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Abstract

Land use change from forest to non-forest use is a major source of greenhouse gases
in Australia. From 1996, the Queensland Government provided incentives for
landholders to plant ex-pasture and cropping areas with hardwood plantations
through the Southeast Queensland Regional Forest Agreement program. Spotted gum
(Corymbia citriodora subspecies Variegata) was a target hardwood species for
Southeast Queensland (SEQ); however, the long-term viability of timber-alone
plantations relative to cropping and livestock production, in the medium to low
rainfall areas of SEQ, and elsewhere in Australia, is questionable. Carbon credits
resulting from additional carbon sequestration may change the relative profitability
of these land uses. The aim of this research was to compare spotted gum plantations
with peanut-maize cultivation and beef pasture in low rainfall areas, incorporating

carbon values.

This study covers all variable costs and benefits, and different sources and sinks of
three major greenhouse gases: carbon dioxide, methane and nitrous oxide. For the
case study of three land use systems (maize-peanut cropping, pasture, and spotted
gum plantations in the Kingaroy district of SEQ), production, carbon sequestration
and emissions data were supplemented by formal and informal interviews with
landholders, agronomists, sawmill staff and government extension personnel. Forest
inventory, biomass and soil sampling, and stakeholder interviews were used as
sources of primary data. The costs and benefits of all land use systems were

converted into monetary terms and discounted to produce net present values.

If the comparison of net present values is limited to traditional benefits (i.e. income
from crops and hay in cultivation, beef in pasture and timber in plantation),
cultivation is the most profitable option, followed by pasture and plantations. Even
after the inclusion of beef value, plantations could not compete with other land use
systems. After the inclusion of greenhouse gas value, plantations were the most
profitable option, followed by pasture and cultivation. However, if the carbon price
was reduced from the price assumed in this thesis of $10.5 t1CO,e to $4.3 t'lcoze,

cultivation would remain the most profitable option.
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If the currently used nominal (pre-text) discount rate (six percent) increased to seven
or eight percent, the optimal rotation of plantation would reduce from 34 to 31 years
and 29 years, respectively. At a seven percent discount rate, plantations would be a
less profitable than pasture, but marginally more profitable than cultivation. If the
discount rate were eight percent, plantations would be less profitable than both

pasture and cultivation.

These findings have some implications for attempts to increase the plantation estate
to three million hectares by 2020, through policy frameworks such as the Australian
Government’s ‘Vision 2020°. Therefore, this study has recommended several

measures to increase the benefits from plantations.
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Chapter 1
Introduction

1.1 Background

Forest clearing was part of the drive to “civilisation”. The process is still continuing
in many parts of the world, because people perceive that the natural forest is of less
economic value than alternative uses (Filho, 2004). For example, highly valuable
tropical rainforests of the Amazon (Brazil) are being replaced by soybean
plantations, while Indonesian and Malaysian forests are being replaced by oil palm
(Filho, 2004). If the world trend of forest clearing continues, an additional 10 billion
hectares (about 1.3 times the size of Australia) of natural ecosystem could be
converted to agriculture by 2050 (Tilman et al., 2001). Forest clearing is one of the
major sources of global warming (Stern, 2006), and the Kyoto Protocol aimed to
curb global warming by limiting Annex B' countries to a particular level of emission
reduction (UNFCCC, 1997). However, the continued deforestation rate of Brazil and
Indonesia alone would equal 80% of the greenhouse gas emission reductions target
for Annex B countries in its first commitment period of 2008-2012 (Santilli et al.,

2003).

In Australia, forest has been extensively cleared for cropping and grazing. Although
the rate of clearing decreased from 546,000 hectares per year in 1988 to 187,000
hectares per year during 2000 to 2003, it is still relatively high (AGO, 2000; BRS,
2005). Therefore, unlike Europe, the United States of America and Canada, Australia
was a net emitter of carbon (37.2 MtCO,e) by virtue of land use change in 2000
(Kooten, 2004; Mitchell and Skjemstad, 2004). Forest clearing alone accounted for
12% of the total emission in Australia (AGO, 2000).

