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Executive summary

The Australian forestry industry is important nationally through the wood
products it produces, and the influence of native and planted forests on water
security, biodiversity and carbon storage.

Scientific knowledge helps to drive innovation to underpin a viable forestry
industry. This submission reviews current scientific knowledge and its
application, and priority areas for further research.

Key points made in our submission, in relation to the inquiry’s terms of
reference are as follows:

Opportunities for and constraints upon production

Water availability is the most important limiting factor to plantation
productivity across most of the plantation estate.

The role of informed management in sustaining site resources of soil
carbon, nutrients and water is emphasised. Current research is
addressing second rotation productivity decline in Western Australian blue
gum plantations.

There is evidence that in some instances, plantation site selection,
establishment and management have been disconnected from longer
term stewardship of sustainable productivity.

Forest growth modelling is helping us to understand the potential impacts
of rising carbon dioxide levels and changing climates on forest
ecosystems, but many uncertainties remain.

Tree breeding provides genetically improved planting stock that delivers
substantial improvements in wood production, wood quality and value.
Ongoing genetic improvement research can support further genetic
improvement and better matching of improved breeds to plantation site

types.

Plantation grown hardwood sawlogs are now becoming available from the
small proportion of plantations that have been thinned and pruned. Their
successful processing into high value sawn products will require
significant investment in modified sawing and drying equipment and
procedures.

Native forests remain an important source of timber for some sections of
the Australian forestry industry and there is a strong scientific basis for
their sustainable management for multiple uses and values including
wood production.

Ongoing research into processing is needed to develop profitable options
for processing unpruned, smaller-diameter plantation logs into veneered
or engineered wood products.



Environmental impacts of forestry

Water use of forest plantations is higher than that of crops and grassland
(per unit of land area), and guidelines have been developed for estimating
the impact of plantations on water availability.

A recent analysis of the impacts of forests on water resources concluded
that at a national scale, the impacts of plantations on water security and
availability had been overstated and the importance of the much larger
area of natural forests on water availability for urban catchments needs to
be emphasised.

Access of plantations to groundwater may result in increased water use,
but enable more efficient use of water for wood production, indicating the
potential for optimising land allocation among plantations and agriculture.

Plantations can be a tool for management of land and water salinity, the
trade-off of recharge reduction to saline groundwater versus flow
reduction must be considered.

Creating a better business environment for forest industries

Future plantation establishment can now use best available data and
modelling tools to help predict plantation growth rates and impacts on
water resources.

Potential energy production from the forestry sector

Biomass from existing forest industries and from dedicated new plantings
could contribute substantially to an Australian energy future with reduced
greenhouse gas emissions.

Technical, environmental, policy and economic constraints limit forest
biomass availability for biomass energy, biofuel and biochar industries,
and should be considered in planning to reduce potential for conflict.

The national Carbon Accounting System has been developed to predict
the impacts of land use, management and climate on net emissions of
greenhouse gases.

Potential land availability for new forest plantings to sequester carbon
depends on many factors including establishment costs, growth rates and
possible carbon pricing.

Large scale planting of new forests for carbon sequestration would require
the development of suitable infrastructure in the planting regions. With
annual planting rates unlikely to exceed 100,000 hectares, new plantings
would be unlikely to make a significant contribution to national 2020
emission reduction targets, although their contribution could increase in
subsequent decades.



Land use competition between the forestry and agriculture sectors

Improved biophysical and economic spatial modelling can give better
estimates of the trade-offs between food production and carbon
sequestration following the introduction of market-based climate and

forestry policy.

Incorporating tree belts, woodlots and plantations into farming landscapes
can improve water quality, increase biodiversity and carbon sequestration
and provide shelter to livestock, while providing an additional income
stream to farmers.

Within farms, trees compete for resources with crops, but research has
identified designs for efficient integration of tree plantings that minimise
competition impacts while delivering co-benefits.



Introduction

The Australian forestry industry is nationally important, not only for the forest
products it produces but because of the significant role of both native and
planted forests in providing ecosystem services and influencing water and
carbon cycles.

Innovation, through the application of scientific knowledge, has played and
can continue to play a vital role in underpinning the productivity, profitability
and sustainability of the forestry industry and improving the integration of
forestry and agriculture. A recent analysis (Turner and Lambert 2009)
indicates that total Australian investment in research to support the forestry
and wood products industries, has remained constant in cost-adjusted terms
over the course of the last decade, during a period of the rapid expansion of,
and investment in, plantation forestry involving new species and new planting
environments where the research base is limited.

Our submission focuses on scientific knowledge relevant to the forestry
sector, and concentrates primarily on the forest plantation estate, currently
about 2 million hectares (Mha) in area, which supplies an increasing
proportion (already more than 70%) of the nation’s forest products. Australia’s
147Mha of natural forests continue to play a vital role in biodiversity protection
and the maintenance of water and carbon cycles, and in wood production for
some industry sectors. An understanding of this role, predicting changes in
the future, and examining impacts of management (for example fire
management) remain the focus of important scientific research.

This submission aligns with the Inquiry terms of reference, addresses most of
the terms, reviews scientific knowledge relevant to each term, and highlights

the opportunities where application of existing knowledge and the conduct of

further research to address knowledge gaps can contribute.



