Australia are likely to help address this gap.
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introduction

Native vegetation is generally considered by Australian society to be a scarce and hence 
valued resource. In recent years, strengthened regulatory controls over existing native vegetation 
stocks have been introduced in an attempt to maintain or increase the level of environmental 
services derived from those stocks.

Ensuring that the current and future level of environmental services derived from native vegeta-
tion generates net benefi ts to society is a complex task. The mix of species and where they are 
located is a critical aspect of the ecosystem services that native vegetation generates. Further-
more, the costs imposed on farmers in terms of forgone development in order to conserve native 
vegetation vary across the landscape and can change over time with the adoption of new 
technologies and practices.

The Productivity Commission inquiry into native vegetation and biodiversity (Productivity Commis-
sion 2004) concluded that the current regulatory approaches to native vegetation management 
were having a negative impact on some private landholders by imposing signifi cant costs, 
preventing property development, preventing land use change to more profi table activities, 
preventing the introduction of cost saving innovations and restricting the clearing of regrowth 
vegetation and woodland thickening that results in reduced production. Their report also 
highlighted the need to develop native vegetation policies that provide landholders with posi-
tive incentives to retain and manage native vegetation and to deliver specifi ed environmental 
outcomes in fl exible, innovative and cost effective ways.

The objectives in this report are to:

■ measure the importance of vegetation density on individual farm total factor productivity 
and returns;

■ measure the impact of forgone cropping development on farm returns as a consequence of 
conserving native vegetation; and

■ evaluate the case for the use of more fl exible instruments to deliver improved environmental 
outcomes at lower costs to farmers.

1
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a brief economic framework

■ The broader benefi ts that the conservation of native vegetation can generate are public 
goods that will be underprovided by private landholders facing market incentives.

■ Government involvement in the management of native vegetation is justifi ed if the 
benefi ts of such intervention outweigh the costs.

■ A benefi t-cost framework can prioritise and focus conservation efforts where the 
expected benefi ts of government intervention exceed the expected costs.

Native vegetation is an indigenous natural resource that can generate a diverse range of goods 
and services. Many of the benefi ts from native vegetation are listed in Lockwood, Walpole and 
Miles (2000), Productivity Commission (2004) and Sinden (2005). They include biodiversity, 
improved wildlife habitat, improved water quality, reduced salinity and control of land degrada-
tion.

Given that farmers manage around two thirds of Australia’s land, the native vegetation that can 
generate these environmental benefi ts when it is conserved is often located on this privately 
managed land. Farmers will conserve native vegetation on their property if it generates private 
benefi ts, for example, in the form of shelter for livestock and windbreaks. However, the broader 
benefi ts that the conservation of native vegetation can generate are public in nature in that they 
are not exclusive. Those individuals that generate the benefi ts from increased native vegetation 
do not retain them in full, for their own use or to on–sell them to other potential benefi ciaries. As 
a consequence, they are likely to under invest in the delivery of the benefi ts generated by native 
vegetation. Government involvement in the management of native vegetation may be justifi ed if 
these non-exclusive benefi ts can be delivered cost effectively.

A benefi t–cost framework for prioritising and focusing conservation efforts in areas where the 
expected benefi ts of government intervention exceed the expected costs may facilitate an 
economically effi cient outcome. For example, the environmental benefi ts of conserving native 
vegetation in some cases may be suffi ciently large to outweigh the cost to the farmer of not 
being able to undertake an agricultural activity. However, in other cases the environmental 
benefi ts may be low — or the opportunity cost to the farmer very high — such that restricting the 
agricultural activity may result in a net loss of value to society.

The implementation of a full benefi t–cost framework requires an assessment of the costs, in 
terms of forgone agricultural production that competes with native vegetation for scarce land 
resources, and the benefi ts. The environmental benefi ts of retaining native vegetation will remain 
diffi cult to quantify. Nevertheless, partial benefi t–cost or threshold analysis can still be used to 
establish how large these environmental benefi ts need to be in order to warrant public invest-
ment or other forms of government intervention.

2
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The values of public benefi ts generated through conserving native vegetation are non-market 
values, which are not expressed through any formal or organised market system (Lockwood 
et al. 2000). Ongoing work is attempting to measure the value of these public benefi ts, with 
Lockwood et al. (2000) providing one of the more extensive studies in Australia. For example, 
surveys were designed and implemented in order to assess the non-market value of remnant 
native vegetation using contingent valuation and choice modeling techniques in two case study 
areas of Victoria.

There have been several attempts to estimate the costs of conserving native vegetation in 
Australia (see Sinden 2003, Middleton et al. 1999), although this has only occurred on a 
relatively small scale. The following chapters contain the results and analysis of a survey of 
broadacre farmers that ABARE undertook in 2004-05 to quantify the costs of conserving native 
vegetation. The study region was located in New South Wales but the results have broader 
implications for the management of native vegetation in Australia.
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vegetation and farm productivity

■ Restrictions that limit the management of vegetation are likely to have a negative 
impact on the productivity growth of many farms in the survey region.

■ Analysis of 386 broadacre farms located over 400 000 square kilometres of central 
and western New South Wales showed that farms with lower vegetation density had 
signifi cantly higher total factor productivity.

■ Isolated paddock trees can limit the effi ciency of crop management by interfering with 
cropping machinery.

■ As the trend toward larger farms continues it is likely that the effi ciency losses associ-
ated with isolated trees will increase.

The level of vegetation stocks is a key determinant of productivity in broadacre agricultural enter-
prises — both grazing and cropping. Agricultural productivity growth is vital for maintaining 
farm viability and vegetation issues are often key considerations in formulating farm manage-
ment strategies. Understanding the impacts of vegetation conservation on farm productivity 
underpins the estimation of costs associated with forgone farm management options.

Productivity and farm viability
Farm productivity growth is an important factor in maintaining the viability of broadacre farms. 
Historical trends are evidence that on average, input prices grow more rapidly than output 
prices for broadacre agricultural commodities in Australia; the combined effect being described 
as a declining terms of trade (Davidson, Elliston, Kokic and Lawson 2005). These declining 
terms of trade are largely due to technological improvements in agricultural production on 
a global scale. For broadacre farmers producing relatively homogeneous commodities that 
are traded on world agriculture markets, the downward trend in their terms of trade is largely 
beyond their control. However, the ongoing productivity growth of broadacre agricultural indus-
tries has concurrently trended upward over the long run and has provided an important means 
for maintaining ongoing farm viability (Davidson et al. 2005).

Continuing profi tability on broadacre farms can be achieved by adopting more effi cient 
management practices, technologies, input mixes and output mixes. For example, many 
broadacre farmers in New South Wales have moved out of sheep production and into crop 
production in order to maintain viability (fi gure A). However, many of the approaches used to 
maintain productivity growth have, in the past, involved changes to native vegetation stocks, 
particularly where land use change is involved. Accordingly, increased regulatory control over 
native vegetation is likely to result in lower productivity growth on some farms (Davidson and 
Elliston 2005).

3
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Controls over the clearing of native vegetation 
on grazing and cropping properties can have 
a negative impact on farmers’ management 
strategies in fi ve broad ways, according to the 
Productivity Commission (2004, Finding 6.1) 
by:

1 limiting the opportunities to expand or 
reconfi gure the area of productive land;

2 restricting the ability to maintain the 
amount of productive land on a property;

3 inhibiting the introduction of new technolo-
gies;

4 restricting or preventing changes in land 
use; and

5 inhibiting a range of normal farm practices such as thinning vegetation, rotating (fallowing) 
parts of the property, clearing around fencelines and managing pest animals and weeds.

In order to collect data to investigate how vegetation is related to farm productivity, ABARE 
undertook 386 face-to-face interviews of broadacre farmers situated in central and western 
New South Wales (see appendix A for more detail about the survey). The survey region 
covered the western half of the Central Division and extended into the Western Division — an 
area of approximately 400 000 square kilometres at the interface of the wheat–sheep and the 
pastoral zones (fi gure B). The region is characterised by cattle, wool, prime lamb and extensive 
dryland cropping operations on farms with diverse levels of vegetation. It also contains farms 
that are under multiple adjustment pressures, areas with signifi cant development potential and 
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properties affected by increasing vegetation. Farms in the survey region that derive a signifi cant 
proportion of their income from irrigated agriculture were not considered in this analysis.

The survey results indicated that the native vegetation regulations in New South Wales are not 
likely to have a uniform impact on all farmers (fi gure C). On average, 28 per cent of farmers 
with rangeland areas in the survey region reported that they wished to develop these areas for 
higher livestock carrying capacity or for cropping, if all potential restrictions could be relaxed 
(table 1). Rangelands for the purposes of this report is a broad category of land characterised 
by native plant communities that are often associated with grazing. This suggests that the 
existing vegetation density, mix and location for around two thirds of these farms are generally 
optimal from a private land manager’s perspective. As such, regulation of native vegetation is 
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1 Impact of vegetation density on rangelands productivity, by region

    North
  Western New west slopes
 Survey region  South Wales and plains Central west Riverina
 (whole)  (part)  (part)  (part)  (part)

 %  %  %  %  %

Vegetation density 8 (11) 10 (18) 9 (32) 9 (12) 7 (23)

Farmers wanting to undertake
  rangelands development 28 (14) 34 (38) 75 (12) 18 (38) 22 (27)

Reported decline in carrying
  capacity since 1995 19 (10) 26 (23) 17 (21) 16 (35) 19 (12)

Note: The reliability of each estimate is given by a relative standard error in parentheses. It is the standard deviation of 
the estimated mean expressed as a percentage of the estimate: the smaller the relative standard error, the more reliable 
the estimate.