Around 80% of the total clearing in Australia has occurred in the state of

Queensland. There were many motivating factors for forest clearing in Queensland,

" These are the 39 emissions-capped industrialised countries and economies in transition listed in
Annex B of the Kyoto Protocol. Legally binding emission reduction obligations for Annex B countries
range from an 8% decrease (EC) to a 10% increase (Iceland) on 1990 levels by the first commitment
period of the Protocol, 2008-2012 (Auckland er al., 2002). Annex I and Annex B are used
interchangeably in some papers. However, Annex I refers to the 36 industrialised countries and
economies in transition listed in Annex I of the United Nations Framework Convention on Climate
Change. They have a non-binding commitment to reduce their GHG emissions to 1990 levels by 2000
(Auckland et al., 2002).
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but the driving force was economic return, availability of cheap land, and high and
immediate profit—immediate profit from crop production, and long-term profit from
increased land values (AGO, 2000). Clearing was perceived as development and land
was considered wasted unless it was developed. In fact, clearing in Queensland
accelerated in the second half of the twentieth century under a government-sponsored
development scheme. Cheap land and low-interest loans were offered under the
condition that land holders improved the land by clearing (Fensham and Fairfax,

2003).

The cleared land was predominantly used for the grazing of livestock. However, in
certain areas with favourable climatic and topographic factors (such as the inland
Burnett region of Southeast Queensland), much of the cleared land was used for crop
production. By the 1980s, increasing costs of production and decreasing commodity
prices, especially of the major cereals, created economic pressure on farmers
(Zammit et al., 2001). Technological innovation did not keep pace with increasing
costs. This caused a shift in land use around the 1980s from cultivation to grazed
pasture in less productive or degraded cropping land (Zammit et al., 2001; Maraseni
et al., 2006). Recently, due to increased environmental concerns focusing on land
degradation and the risk of dry land salinity, the Queensland Government has
encouraged farmers to plant hardwood plantations on some degraded ex-cultivation

and pasture areas (DPI&F and DNR, 1999; DPI&F, 2000; Brown, 2002).

One of the main hardwood species being promoted by government agencies in the
Southeast Queensland (SEQ) region is spotted gum (Corymbia citriodora subspecies
Variegata). There are a number of reasons for this. Firstly, over time, large areas of
SEQ were World Heritage listed, became National Parks or tenure was restricted.
This diminished the supply of native timber including spotted gum, but demand still
increased by two to three percent every year (DPI&F and DNR, 1999). Secondly,
although the full rotation plantation data are not available, the early age performance
of spotted gum is quite encouraging (Huth et al., 2004). Thirdly, preliminary results
of the genetic improvement program of spotted gum are promising, as the seedlings
are given vegetative propagative capacity, frost tolerance and Ramularia shoot blight
resistance (Lee, 2005). Fourthly, the timber is highly valued for its durability,
hardness and pale colour (Huth ef al., 2004). Finally, of the 3.42 million hectares of

cleared land evaluated for plantation in the South East Queensland Regional Forest

-
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Agreement (SEQRFA) region, 2.72 M ha met the slope and size constraint, and 73%
of that land was found suitable for spotted gum (Queensland CRA/FRA Steering
Committee, 1998).

The national policy statement ‘Plantation for Australia: The 2020 Vision’ has its
target a trebling of the national plantation state to about three million hectares by the
year 2020 (Kirschbaum, 2000). In order to support this target, the Queensland
Government committed to increase the plantation estate by 320,000 hectares from
1996 to 2020 (DPI&F, 2000). A 20-year Federal-State agreement, known as the
Southeast Queensland Regional Forest Agreement (SEQRFA), was implemented in
1996 for native forest conservation and timber resources management in SEQ
(Brown, 2002). As a part of this SEQRFA program, the Queensland Government
approved a $30 million plan to increase the hardwood plantation area, especially of
spotted gum, in SEQ (DPI&F, 2004b). This initiative was not solely or even
primarily a carbon sequestration strategy, but flowed from earlier concerns at the
national political level about logging in native forests (Resource Assessment
Commission, 1992) and the consequent decision that there was a need to expand the

plantation area as a substitute in supply (Commonwealth of Australia, 1995).

While it was recognised that small-scale farm plantations would only be a small part
of that total expansion, it was considered that in light of the other social benefits,
including carbon sequestration, such plantations should be encouraged (Centre for
International Economics, 1997). Since then, several reports have proposed that
carbon payments for sequestration could be used to make farm plantations financially
attractive (Binning et al., 2002; Buffier, 2002). This is an important consideration,
given that timber values alone are unlikely to yield a positive return in medium to

low rainfall areas of SEQ (600-800 mm/year) (Venn, 2005).

In inland SEQ, mean monthly rainfall is always lower than mean monthly
evaporation (Mills and Schmidt, 2000), and so, soil moisture is the major limiting
factor for non-irrigated crops. The Red Ferrosol soils of inland SEQ were considered
suitable for different types of crops but, due to traditional continuous cultivation practice,
yield potential has declined or plateaued (Australian Institute of Agricultural Science
and Technology, 1994; Bell et al., 1995; Cotching, 1995; Bell et al., 1997; Bell et al.,
2001). Spotted gum plantations could be a competitive land use on these soil types, if
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carbon sequestration is considered; particularly as the Red Ferrosol soils are a target

area of the SEQRFA program for plantation establishment.