Terms of Reference

Opportunities for and constraints upon production

Understanding constraints to the productivity of native forests and plantations
in Australian environments has been a focus for CSIRO and its partners for
more than 40 years. Most of this research has been undertaken in southern
Australia where the majority of plantations are located. The softwood estates
are dominated by one species, Pinus radiata and the hardwood estates by
two species, Eucalyptus globulus and E. nitens. It is these three species that
have been the focus for most research, although the subtropical pines planted
primarily in SE Queensland are also relatively well studied.

In mature Australian plantation systems such as the temperate and sub-
tropical pine plantations there is a well developed empirical understanding of
growth potential across different site types, based on repeated measurements
from one or more harvests across many site types (O’Hehir and Nambiar
2010). There is a shorter history of management for wood production in the
eucalypt plantations, most of which have been established since the 1990s
and are now approaching, or have recently delivered, their first harvest for
pulpwood. Concerns have been raised about the sustainable management of
this estate (Nambiar 2010).

Some analysis of productivity at the national scale has been carried out by
CSIRO and others. In Tasmania, the Green Triangle and Western Australia,
average hardwood plantation productivity equates to mean annual increments
(MAI) in log volume of about 15 cubic metres per hectare (m* ha™).
Substantially higher MAI (over 30 m® ha™) has been recorded on sites in
these regions with abundant rainfall, high soll fertility and mild temperatures,
while slower-growing plantations (less than 10 m® ha™) are not uncommon.

The most fruitful approach to understanding the limits to productivity is to
research the response of fundamental growth processes (light interception
and conversion efficiency) to environment and management. This effort
commenced in earnest in the early 1980s and has resulted in the
development of process-based models of plantation production (Battaglia et
al. 2004). These models are being used in Australia and around the world to
predict productivity in new environments, under changed management
regimes or under future climates.

Water availability sets an upper limit to tree growth potential for most
Australian plantations, with the exception of small areas of high-altitude sites
in Tasmania, Victoria and NSW where low temperatures limit growth (White et
al. 2009a). However, site index (the capacity of a particular site to support
plantation growth) is not a fixed, unchanging value. It can be increased with
careful management of soil and nutrient reserves and judicious fertilizer
application and conversely it can deteriorate with poor management that
results in soil erosion and decline in soil organic matter, nitrogen, phosphorus
and other nutrient elements, and reduced soil water availability.



While genetically improved planting stock matched to the planting site
produced by tree breeding (discussed below under value-adding), can deliver
much greater wood volumes and more valuable harvests on a given site than
can unimproved stock, tree breeding cannot overcome major declines in site
quality. Genetic improvement and sustainable site management are best
seen as complementary activities that together underpin plantation viability.

Sustaining productivity and managing risk across multiple plantation rotations
is a key challenge. In the 1970s much of the radiata pine estate was faced
with the widely-known second-rotation growth decline. Research by CSIRO
and others led to an understanding of management for sustainable yields,
resulting in changes to harvesting and replanting practices that reduced soil
disturbance and increased levels of conservation of nutrients on site.
Productivity decline in radiata pine was subsequently reversed, and average
site index in the Green Triangle region of South East Southern Australia and
South West Victoria, has now increased from that observed in the first rotation
(O’Hehir and Nambiar 2010).

Research to address a similar decline in second-rotation blue gum plantations
in Western Australia is currently under way (Mendham et al. 2008). It is likely
that some practices adopted in the pine plantation sector to sustain site
productivity, such as harvest residue retention to prevent nutrient loss, will
also be best practice in the hardwood sector. CSIRO, in partnership with
industry through the Cooperative Research Centre (CRC) for Forestry, is
seeking to develop the tools, practices and understanding to sustain
production through successive plantation rotations.

The potential for climate change to impact on productivity of plantations is
unclear. Emerging data from the Hawkesbury Forest Experiment suggests
that productivity gains from elevated carbon dioxide in plantation species may
be slight, though some gains in increased water-use efficiency may be
observed. Analyses using forest growth models carried out to date by CSIRO
(Battaglia et al. 2010) suggest that under such a scenario production in some
parts of Australia’s plantation estate (such as the Hume region of NSW, the
Green Triangle and south-west Western Australia), may be affected adversely
by projected climate change. However, longer term responses of forest
production to predicted climate change remain poorly understood and is an
area requiring ongoing research.

Forest plantations are long-rotation crops, with a minimum of approximately
10 years for pulpwood and 25 years for high-value sawlog rotations, and most
plantations will therefore be exposed to damaging events during the rotation.
Building resilient forest plantations is an important part of sustaining
productivity. Resilience refers to the ability to withstand and recover from the
inevitable challenges of drought, pests, storm and fire. Resilience can be built
through the germplasm (breeds of trees) and the plantation management
methods used. For example, plantation management options such as wider
tree spacing have been shown to reduce vulnerability of E. globulus
plantations to drought damage, while avoiding major reductions in productivity
(White et al. 2009b). Equally important are the institutional structures that



promote forestry development and lead to wise investment and appropriate
levels of management and technology inputs.

There may be perverse outcomes if forest plantation establishment and
management are disconnected from longer term stewardship of sustainable
yield. In this regard the recent expansion of plantation area has included
establishment on land that is not well-suited to viable plantation forestry, as
evidenced by recent write-offs and yield downgrades of substantial plantation
areas in Queensland and Western Australia (Saunders 2010).

