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EExxeeccuuttiivvee SSuummmmaarryy
This component of the project brings together the land use planning processes being 

undertaken in the region, the conclusions from the social and ecological analyses for this 

project, some production economics and spatial analysis in order to show and estimate 

some of the spatial and financial impacts of selected management choices.  The aims are: 

to provide landholders with the means and understanding to undertake or commission 

basic spatio-economic analyses at the property or catchment scale, informed by relevant 

ecological and social science; to recommend some affordable resource protection 

strategies; and to provide some indicative estimates of the costs of those strategies.  There 

is an additional output of landscape vegetation indicators.  A case study approach is used 

with each management change treated as a project with an initial investment, a specified 

time period and a net change in farm income.  

An Excel-based farm finance calculator was developed and preliminary figures were 

gleaned from current markets, landholder advice and agricultural agency data.  These 

were refined through 6 farm visits and a survey conducted at the project open day.  

Several property types were developed, for which base net incomes were estimated.  Then 

a range of land management scenarios were selected according to their ability to satisfy 

public and private environmental, social and economic goals within the current social and 

policy contexts.  These were: 

Fencing off remnant woodlands which cannot be cleared and then reducing 

grazing pressure;

Creating and fencing riparian zones, reducing grazing pressure and moving 

watering points off-stream; 

Changing to higher rotation grazing and thereby increasing carrying capacity 

and potentially ground cover;

Finding the economically optimum regrowth control cycle,  

Thinning dense or closed woodlands, including consideration of timber 

returns. 

In parallel with this economic modelling, spatial models of land use in the region were 

developed from satellite imagery.  One purpose of this was to develop tools and data so 

that landholders, or a planning body, can develop spatially explicit plans for properties 

and cost those plans.  The second function of the spatial work was to highlight some 
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potential vegetation indicators. At this stage these are restricted to proxies for habitat 

value, such as patch size, connectivity and edge effects and the results are a comparison of 

sub-catchments rather than individual properties.

The findings related to property management include: 

Fencing remnant woodland areas and reducing grazing pressure involves only 

a small loss of income because wool returns from such areas are already 

relatively low.   

Preliminary results suggest that a 9-12 percent increase in carrying capacity 

could pay costs (over 10 years) for the start-up of re-fencing a typical property 

for an accelerated rotational grazing system.   

Native timber forestry, selectively logged, would make the creation and 

maintenance of open woodlands a more attractive proposition than merely 

thinning or undertaking no treatments.  There would however need to be some 

effort to build a forestry ‘culture’ amongst landholders in the region.

The major implications for NRM agencies are: 

Programs to change landscapes in order to achieve conservation goals must be 

part of a long-term strategy.  This is because: 

o There is considerable distrust of government NRM policy; 

o Low rates of return limit the capacity of landholders to make changes; 

o There is a strong preference for current landscapes; 

Agencies could use processed imagery and Patch Analysis to monitor basic 

woodland indicators.

A strategy for reducing the marginal cost of resource protection work would be 

to graft it on to a change in grazing management, such as the accelerated 

rotation system.  As in these case studies, this reduces the real cost of the 

protection work.   

NRM personnel need greater understanding of the benefits of forestry and the 

barriers to its adoption.

The research recommendations are to: 

Investigate the possible biodiversity benefits of different locations of regrowth 

strips or patches in landscapes; 

Calibrate the trade-off between pasture yield and regrowth rate (basal area);   
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Estimate the growth rates of regrowth woody vegetation under different 

conditions;

Investigate the potential for new GIS object recognition software for the 

classification of open woodland from images; 

Monitor the development of image interpretation techniques as they allow for 

more vegetation type and size discrimination;   

Monitor the impact of an accelerated rotational grazing system on resources 

and profitability; and 

The extensive research on native timber harvesting and cooperative timber 

marketing needs to be drawn to the attention of woolgrowers in areas such as 

the Traprock. 
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OOvveerrvviieeww
This component of the project is the development of property management studies 

that can be used to assess the spatial and financial impacts of changes in land 

management.  The aims are: to provide landholders with the means and 

understanding to undertake or commission basic spatio-economic analyses at the 

property or catchment scale, informed by relevant ecological and social science; to 

recommend some affordable resource protection strategies; and to provide some 

indicative estimates of the costs of those strategies.  A case study approach is used 

because the variation in costs, yields and incomes between enterprises is too great for 

valid generalisations and so the results reported here and to landholders are 

indicative rather than absolute.   

The property financial case studies were developed through the following steps: 

1. Build a farm finance calculator in an Excel spreadsheet so that changes to key 

variables flow through to financial outcomes;   

2. Inform landholders, during sub-catchment planning meetings, of the 

development of the calculator and scenario modelling and requesting 

opportunities for later farm visits.  This involved attending 10 such meetings; 

3. Populate the key variables with a first round of figures obtained through 

consultation with landholders on the project committee and by checking 

historical prices and yields; 

4. Conduct property visits to run production scenarios for that particular property.  

There were six of these visits in the first round and two follow-ups. This was 

also an opportunity to encourage discussion of the existence and potential uses 

of the calculator and to gather more detailed financial data.  These visits were 

particular important for revealing the detailed production costs and prices; 

5. Develop several property types and enterprise sub-types, based on the farm 

visits and advice from the landholders in the project management committee;  

6. Estimate the base net income (under current management) for each of the 

model properties; 
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7. A range of land/resource management scenarios were developed by 

considering what changes might be made considering landholder goals, social 

goals and data from the ecology and social studies for this project; and 

8. These scenarios were then developed as projects within the overall property 

management and costs and returns attributed to these projects.  Then before and 

after (each management scenario) figures were compared so as to estimate the 

costs and benefits of any change. 