As of 2007, Australia had decided not to ratify the Kyoto Protocol. However, the
national Government was committed to meeting the target of 108% of 1990
emissions levels by 2012, agreed at the Protocol (Booth, 2003). Some domestic
carbon markets are also emerging. Setting aside the issues in creating a functional
carbon market, this research investigates the relative carbon budgets that would be
generated by two current conventional enterprises (pasture and crops) and a proposed

new land use activity (hardwood plantations) in inland SEQ.

In Australia, so far, competing land uses have been generally judged only on the
basis of net present value from tangible benefits. With emerging carbon markets, it
would be worthwhile to consider the carbon sequestration potential when comparing
different land use systems. In this context, the original concept of net present value
maximisation would be extended to capture carbon value. How to select the
appropriate land use types in order to maximise the overall net present value (both
from tangible benefits and carbon) is becoming a pressing concern for stakeholders
at all levels. The goal of this study is to compare three competing land use systems
(peanut-maize cropping system, pastureland and spotted gum plantationz) in inland

SEQ, incorporating both carbon’ and tangible values.

In summary, land use systems could be a net source or sink of greenhouse gas, based
on their nature and management practices. Changing land use and land management
practices may sequestrate additional carbon and therefore mitigate the effect of
global warming to some extent; however, there are several areas of concern which
require attention by researchers. In the next section, some of the common and site-

specific problems relevant to this PhD research, are discussed.

* Throughout the thesis, the words “spotted gum plantation’ and “plantation’ are used interchangeably.
Similarly the words ‘peanut-maize cropping’, ‘cultivation’ and ‘cropping’ are used interchangeably,
and the word ‘stock of livestock” value in pasture and plantation refers to the ‘beef” value of
‘livestock’ value.

3 Similarly, the words ‘carbon’ and * greenhouse gases (GHG)’ are used interchangeably. In land use
systems, three GHGs, CO,, CH4 and N,O are most common. Therefore, the carbon or GHGs values
cover the value from these three GHGs.
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1.2 Problem statement

The overarching policy problem driving this research is that greenhouse gases are
likely to be contributing to climate change, but it is difficult to rapidly and drastically
reduce industrial emissions and so sinks need to be considered. Timber plantations in
medium to low rainfall areas are not generally profitable relative to other land uses.
The research “problem” is that there is a chance of increasing plantation benefits by
incorporating carbon values, but the carbon budgeting to date has not been
comprehensive enough to demonstrate the potential for carbon payments to induce
landholders to change land use. In this section, gaps in carbon budgeting research
and estimations are identified and then the site and species-specific research gaps are

discussed.

1.2.1 Research gaps in carbon budgeting estimations

This study has identified six common problems in carbon budgeting estimation. First,
there is a lack of accounting for all greenhouse gases when comparing different land
use systems. There are many anthropogenic gases responsible for global warming;
however, six gases are major contributors (UNFCCC, 1997). Among them, carbon
dioxide (CO;), methane (CH4) and nitrous oxide (N,O) are responsible for 60%, 20%
and 6% respectively of the observed global warming (Dalal et al, 2003). These are
the only gases related to land use systems. Thus, when comparing the different land
use systems, these gases need to be taken into account. However, there is a lack of
comprehensive research that accounts for all these gases in one place or with one
activity. Accounting for one and omitting other greenhouse gases could not give a
holistic picture of the production area in question and could result in the wrong land
use decisions. For example, carbon sequestration in soil may be increased through
improved pasture systems, as the system introduces exotic grasses and nitrogen
fixing legume species (Paul ef al., 2002). However, due to increased stocking rates,
emissions of CHy by cattle burping and emissions of N,O due to de-nitrification of

cattle excretion would also be increased.

Second, greenhouse gas emissions associated with production, packaging,
transportation and the application of primary farm inputs are largely ignored in most
accounting frameworks. Primary farm inputs include agrochemicals, fuel and

machinery. Agrochemicals include fertilisers, herbicides, pesticides, insecticides and
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fungicides. Intensification in agriculture not only contributes to increased
productivity but can indirectly contribute to preserving sinks through reducing the
pressure to clear native vegetation (Vlek et al,, 2003). However, intensification has
never been an emissions-free mechanism. It demands more fuel, farm machinery and
agrochemicals; in turn, their production, packing, transportation and application
require significant energy, which results in even more greenhouse gases being

emitted.