Many new plantations for wood production, carbon storage or bio-energy will
likely be established in environments that differ from those of the existing
plantation estate, and using different species. There are new challenges to
understand and manage the relationships between production and risk in
these new planting environments, where knowledge from the existing estates
cannot be directly applied. This is evidenced by the relatively poor
performance observed in recent hardwood plantation trials in subtropical
environments, recently summarised by Lee et al. (2010).

Although production from native forests has declined as a proportion of the
total Australian wood harvest, they remain an important source of timber for
some sections of the Australian forestry industry. Current State Codes of
Practice for native forest management provide a strong scientific basis for
sustainable management which maintains forest values in perpetuity, and are
supported by decades of research on the impacts of forest management on
biodiversity, forest growth, forest soils and many other areas (Connell et al.
2001, Connell et al. 2004, Forest Practices Authority 2010). Native forest logs
have wood properties that differ from those of plantation-grown logs, and
native forests yield speciality logs from species that cannot be grown
economically in plantations (Harwood 2010).

In summary, the performance and profitability of plantations can be improved
through a combination of tree breeding and silvicultural management that
aims to i) increase the water use efficiency of dry matter production, ii)
increase the proportion of biomass directed to the harvest (usually the
harvested log) and/or iii) improve the quality and value of the harvest, while
maintaining the site quality. Using existing knowledge and conducting
targeted research and development to achieve this improvement is a key
challenge for the forest industry.

Opportunities for diversification, value adding and product innovation

CSIRO and other research agencies have carried out research to underpin
breeding for the major plantation tree species in Australia. Starting with the
undomesticated genetic resources of the wild species, tree breeding
programs have produced improved varieties better suited to plantations, to
supply wood and other products for the forest products industries. Australian
pine plantations have benefited greatly from genetic improvement over the
last 50 years, with harvestable log volumes estimated to have increased by up
to 40% from the first two generations of breeding for radiata pine. The



softwood industry now plants trees that combine fast growth with fine
branching and improved wood properties, enabling higher product recovery
and value from sawing. The estimated nation-wide net return on investment,
from radiata pine breeding alone, exceeds $1 billion (Sullivan 1999, Agtrans
2008).

Eucalypt plantations grown for pulpwood similarly now benefit from breeds
with increased wood density and pulp yield in addition to faster growth.
Research on molecular genetics is now refining our understanding of genetic
control of key value traits. CSIRO recently identified the first molecular
markers for selecting eucalypts with higher pulp yield (Thumma et al. 2010).
Application of this knowledge should improve the rates of genetic gain from
breeding, particularly for wood quality traits such as wood stiffness and pulp
yield which are expressed late in the life of the tree and are expensive to
measure. Tree breeding will also focus on achieving improved matching of
different breeds to particular site types to maximise plantation production, and
improving the adaptability of trees to more marginal site conditions, which are
predicted to increase in some regions with climate change.

Research undertaken over the last decade on sawn timber processing of
plantation eucalypt logs has confirmed that pruning and thinning of plantations
is required for the production of clearwood for high-value, knot-free
appearance-grade boards and veneers from the two major temperate
plantation eucalypts E. globulus and E. nitens. Research has supported the
development of pruning and thinning schedules for sawlog regimes to meet
these requirements, but pruning and thinning have only been applied to date
to some 30,000 hectares of hardwood plantations, primarily in Tasmania
(Beadle et al. 2008).

Processing research has shown that, because of the different sawing and
drying characteristics of fast-grown plantation eucalypt sawlogs, existing
sawmills optimised for native forest logs will struggle to profitably process
plantation logs if they switch to the latter because of declining native-forest log
availability (Washusen et al. 2009a). Substantial investment is required to
modify sawing equipment and drying methods. Appropriately modified
processing systems should be able to operate profitably while paying an
acceptable log price to plantation growers (Washusen et al. 2009b). However,
access to large volumes of plantation sawlogs is required to justify the
investment in retrofitting existing systems or constructing new ones. Effective
marketing of the new plantation-grown sawn products will be needed to
ensure success.

There is a need for ongoing research to develop processing and product
options that can profitably use (i) unpruned plantation eucalypt logs, and (ii)
smaller volumes of pruned plantation sawlogs. One Australian company has
developed commercial structural timber production from unpruned Eucalyptus
nitens plantations. Veneered and engineered wood products may offer good
prospects for product diversification. Using modern veneering equipment,
smaller log diameters can be processed, at smaller scales of production than
can be achieved for pulping and sawmilling of plantation eucalypts.



In 2010, CSIRO terminated most of its capability in wood processing and
forest products research, primarily because of the industry’s inability to
contribute sufficient financial support to this research area. Other Australian
research providers will continue to carry out research to support processing
and product innovation, to the extent that research funding is available.