In parallel with the development of the financial model, land use maps for the region 

were developed, showing woodland, pasture, waterways and, for parts of the 

catchment, property planning information including fences and dams.  From this 

information landholders can develop a model of carrying capacity of their properties 

by land types, not just paddocks, thus allowing for a more accurate estimation of the 

changes in output associated with changing elements in the landscape, such as 

woodland patches or riparian areas.  A secondary aim here is to encourage 

landholders to think in terms of broader land types and then consider the patches of 

each land type across the property.  Landholders with sufficient property planning 

data can now use property or sub-catchment maps to show changes in fencing and 

grazing management and then use the financial model to estimate financial impacts.  

The mapping connects the financial modelling to the actual landscape.

In addition to the spatio-economic planning element, the land use maps can also be 

analysed to produce condition indicators for vegetation.  In order to show the 

potential application of this, woodlands across the whole region were processed 

through the Patch Analysis function of ArcView and the nine sub-catchments 

compared.  Indicators include mean patch size, distance to nearest patch, edge 

density and overall proportion of woodland in the landscape.  This type of analysis is 

at preliminary stage until regional or local benchmark targets are developed, either 

by the Queensland Murray Darling Committee or by the Traprock Woolgrowers 

Association.  That is, the indicators provide a relative comparison but there are as yet 

no agreed regional targets or benchmarks.  It is possible to run an analysis of all 

properties for which boundaries are known, which is most in this region however, 

due to sensitivities about comparing cleared land ratios at the property level, this has 

not been done.  The sub-catchment comparisons are used to show the potential for 

the process.
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MMeetthhooddss
An Optimisation Approach to On-property NRM  

Key assumptions used in the modelling and analyses are: that the management 

changes will only be undertaken after considerable thought and where possible, 

implemented incrementally; and that using net benefit comparisons that include 

monetary values for non-market factors is too time consuming to undertake within 

this project given the heroic assumptions needed anyway and largely wasted on the 

target audience (landholders).  That is why the discussion here is based on presenting 

the recommendations for management changes as opportunities for optimising 

between goals, both private and public.  That is, landholders are to be encouraged to 

select options that may increase resource and conservation values at little or no cost 

to production, or alternatively to select production modes that increase output while 

contributing spillover benefits such as improved resource condition.   

While methods for ‘monetarising’ social and environmental values are used 

elsewhere, there are problems with this approach pertinent to this project.  In 

particular, estimating the value of biodiversity gains and losses and assuming these 

can be offset against production losses or gains is questionable, especially if 

ecosystems as a whole are regarded as almost beyond valuation (McDaniel and 

Gowdy 1998).  A price estimate may be necessary if there is a pending ‘market’ or 

system of government compensation but if, as in this case, the aim is attitude change 

and consequent voluntary management changes, then there is no imperative for a 

common value system, especially given the inherent methodological problems in 

such an exercise.  Apart from the debates about their validity (Gowdy 1997), 

contingent valuation or choice modelling (Farber, Costanza et al. 2002) require 

considerable effort and the involvement of citizens other than landholders, so were 

not appropriate for this scale of project.  Environmental values derived from energy 

flows and uses (Patterson 2002) are at too large a scale to be locally useful (Pearce 

cited in Howarth and Farber 2002, p. 422).  The only workable approach would be to 

use a benefits transfer approach and ‘adapt’ values from other studies.  While this 

was feasible in terms of project work, the transfer of values across ecosystems and 

species involves some heroic assumptions which again were not justifiable for what 

was a secondary part of the project.
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With a non-aggregated multi-criteria approach, different goal sets in this case 

derived from the concept ecologically sustainable development (ESD), are 

considered separately initially.  The social set here would include community 

cohesion, maintenance of that community and its services and maintenance of a 

sense of place amongst landholders. The economic set includes on-farm profitability 

and total output and multiplier effects contributing to the regional and national 

economies.  The environmental set includes biodiversity and resource condition.  All 

of these are measurable, or at least relevant proxies and indicators can be measured 

as physical or monetary inputs, outputs or outcomes.  Rather than attempting to fully 

value the trade-offs between the goal sets, however, the idea here is to see if it is 

possible to achieve an improvement in any of the three sets with little or no loss to 

the others as a minimum position.  In particular, given the LWW program scope, a 

minimum position would to increase biodiversity values without any loss of social 

capital or landholder income, with the hope of gains in those latter two factors.

The second factor in selecting this approach is its fit with the prevailing management 

environment, since we postulate that changes to management, and therefore 

landscapes, occur largely and understandably incrementally.  There is the obvious 

constraint of the up-front costs of any changes.  Furthermore, it is assumed, based on 

previous research and the findings from the photo-voice survey, that landholders are 

averse to extensive or rapid changes to their management and landscapes.  In a 

survey on the Darling Downs, researchers found that ‘…(F)armers generally feel 

that a change to a new system should not threaten their current lifestyle’ (Hamilton 

1991, p. 9) and this was evident from the photo-voice results.  There is also 

uncertainty about the economic impacts of management changes over time, giving 

rise to justifiable caution.   

Third landholders will not rush to accede to what they see as unreasonable and ill-

founded and externally imposed demands to adopt environmental values.  The 

resentment of the influence of environmental groups and ideas on government policy 

and programs amongst landholders has long been noted (Reeve and Black 1993) and 

this was apparent in the focus group discussions from the photo-voice work.  It 

would be counter-productive to present comparisons in which biodiversity is given a 

value based on complex and/or debatable methodological underpinnings.  Hence, the 

aim is to assemble the goal sets and then identify management actions that can 
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contribute to achieving resource protection goals while not significantly impacting 

on social or economic goals, especially farm profitability.   

Selecting Management Scenarios 

The method for selecting management scenarios was to identify likely private goals 

from the literature on management attitudes and more particularly from the social 

survey and observation of the sub-catchment planning process.  Public goals can be 

identified from key policy documents and from the LWW program itself.  Then, 

specific regional biodiversity factors from the ecology research are considered as are 

current interests in management strategies in the Traprock region.

Over a series of 7 meetings from 2003-2006, facilitated by QMDC, landholders 

developed sub-catchment plans and as part of that process, identified their goals.  

These included: 

To stay financially viable; 

To maintain a feeling of community; and 

To sustain the resource base. 