10

native vegetation management on broadacre farms      abare  eReport  06.3

not likely to have a signifi cant impact on these landholders who derive benefi ts from existing 
vegetation stocks as part of their normal farm practices. However, the response varied widely 
across the survey region. In particular, 75 per cent of farmers with rangelands areas in the 
North West Slopes and Plains wished to further develop their properties compared with roughly 
22 per cent of farmers in the Riverina (table 1).

Vegetation management and grazing productivity
Increasing levels of native and introduced scrub on grazing land can lead to a decline in 
carrying capacity and lower productivity for livestock producers. Invasive scrub refers to the 
establishment of vegetation, in terms of density and species mix, that is not part of the natural or 
developed landscape. While managing invasive scrub that is not part of the natural landscape 
may generate private and public benefi ts, managing invasive scrub in grazing landscapes may 
create resource use confl icts. Under the Native Vegetation Act 2003 (NSW) clearing of inva-
sive native scrub classifi ed as regrowth does not require approval when it has regrown since 
1 January 1990, or 1983 in the Western Division, whereas invasive native scrub classifi ed as 
remnant vegetation requires approval (DNR 2005).

Invasive scrub alters large areas of the landscape and under the Native Vegetation Act 2003, 
options for managing invasive scrub are restricted. Invasive scrub reduces grazing produc-
tion levels, thereby affecting the effi ciency and effectiveness of farm management practices. 
Of farmers surveyed with rangeland areas, 41 per cent reported declining grazing capacity 
due to increasing vegetation levels. Invasive species led to an average 19 per cent reduction 
in carrying capacity since 1995 across the survey region with the 5 per cent of farmers worst 
affected reporting declines in carrying capacity greater than 40 per cent. This problem leads to 
large reductions in productivity as farmers are unable to sustain stock numbers. Grazing areas 
worst affected by invasive scrub species are highlighted in fi gure D. Landholders are further 
affected as invasive species can create stock management problems, soil erosion and increased 
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prevalence of native and introduced pests (DIPNR 2004). These impacts and their effects on 
productivity are likely to continue as invasive scrub spreads. Under the Native Vegetation Regula-
tion 2005, management options available to reduce these impacts can be restrictive.

In addition, regulation has a negative impact on farmers by limiting opportunities to extend or 
reconfi gure areas of productive land that are affected by invasive scrub (Productivity Commis-
sion 2004). The effects of this forgone production are widespread with 16 per cent of graziers 
surveyed wanting to develop their grazing areas for increased livestock carrying capacity.

Several factors impede the development of land for higher grazing productivity including the 
suitability of the land for further development, fi nancial viability, water availability and vegeta-
tion regulations. Concern about each factor varied across farms and regions. However, vegeta-
tion regulations were considered by 51 per cent of survey farmers to be a very important issue 
constraining development. In the Western and North West Slopes and Plains regions, more 
than 80 per cent of survey farmers reported that vegetation regulations are a very important 
factor constraining development. The results suggest that in some areas, invasive scrub is a 
signifi cant drawback to grazing landholders, by constraining development likely to achieve 
productivity gains.

The presence of invasive scrub is likely to pose the greatest impact on agricultural productivity 
when it spreads over highly productive land (Sinden 2004). In such cases, relatively small 
amounts of clearing could lead to large productivity gains in terms of increased carrying 
capacity. This concept is signifi cant with survey farmers indicating that an average 190 per 
cent increase in carrying capacity could be possible from grazing land development. If achiev-
able, these gains could contribute signifi cantly to productivity and the long term viability of 
grazing in the survey region.

Invasive scrub has also been linked with adverse environmental consequences including 
reduced habitat diversity, increased soil water erosion and increased incidence of both native 
and exotic pest species (DIPNR 2004). Where invasive species lower environmental outcomes 
by threatening more desirable ecosystems, incursion management strategies may need to be 
introduced to maintain or improve environmental outcomes. This may require additional surveil-
lance, control, eradication and preventative farm management practices to minimise their 
impact. Land owners may be able to undertake invasive species management actions at lower 
cost than governments because there are also private benefi ts from doing so. However, they 
can only do so within a viable farm operating environment.

Isolated paddock trees and cropping productivity
Isolated trees in paddocks can limit the effi ciency of cropping management practices imposing 
a constraint on some farmers. As increasing numbers of farmers are choosing to move into 
cropping and adopt more effi cient technologies, the presence of isolated trees is likely to have 
a greater impact on both crop yields and crop management effi ciency. These trees are gener-
ally protected under the Native Vegetation Act 2003, restricting control options. Farmers are 
required to apply for permission to clear isolated paddock trees if they are not classifi ed as 
regrowth or covered by other exemptions. In some instances, permission to clear single trees 
may be granted if suffi cient environmental offset works are undertaken elsewhere to maintain or 
increase environmental outcomes.

Furthermore, according to 38 per cent of survey farmers who cropped in 2004-05, isolated 
paddock trees limited the effi ciency of their crop management technology (table 2). However, 
the proportion of farmers reporting isolated paddock trees to be a problem varied across 
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the survey region, as illustrated in fi gure E(a). Isolated trees impose a physical obstruction to 
cropping machinery which must be manoeuvred around such obstacles, resulting in some land 
being covered twice and other areas being missed altogether. When using planting machinery, 
this leads to forgone production in unplanted areas, and plant stand densities double that 
considered optimal in areas covered twice. In both cases yields are reduced. Similar problems 
exist for irrigation and spraying technologies. Many farmers are adopting zero or minimum 
till management systems to reduce soil moisture loss during cultivation and hence improve 
crop yields. These systems use spray rigs up to 48 metres in width to reduce competition from 
weeds. Both over and under spraying by the rig, due to an isolated tree, could lead to both a 
waste of chemicals and possible weed infestations in the area.

Of survey farmers that cropped in 2004-05, 26 per cent used GPS technology (table 2). 
However, the level of GPS adoption varied across the survey region (fi gure E(b)). The recently 
widespread availability of GPS technology is providing the opportunity for farmers to realise 
productivity improvements associated with precision agriculture using manual or automatic 
satellite guidance systems. Farmers adopting GPS technology had cropping paddocks approxi-
mately twice as large as farmers not using GPS. Of the survey farmers that had adopted GPS 
technology, 62 per cent indicated that isolated trees were limiting the effi ciency of crop manage-
ment, compared to only 29 per cent of farmers who had not adopted GPS technology. Further-
more, farmers utilising GPS technology also had machinery, on average, 60 per cent larger 
than that of non-adopters. The average width of the widest machinery utilised by GPS adopters 
was 21 metres in contrast to 13 metres for non-adopters (table 2). This suggests that farmers 
with wider and more effi cient technologies, as well as larger farm areas, are likely to be most 
affected by the presence of isolated trees. Under many existing farm management systems it is 
likely that the opportunity costs of maintaining isolated paddock trees will change over time. A 
large proportion of existing isolated paddock trees will eventually die, and with farmers having 
no incentive to replace them what ecosystem services they provide will eventually be lost.

Farm total factor productivity
Farm productivity is the relationship between input quantities employed and output quantities 
produced. Single-factor productivity measures, such as carrying capacity measured in dry 
sheep equivalents (DSE) per hectare, are useful measures for understanding individual input/
output relationships with all other factors assumed constant. However, single-factor productivity 
measures are limited because they do not account for concurrent changes in other inputs or 

2 Impact of vegetation density on crop productivity, by region

    North
  Western New west slopes
 Survey region  South Wales and plains Central west Riverina
 (whole)  (part)  (part)  (part)  (part)
Farmers reporting a problem
  with isolated trees % 38 (17) 42 (38) 56 (17) 37 (22) 31 (39)

Farmers using GPS technology % 26 (17) 12 (144) 40 (22) 20 (28) 27 (30)

Width of widest machinery
–  GPS adopters m 21 (6) 30 (5) 23 (11) 19 (13) 21 (11)

–  non-GPS adopters m 13 (5) 17 (30) 12 (11) 14 (10) 11 (6)

Note: The reliability of each estimate is given by a relative standard error in parentheses. It is the standard deviation of 
the estimated mean expressed as a percentage of the estimate: the smaller the relative standard error, the more reliable 
the estimate.
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outputs. Total factor productivity is a better measure because it accounts for the substitution 
effects between all alternative inputs and outputs. Prices may be used as weights to enable the 
aggregation of dissimilar inputs and outputs to create an index measure of total factor produc-
tivity. An increase in productivity means that, in aggregate, more outputs are produced with 
relatively fewer inputs.
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Total factor productivity analysis is a standard approach for understanding the broad range of 
forces that infl uence farm productivity. Total factor productivity is a ratio of all output quantities to 
all input quantities. Output quantities include the quantities of crop produced, livestock and live-
stock products sold as well as other sources of income derived on-farm. Input quantities include 
fi xed cost items such as land, machinery and livestock as well as variable cost items such as 
labor, materials and services purchased. Total factor productivity varied substantially across 
the survey region with survey farms in the North West Slopes and Plains found to be twice as 
productive as survey farms in western New South Wales (table 3).