Environmental impacts of forestry, including:

Impacts of plantations upon land and water availability for
agriculture; and

Plantations generally use more water, per unit land area, than grasslands and
many agricultural crops. This difference in water use increases with
increasing rainfall (Zhang et al. 2001). Consequently, large-scale land use
change such as plantation development has been identified in the National
Water Initiative as an intercepting activity that that would require inclusion in
water sharing plans. Guidelines for the assessment of impact of plantation
establishment have been developed (Gilfedder et al. 2010). However, a
recent analysis (Polglase and Benyon 2009) of the impacts of plantations on
water resources concluded that, at a national scale, the impacts of plantations
on water security and availability had been over-emphasized. Plantations can
have local, rather than regional, impacts on water resources and there may be
specific areas of particular interest, such as in the lower limestone coast of
South Australia.

Plantations can affect groundwater resources through direct groundwater use
and reduced recharge to groundwater. In general, the interactions of
plantations with groundwater are poorly quantified; however when plantations
are established over highly transmissive, shallow aquifers with good water
quality, rates of plantation water use can potentially be high. The spatial
extent of this situation nationally is not well understood and the interactions of
plantations with groundwater are rarely examined in detail; an exception is the
lower limestone coast of South Australia (Benyon et al. 2006). Here, there is
evidence that plantations accessing groundwater may use water more
efficiently that is they produce more timber per unit of water than plantations
without access to groundwater. This suggests that careful siting of plantations
in the landscape can maximise timber production while minimising impacts on
catchment water yield.

Plantations can also impact on salinity and have been suggested as an
attractive tool to help manage salinity in land and rivers. Plantations
established in salt source catchments such as those in the headwaters of
major river systems, may have a net positive impact on freshwater supplies.
This has been demonstrated in the Denmark catchment in South West
Western Australia. In some such cases wood production from plantations as
the sole financial return may not be attractive. In the Denmark, effort is being
made to create incentives for ongoing plantation activity to avoid increased
river salinity.

At the national scale, the potential impacts on water availability of the much
larger areas of native forests, for example those located in the major urban
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catchments, are much more profound than are plantation impacts (Polglase
and Benyon 2009). Risks include the direct impacts of changing climate, for
example increased temperature and carbon dioxide levels which can affect
the physiology of trees, and indirect impacts of fire which can change forest
structure and alter water use. However, the importance of native forests
seems to be not well recognised and should be a focus of further research.

The development of win-win outcomes in balancing environmental
costs with economic opportunities.

Plantations may have benefits (provide ‘ecosystem services’) and trade-offs
when established on agricultural land. There are two issues here:

(i) quantifying versus valuing, the benefits and trade-offs of plantation
establishment, and (ii) regional versus local (paddock-scale) assessments.
Quantification of impacts is often more readily achieved than is valuation,
particularly at a regional scale. Many of the benefits, such as enhanced
biodiversity, are externalised and as such do not have a market value. Further
research is needed to better quantify impacts at paddock-scales on, for
example, productivity of agricultural land and water run-off.

Creating a better business environment for forest industries, including:
Investment models for saw log production;

We have noted the importance of research that underpins the effective
growing and processing of sawlogs into high-value products, both for
conventional sawn timber and other products such as veneer-based products.
More profitable processing will improve the prices payable for sawlogs and
hence the attractiveness of sawlog plantations as an investment.
Development of technology for local processing options such as veneering
that can profitably process sawlogs from a small scale plantation resource
would increase the viability of investment in sawlog plantations.

New business and investment models for plantation production; and

Use of the best available data and tools for prediction of plantation growth
rates and impacts of plantations on regional water resources should be an
integral part of future plantation investment planning.

Superannuation investment in plantations.
Nil response.
Social and economic benefits of forestry production

CSIRO is not currently conducting research in this area, which has been
addressed by the CRC for Forestry (Schirmer et al. 2010).
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Potential energy production from the forestry sector, including:
Biomass, biofuels and biochar;

Research by CSIRO Energy Transformed Flagship indicates that the use of
biomass, and in particular forestry biomass, for stationary energy and biofuels
production can contribute substantially to an Australian energy future with
reduced greenhouse gas emissions (Farine et al. submitted).

Only a fraction of the total biomass produced by agricultural and forestry
industries can be diverted to bioenergy and biofuels. Technical,
environmental, policy and economic constraints restrict the quantities of
biomass that are realistically available. For example, removal of leaves, bark
and fine branches from the site during plantation harvest has been shown to
compromise productivity of subsequent rotations because of the negative
effects on soil organic matter and nutrients (Raison 2006). Current residue
estimates are based on use of coarse woody harvest residues only, with bark,
twigs and leaves left on site. Research to ensure the appropriate application
of these constraints during planning will reduce the potential for conflict and
adverse outcomes in the development of biomass and biofuel industries.

CSIRO has made detailed studies of biomass availability in several regions.
Similar studies in other regions are needed to improve the precision of
estimates at the national scale. In the Green Triangle region, small-scale (60
ML year) ethanol factories making use of low-cost, locally-available
lignocellulosic residues from timber processing may be close to break-even
under current economic and policy settings. Taxation regimes for bio-ethanol
production and petroleum fuels, and uncertainties associated with future
petroleum prices, will strongly influence investment decisions (Rodruigez et al.
2011).