Identified threats or outcomes they wished to avoid or minimise the impact of, 

included:

Government legislation (especially vegetation legislation); 

Low wool prices; 

Weeds and pests; and 

Resource condition decline. 

So while landholders wish to maintain the resource base and recognise specific 

resource condition problems, such soil erosion, they are concerned about financial 

viability so any proposed change cannot be too much of a net cost.  Second, concern 

about woody vegetation regrowth loomed large in any discussions at sub-catchment 

planning meetings.  Therefore, even though the ecological research suggests 

regrowth has value as unique habitat, it will take some time for the prevailing views 

on regrowth to change and so only a modest change to current suppression practices 

should be considered.  In addition to that, from the photo-voice research, we can 

generalise that there is a preference for current landscapes, consisting of open 

pastures with, at most, tree belts and woodland patches.  This could be seen as an 

extension of a broader inherent prejudice against woody vegetation in rural Australia 
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(Lines 1991) or at least an indifference to it (Papadakis 1993), though this view has 

been questioned in suggesting that at least some rural people have at least a benign 

view of woodlands (Barr and Cary 1992; Bonyhady 2000; Frost 2001).

The public discourse during this project strongly and understandably associates 

woody vegetation with reduced incomes, though more concessions are made in 

private interviews and views may have softened somewhat over the project period.  

In addition, there is a fear that if regrowth is allowed to mature to woodland stage, 

such areas may be declared some time in the future as unable to be cleared and so 

carrying capacity will be permanently reduced.  Therefore, the conclusion must be 

that in the short term major regrowth in the landscape is unacceptable to most 

landholders.  Similarly, there is considerable resentment over the imposition of 

clearing control laws and areas designated as remnant (cannot be cleared) are often 

considered ‘wasted’ areas.  Therefore, it is unlikely that landholders at this stage will 

be willing to spend directly on enhancing the conservation value of areas for which 

their property rights have been partially removed, as they see it.  Thus, any proposals 

to improve woodland or regrowth habitat must rely on minimising costs or 

subsidisation of works.

On the other hand, there is also an evident wish to be seen as doing something to 

contribute to resource protection, thus opening the way for consideration of 

‘palatable’ management changes.  There is a general acceptance of broader public 

goals as expressed in the NRM portfolio area, which include: 

Improved water quality; 

Improved resource condition (soil etc); and to some extent 

Water table management (for salinity control). 

There is more debate about the merits of other goals such as: 

Increased biodiversity value, by way of improved habitat and resource 

condition; and 

Carbon sequestration, though this was not extensively considered in the 

project.

The disjunction here, as shown in both parts of the social science work and other 

studies, is that landholders’ views of the specifics of resource condition problems 
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and biodiversity deficiencies may not match that of NRM agencies.  Nonetheless, all 

of the above public (social) goals are evident in the programs being implemented by 

the local catchment management authority, in this case QMDC, and expressed as a 

preparedness to fund particular management activities that contribute to these goals 

including:

Riparian fencing leading to modified grazing (water quality; resource 

condition and habitat); 

Fencing to land type (resource condition); 

Fencing eroded areas (resource condition); 

Retention and fencing of remnant woodlands (biodiversity); and 

Weed control (resource condition and habitat). 

Thus, we effectively have local priorities, notably riparian protection and remnant 

woodland for habitat.  In addition, from the ecology studies, we know that regrowth 

does make a contribution to biodiversity, which is, as noted earlier, a difficult point 

to promote.  On the other hand, the study also suggested that the biodiversity value 

of some areas of high density aged regrowth may increase with some thinning, which 

should increase carrying capacity because of the additional grass for stock 

consumption.   

All the preceding factors were considered and a number of possible scenarios were 

developed that, it was hypothesised, would have a relatively low opportunity cost, 

yet start to contribute to the social goals.  Those to be examined further were: 

Fencing off remnant woodlands which cannot be cleared and then 

reducing grazing pressure.  This is already starting to happen as 

landholders accept the clearing laws.  There are subsidies available for 

such actions and over time some habitat enhancement strategies could be 

proposed and introduced incrementally, linked to the habitat condition 

monitoring on the toolkit website.

Creating and fencing riparian zones, reducing grazing pressure and 

moving watering points off-stream.  This may involve considerably more 

cost than fencing remnant areas though subsidies are available if 

undertaken across a sub-catchment.   
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Estimating the costs of changing to higher rotation grazing, which TWA 

are considering as their recommended management strategy.  While this 

is likely to increase ground cover, the other reason for including 

consideration of what appears to be solely a production project is to see if 

the costs for the resource protection options could be included in a 

property plan for rotational grazing, thereby reducing the marginal costs 

of that additional work.  This is particularly important for the riparian 

protection strategy which is likely to be somewhat costly because of the 

length of fencing required to protect a relatively small area.   

Finding the economically optimum regrowth control cycle, which may, or 

may not, lead to allowing regrowth to live longer, thus maintaining more 

of a particular habitat in the region.  In addtion, landholders could be 

encouraged to use the mapping process to plan regrowth control so that 

strips or patches are controlled sequentially, leaving beneficial corridors 

or connections.  This latter strategy has not been further examined here in 

the absence of knowledge of what the optimal size and landscape location 

of regrowth is.

Examining the economics of thinning woodlands, including consideration 

of timber returns. 

Farm Business Modelling 

The aims of the modelling were to develop a calculator that incorporates the 

principles of project analysis but presents financial indicators that are meaningful for 

farmers.  Farmers are usually more influenced by the ‘perceived’ profitability of an 

enterprise, its capacity to reduce labour requirements, the possibility of any visible 

loss of profits and any potential savings on the capital cost of machinery (Hamilton 

1991, p.8) rather than a strict return on investment.  In other words, they are more 

interested in ‘rule of thumb’ estimates than in structured calculations which, given 

the variation in farm business structures, may be intuitively wise.  In an effort to 

bridge the cultural gap between landholders and economists, some hybrid calculators 

have been developed.  These typically have some economic indicators, such as the 

internal rate of return (IRR) and net present value (NPV.  The outputs from this 

modelling work are NPV, discounted and undiscounted, annualised return per ha and 
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annualised return/DSE.  From feedback during the development phase, the latter two 

were the indicators of most interest to landholders. 