The importance of a range of factors likely to infl uence total factor productivity was tested using 
a regression analysis of the farm survey data. A full description of the survey and analytical 
methodology is presented in appendix A and appendix B respectively, including descriptions of 
all model variables.

Vegetation density has a signifi cant negative impact on total factor productivity on broadacre 
farms in the survey region according to the model results presented in table 4. This means that 
after all other factors in the model have been accounted for farms with larger stocks of vegeta-
tion are more likely to be associated with lower total factor productivity. Furthermore, it can be 
concluded that restrictions on vegetation management of invasive scrub on agricultural land is 
likely to have a negative impact on the productivity growth of some farms.

3 Total factor productivity, by region

 Total factor  Relative
 productivity (index)  standard error

Survey region (whole) 100 (5)

Western New South Wales (part) 58 (8)

North west slopes and plains (part) 116 (13)

Central west (part) 94 (6)

Riverina (part) 104 (8)

Note: The reliability of each estimate is given by a relative standard error in paren-
theses. It is the standard deviation of the estimated mean expressed as a percentage 
of the estimate: the smaller the relative standard error, the more reliable the estimate.

4 Total factor productivity regression results

   Elasticity
Variable Coeffi cient Standard error at the mean

log (climate) 0.567 0.145 0.567
log (land area) 0.137 0.031 0.137
log (land quality) –0.135 0.029 0.135
log (land use intensity) 0.119 0.028 0.119
log (access to fi nance) 0.056 0.019 0.055
vegetation density –0.008 0.002 0.008
off-farm income –0.712 0.181 0.007
education (spouse) 0.053 0.013 0.201
corporate farm 0.283 0.076 –
intercept –4.745 0.955 –

Note: All coeffi cients are statistically signifi cant at the 1 per cent level (n = 232; R2 = 0.58).
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While farms with low vegetation densities are, on average, associated with higher total factor 
productivity, it is not possible to conclude that continual removal of vegetation will necessarily 
lead to higher productivity, particularly in rangeland areas, given the survey data available. At 
low vegetation densities, past research suggests that increasing vegetation levels, up to some 
point, is consistent with increased productivity on some farms, particularly grazing properties 
(Scanlan 1992).

While the results presented in table 4 confi rm that there are some factors that can infl uence total 
factor productivity, many are beyond farmers’ control. Vegetation density is a signifi cant deter-
minant of productivity over which farmers could potentially have some control. The total factor 
productivity analysis reveals that total factor productivity varies signifi cantly across the survey 
region, as shown in fi gure F. Comparison of this map with the map showing potential range-
lands development opportunities (fi gure C) highlights those more productive farming areas that 
also have further development potential, particularly in the north of New South Wales.
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4

costs of conservation

■ Over a survey region of 400 000 square kilometres in central and western New South 
Wales, 19 per cent of survey farmers wished to clear rangelands for crop development.

■ The median cost of forgone crop development across the survey region is around 
$156 000 per farm.

■ The total opportunity cost of forgone crop development on rangelands is estimated to 
be as high as $1.1 billion across the survey region.

■ These costs will vary widely within farms, between farms and between regions.

Regulations that prevent the clearing of vegetation on private agricultural land can impose 
large opportunity costs; that is, the cost of forgoing a profi table activity. Opportunity costs are 
considered in decision making processes at all levels of society; from individuals weighing-up 
options regarding how to spend their free time to governments evaluating national resource 
use policies. Economic effi ciency implies that the return to a given land use is greater than the 
opportunity cost of the next best use. Opportunity costs are often overlooked because they do 
not directly appear on farm fi nancial statements or government budgets. However, the opportu-
nity costs associated with the conservation of native vegetation by society need to be taken into 
account in order to ensure that the net benefi ts are positive. Furthermore, policies that impose 
relatively large opportunity costs create economic incentives for behavior that undermines the 
effectiveness of such policies.

While the opportunity costs of conserving native vegetation on privately managed land are 
incurred by society as a whole, farmers are a readily identifi able group in society that have 
borne these costs directly. Recent changes to rights over native vegetation have imposed costs 
on those farmers that have yet to fully develop their property. There is an ongoing demand 
for additional cleared land that refl ects continued pressure to shift enterprise mix out of wool 
production and to take up opportunities presented by new crop varieties and cropping prac-
tices. However, raising farmers’ awareness of the environmental benefi ts of native vegetation 
can lead to farmers electing to conserve or expand native vegetation where the opportunity 
costs are low.

Impacts of vegetation conservation on private landholders
Public policies that result in native vegetation stocks above privately optimal levels can impose 
an array of negative impacts on some private landholders. These include impacts on produc-
tivity and land values as well as affecting access to fi nance and personal stress (Productivity 
Commission 2004). Some landholders may benefi t particularly where policies reduce nega-
tive environmental impacts arising on other properties such as dryland salinity. However, on 
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balance, native vegetation regulations are likely to have a net negative effect on land managers 
to the extent that regulations enforce broader community objectives, such as protection of biodi-
versity and management of greenhouse gas emissions (Productivity Commission 2004).

In conserving native vegetation, society may forgo potential agricultural production and thus 
potential export revenue in order to realise the benefi ts of improved environmental outcomes: it 
is a tradeoff that society is making. Farmers undertake development activities with an expecta-
tion of improved fi nancial returns net of development costs. For example, when farmers who 
wish to clear grazing land in order to pursue cropping opportunities are prevented from doing 
so by native vegetation regulations, they may incur a fi nancial penalty (that is, bear a cost) 
because the long run net returns to cropping are generally higher than those from grazing activi-
ties in many broadacre agricultural areas.

Estimated opportunity cost of forgone cropping
The opportunity costs of forgone crop development have been estimated for an area of 
400 000 square kilometres in central and western New South Wales. These estimates are 
based on a hypothetical blanket ban that effectively prevents any broadscale clearing. To the 
extent that existing or future regulations allow development to occur with offsets — the true 
opportunity cost may be lower. Assessing the fl exibility of current regulation in New South 
Wales is beyond the scope of this study. These results only apply to those farmers who identifi ed 
rangeland areas they wished to develop for cropping. Over the entire survey region, 19 per 
cent of survey farmers wished to clear land for crop development. The survey response varied 
spatially, with a higher proportion of farmers in the Western Division indicating a preference 
for development compared with the Central Division (fi gure G). Farmers who did not identify 
potential crop development areas were assumed to have opportunity costs of zero.

The opportunity cost per hectare of forgone rangeland crop development is the predicted 
change in land values per hectare less clearing costs. The opportunity costs for each farm in 

G Percentage of farmers wanting to develop rangelands for cropping

WalgettBourke

Coonamble

Nyngan

Dubbo

West WyalongHay

Weste
rn

di
vi

si
on

more than 60 per cent

40 – 60 per cent

20 – 40 per cent

less than 20 per cent

no data



18

native vegetation management on broadacre farms      abare  eReport  06.3

the sample were determined from the unit costs per hectare. However, the uptake of develop-
ment opportunities is likely to occur over an extended period of time as farms face fi nancial and 
other constraints — the longer the period, the lower the opportunity costs. These individual farm 
estimates were then discounted over an assumed 15 year development path. Aggregate oppor-
tunity costs for the entire survey region were obtained using survey weights based on both ABS 
industry characteristics and biophysical characteristics. The opportunity costs reported in table 5 
are presented in three ways: on a per hectare basis, per farm basis and in total for the survey 
region. These costs represent the difference between long run returns to crop development 
compared with current grazing systems. A full explanation of the methodology, assumptions and 
limitations is contained in appendix C.

The opportunity cost of native vegetation conservation varies over the total survey region; ninety 
per cent of the estimates fell between $187 and $1445 a hectare of potential crop develop-
ment area. The extent to which opportunity costs vary across landscapes largely refl ects the 
heterogeneity of the potential productive capacity of rangeland areas. Where vegetation must 
be retained, the losses in land value will be large when the productivity of alternative agricul-
ture is also high (Sinden 2003). Accordingly, the total costs to society of conserving native 
vegetation, which include costs associated with administering policies intended to conserve 
native vegetation, are also likely to vary considerably over rural New South Wales. It is also 
reasonable to expect that the benefi ts of native vegetation will also vary throughout the rural 
landscape.

These opportunity cost estimates also indicate spatially the magnitude of fi nancial incentives that 
might be required by some private landholders in order to willingly forgo potential development 
opportunities, as illustrated in fi gure H. Such information is of use to policy makers considering 
expansion of native vegetation stocks using market-based instruments.