Significant potential exists for a bioenergy/biofuel industry based on trees
grown in belts on farms in the lower rainfall, cereal cropping regions of
southern Australia. Belts would occupy less than 10% of the farm and be
designed to be integrated with conventional agriculture. Tree crops utilising
native species well adapted to low rainfall (for example mallee eucalypts),
could offer a mechanism for farmers to diversify their sources of income,
improve environmental outcomes through better water and carbon balance,
potential biodiversity benefits, and produce significant amounts of commercial
energy. CSIRO, in partnership with the CRC for Future Farm Industries, is
currently conducting research to demonstrate that such short rotation tree
cropping systems can efficiently and sustainably deliver biomass, and ensure
that site nutrient capital and productive potential is maintained or improved.

Forest residues such as sawmill residues are ideal sources for combined
biochar and bioenergy production (CBBP) as they are pure (unprocessed and
uncontaminated) materials that have a high carbon content. The methodology
for CBBP can be achieved either through fast or slow pyrolysis with the latter
being the preferred option for biochar production. While other bioenergy
production processes such as Fischer-Tropsch, gasification and fermentation
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that are specialised for energy production alone, often require materials of a
specific chemical composition or size. CBBP through pyrolysis is a process
that is easily adaptable to various materials.

CSIRO is currently undertaking research into the potential application of
biochar to agricultural soils. This research is addressing both the role of
biochar in soil carbon sequestration and as an amendment to improve soil
health. An important aspect of the work is assessing differences in the
physical and chemical properties of biochar produced from different feedstock
sources, including various types of wood based biomass, and how they
behave in soil. A recent CSIRO review discusses the potential role of biochar
in addressing climate change and discusses scenarios for the uptake of
biochar for use in soil (Sohi et al. 2010). Understanding the characteristics of
biochar is key in matching biochar products to their end-use. There is
currently no information available as to the effects of biochar applied to forest
soils. This is an important area that needs to be investigated as it would be of
interest to avoid large transport distances for biochar made from plantation
harvest residues and instead apply it close to its source and production.

Further work is required in following areas to better estimate the potential
contribution of the forestry industry to biomass energy, biofuels and biochar:

¢ Identification of the most cost-effective methods of harvesting and
transporting of various biomass feedstocks.

e The potential impact of biorefineries producing high-value petrochemical
compounds in addition to energy.

e Further research on the physical and chemical properties of different
biomass types, which determine feedstock quality.

e Characterisation of chemical, physical and biological properties of biochar
products from different types of forestry residues that relate to their
potential end uses.

Cogeneration; and
Nil response.
Carbon sequestration.

CSIRO has worked closely with the Commonwealth in helping to develop and
test the forestry (and soil) component of National Carbon Accounting System
(NCAS). The NCAS predicts the impacts of land use, management, natural
disturbances and climate on net emissions of greenhouse gases (Raison and
Squires, 2009). Further work is required to refine the NCAS for native forests
which are likely to be included in future more comprehensive greenhouse gas
accounting frameworks, and for new “carbon forests”. CSIRO has also made
a considerable investment into better quantifying the potential for new forests
to off-set greenhouse gas emissions in Australia. Some of the main points to
emerge include:
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The extent to which land is available depends on a range of factors,
including land value (or opportunity cost), establishment costs of the
plantations, community attitudes, environmental considerations,
opportunity costs of alternative use, rate of growth (carbon sequestration),
any possible carbon pricing, and discount rate used in modelled scenarios
and whether there are payment streams for environmental benefits such
as biodiversity.

Depending on the assumptions used in economic modelling, the area for
financially viable new plantings may range from nil to tens of millions of
hectares. However, the potential rate of planting is constrained by such
factors as available supply of tree planting stock, labour, capital
investment, acceptability of land use change and competition for land and
water resources.

If carbon plantings are to be used as partial off-set mechanisms, it is
unlikely that more than about 100,000 hectares could be planted annually
(this being equivalent to the maximum annual expansion rate achieved for
commercial wood-producing plantations), and large-scale planting could
not commence until infrastructure was developed in the planting regions:
this would take several years. Trees planted would take some time to
establish and store carbon at their maximum rates. New plantings would
thus be unable to make a significant contribution to national 2020
emission reduction targets. Rather, over a period of some decades,
incremental establishment of new plantings could derive some biodiversity
benefit while making a contribution to emission reductions.

As with the issue of forests and water impacts discussed above, there is a
case for more focus on native forests, the very large amounts of carbon
they currently store and keep out of the atmosphere, and the implications
of changes in that store on national emissions. Australian native
vegetation stores approximately 24 GtC in living biomass, with over 80%
of this occurring in forests and woodlands. This is equivalent to over 150
years worth of Australia’s current annual emissions (Department of
Climate Change, 2010). Because of the large land area covered by native
forest, even small relative changes in carbon stock (due to for example
climate change impacts on tree growth, decomposition, or altered fire
regimes) could lead to large absolute emissions (or sequestration) when
aggregated over the whole continent. Our current ability to predict the
direction and magnitude of these changes is limited, however new
research by CSIRO has begun to address this gap through the
development of analysis tools for integrating native forest carbon cycling,
water cycling and fire dynamics (Roxburgh et al. 2010).

Land use competition between the forestry and agriculture sectors:

Land is subject to competing demands from forestry, agriculture, urban
development and other land uses. The trade-off from all conversion of
agricultural land to forestry is the reduced capacity to produce food. Some
work has been done on the land use competition between agricultural uses for

14



food production and for bioenergy production for abating greenhouse gas
emissions in Australia (Bryan et al., 2010a, b).