The farm business modelling created on an Excel spreadsheet is primarily designed 

for the purpose of project analysis.  Each scenario as outlined above can be treated as 

a project, even where there are financial losses.  The time frames vary amongst 

scenarios because they are adjusted to align short-term cycles, such as shearing, with 

long production cycles such as clearing or timber harvesting, following standard 

project analysis practice (Hollick 1993, p. 29).  Both incomes and costs are 

discounted at 6 percent.  Hanley et al. (1997, p. 338) suggest that the discount rate 

should be based on potential returns from investing the capital, which could be the 

average interest rate received over time.  Since the project calculations are done on 

the basis of no changes in prices (no inflation) then the relevant interest rate should 

be a real interest rate (Pearce 1983, p. 40).  The rate chosen is six percent, based on 

what landholders might receive by way of investment in long-term, relatively secure 

investments, keeping in mind that rates of the last few years have been unusually 

low.  There is no allocation of a premium on money used to finance the various 

projects, as is sometimes the case (Brent 1996, p. 9).  The cost of borrowing for 

projects might be higher than the real interest rate, thereby mandating either a higher 

discount rate or the inclusion of finance costs. 

It could be argued that landholders’ are people prepared to accept a lower rate of 

return on investment, thus mandating a lower discount rate, for three reasons.

1.  Landholders routinely sacrifice income for lifestyle, or in other words they 

receive a ‘psychic wage’ in lieu of profit; 

2. For full-time farmers with no other recognised skills, the opportunity cost of 

continuing to farm is low.  That is, some stick to agriculture because they 

couldn’t do any better in another sector and therefore implicitly accept a 

relatively low return on investment; and 

3. Landholders, especially those steeped in the traditions and culture of 

agriculture, are prepared to take a long view, both on grounds of 

stewardship of the land and to invest for their descendants.

These points may explain some willingness to accept less income but they don’t 

necessarily support the case for a lower discount rate.  Indeed, landholders seem to 
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prefer an immediate income, contrarily suggesting that their implicit discount rates 

are very high.  This is particularly the case when cash flow is limited.  The higher 

discount rate more truly reflects the cost of not having an early cash return from an 

investment.  All results are from discounted income and cost flows, so nominal 

returns for all properties would generally be higher than are reported here. 

Prices and returns are assumed to stay the same over time.  A management wage of 

$40,000 a year is paid to all property operators, with the casual labour increasing 

with property size.  This may understate the cost of labour on the largest property 

which would be likely to employ at least one full-time worker with the 

accompanying on-costs.  Other costs common to all properties are included at 

Appendix 1.  Three property scales have been chosen to reflect the range of 

enterprise types.  The 2600 ha property runs 5600 wethers and there is an off-farm 

income of $45,000 per year.  The off-farm wage is not included in the net farm 

income.  The small annual loss for the 2600ha property reflects the economies of 

scale in the region.  The cash position of this property would be better than this 

because of there is no actual payment of the implicit management wage. The 6100 ha 

property has a merino breeding flock, wethers and breeding cattle.  Details of this 

enterprise are at Appendix 2 as an example of variables and indicators.  The final 

property comprises 10,000 ha with 22,000 wethers and some breeding cattle.  In each 

case, the variable of carrying capacity is always adjusted through changing sheep 

numbers.   

For the modelling, income fluctuation is built in through randomly generated 

variations in wool prices and wool cuts and seasonal variations are reflected in 

increased numbers of stock feeding weeks.  Taxation is included based on 2005 

Australian rates.  Off-farm income is included in the taxation assessment but 

excluded from the net financial position for the property.  Taxation is an important 

consideration because it makes some projects more attractive when included.  It is 

assumed that every enterprise is taxed on the basis of a two-person partnership, with 

the taxable farm income being split between the two before taxation.  All the projects 

are undertaken immediately and the first year is assumed to be a relatively high 

income year to replicate normal practice in property management where additional 

spending is undertaken when there is surplus cash.  Spending on machinery and 

clearing is assumed to be undertaken in the highest income years.  Where the cycle 
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under analysis is shorter than the life span of the machinery, a pro-rata purchase is 

assumed.   

Spatial Planning and Analysis 

There are two purposes to the spatial analysis component of the project.  The first is 

to develop the tools and data so that landholders, or a planning body, can develop 

spatially explicit plans for properties and/or sub-catchments based on recommended 

NRM scenarios, estimate the quantities of inputs needed for projects, such as labour, 

fencing materials or watering equipment and then use the principles from, or the 

actual calculator discussed in the previous section, to estimate the ‘project’ 

outcomes.  The spatial data needed to develop the plans are: 

a satellite image of as higher resolution as possible, which in this case 

was Spot 5 imagery supplied by QMDC.  A digital elevation model 

(showing hills and valleys) may also be useful, although most landholders 

can work from the image alone; 

maps indicating clearing or planning restrictions, which in this case is the 

Regional Ecosystem layer from the Queensland Department of Natural 

Resources;

waterways, both minor and major; 

roads and reserves; and 

any previous property planning maps, including fences, dams watering 

systems and so on. 

An example of the data combination is shown in Figure 1 with the waterways 

buffered to indicate possible riparian zones, buffered to 100 metres either side of the 

centres of the waterways.   

19



Figure 1: Sample Property Planning Data 

The second function of the spatial work was to highlight some potential vegetation 

indicators. At this stage these are restricted to proxies for habitat value, such as patch 

size, connectivity and edge effects.  The process for deriving these indicators was as 

follows.

20



1. Using ENVI image processing software, the whole image (5GB) was clipped 

using the boundary of the 9 sub-catchment layers in the study region. 

2. The image (involving spectral bands green, red, and NIR) was classified using 

the supervised classification approach, with the maximum likelihood algorithm. 

Fifteen (15) classes were initially collected to represent various land cover 

(vegetation, non-vegetation, water, etc.) classes. 