The median opportunity cost per hectare in the Central Division ($596) is 57 per cent higher 
compared with the Western Division ($379), consistent with more favorable cropping opportu-
nities in the former. The median measure of central tendency is preferred over the mean because 
of the highly skewed nature of the distribution of costs across the survey region. These results 
suggest that the cost of purchasing ecosystem services on rangelands identifi ed by farmers as 

5 Opportunity cost of forgone crop development area in the survey region

  Western Division Central Division Total survey region
Cost per hectare
Lower 5 per cent $ 129 242 187
Median $ 379 596 582
Mean $ 376 701 675
Upper 5 per cent $ 725 1 445 1 445

Cost per farm
Lower 5 per cent $m 0.145 0.001 0.001
Median $m 0.240 0.104 0.156
Mean $m 0.396 0.441 0.438
Upper 5 per cent $m 0.928 1.863 1.656

Total $m 79 1 035 1 114

Notes: 1 Several large, high value developments in the Western Division areas were excluded from the analysis 
because they could not be considered representative of other farms in the region. Exclusion of these farms lowers 
opportunity cost estimates for the Western Division and total survey region. 2 Averages and percentiles exclude 
survey farms that did not want to undertake crop development.
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being suitable for potential crop development, are likely to be substantially higher in the Central 
Division compared with the Western Division. Clearly if the benefi ts of conservation relative to 
their opportunity costs vary across landscapes there are potential gains from targeting opportuni-
ties to preserve or increase levels of native vegetation where there are higher benefi t cost ratios. 
However, climatic and soil conditions that are suitable for cropping may also support native 
vegetation that delivers higher valued environmental services.

The median cost of forgone crop development across the survey region is around $156 000 
per farm. This means that 50 per cent of farms in the survey region are likely to forgo develop-
ment benefi ts greater (and less) than this value. The estimated opportunity cost per landholder 
in the Central Division (where cropping is better suited) ranged from less than $1 000 for the 
lowest 5 per cent to greater than $1.9 million for the worst affected 5 per cent.

The substantial magnitude of these opportunity cost estimates is likely to have a signifi cant infl u-
ence on the effectiveness of policies prohibiting crop development in some areas. According to 
the Productivity Commission (2004, Finding 6.4) some landholders most severely affected by 
vegetation regulations have often suffered serious personal problems in the face of the resultant 
marginal viability, or even loss, of their property. Where the expected private benefi ts from 
clearing exceed the expected private costs of clearing, including expected penalties for illegal 
clearing, there is a strong fi nancial incentive for some farmers to ignore regulatory constraints.

The total opportunity cost of forgone crop development on rangelands is as high as $1.1 billion 
across the survey region. Most of the cost is borne in the Central Division areas. Although the 
median opportunity cost per farm is higher in the Western Division areas compared with the 
Central Division areas, the larger number of farmers wishing to undertake smaller developments 
of potentially much higher value in the Central Division areas dominated the smaller number of 
farmers in the Western Division areas wishing to undertake larger but lower valued developments.

The opportunity cost results presented in this report are substantially higher than those published 
by Davidson et al. (2005) for a number of reasons. First, expansion of the survey beyond that 
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published in Davidson et al. (2005) resulted in more than 50 per cent of farmers having zero 
opportunity cost values. Accordingly, the median opportunity cost per farm of the expanded 
survey region was zero and not an appropriate instrument for comparative purposes. The 
median opportunity costs in table 5 only apply to those farms that wanted to undertake crop 
development. Second, and as a consequence of the expansion in the area surveyed, the 
total opportunity cost rose accordingly. Third, the substantial increase in sample observations 
following the survey’s expansion enabled the development of a substantially improved statistical 
model. Fourth, the opportunity cost estimates published in Davidson et al. (2005) were equiva-
lent to option values — the opportunity cost if development was prevented on all rangeland 
areas of higher land capability scores only. However, this study is based on the development 
preferences reported by survey farmers and accordingly includes the opportunity cost of signifi -
cant tracts of land with lower land capability scores, particularly in the higher valued Central 
Division.

Cost of expanding the national estate
The objectives of the NSW Native Vegetation Act 2003 include improving the condition of 
existing native vegetation and encouraging the revegetation of land. The results in the previous 
section reported the opportunity cost of maintaining vegetation stocks that would otherwise have 
declined through crop development. However, society incurs an additional opportunity cost 
where it decides to improve environmental outcomes by increasing native vegetation stocks on 
rangelands. Again, society is faced with trading off agricultural production with environmental 
outcomes.

The opportunity cost of forgone livestock production through increasing vegetation density on 
rangelands was able to be estimated using the total factor productivity regression model in 
conjunction with ABARE’s Farm Cash Income (FCI) model (see appendix D for the methodology). 
An experiment was conducted to predict the impact on farm income of a one percentage point 
increase in the density of vegetation in rangeland areas. The average vegetation density in the 
rangeland areas of the survey region is around 8 per cent. It was assumed that the increase 
in vegetation stocks would occur progressively over 15 years with no additional costs associ-
ated with revegetation, additional fencing and stock water reconfi gurations. The estimated 
net present values of permanent declines in farm cash income across the survey region are 
presented in table 6.

6 Opportunity cost of increasing vegetation density on rangeland areas in the survey 
region

  Western Division Central Division Total survey region
Cost per hectare
Lower 5 per cent $ 0 8 3
Median $ 1 34 32
Mean $ 3 42 40
Upper 5 per cent $ 12 88 88

Cost per farm
Lower 5 per cent $’000 1 0 0
Median $’000 18 12 12
Mean $’000 41 32 33
Upper 5 per cent $’000 161 118 119

Total $m 23 356 379
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Once again, the magnitude of the costs varies between farms and across landscapes refl ecting 
differences in land productivity and farm management. With a more fl exible approach than a 
blanket one percentage point increase in vegetation density over all rangelands, the same level 
of environmental outcomes may be achieved by disproportionately larger increases in vegeta-
tion stocks on land with lower opportunity costs of forgone livestock production. Furthermore, the 
level of environmental outcomes may be increased through facilitating improved spatial confi gu-
rations to realise connectivity benefi ts.
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implications for policy

■ A broad based regulatory approach to managing native vegetation may fail to differ-
entiate between sites where conserving native vegetation generates net benefi t versus 
net costs.

■ The key to the introduction of fl exible policy instruments is a clear understanding of the 
underlying environmental objectives and the different means by which those objectives 
can be achieved.

■ If equivalent environmental outcomes can be generated at different sites, market based 
initiatives that allow native vegetation to be conserved at sites where the opportunity 
cost is relatively low may lower the overall cost of delivering environmental outcomes.

Institutional arrangements are likely to be required to translate the broader community’s demand 
for environmental outcomes into effect. The range of policy instruments available for environ-
mental management includes: regulation; primary market interventions (e.g. levies and subsi-
dies); and secondary market developments (e.g. cap and trade mechanisms).

Each of these instruments has different information requirements and costs associated with their 
implementation. Regulations that prevent the clearing of native vegetation irrespective of its 
location are likely to be very costly. This is because a regulatory approach may not be able to 
differentiate between sites where conserving native vegetation generates a net benefi t, and sites 
where the opportunity costs are suffi ciently high that conservation of native vegetation gener-
ates a net cost to society. Furthermore, the enforcement costs of nonvoluntary regulation may be 
signifi cant if regulated actions across a large area need to be constantly monitored. However, a 
regulatory approach can provide the government with a high level of control over the behavior 
of landholders, which may be important in the presence of potential thresholds that could lead 
to irreversible resource management problems (Newby et al. 2004).

Policy instruments that allow farmers to conserve native vegetation at sites within their prop-
erty with relatively lower opportunity costs are likely to lower the cost of native vegetation 
conservation to individual farmers. The extent of the variability in opportunity costs of forgone 
development revealed by the ABARE survey suggests that there may be further scope to lower 
the costs of conserving native vegetation. To the extent that equivalent environmental outcomes 
can be generated at different sites, market based initiatives that allow native vegetation to be 
conserved at sites where the opportunity cost is relatively low — irrespective of individual prop-
erty boundaries — may lower the overall cost of delivering the desired environmental outcomes.

For example, a cap and trade mechanism that stipulated a minimum level of native vegetation 
conservation but allowed farmers to trade the delivery of environmental outcomes would enable 
those landholders that can most cost-effectively deliver environmental outcomes to do so, thereby 
lowering the overall cost of achieving the desired objective within a given region. One of the 

5
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advantages of a cap and trade mechanism is that information about which landholders can 
deliver environmental outcomes most cost-effectively is revealed by the market process.

Where government funds are available, the use of auctions can also lower the cost of achieving 
desired environmental objectives. The market process reveals information that would otherwise 
by costly for the government to obtain. Furthermore, the joint assessment of bids submitted by 
landholders can take into account any important spatial interdependence of the environmental 
benefi ts.