Several authors have identified the potential for carbon and ecosystem
service market policies to alter the relative profitability of alternative land uses
and thereby motivate large scale land reforestation (Polglase et al., 2008). On
a large enough scale, this direct competition for a finite resource creates a
tight link between carbon sequestration and agricultural commodities, and
policies designed to mitigate climate change by promoting re-forestation can
put upward pressure upon food prices (Wise et al., 2009).

Improving the detail of biophysical and economic modelling, including the
capture of spatial heterogeneity, can lead to better estimates of the trade-offs
between food production and carbon sequestration following the introduction
of market-based climate and forestry policy. Several studies have confirmed
landscape-scale spatial heterogeneity in levels of carbon sequestration and
agricultural production (Bryan et al. 2009), and land use profitability (Bryan et
al. 2011).

Harmonising competing interests

Two main techniques have been used to quantify and map trade-offs between
competing land uses at a landscape scale. Scenario analysis has been used
to quantify spatially-explicit trade-offs between food production and
greenhouse gas mitigation through bioenergy land uses, (Bryan et al., 2010a,
2011), but only for a limited number of spatial and policy options. Other
authors have found that by optimising the spatial distribution of land uses,
they could improve a range of outcomes such as biodiversity, economic
production, carbon sequestration and other ecosystem services across a
spectrum of policy options (Higgins et al. 2008, Crossman et al. 2009). In this
way, and in theory, co-benefits may be maximised and trade-offs may be
minimised. It is yet to be demonstrated how policy can be designed to achieve
these optimal outcomes when land use is controlled by multiple independent
agencies in the landscape. No studies have assessed the food-carbon trade-
offs of reforestation under alternative market-based policies on a landscape
scale for informing policy.

Opportunities for farm forestry

Incorporating tree plantations into the farming landscape can improve water
guality, increase biodiversity and carbon sequestration and provide shelter to
livestock, while providing an additional income stream to farmers. As an
example, the buffering effect of riparian plantations on grazing properties may
improve water quality of streams and rivers in farming landscapes, while well
managed harvesting of riparian trees need not adversely affect water quality
(Neary et al. 2010).

Within paddocks, trees compete for resources with crops both on the planted
area and in a ‘competition zone’ beyond the tree canopies. This competition
has been much studied, and its implications for optimum ways to integrate
tree plantings on farms are relatively well understood. For example, in South
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West Western Australia, belts of trees and mallees are planted to provide
wood/forest products and salinity mitigation in lower-rainfall zones (Ellis and
Hatton 2005; Oliver et al. 2005).

Farm woodlots may displace crops, and the growth of tree roots into
neighbouring fields can result in significant production losses outside of the
tree block (Huth et al., 2010). Case studies for a range of woodlot
configurations in the subtropics have showed that there may be ways to plant
trees that minimise crop losses (Huth 2010). This increase in efficiency can
be used to increase the area planted to trees by up to a factor of eight for a
given level of crop impact. Furthermore, this more extensive tree planting
provides greater hydrologic, ecological and shelter benefits at no extra cost in
terms of crop losses. Finally, this study also showed that efforts to increase
one benefit will automatically provide increases in all other benefits in most
situations. Such an outcome greatly simplifies decisions for farm managers.

CSIRO and others have invested in testing and domesticating tree species
suited for farm forestry beyond the traditional plantation regions over the last
15 years, especially in the temperate wheat-sheep belt. Parallel work has
been carried out to develop appropriate silviculture, and to match the species
under development to different site types. Improved breeds of trees now exist
that are suited to a diverse and geographically large area of farmland in
southern Australia (Harwood et al. 2007).

Further biophysical research is needed to better define plantation growth
obtainable with a range of species outside the traditional plantation regions of
Australia. Establishment of planted forests in subtropical and tropical
rangelands requires further research to underpin success. Rainfall in these
zones is more variable than in southern Australia, both year-to-year and in its
seasonal distribution, posing greater challenges for plantation establishment.

Some research is needed to better define the scale and design of farm
forestry investment models, for example on the efficient operation of markets
for co-payments for biodiversity and hydrological benefits which, together with
returns on commercial wood production and carbon farming, could provide
favourable financial returns.
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Further information (online resources)

Forest and Wood Products Australia (FWPA) reports are available at:
http://fwpa.com.au/latestreports.aspx

CRC Forestry information can be found at:
http://www.crcforestry.com.au/

CRC Future Farm Industries can be found at:
http://www.futurefarmonline.com.au/

CSIRO information can be found at:
http://www.csiro.au

References

Agtrans (2008). Evaluation of Investment in Pine Breeding Projects.
Prepared for Forest and Wood Products Australia.

Battaglia, M., Sands, P. J., White, D., and Mummery, D. (2004). CABALA: a
linked carbon, water and nitrogen model of forest growth for silvicultural
decision support. Forest Ecology and Management 193:251-282.

Battaglia, M., Bruce, J., Brack, C. and Baker, T. (2009). Climate Change and
Australia’s plantation estate: Analysis of vulnerability and preliminary
investigation of adaptation options. Forest & Wood Products Australia,
Project No. PNC068-0708, October 2009.