3. The classified image had 15 classes. Later, these classes were merged / combined 

to produce 3 classes (1 = woody vegetation; 2 = not vegetation; and 3 = water).

Not vegetation class mainly includes pasture areas with small cropping areas. 

Some areas of green pasture or crops were misclassified as woody vegetation. 

These were corrected manually by digitising. 

4. A majority filter (7x7 kernel) was applied to reduce isolated “island” pixels. 

5. The classified image was brought into a GIS software (ArcGIS) as a raster data. 

6. All patches less than 0.5 ha were eliminated / dissolved. Small patches, including 

some dams and water bodies, were thus removed.  These are available on 

property plans. 

7. Area calculations of land cover classes were done by sub-catchment. 

8. Landscape metrics were calculated using the Patch Analyst extension in 

ArcView.

9. Area calculations of land cover classes were done by sub-catchment. 

10. Landscape metrics were calculated using Patch Analysis. 

This process can be repeated at any time using an existing theme of property 

boundaries so it is now possible to produce vegetation indices for all properties.  

This was not done at this stage however, due to sensitivity around what would be 

perceived as comparisons of vegetation ‘performance’.  This approach could 

however, be applied if the TWA agrees to internal analysis or there is monitoring of 

on-ground work where government funding is involved and vegetation changes, or 

protection, are linked to that funding.
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RReessuullttss aanndd DDiissccuussssiioonn
Fencing for Habitat and Water Quality 

In the first of these scenarios, for the two larger properties, 200 ha of remnant are 

fenced off with 1 km of new fencing and a water trough and 1km of piping.  For the 

2600 ha property 100 ha is fenced with 0.5 km of fencing and 500 m of piping.  For 

the second scenario, the riparian areas are assumed to be an equal mix of open 

pasture and open woodland and are fenced at 200 m width with the waterway at the 

centre.  The lengths of the waterways are 4, 8 and 12 kms.  Grazing pressure in both 

cases (riparian and remnant) is reduced by 40 percent after fencing.  Table 1 shows 

the opportunity cost, in annual income decrease and that decrease as a percentage of 

the original farm income.   

Table 1: Costs of Protection Projects

Remnant Woodland 
Annual Opportunity Cost

Riparian Zone 
Annual Opportunity Cost 

Case
study
property

Base
annual

income* $/yr
% of base 
income/yr $/yr

% of base 
income/yr 

2600 ha -$4,924 $413 8.38 $2,380 48.32
6100 ha $60,581 $626 1.03 $3,819 6.30
10,000 ha $106,783 $590 0.55 $5,226 4.89

* Discounting reduces the size of both surpluses and deficits from what would be the 

undiscounted cash position. 

In the case of the 2600 ha property the annual loss increases by $413/yr.  Fencing 

remnant woodland is generally low cost though the proportional effect on small 

profit or loss margins is proportionately high, as in the 2600 ha property case.  As 

expected, the cost of fencing off the riparian areas is much higher, with the length of 

fencing required to isolate a relatively small, but long and narrow, area.  Even with a 

proportionately smaller area of waterway frontage, such expenditure adds 

considerably to the operating loss of the smallest property.   

Accelerated Rotation Grazing 

In the first of another two new scenarios, additional paddocks are created on each 

property with the sole aim of increasing stock rotation rate hopefully leading to an 

increase in carrying capacity and increased ground cover.  Total additional fence 

lengths are 10, 20 and 50 kms, respectively, with new watering systems required for 
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4, 8 and 12 new paddocks.  A second scenario involves undertaking all of the 

riparian and woodland project work outlined above but including this as part of the 

grazing management system so that fencing and watering costs for the resource 

protection projects are shared with the grazing projects.  For example, the woodland 

fence becomes one side of a new paddock, while other new paddocks are assumed to 

radiate off the riparian fences.  The results of these analyses are reported as threshold 

stocking rates.  That is, the stocking rate in the model was increased until the net 

property income matched that of the base case and the reported result is the 

percentage increase in stock numbers required to break-even financially.  In other 

words, this was the point where the increased carrying capacity ‘paid’ for the cost of 

the fencing and watering equipment and in addition in the second case, some loss of 

grazing in the riparian and woodland areas over a 10 year period.  Table 2 shows the 

estimated results.   

Table 2: Stocking Rate Increases to Offset Project Costs 

Target Stocking Rate Increases 

Proprty Base DSE 
Grazing only 

(%)  
Grazing & resource 

protection (%)* 
2600 ha 5800 6.67 7.62
6000 ha 11,355 8.52 8.70
10,000 ha 22,340 10.49 12.44

It should be noted that in the second scenario with a decrease in grazing pressure in 

riparian and woodland areas there would be an additional increase in effective stock 

numbers on all other parts of the property.  That is, incorporating the resource 

protection projects on to a grazing management project will further increase grazing 

pressures in other parts of the landscape if the aim is to accept no losses.  A 

potentially important variable that has not been included at this stage is a possible 

additional labour component for mustering and shifting stock.  This might be 

minimised with a property plan that allows for adjacent paddock shifts, however, 

there would be some increase in labour.  This may be offset by reducing some labour 

for worm control but the evidence for either case is not yet available so additional 

labour was excluded for the time being.  
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Optimising the Regrowth Control Cycle 

The next scenario is based on the biodiversity benefits of regrowth with the 

constraint that landholders will generally wish to control regrowth relatively early 

for reasons of landscape appearance, fear of legislative controls on mature vegetation 

and to prevent perceived economic losses.  This scenario is an examination of the 

latter concern to try and identify an economically optimum control cycle.  For this 

more complex modelling, the focus is on a hectare of land rather than the whole 

property, although the net wool returns ($20/hd) excluding fixed and capital costs are 

derived from the spreadsheet.  It is assumed that the area under consideration starts 

as open pasture and then 600 stems/ha regenerate and grow at an average of 0.5 

cm/yr in diameter, a moderate growth rate in eucalypts in a medium rainfall zone.  