The key to the introduction of fl exible policy instruments is a clear understanding of the under-
lying environmental objectives and the different means by which those objectives can be 
achieved. For example, the stipulation of a minimum level of native vegetation conservation 
needs to clearly state the desired mix and distribution of native species in different landscapes.

Formulating fl exible instruments that deliver specifi ed environmental objectives at least cost 
requires an understanding of the extent to which alternative landscapes can be designed to 
generate equivalent or improved benefi ts. This remains a critical information gap in designing 
native vegetation policy. Insights gained from trials of market based instruments around Australia 
are likely to assist governments in the design and implementation of more fl exible native 
vegetation policies. For example, competitive tendering schemes are being used or have been 
proposed in a number of states in Australia to deliver specifi ed environmental objectives at least 
cost to society.
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survey methodology

A survey methodology was designed to collect the data necessary to estimate the impacts of 
vegetation density on farm productivity and the impacts of the ban on broadscale clearing on 
farm returns.

The survey region in New South Wales covered the western half of the Central Division and 
extended into the Western Division — an area of approximately 400 000 square kilometres, 
as shown in fi gure I. It contains the interface between the wheat–sheep and pastoral zones. 
Central and western New South Wales was of interest because it is a large area dependent 
on broadacre agricultural activities and for which ABARE’s previous case study work had 
indicated a likely impact from native vegetation legislation (Davidson and Elliston 2005). The 
region is also of interest from a broader policy perspective because it contains farms that are 
under multiple adjustment pressures, areas with signifi cant development potential and properties 
affected by invasive plant species.

In order to estimate the net return to different land management units, farm level fi nancial and 
production data, and paddock level activity and bio-physical data were collected via face-to-
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face interviews on 386 farms. Survey farms were drawn from the ABS population list to ensure 
that statistically reliable estimates of the impact of the vegetation regulations could be made. 
Central to the investigation is the estimation of the returns to different types of agricultural land, 
with different vegetation covers, in different climatic areas engaged in different broadacre 
agricultural activities across a range of farm management systems. Properties that had previously 
engaged in signifi cant levels of irrigated agriculture were excluded from the sampling proce-
dure. The population of broadacre farms in the Central and Western Divisions was stratifi ed 
and the sample selected in varying proportions from the strata to improve the precision of survey 
estimates. A model-based weighting procedure was used (Bardsley and Chambers 1984) for 
constructing population estimates from the sample data so that estimates of production conform 
to totals supplied by the Australian Bureau of Statistics. The weights were further adjusted so that 
estimates of total agricultural areas of different land capability types would conform to known 
totals in the Central and Western Divisions.

The farm fi nancial and production data were collected using ABARE’s existing Australian Agri-
cultural and Grazing Industries Survey (AAGIS) methodology for the 2004-05 fi nancial year. 
The AAGIS data are extensive, covering all agricultural and non-agricultural production, costs 
and receipts, inputs and outputs, for the area actually operated by the farmer, with adjustments 
made for areas leased or share-farmed. While not all of these data were necessary for the 
analysis, there are various data edit checks that can be performed if all the survey data are 
collected, which enables a high level of quality control over the survey data.

In order to estimate impacts at a sub-farm level, farms were disaggregated into three primary 
management units; crop rotation areas, rangeland areas and areas unused for agricultural 
production. These areas were then mapped using purpose built mapping software with their 
identifi cation facilitated by digital cadastral farm boundary and satellite imagery layers. Farmers 
were then asked what areas they would like to develop for cropping or increased livestock 
carrying capacity, if there were no practical or regulatory constraints. These potential develop-
ment areas were mapped together with supporting information on the nature and importance of 
any constraints to development.

The AAGIS survey was extended to include additional questions designed to investigate the key 
productivity impacts of vegetation related issues and the extent to which the native vegetation 
legislation was limiting farmers’ management practices. The survey was developed, trialed and 
revised in conjunction with a regional agronomist — who has an in depth understanding of the 
production systems and development options in the region — to ensure that the data collected 
were of high quality and met the project objectives.
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total factor productivity analysis

There is ongoing interest in achieving a better understanding of the environmental factors that 
infl uence farm productivity growth. While the importance of environmental factors in agricultural 
production systems have long been recognised, it is only recently that economists have been 
able to cost-effectively measure and evaluate their importance across large numbers of farms 
(Boero Rodriguez et al. 2006). It is important for the purposes of this study that the contributions 
of both market and non-market inputs are adequately incorporated in analysing the impacts of 
vegetation on farm productivity.

Productivity analysis examines the technical effi ciency with which inputs are transformed into 
outputs. The familiar partial productivity measures, such as livestock carrying capacity measured 
in, for example, dry sheep equivalents per hectare and crop yields, can be misleading as 
they tend to attribute all productivity change to a single factor and fail to capture changes in 
the intensity of the use of other inputs. In contrast, total factor productivity is the conventional 
measure of on-farm productivity that compares the quantity of all marketable outputs with the 
quantity of all marketable inputs. However, conventional total factor productivity measures do 
not capture factors such as climate, management practices, soil fertility and vegetation density. 
As Gollop and Swinand (1998) observed, total factor productivity is a ‘biased barometer’ 
of how effi ciently scarce resources are being allocated by society because it fails to take into 
account changes in non-market inputs and outputs.

While the ultimate goal of total factor productivity analysis is to include all non-market factors 
infl uencing total factor productivity growth (that is, how total factor productivity changes over 
time) a complete set of time series data for key covariates such as vegetation density is not 
available. However, cross-sectional data were available for many key non-market factors likely 
to infl uence productivity between farms. These non-market factors can be assumed to infl uence 
total factor productivity over time and are also likely to infl uence total factor productivity growth.

Construction of the total factor productivity index
Total factor productivity is a ratio of all output quantities to all input quantities. When there 
is more than one input (or output) it is necessary to use prices as weights for aggregation. 
However, as prices differ between farms, an indexing procedure is used to aggregate these 
diverse inputs (or outputs). Total factor productivity indexes were calculated for each farm using 
the Fisher procedure. The Fisher ideal quantity index is defi ned in terms of the Laspeyres (QL ) 
and Paasche (QP ) quantity indexes:
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respectively, where i, 1 ≤ ≤i N , represents the input (output) i used (produced) on the farm, N 
is the total number of inputs (outputs), pis  is the price for input (output) i for farm s, qis  is the 
quantity used (produced) of i and the subscript t denotes the base or reference farm. Fisher’s 
ideal index is the geometric mean of the Laspeyres and Paasche indexes
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Logical consistency is maintained between farms by ensuring that the total factor productivity 
values for each farm are transitive. Transitivity is a property that exists when a transformation 
that is applied from point X to point Y and from point Y to point Z, is equivalent to applying the 
same transformation from point X to point Z.

When applying the formulae above, a farm is chosen as the base and given an index value 
of one. The index values of all other farms are then relative to this base farm. If the total factor 
productivity index values for all farms are transitive, the total factor productivity between any 
two farms can be compared to each other by simply dividing their respective index numbers. To 
ensure that Fisher’s index is transitive the following transformation is applied
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where 1 ≤ ≤r n, and n is the number of farms in the sample. A full explanation of this approach 
is found in Boero Rodriguez et al. (2006).

The farm fi nancial and physical data used in total factor productivity analysis were obtained 
from ABARE’s Australian Agricultural and Grazing Industries Survey (AAGIS) of broadacre 
farmers for 2004-05.

Total factor productivity inputs
The farm data collected by ABARE can be split into fi ve major groups: land, capital, livestock 
purchases, labor, material and services.

Land unit value is the opportunity cost of investing funds in this capital item. This is calculated as 
the average of opening and closing capital value multiplied by a real interest rate. The quantity 
variable used for land is the area operated.

Capital inputs are separated into three categories: livestock, plant and machinery, and struc-
tures. The unit value for livestock on each farm is the opportunity cost of investing funds in this 
item. This is calculated as the average of the opening and closing capital value multiplied by a 
real interest rate. The unit values for plant and machinery and structures are the opportunity costs 
plus depreciation. The quantity of livestock is the average of opening and closing numbers. For 
plant and machinery and structure, the quantity of capital is the average value of capital stock 
defl ated by the respective prices-paid indexes for each.

Livestock purchases are split into beef, sheep and other livestock purchases. Their value equals 
actual purchases plus an adjustment for the change in stocks during the year. The adjustment on 
inputs balances an identical adjustment on livestock output that ensures that breeder destocking 
(restocking) is not counted as increased (decreased) productivity. The quantities of sheep and beef 
are derived from the respective value variables and respective prices–received indexes for sheep 
meats and slaughtered beef. For the relatively small category of other livestock, the quantity vari-
able is derived from the value of purchases and a prices-received index for livestock products.
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Labor consists of four items — owner operator and family labor, hired labor and shearing 
costs. The value of the owner operator and family labor input is imputed using weeks worked 
and an award wage. The value of hired labor is wages paid, and the values of shearing and 
stores and rations are expenditure on these items. The quantity variables for owner operator and 
family labor and hired labor are weeks worked. Expenditure defl ated by a shearing prices-paid 
index is the quantity variable for shearing.