Beadle, C., Volker, P., Bird, T., Mohammed, C, Barry, K., Pinkard, L.,
Wiseman, D., Harwood, C., Washusen, R., Wardlaw, T. and Nolan, G. (2008).
Solid-wood production from temperate eucalypt plantations: a Tasmanian
case study. Southern Forests 70(1): 45-57

Benyon, R. G., Thievyanathan, S. and Doody, T.M. (2006). Impacts of tree
plantations on groundwater in south-eastern Australia. Australian Journal of
Botany 54: 181-192.

Bryan, B.A., Crossman, N.D., King, D., and Meyer, W.S. (2011). Landscape
futures analysis: assessing the impacts of environmental targets under
alternative spatial policy options and scenarios. Environmental Modelling and
Software 26(1), pp. 83-91.

Bryan, B.A., King, D., Wang, E. (2010a). Biofuels agriculture: landscape-scale
trade-offs between fuel, economics, carbon, energy, food, and fiber. Global
Change Biology — Bioenergy 2(6): 330-345.

Bryan, B.A., King, D., and Wang, E. (2010b). Potential of biomass production
for achieving widespread natural resource management under climate
change. Land Use Policy 27(3): pp.713-725.

17


http://fwpa.com.au/latestreports.aspx�
http://www.crcforestry.com.au/�
http://www.futurefarmonline.com.au/�
http://www.csiro.au/�

Bryan, B.A., Ward, J. and Hobbs, T. (2008). An assessment of the economic
and environmental potential of biomass production in an agricultural region.
Land Use Policy 25(4): 533 — 549.

Connell, M.J., Raison, R.J. and Brown, A.G. Editors (2001). Intensive
management of re-growth forest for wood production in Australia: A review of
current practice and future potential. CSIRO Forestry and Forest Products,
Canberra: 91.

Connell, M.J., Raison, R.J. and P. Jenkins (2004). Effects of thinning and
coppice control on stand productivity and structure in a silvertop ash
(Eucalyptus sieberi L. Johnson) forest. Australian Forestry: 67, 30-38.

Crossman, N.D. and Bryan, B.A. (2009). Identifying cost-effective hotspots for
restoring natural capital and enhancing landscape multifunctionality.
Ecological Economics 68: 654 — 668

Department of Climate Change (2010). National Greenhouse Gas Inventory
2008. Commonwealth of Australia.

Ellis, T., Hatton, T. and Nuberg, I. (2005). An ecological optimality approach
for predicting deep drainage from tree belts of alley farms in water-limited
environments. Agricultural Water Management 75: 92-116.

Farine, D.R., O’'Connell, D.A., Raison, J., May, B., O'Connor, M., Herr, A.,
Taylor, J.A., Rodriguez, L.C., Campbell, P.K., Dunlop, M.l.A., Poole, M.L.,
Crawford, D.F., Jovanovic, T., Braid, A.L. and Kriticos, D. (submitted). An
assessment of biomass for bioelectricity and biofuel and for greenhouse gas
emission reduction in Australia. (submitted to Global Change Biology).

Forest Practices Authority (2010). Forest Practices Authority Annual Report
2009-2010. Forest Practices Authority, Hobart, Tasmania

Gilfedder M, Zhang L, Theiveyanathan T, Marcar N, Roxburgh S, Littleboy M,
Zhao F, Chen Y, Almeida A and Crawford D (2010). Methods to assess water
allocation impacts of plantations: Final report. CSIRO: Water for a Healthy
Country National Research Flagship. 15 pp.

Harwood, C.E. (2010). Sawn timber from native forests and plantations in
Tasmania. Cooperative Research Centre for Forestry Bulletin 13, November
2010.

Harwood, C.E., Bush, D.J., Butcher, T., Bird, R., Henson, M., Lott, R.,
and Shaw, S. (2007). Tree improvement for low rainfall farm forestry.
Australian Forestry.70:23-27.

Higgins, A. J., Hajkowicz, S. and Bui, E. 2008. A multi-objective model for
environmental investment decision making. Computers & Operations
Research 35: 253-266.

Huth, N.I. (2010). Measuring, modelling and managing tradeoffs in low rainfall
agroforestry for Australia’s subtropics. PhD Thesis, School of Biology,
University of Queensland, Brisbane. pp. 118.

Huth, N.I., Robertson, M.J. and Poulton, P.L. (2010). Regional differences in
tree-crop competition due to soil, climate and management. Crop and Pasture
Science 61,: 763-770.

18



Lee, D.J., Huth, J.R., Osborne, D.O. and Hogg, B.W. (2010) Selecting
hardwood taxa for wood and fibre production in Queensland's subtropics.
Australian Forestry 73:106-114

MDBC (Murray-Darling Basin Comission) (2007). Impact of the 2003 Alpine
Bushfires on Streamflow — Summary Report. MDBC Publication No. 23/08.

Mendham, D.S., Grove, T.S., O'Connell, A.M. and Rance, S.J. (2008).
Impacts of inter-rotation site management on soil nutrients and plantation
productivity in Eucalyptus globulus plantations in south-western Australia. pp
79-92 in ‘Site management and productivity in tropical plantation forests:
Proceedings of workshops in Piracicaba (Brazil), 22-26 November 2004 and
Bogor (Indonesia), 6-9 November 2006’ (Ed. E.K.S. Nambiar) Centre for
International Forestry Research: Bogor, Indonesia.