The pasture yield loss is an average of about 1.7 percent/yr but with the 

exponentially increasing basal area, the decline accelerates over time, as shown by 

the falling wool returns from the untreated case in Figure 2.  The tree/grass yield 

trade-off figures are derived from The GRASP pasture model run by the Queensland 

Department of Natural Resources.  The model values are shown in Appendix 5. 

In this scenario three regrowth treatment strategies are compared, including the no 

treatment case.  At seven and 11 years, regrowth is treated with a chemical.  In this 

project, the labour value is $20/hr and the chemical costs approximately $30/ha.   
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Figure 2: Wool Income by Regrowth Treatment 

Using the NPV of wool returns for one ha over 22 years, the optimum control time is 

approximately 11 years, compared to the more common cycle of seven years or less.
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Great care should be taken in interpreting these results.  There are considerable 

variations in labour time, in applying the chemicals, and chemical rates and therefore 

costs, as reported by landholders.  In addition, the modelling of the grass/woody 

vegetation trade-off has not been subject to field trials.  Landholders are probably 

doing the planning on the basis of chemical costs alone, which would shorten the 

rotation time.  In addition, there may be different responses to chemical treatments 

depending on plant age, so that older plants may require greater chemical use.  These 

qualifying propositions need further investigation.

Thinning Woodlands 

The final set of scenarios may seem to be more appealing to landholders as it 

involves thinning a relatively dense stand of old regrowth (30 years+).  This would 

increase carrying capacity.  The first thinning scenario involves clearing 100 ha with 

a bulldozer, raking and burning the timber and then following up with regular 

regrowth control.  Again, the income figures are derived from the whole-property 

modelling.  The woodland is mixed age, with the relevant assumptions about stem 

sizes and mixes shown in Appendix 5.  The woodland is thinned to 50 stems/ha.  The 

harvesting age is 100 years, based conservatively on ironbark (E. crebra), and 

therefore 2.5 stems/ha are available for harvest every 5 years, or 0.5 stem/ha/yr.  This 

is a modest output of timber but as Table 3 shows, it is by far the best option of the 

three.

Table 3: Thinning Options 

Scenario Annualised NPV ($) 
Untreated 416
Thinned 513
With Timber 1938

Options 2 and 3 share the same pasture yield increase but thinning alone is a 

marginal proposition.  In addition the extra time and therefore cost involved in 

mechanically thinning as opposed to full clearing, would be generally unattractive to 

landholders without additional incentive.  The returns could be further improved if, 

during the initial thinning stage, usable timber could be extracted, thus offsetting 

some of the initial undiscounted ‘project’ costsThe main point here is that a modest 

forestry enterprise makes creating and maintaining an open woodland much more 
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attractive if that is the desired goal.  This would depend on market opportunities and 

knowledge of native forestry.

Vegetation Indicators for Property and Sub-catchment 
Planning 

The final output from the spatial analysis is a comparison of woodland areas by key 

patch indicators.  These indicators are mean patch size, edge density and the mean 

nearest patch distance.  The assumptions behind these as indicators of habitat are that 

generally, the larger, the broader, and the closer to the other vegetation, the 

woodland patches are, and the greater the total area of woodland, the greater the 

contribution to biodiversity.  The percentage cover of the landscape is the proportion 

of woodland to the whole landscape area.  An oft quoted biodiversity target is 33 

percent of the landscape, but the origin of this figure is somewhat obscure and would 

certainly not be met in most farming areas.  Table 4 shows the range of cover 

percentages across the nine sub-catchments in the region, from almost 17 to more 

than 50 percent, which of course reflects at least some of the cover on properties in 

those sub-catchments.   

Table 4: Selected Woodland Indicators for the Traprock Region by Sub-catchment 

Region

Woody vegetation 
(% cover of 
landscape)

Mean Patch 
size 
(ha)

Edge Density 
(Perimeter/area 

ratio)

Nearest
Patch
(m)

All
Traprock 28.3 31 42 107
SC1 16.9 11.9 55.8 116
SC2 19.5 18.9 41 221
SC3 21.4 15.1 60 130.2
SC4 27.9 18.2 66.7 91
SC5 27.1 17.2 62.3 106.5
SC6 32.8 19.9 63.1 98.4
SC7 37.9 27.8 66 90.6
SC8 45.0 31.3 64.1 73.6
SC9 50.9 56.6 64.7 122.3

Considering some examples, SC 9 has the most cover and larger patches while SC2 

has a relatively low total cover with generally small, more isolated woodlands.   

The potential application of these indicators to property and sub-catchment planning 

requires some considerable discussion and thought.  A key issue to consider is the 

level at which targets or benchmarks are set.  For example, if the target is 33 percent 

26



cover, then SC9 meets that target but there will be uneven distribution of woodlands 

across properties so that some individuals carry the responsibility for all.  This then 

raises an equity issue.  If the public goal is retention of vegetation in the landscape 

then with an uneven distribution, some individuals carry a disproportionate 

opportunity cost (reduced pasture yields).  From a rationalist economic perspective, 

if woodlands are public goods then the providers should be paid for the provision of 

ecosystem services or, if there is a collective ‘duty’ within the region to meet 

vegetation targets then there should be transfers from cleared to less cleared 

properties.  This opens an avenue which is beyond the scope of this project and 

beyond currently acceptable practice but it merits attention in other research work.   

These initial analyses also need to be treated with considerable care from an 

ecological perspective.  These are crude indicators of vegetation quantity and patch 

shape and relative location, rather than habitat condition.  Until imaging and analyses 

improve these should only be treated as general indicators.  On the other hand, they 

do confirm what can be visually observed in the Traprock landscape which is a 

considerable variation in vegetation location and patterns.  Furthermore, there is an 

implied set of benchmarks here already, with the All Traprock results.  Nonetheless, 

there are two needs emerging from this work: planning for the equity and cost 

distribution problem and developing other image-based indicators of condition.  