Materials and services – total material inputs consist of seven items: fertiliser, fuel, crop chemi-
cals, livestock materials, seed, fodder and other materials. Total service inputs consists of eight 
items in the services group: rates and taxes, administrative costs, repairs and maintenance, 
veterinary expenses, motor vehicle expenses, insurance, contracts and other services. The value 
for each item is expenditure. The quantity variables are derived by defl ating the expenditure on 
each by the appropriate prices-paid index.

Total factor productivity outputs
Output consists of twelve items, which can be divided into four major groups: crops, livestock 
sales, wool and other farm income.

Crops are split into wheat, barley, oats, grain sorghum, oilseeds and other crops. The value 
variable for wheat is the quantity harvested multiplied by the Australian Wheat Board’s average 
net return for that year’s pool. For other grains and other crops, the value variable is net receipts 
in that year. The quantity variable for each of the grains is the quantity harvested. For the other 
crops, it is receipts defl ated by the prices-received index for crops.

Livestock – the value variable is livestock sales plus positive operating gains plus transfers from 
the farm. For the minor category of other livestock, the value variable is sales. The quantity 
variables for beef, sheep and lambs are derived from the respective value variables and the 
prices-received indexes for slaughtered beef, sheep and lamb meats. For the category of other 
livestock, the quantity variable is derived from the value of sales and a prices-received index for 
livestock products.

Wool – the value variable for wool is net receipts. The quantity variable is the amount of wool 
shorn in kilograms.

Other farm income – the value variable is receipts and the quantity variable is receipts defl ated 
by the sector prices-received index.

Identifi cation of potential determinants of productivity
Identifying potential infl uences on total factor productivity can be undertaken systematically 
within a rural livelihoods framework (Boero Rodriguez et al. 2006). The rural livelihoods frame-
work adopted here is built on a set of fi ve asset classes or stocks of capital with which farmers 
are able to undertake production: physical, natural, human, fi nancial and social (Ellis 2000). 
Farms with access to all these dimensions of capital are likely to be more resilient to external 
changes and shocks (Nelson, Kokic, Elliston and King 2005) and may also be better placed to 
improve productivity over time. Furthermore, sustainable productivity growth may depend on the 
range of capital types to which farmers have access and the degree of substitutability between 
these different types of capital stock (Pearce and Warford 1993).
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Model selection and estimation

The model used to determine the signifi cance of factors likely to infl uence total factor produc-
tivity is stated as follows (see Boero Rodriguez et al. 2006 for full derivation):

ln( ) lnTFP Xi i
i

= + +∑μ α ε ,

where μ  is a constant incorporating all unexplained factors shared between individual farms,  
Xi  represents the set of non-market and other factors that are likely to infl uence total factor 
productivity but are not incorporated in its construction and ε  is a random disturbance term 
incorporating all unexplained differences between farms.

The covariates included in the total factor productivity model are listed in table 7. These covari-
ates were selected from sets used in previous productivity studies (Boero Rodriguez et al. 2006, 
Alexander and Kokic 2005, Knopke, O’Donnell and Shepherd 2000) in accordance with 
economic theory and the Ellis (2000) rural livelihoods framework. The inclusion of vegetation 
density, land capability and land gradient as potential covariates proceeds from the recent 
development and implementation of spatial data capture techniques. Further clarifi cation of the 
construction of some covariates in table 7 is necessary to aid interpretation. Where a covariate 
varies across the relevant farm area, an area weighted average has been used.

Land area is total farm operating area measured in area units that allow for differing land 
productivity due to soil type, management or extent of development. It is the sum of crop rota-

7 Potential explanatory factors for inclusion in the total factor productivity regression 
model

Variable Brief description Source

Land area Farm operating area in hectares of arable land ABARE

Land use intensity Farm operating area measured in hectares of arable land divided by same 
  measured in conventional hectares ABARE

Climate Index of biophysical plant growth as measured by the Forest Productivity Index AGO

Slope Average slope of land (%) ABARE

Vegetation density Density of vegetation based on canopy cover (%) AGO

Vegetation density 2 Vegetation density squared AGO

Land quality Average land capability class weighted by area DIPNR

Access to fi nance Access to credit plus liquid assets ($) ABARE

Education – operator Highest level of education for operator (ordinal) ABARE

Education – spouse Highest level of education for spouse (ordinal) ABARE

Crop specialisation Proportion of area used for cropping (%) ABARE

Off-farm income Proportion of total income from off-farm wages and investment (%) ABARE

Corporate farm Dummy: farm owned by a publicly-listed company (1 corporate; 0 non-corporate) ABARE

Central Division Dummy: NSW division (1 if central; 0 if western) ABARE

Travel cost Distance to nearest town of population 5000 or greater weighted according to road 
  type (index) ABARE
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tion and rangeland areas. Crop rotation areas are defi ned as being arable land capable 
of supporting 12 DSE per annum. A dry sheep equivalent (DSE) is the energy requirement of 
livestock relative to a 50 kilogram wether sheep maintaining constant weight (Davies 2005). 
Hectares of rangeland are converted to hectares of arable land by dividing total carrying 
capacity measured in DSEs by 12.

Climate is measured by the forest productivity index which is a relative climate index of long 
term plant productivity. The forest productivity index model is based on the relationship between 
the amount of photosynthetically active radiation absorbed by plant canopies and the various 
productivity modifi ers that affect plant growth including temperature and soil water content 
(Kesteven, Landsberg and URS Australia 2004).

Vegetation density is quantifi ed using forest cover data from the Australian Greenhouse Offi ce 
(AGO) which is based on an estimate of the percentage canopy cover. Measurements are 
grouped into equal 10 per cent categories, with exceptions being the fi rst two groups of 0–5 
per cent and 6–20 per cent. Each of these ranges was represented by its midpoint, thus the 
density variable cannot fall below 2.5 per cent. A second order term was included as a poten-
tial covariate to capture private benefi ts from vegetation stocks (Scanlan 1992).

Land quality is determined using a proxy measure based on the standard eight-class system 
of land capability used by the former Soil Conservation Service of New South Wales for 
evaluating rural land in the Central Division (Emery 1986). The classifi cation identifi es land 
uses consistent with minimising soil erosion and maintaining long run productivity, based on 
an assessment of the biophysical characteristics of the land. It is a measure of the optimum use 
of the land rather than its maximum use. Consideration is given to such factors as climate, soil 
physical characteristics, fertility, drainage and stoniness (Cunningham, Higginson, Riddler and 
Emery 1988). In the Western Division, land systems data were used to roughly categorise land 
according to land capability classes approximating 2 and 5.

Access to fi nance is a covariate constructed from other ABARE farm survey data to estimate a 
farm’s capacity to access short term fi nance according to:

FINANCE = LIQUID + BORROW,

where LIQUID is total farm liquid assets and BORROW is additional borrowing capacity 
according to:

BORROW
ASSETS FER

= { ( ){ }
≤

max – . $
$

  ,      if FER >  70%
                                                      if FER  70%

x 0 7 10 000
10 000

,

where farm equity ratio (FER) is the closing farm equity ratio and ASSETS is total closing assets 
excluding leased assets.

Education of operator and spouse is an ordinal variable with the following values:

1 primary school completed or attended;

2 1–4 years high school completed;

3 5–6 years high school completed;

4 trade apprenticeship or technical completed; and

5 university or other tertiary completed.
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Improving model stability

Regression models using farm survey data are susceptible to instability. The main causes of insta-
bility in farm productivity models are signifi cant correlation between covariates and the pres-
ence of outliers. A model is defi ned as stable if the parameter estimates and their signifi cance 
do not change much if minor alterations are made to the data.

The correlation between covariates was checked prior to estimation in order to improve model 
stability. Model instability caused by excessive correlation between pairs of explanatory vari-
ables can be dealt with by excluding one of the correlated variables. The choice of which vari-
able to retain is based primarily on how closely it represents the underlying theoretical causal 
factors. The downside of doing this is that some variables will incorporate effects from more 
than one causal factor – thus causing the omitted variable bias. This means that the regression 
estimates for the included variable may be too large because it partly incorporates the effect of 
the excluded variable.

Outliers can have high infl uence on parameter estimates, particularly if they lie a long way from 
the mean of the data. To limit this problem, outliers were identifi ed and removed from the regres-
sion using Cook’s D statistic.

Treatment of data entering the regression model
Although a log-log specifi cation has been assumed in the total factor productivity regression 
model, for a variety of reasons, it was not considered appropriate for all covariates to enter 
the model in a logarithmic format. Accordingly, the standard approach to taking logs has been 
followed, as discussed in Wooldridge (2000).

■ Variables that are proportions or expressed in percentage terms were not logged and 
remained in their original form.

■ Indicator variables {0,1} can not be logged because log (0) is undefi ned and accordingly 
remained in their original form.

■ All other variables were logged and have been labeled as such (table 8).

The elasticities or proportional impacts on total factor productivity (TFP) for each type of explana-
tory variable are shown in the following equation:

∂ =
∂
∂

−
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where α i  is the estimate of the coeffi cient.