Nambiar, E.K.S. (2010). Sustainability of eucalypt plantations in Australia is
failing. Australian Forestry 73: 207-208.

Neary, D.G.; Smethurst, P.J.; Balllie, B.; Petrone, K.C.; Cotching, W.; Balillie,
C.C. (2010). Does tree harvesting in riparian areas adversely affect stream
turbidity — preliminary observations from an Australian case study. Journal of
Soils and Sediments 10: 652-670.

O’Hehir, J, and Nambiar, E.K.S. (2010). Productivity of three successive
rotations of Pinus radiata plantations in South Australia over a century. Forest
Ecology and Management 259: 1857-1869.

Oliver, Y. M., Lefroy, E. C., Stirzaker, R. and Davies, C.L. (2005). Deep-
drainage control and yield: the trade-off between trees and crops in
agroforestry systems in the medium to low rainfall areas of Australia.
Australian Journal of Agricultural Research 56(10): 1011-1026.

Polglase, P.J and Benyon, R.B. (2009). The impacts of plantations on water
security: Review and scientific assessment of regional issues and research
needs. Forest & Wood Products Australia, Project No. PRC071-0708, June
2009.

Polglase, P., Paul, K.I, Hawkins, C., Siggins, A., Turner, J., Booth, T.,
Crawford, D., Jovanovic, T., Hobbs, T., Opie, K., Almeida, A. and Carter, J.
(2008). Regional Opportunities for Agroforestry Systems in Australia. RIRDC
Publication No. 08/176. Rural Industries Research and Development
Corporation.

Raison, R.J. (2006) Opportunities and impediments to the expansion of forest
bioenergy in Australia. Biomass and Bioenergy 30, 1021-1024.

Raison, R.J. and Squire, R.O. Editors (2009). Forest management in
Australia: Implications for carbon budgets. National Carbon Accounting
System Technical Report 32. Australian Greenhouse Office: 380.

Rodriguez, L., May, B., Herr, A., Farine, D. and O’Connell D. (2011). Biofuel
excision and the viability of ethanol production in the Green Triangle,
Australia. Biomass and Bioenergy 39: 1951-1957.

Roxburgh, S.H., Sullivan, A., Bruce, J., Matthews, S., Cary, G., Zhang, L.,
Meyer, M. and Williams, D. (2010). Forests, carbon, fire and water security:
development of capability for landscape risk analysis: The Dynamic

19



Landscape Simulator (DLS) v.0.1. CSIRO Sustainable Agriculture Flagship
Report: R-00674-01-019. 54pp.

Saunders, A. (2010). Elders to write down forestry assets. The West
Australian, May 4, 2010.

Schirmer J (2010) Tasmania's forest industry: trends in forest industry
employment and turnover, 2006 to 2010. Technical Report No. 206,
Cooperative Research Centre for Forestry.

Sohi, S.P., Krull, E., Lopez-Capel, E. and Bol, R. (2010), A Review of Biochar
and Its Use and Function in Soil, Advances in Agronomy 105: 47-82

Sullivan, N. (1999). Benefits from CSIRO research for the forestry, wood and
paper industries sector. CSIRO, Canberra.

Thumma, B.R., MacMillan, C.P., Southerton, S.G., Williams, D., Joyce,
K. and Ravenwood, I. (2010). Accelerated breeding for high pulp yield in
E. nitens using DNA markers identified in 100 cell wall genes: The
Hottest 100. Forest & Wood Products Australia, Project No. PNC052-
0708, June 2010.

Turner, J. and Lambert, M. (2009). Evaluation of research expenditure and
capacity in forestry and forest products in Australia 2007-2008 and
development of research. Forest & Wood Products Australia, Project No.
PRD111-0809, May 2009.

Washusen, R., Harwood, C.E. Morrow, A, Northway, R., Valencia, J.C,
Volker, P., Wood, M. and Farrell, R. (2009a). Pruned plantation-grown
Eucalyptus nitens: effect of thinning and conventional processing
strategies on sawn board quality and recovery. New Zealand Journal of
Forestry Science 39: 39-55.

Washusen, R., Morrow, A., Ngo, D., Hingston, R. And Jones, T. (2009b).
Comparison of solid wood quality and mechanical properties of three species
and nine provenances of 18-year old Eucalypts grown in clearwood
plantations across southwest Western Australia. Forest & Wood Products
Australia, Project No. PRC114-0708, June 20009.

White, D., Battaglia, M., Bruce, J. Benyon, R., Beadle, C., McGrath, J., Kinal,
J., Crombie S. and Doody T. (2009a). Water-use efficient plantations —
separating the wood from the leaves. Forest & Wood Products Australia
Project No: PNC073-0708, December 2009.

White, D.A., Crombie, S.J., Kinal, J., Battaglia, M., McGrath, J.F., Mendham,
D.S. and Walker, S.N. (2009b). Managing productivity and drought risk in
Eucalyptus globulus plantations in south-western Australia. Forest Ecology
and Management 259: 33-44.

Zhang, L., Dawes, W. R. and Walker, G. R. (2001). Response of mean annual
evapotranspiration to vegetation changes at catchment scale Water
Resources Research 37(3): 701-708

20



	Executive summary
	Introduction