These will be able to be matched to the study sites used for the ecology.  In 

summary, better visual monitoring techniques are being developed and the issue for 

policy-makers and extension personnel is how to use those.   
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RReeccoommmmeennddaattiioonnss
There are, as in many agricultural enterprises, evident economies of scale within the 

study region.  This is especially the case for wool enterprises in this regions because 

the net returns per head are similar across property sizes and clearing costs (per ha) 

are also within a common range.  Fixed costs and overheads, however, do not 

increase proportionately and so larger properties achieve some economies of scale, 

especially as larger properties do not necessarily mean proportionately larger capital 

outlays for machinery.  This does not mean there is a linear relationship between 

scale and net income.  There would instead be a series of cost curves, or enterprise 

structures, and an optimum flock size at each scale.  For example, an increase from 

6000 wethers to 10,000 wethers may result in a decline because of increased costs, 

whereas from 6000 to 12,000 may secure the necessary additional economies of 

scale.

Nonetheless, there will continue to be pressure to aggregate, though this may be 

limited in the short to medium term by relatively high land prices. It is notable that 

no case study property returned more than 3 percent on capital invested in land, plant 

and stock and most would be 2 percent or less.  There is a high proportion of 

properties with off-farm income, which is the other main strategy for dealing with 

declining terms of trade, although the social benefits of off-farm work should not be 

ignored.  Both the off-farm incomes and the non-payment of a management wage, in 

these case studies set at $40,000/year, offset and disguise these economic losses on 

smaller properties.  It is highly likely that many landholders recognise at some level 

the low returns but not wish to be confronted by the numbers calculated according to 

‘true’ economic cost.   

The implications for property management include: 

Fencing remnant woodland areas and reducing grazing pressure involves 

a small loss because returns are already relatively low.  They costs will of 

course be relatively lower where the ratios of the woodland to the overall 

property size and cost to income, are low.   

While experience is limited with the proposed accelerated rotational 

grazing system in this region, the results so far suggest that a 9-12 percent 

increase in carrying capacity could pay for the start-up costs over 10 
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years.  The costs and therefore threshold targets may be higher in cases 

where there is a greater need to completely reorganise the fencing 

because of particular landscape features or there are additional costs in 

moving water to key points.  In particular, larger piping and pressure 

systems may be needed in some terrain.   

Native timber forestry, selectively logged, would make the creation of 

woodlands a more attractive proposition.  There would however need to 

be some effort to build a forestry culture.   

The major implications for NRM agencies are: 

Programs to change landscapes in order to achieve conservation goals 

must be part of a long-term strategy.  This is because: 

o There is considerable distrust of government policy with regard to 

natural resources so consistency in extension and NRM messages 

is essential; 

o Low rates of return, especially with smaller properties could 

severely limit the capacity and inclinations of landholders to make 

changes, even if change messages are accepted; 

o There is a strong preference for current landscapes and so it will 

take time for landholders to develop a sense of place around re-

designed landscapes; 

o Adoption of management and conservation practices is still 

through one-on-one agency/landholder contacts and observation 

of leading farmers.  Group processes set the agenda but change is 

driven by more intensive contact and diffusion through 

‘lighthouse’ activities.  These are necessarily slow processes. 

Agencies could use processed imagery and Patch Analysis to monitor at 

least basic woodland indicators.

There needs to be consideration of how indicators of condition are to be 

used in policy, especially where equity and accountability (to state 

agencies) are considerations.

One strategy for promoting resource protection work done is to graft it on 

to a change in grazing management.  As in these case studies, this reduces 

the real cost of the protection work.
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NRM personnel need greater understanding of the benefits of native 

forestry and the barriers to its adoption.

Barriers to the adoption of farm forestry include lack of knowledge of possible 

benefits, concerns about resource security and perceptions about profitability and 

according to surveys, landholders generally do not see native woodlands as having 

timber value (see for example Wilson, Whitham et al. 1995).  In this region, QMDC 

undertook a survey of the timber resources, from which the stem harvesting estimate used 

here is drawn, and this work identified considerable potential.  Furthermore, under the 

vegetation laws remnant areas can be selectively logged under certain conditions and yet this 

is not widely known.  There is therefore a need to investigate the socio-economics of native 

timber production.   
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RReesseeaarrcchh RReeccoommmmeennddaattiioonnss
This research brings together a number of conventional techniques.  The main 

research needs relate to refining the modelling and extending the applications and 

improving the validity of inputs to this modelling process.  The recommendations 

are:

Investigate the possible biodiversity benefits of different locations of 

regrowth strips or patches in landscapes, especially in relation to other 

forms of vegetation.  This will help with the planning for optimising 

benefits.

Calibrate the trade-off between pasture yield and regrowth rate (basal 

area).  Current pasture yield models are adequate for the task but the 

current estimates do not appear to match regional measurements, in this 

case overestimating yield.   

Estimate the growth rates of regrowth woody vegetation under different 

conditions.  This monitoring could be included with pasture monitoring 

tasks.

Investigate the potential for new GIS object recognition software for the 

classification of open woodland from images.  This will facilitate finer 

sub-catchment or regional planning.  From this study it seems that the 

open woodland could be a critical land type to promote and it will 

therefore be important to have it recognised as separate from closed 

woodlands.

Monitor the development of image interpretation techniques as they allow 

for more vegetation type and size discrimination.  Such techniques are 

still developing and a project to calibrate image interpretation and ground 

truthing would be useful though the processes are generally too expensive 

yet.

Monitor the impact of an accelerated rotational grazing system on 

resources and profitability as it is introduced.