Results

Factors infl uencing productivity growth
Vegetation density is a signifi cant determinant of broadacre farm total factor productivity in the 
survey region. This means that once all other factors in the model have been accounted for, 
including climatic and soil characteristics as well as the intensity of land utilisation, farms with 
larger stocks of vegetation are likely to be associated with signifi cantly lower total factor produc-



32

native vegetation management on broadacre farms      abare  eReport  06.3

tivity.

The remaining covariates listed in table 8 have been included to avoid a potential omitted vari-
able bias and are discussed in Boero Rodriguez et al. (2006). The regression estimates of other 
potential covariates listed in table 7 have not been included because they were either corre-
lated with other more important covariates or were statistically not signifi cant.

Reliability of estimates
The statistical model explains 58 per cent of the variation in the data between farms. This 
percentage is high for models based on farm level data. All covariates of particular interest to 
this study had the expected signs, were highly signifi cant and of a similar order of magnitude to 
past research (Boero Rodriguez et al. 2006).

The survey data did not support the inclusion of a second order vegetation density term that 
would allow for both positive and negative impacts of vegetation at different density levels. As 
such, the model suggests that productivity is highest at zero vegetation density. Clearly this is 
not consistent with many farmers’ preferences for some vegetation, nor research supporting the 
private benefi ts of on-farm vegetation. The reason that the model was not able to identify any 
private benefi ts from vegetation is most likely associated with insuffi cient data resolution around 
a maximum which is likely to be located relatively close to the origin.

The robustness of the regression model used to identify signifi cant determinants of farm total 
factor productivity was confi rmed using several tests. A correlation analysis was performed on 
all potential covariates listed in table 7 which resulted in some potential covariates being elimi-
nated because they were correlated with more signifi cant covariates at an unacceptably high 
level. Outliers were removed from the regression analysis on the basis of their Cook D statistic. 
The data were also fi tted to the model using robust regression. However, there was little differ-
ence in the parameter estimates generated using robust regression compared with ordinary least 
squares. This further supported the assessment of the regression model as being robust. Accord-
ingly, ordinary least squares was used to estimate regression parameters because this regression 
technique is statistically the most effi cient.

Data limitations were observed in two key areas. First, 42 per cent of the variation in the data 
was not accounted for by the model. This indicates that some factors that signifi cantly infl u-

8 Total factor productivity regression results

  Standard Elasticity
Variable Coeffi cient  error at the mean

log (climate) 0.567 0.145 0.567
log (land area) 0.137 0.031 0.137
log (land quality) –0.135 0.029 0.135
log (land use intensity) 0.119 0.028 0.119
log (access to fi nance) 0.056 0.019 0.055
vegetation density –0.008 0.002 0.008
off-farm income –0.712 0.181 0.007
education (spouse) 0.053 0.013 0.201
corporate farm 0.283 0.076 n.d.
intercept –4.745 0.955

Note: All coeffi cients are statistically signifi cant at the 1 per cent level (n = 232; R2 = 
0.58).
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ence total factor productivity were not included in the model. However, as there were no key 
covariates that were unable to be included in the regression model, it is most likely that the 
unexplained variation is composed of numerous minor factors and ‘noise’ that is characteristic of 
farm survey data.
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opportunity cost of forgone 
cropping
Native vegetation regulations impose a cost on agricultural landholders in the form of forgone 
opportunities to increase annual income because they constrain farmers’ ability to clear and 
crop. In broadacre agricultural areas of central and western New South Wales income and 
land value are related because the value of agricultural land is largely determined by the 
expected net income stream over time. Reductions in expected net farm incomes are likely to 
lead to declines in broadacre land values.

Factors affecting land values in central and western 
New South Wales
The opportunity cost imposed by regulations obliging farmers to conserve native vegetation on 
farm land is the difference between the net return to the land with and without the regulatory 
restriction. In the absence of any regulatory restrictions, the percentage of new land developed 
for cropping would follow the upper development path shown in fi gure J. This adoption path 
refl ects increasing development over time but at a decreasing rate. The rate of development 
is likely to slow over time as land most suitable for cropping is developed fi rst and as farmers 
move toward privately optimal vegetation levels. No new development would occur if an 
effective blanket ban was in place, as depicted by the line against the horizontal axis. In the 
presence of vegetation regulations that allow offsets and exclusions some development is likely 
to occur, as represented by the hypothetical middle path in fi gure J.

The opportunity cost estimate in this analysis compares an assumed development path without 
regulatory restrictions with zero development under a blanket ban. As such, this is not an 
estimate of the opportunity cost of the NSW vegetation regulations. For the purposes of this 
analysis, it was assumed that farmers would 
clear all stated potential crop development 
land in equal annual increments over 15 years. 
A real discount rate of 5 per cent was used for 
the purpose of the analysis.

There are two related approaches to estimating 
the monetary impacts of restrictive vegeta-
tion policies on broadacre agricultural land: 
changes to net annual income and net changes 
in land value (Middleton, Lockyer, Dean and 
Sinden 1999). The net change in land value 
approach was adopted for this study because 
it is a long run measure that is more stable 
compared with the net income model.
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Hedonic model approach

Hedonic techniques have long been used to evaluate factors that infl uence agricultural land 
values (Palmquist 1989; Palmquist and Danielson 1989). Accordingly, a hedonic model was 
adopted in this study in order to explain broadacre land values in terms of land characteristics 
that vary between farms, as shown in the equation below:

V ZLAND i ij j
i

j
= + +∑β β ε0

where VLANDj
 is the value of broadacre agricultural land (in $/ha) less depreciated values of the

operator’s house and other capital improvements, Zi is the set of explanatory covariates and 
ε  is the random error term with mean zero and constant variance. The βi  coeffi cients are the 
marginal values per hectare of respective land characteristics. The value of farm land VLANDj

is self-assessed by farmers participating in ABARE’s AAGIS survey and is highly correlated with 
independent valuations. The set of characteristics for inclusion in the model was assembled from 
past hedonic studies of farmland values (table 9).

Vegetation density has been shown to be an important determinant of land values in the market 
place because the value of cleared land tends to be greater than uncleared land (Sinden 
2003). A second order term was included as a potential covariate (Vegetation density 2) 
because there is evidence that land values may increase with vegetation density at lower 
vegetation levels (Sinden 2003).

The land capability term captures erosivity as well as acting as a proxy for other soil productivity 
characteristics. Land values can be signifi cantly affected by potential erosivity (Palmquist and 
Danielson 1989). Transport cost statistics from farms to the closest town of population 5000 
or greater (at 2001 ABS Census) along the road network were included in the suite of farm 
characteristics as a proxy measure for access to services and businesses that support agricultural 
industries as well as other lifestyle choices. The costs were calculated on a 250 metre grid in 
a lambert projection. Towns of population greater than 5 000 include Dubbo, Griffi th, Moree 
and Parkes. The transport cost for each cell consists of two components:

9 Potential hedonic land value covariates
Defi nitions and data sources

Variable Brief description Source

Vegetation density Density of vegetation based on canopy cover (%) AGO

Vegetation density 2 Vegetation density squared AGO

Land quality Average land capability class weighted by area DIPNR

Slope Average slope (%) ABARE

Travel cost Distance to nearest town of population 5000 or greater weighted according to
   road type (index) ABARE

Stream frontage Frontage to major or minor streams (%) ABARE

Climate Index of biophysical plant growth as measured by the Forest Productivity Index AGO

Development potential Stated development area as a proportion of operating area ABARE

Central Division Dummy: NSW division (1 if central; 0 if western) ABARE
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■ the distance to the closest point on the road network at 16 units per kilometre; and

■ the least cost path along the road network to the closest town of the given minimum size 
using 8 units per kilometre on sealed roads and 12 units per kilometre on unsealed roads.

A metric of frontage to streams and rivers was also included as a potential covariate to capture 
productivity benefi ts associated with stock and domestic water. Measuring effective stream 
frontages linearly is problematic where streams are heavily folded or in the presence of braided 
streams — streams that diverge into two or more anabranches. To overcome these complexities, 
buffers were drawn around streams and the ratio of these buffer areas to farm operating area 
was adopted as the appropriate stream frontage metric. Buffer widths were assigned according 
to the following Strahler’s stream ordering: 1 (25 metres); 2 (50 metres); 3 or greater (100 
metres). In western areas, minor and major streams were assigned buffers of 25 metres and 
100 metres respectively.

The proportion of farm operating area identifi ed for potential grazing or crop development was 
included as a potential covariate to test if landholders’ perception of development potential was 
being capitalised into self-assessed land values. The units used to measure farm areas were 
transformed from hectares to hectares of arable land based on livestock carrying capacities 
(DSE/ha) and cropping land being defi ned as possessing a carrying capacity of 12 DSE/ha.

A dummy variable for the Western Division was included because it has historically been 
administered by different legislation to that governing the Central Division. These regulatory 
differences, combined with climatic differences, have resulted in different farming systems in the 
Western Division compared with those in the Central Division.

Amenity values that can be capitalised into land values, such as scenic beauty, are assumed 
to be zero. While amenity value data were unavailable for this study, the assumption seemed 
reasonable given that the study area was located in inland areas largely dependent on 
commercial agricultural operations and was less likely to be infl uenced by rural residential 
demand.

Sample regression results
Estimation of the parameters in the land value equation was by ordinary least squares regres-
sion. The model estimates, standard errors and diagnostics summary are reported in table 10.

10 Land value regression results

  Standard Elasticity
Variable Coeffi cient  error at the mean

log (climate) 1.160 0.176 1.160
log (travel cost) –0.445 0.048 0.445
log (land use intensity) 0.416 0.041 0.416
log (land quality) –0.242 0.058 0.242
stream frontage 0.045 0.009 0.045
vegetation density –0.023 0.004 0.023
intercept 3.159 1.190

Note: All coeffi cients are statistically signifi cant at the 1 per cent level (n = 232; 
R2 = 0.80).
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The regression results for the hedonic land value model using ordinary least squares are robust. 
The model explains around 80 per cent of the variation in the data between farms. All covari-
ates included in the model had expected signs and were highly signifi cant at the 1 per cent 
signifi cance level or better.

Farm development potential was not signifi cantly different from zero and accordingly it was 
concluded that the survey data does not support the hypothesis that farmers were capitalising 
development potential into their self-assessed land values. Similarly, the data did not support the 
inclusion of a second order vegetation density term, consistent with the total factor productivity 
model.

Opportunity cost methodology
Opportunity costs for potential development of land for cropping purposes were calculated 
using the land value regression and responses supplied by farmers in the vegetation survey on 
areas they wished to develop for cropping but were unable to do so.

The two covariates that would change in the regression for farms that undertook such develop-
ment is intensity of operation (intensity) and density of native vegetation (density). For farms 
undertaking such development land would be changed from less productive grazing or unused 
areas to more productive cropping areas. The effect of this change on the DSE of the farm was 
calculated according to:

new DSE =  current DSE +  12    
grazing DSE
grazing area

x xac ac acg u g+( ) − ,

where acg is the area of grazing land reported by the farmer to be converted to cropping land, 
and acu is the area of unused land to be converted to cropping land. After the change the new 
intensity of operation would be:

new intensity =
new DSE

current DSE
  current intensity.x

Similarly, the new density of vegetation after clearing had been undertaking for the cropping 
developments was computed as:

new density = current density +
  +     c

operating area

− +( ) −d ac d ac ac d pg g c g u u ux x x
,

where dg, dc and du are the vegetation densities of grazing, cropping and unused land, 
respectively.

Denoting the regression coeffi cient for log (intensity) by βi and for log (density) by β2, the 
opportunity cost per hectare is the predicted change in land values per hectare from the regres-
sion model, less clearing costs. That is,

x clearing costlog new intensity current intensity new density–current densityeβ β1 2 1( )− ( ){ }+ ( ) −[ ] −log

Clearing costs in this equation are determined by considering the proportion of the area of 
land to be developed that has less than 20 per cent vegetation cover and assuming the cost of 
clearing this is $30 a hectare, and otherwise assuming the clearing costs are $150 a hectare 
(Productivity Commission 2004).
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An opportunity cost for each farm in the sample was determined from the opportunity cost equa-
tion and using the survey weights, estimates of aggregate opportunity costs were obtained for 
the survey region. These individual farm estimates were then discounted over 15 years at a 5 
per cent real discount rate to refl ect an assumed development adoption path.

Generality of estimates
The results of the opportunity cost analysis undertaken in this investigation provide an upper 
bound as they are based on an assumed development profi le that could occur in the absence 
of any enforcable vegetation restrictions. These estimates therefore overstate the likely oppor-
tunity costs of forgone crop development to the extent that land development under the NSW 
Native Vegetation Act 2003 differs from an enforcable blanket ban.

The opportunity cost estimates applying to those parts of the survey region in the Western and 
Central Divisions do not necessarily refl ect opportunity cost estimates that may be obtained 
across the whole of these divisions. The opportunity cost estimates on a per hectare basis are 
likely to overstate and understate true values for the Western and Central Divisions respectively.

Concerns over response bias need to be addressed when analysing data of stated preferences. 
Where such effects are normally distributed about the true mean, regression estimates are 
unlikely to be biased. However, where survey responses are systematically biased throughout 
a sample, regression estimates are likely to be biased. Response bias can arise through either 
ignorance or intent. Identifi cation of potential crop development opportunities based on stated 
preferences was necessary in order to measure the opportunity costs associated with the ban on 
broadscale clearing. Crop development opportunities invariably require broadscale clearing of 
vegetation, even if limited to groundcovers. Ignorance could lead farmers to overstate the extent 
of their restricted development opportunities. However, this effect was assumed to be minimal 
given the high profi le nature of the vegetation debate.

Survey farmers may intentionally misstate areas suitable for crop development, however the 
nature of the bias is indeterminate. For example, overstatement may occur to signal dissatisfac-
tion with the legislation. On the other hand, understatement could occur where farmers do not 
wish to attract closer inspection of planned crop development. Data necessary to test such 
response bias were not collected in this study.

Sampling bias has been admitted to the analysis through the exclusion of farms with signifi cant 
irrigated agriculture. Irrigated properties are generally more highly developed than dryland 
properties and consequently have higher land values. Furthermore, two properties with substan-
tial irrigated crop development potential were excluded as they were extreme outliers with 
opportunity costs around $10 million each. The dual constraints of water availability and devel-
opment consent were unable to be separated. However, the exclusion of properties with both 
current and potential irrigation is likely to lead to an underestimation of opportunity costs.

A scaling-up bias can enter the opportunity cost estimation if the policy change being evalu-
ated affects a large number of land parcels and the price schedule is changed (Palmquist and 
Danielson 1989). Stated in another way, if the ban on broadscale clearing was relaxed and 
all potential cropping areas could developed, there is likely to be downward pressure on land 
values. This effect leads to a possible overestimation of opportunity costs.

The analysis also assumes constant effects implying that allowances for expected productivity 
or fertility changes have been factored into arable land values, consistent with a perfectly 
competitive land market. Evidence suggests that where farmers are concerned about short term 
viability, questions about such issues that may be decades into the future are heavily discounted. 
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However, to the extent that future productivity is lower (higher), the estimation of total opportunity 
costs for the survey region are overestimated (underestimated). For example, if the regulations 
impose additional pressure on marginally viable farmers who respond by intensifying land use 
which in turn leads to greater land degradation; then opportunity costs are likely to be underes-
timated.

In summary, there are a number of infl uences that when considered concurrently, have an inde-
terminate affect on the aggregate opportunity cost estimate to society of forgone crop develop-
ment in the survey region; it is not possible to speculate whether it is over or underestimated. 
However, it is possible to conclude that a ban on broadscale clearing does impose a consider-
able cost on some farmers and that the total opportunity cost to the survey region is substantial.
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opportunity cost of increasing 
vegetation
The opportunity cost of increasing vegetation density on rangelands was estimated using 
ABARE’s Farm Cash Income (FCI) model (Kokic, Beare, Topp and Tulpulé 1993). The proce-
dure that was followed is illustrated in the following process equation and is explained in the 
following steps.

↑ ⇒↓ ⇒↓ ⇒↓Native vegetation TFP Livestock output FCI.

Step 1 The total factor productivity regression model is used to predict how a one percentage 
point increase in the density of vegetation in the rangeland areas will reduce total factor produc-
tivity for each survey farm. The average vegetation density in the survey region is around 8 per 
cent on rangeland areas. It is assumed that farmers will not allow vegetation to increase in their 
crop rotation areas.

Step 2 The corresponding percentage decline in livestock output %ΔQL( ) is then approximated 
by dividing the percentage increase in total factor productivity %ΔTFP( ) estimated in step 1 
by the value share of livestock outputs

% %Δ ΔQ
V

TFPL
L

= 1 ,

where VL  is the value of livestock outputs divided by the value of total farm outputs. Constant 
returns to scale technology has been assumed.

In predicting the percentage decline in total factor productivity, it is also necessary to simulta-
neously predict the impact on the intensity of operation. This is because changes in carrying 
capacity affect land use intensity which is also a determinant of total factor productivity. 
Assuming that livestock output on the farm changes proportionally with carrying capacity, inten-
sity will change according to:

Predicted intensity =  current intensity + I QL L%Δ

where IL is the average intensity of livestock over the whole farm. Thus to estimate %ΔQL , a 
process of iteration is employed utilising the previous two equations.

Step 3 ABARE’s Farm Cash Income model was used to predict the change in total farm receipts 
and costs for 2004-05, and hence the change in farm cash income. Farm cash income is 
defi ned as the difference between total cash receipts and total cash costs. This model is a 
supply-response model for predicting changes in farm cash income according to changes in 
output prices and yields of wool, wheat, beef, sheep and other agricultural production. The 
model is dynamic with respect to price changes and static with respect to yield changes. The 
change in farm cash income was predicted from the model by adjusting the livestock yields 
downwards by the proportion %ΔQL .

D
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