The extensive research on native timber harvesting and cooperative 

timber marketing needs to be drawn to the attention of woolgrowers in 

areas such as the Traprock. 
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Appendix 1: Common Costs for All Properties 
Table 5: Wool Cut and Prices

Proportion of clip*

Superfine Fine Medium Skirtings Cardings
Total Cut 

(kg/hd)
65% 5% 5% 20% 5% 3.50

Av price 
$/kg** 13 8 6 5 2.7

* Proportions of superfine vary from 45 to 90%, depending on management, flock type and 
land types.  ** Prices vary considerably and the superfine price ranges from $9-19/kg 

Table 6: Production costs

Shearing & Husbandry Costs
Per head Applications Total Other Costs 

Shearing 5 1 5 Wool packs ($) 10
Crutching 0.66 1 0.66 Wool tax (%) 2

Drenching 0.24 3 0.72
Wool Commission 
(%) 3.50

Dipping 0.65 1 0.65
Stock sale 
commission (%) 3.75

Jetting 0.6 0 0 M&L Levy (%) 0.2
Vaccination 0.35 1 0.35 Cartage ($/bale) 9.5
Classing 0.7 1 0.7 Fodder $/hd/wk± 0.50
Coats* 7.5 0.43** 3.23

Total ($/hd) 11.31
* Not all sheep are coated on the property but the higher average price reflects coating 
** Coats changed every 3 years plus 10% changed at 1 year & 20% at 2years for damage 
± Based on cottonseed.  Costs vary considerably and are higher for breeding stock. 

Table 7: Project Costs

Fencing Costs Cost/unit
Watering Equipment Cost

$/unit
Star Pickets $/post) 5 Watering troughs 200
Hingejoint $/roll 170 Trough & pipe fittings 40
Plain wire $/ roll 120 Polythene piping $/roll 550
Barb wire $/roll 90 Joining fittings 20
Strainers (set) 100
Gates 120

Table 8: Clearing and Regrowth Control 

Operation $/hr ha/hr
Operation
Cost/ha

Treatment
Cycle (yrs) 

Annualised
Cost $/ha 

Dozer (own)* 60 2 120 20 6.00
Dozer (hired) 140 1.5 210 20 10.50 

$/litre litre/yr
Chemical* 32 1 32 8 4

* Labour included in casual or management wages.   
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Appendix 2: Property Parameters (6100 ha Property) 

3500 Breeding ewes 

2328 Weaned lambs 

1050 to flock 288 weaned 
ewes sold/yr 

4200
wethers  

113 wethers 
sold/yr

966 wethers 
sold/yr

875 ewes to 
flock

735 ewes 
sold/yr

 Figure 3: Flock Management (6100 ha) 

Table 9: Land Types and Average Stocking Capacity (6100 ha) 

Land Type Area (Ha) Stock type Stock Nos. 
Open grazing 300 Wethers 4200

Open woodland 1300 Dry ewe 3500
Regrowth 600 Lambs 2328
Woodland 800 Breeding cows 140

Remnant 400 Calves 112
Total 6100 Yearlings 108

Table 10: Average wool income (6100 ha) 

Wethers Ewes w/Lambs 
Av wool income $147,825 $150,425
Av gross return/hd $35* $43
Av direct production costs $66,416 $48,458
Net income $81,409 $101,967
Net income/hd $19 $29

* The upper end of the range as estimated by Traprock landholders 
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Table 11: Management & Overhead Costs (6100 ha)

Item Cost
Rates 5490
Electricity 1600
Telephone 2400
Insurances 3000
Accounting/managerial 3000
Total Annual Costs $15490

Table 12: Base case Financial Indicators (6100 ha) 

Annualised income $80,415
Annual Return/ha $13
Annual Return/DSE $7
Return on asset % 2.41
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Appendix 3: Property Parameters (10,000 ha) 

Table 13: Land Types (10,000 ha) 

Land Type Area (Ha) 
Open grazing 8000
Open woodland 600
Regrowth 800
Woodland 200
Remnant 400

Total 10000

Table 14: Average Stocking Rates (10,000 ha) 

Stock Stock Nos 
Wethers 22000
Breeding cows 200
Calves 160
Yearlings 154

Table 15: Annual Wool Income Summary (10,000 ha) 

Av wool income $633,535
Av gross return/hd $35
Av direct production costs $281,981
Net income $351,555
Net income/hd $20

Table 16: Financial Indicators (10,000 ha) 

Annualised income $131,375
Annual Return/ha $13
Annual Return/DSE $6
Return on asset % 2.68

Variations from 6100 ha property 
Larger tractor & dozer 
Vehicle costs increase 
Rates increase proportionately 
Casual labour increases proportionately 
Increase in electricity costs 
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Appendix 4: Property Parameters (2600 ha) 

Table 17: Land Types (2600 ha) 

Land Type Area (Ha) 
Open grazing 2000
Open woodland 200
Riparian zone 0
Regrowth 200
Woodland 100
Remnant 100

Total 2600

Table 18: Annual Wool Income Summary (2600 ha) 

Av wool income $200,620
Av gross return/hd $35
Av direct production costs $89,294
Net income $111,326
Net income/hd $20

Table 19: Financial Indicators (2600 ha) 

Annualised income -$9,163
Annual Return/ha -$4
Annual Return/DSE -$2
Return on asset % -0.63

Variations from 6100 ha property 
No dozer 
Rates decrease proportionately 
Casual labour decreases proportionately 
Reduction in accounting and electricity costs 
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Appendix 5: Woodland & Regrowth Modelling Parameters 

Table 20: Basal Area and Grass Yield Model Outputs 

Basal area 
(cu m/ha) 

GRASP yield 
(kg/ha) 

Adjusted yield 
(kg/ha)* 

0 3296 2100
1 3163 2015
2 2968 1891
3 2731 1740
4 2499 1592
5 2285 1456
6 2073 1321
7 1872 1193
8 1695 1080
9 1531 975
10 1390 886
11 1267 807
12 1151 733
13 1053 671
14 968 617
15 893 569
16 828 528
17 770 491

* Based on model relationship with top yield adjusted to reflect local estimates 

Table 21: Initial Woodland Composition 

No. of 
stems/ha

Average
DBH

Basal
area

m2/ha
400 18 10.18
200 18 5.09
100 13 1.33
100 8 0.50

Total 17.1

Table 22: Timber Harvesting Parameters

Average DBH rate cm/yr 0.5
Harvestable Stems/ha 50
Harvest age (yrs) 100
Yield (cu m/stem) 0.8
Timber price ($/cu. M) 70
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