The practice of increasing biomass and yield of crops, pastures and forests by
applying different types of fertilisers is widespread (Turner et al.,1999; IPCC, 2000;
Gardenas & Eckersten, 2006). Compared to the 1950s, the global use of fertilisers in
1999 was about 23 times as higher in the case of nitrogen, almost eight times higher
for phosphorus and more than four times higher for potassium (Smil, 1999). In
Australia, between 1987 and 2000, nitrogen fertiliser use increased by 325% (Dalal
et al., 2003). The worldwide use of agricultural pesticides also increased from an
equivalent value of US$20.5 billion in 1993 by an average of three percent per year

to US$27.5 billion in 2003 (Vlek et al., 2003).

Researchers highlight the increase in biomass (carbon sequestration) and yield due to
increasing use of agrochemicals, but hardly think about the emission of carbon
during the production, packing, transportation and application of these agrochemicals
(Gower, 2003). For example, applied nitrogen fertiliser also emits some nitrous oxide
during de-nitrification, which has 310 times more global warming potential than CO,
(IPCC, 2000). Furthermore, applied nitrogen may leach and can create an
eutrophication problems in lowland areas. However, these problems are not generally

considered in the literature.

Emissions associated with farm machinery are other areas of concern. In developing
countries, people use little in the way of farm machinery (Stout, 1990), whereas due
to higher labour costs, mechanisation in farming has been a common practice in
developed countries. Of the total energy used in world agriculture, about 51% goes
on farm machinery manufacture and 45% on the production of chemical fertiliser
(Helsel, 1992). Around 83.7 mega joule energy is required to produce a kilo of farm
machinery (Stout, 1990), yet the emission of greenhouse gases from the production

of farm machinery is largely ignored in the research. Similarly, many land use
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activities, such as the production, transportation and utilisation of different land use
products, need fossil fuels. The production, transportation and combustion of fuels
emit significant amounts of greenhouse gases into the atmosphere, but the emissions

associated with these activities are again not properly accounted for (Gower, 2003).

Researchers are developing different chemicals/vaccines/hormones to reduce the
emission of N>O and CH4. For example, it has been claimed that the application of
3, 4-dimethylpyrazole phosphate with urea reduced N,O emission by 45% over a
three-year period in Germany (Dalal et al, 2003); however, greenhouse gas
emissions caused by the production, transportation and application of that chemical
are not taken into account. Similarly, research from Australia showed that placing
cattle on a 2-5 month on a grain-based feedlot diet resulted in 43-54% reduction in
lifetime CHy4 production per kg saleable beef yield (McCrabb et al,, 1998 cited in
McCrabb and Hunter, 1999); however, this finding did not consider the amount of

greenhouse gas emissions produced by the cultivation and processing of feed grains.

Including negative externality can result in accurate or complete conclusions.
Therefore, for a realistic comparison of different land use systems, a comprehensive
study covering the production, transportation and application of primary farm inputs

for both on-and off-farm activities is crucial.

Third, emission of nitrous oxide from biologically fixed nitrogen is also not usually
considered. The atmosphere contains about 79% nitrogen, yet no plant can utilise it
directly from the atmosphere except legumes. Legumes can fix atmospheric nitrogen
and make it available for the plants in a usable form. In that sense the legume is a
friend of the farmer, but it is an enemy too, as part of the biologically fixed nitrogen
(BFN) goes to the atmosphere in the form of N,O. This gas accelerates global
warming and the ozone layer depletion process. There is a tendency to incorporate
legumes in pasture, silvipasture and cropping systems for soil carbon, soil nitrogen
and nutrients benefits (Paul et al., 2002). However, because the proportion of
legumes vary in different land use systems omitting the emissions of N,O from BFN
would not only underestimate their contribution to global warming but also lead us to

make a wrong comparison of different land use systems.
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Fourth, with reference to climate change, research is largely based on broadscale
models and assumptions. Each Annex I country is required to submit its ‘National
Communications’ (greenhouse gas estimations) to the United Nations Framework
Convention on Climate Change (UNFCCC) Secretariat. Consequently, the
greenhouse gas amounts in different land use systems at the global and national
levels are well researched, but are poorly understood at a local and species-specific
level. Furthermore, most of these studies have used different models based on
varying assumptions; consequently the results are not homogenous (Haripriya, 2001).
For example, the carbon sequestration rates of Indian forests estimated by Teri
(1998) and Ravindranath et al. (1996) are not comparable because different
methodologies and assumptions are used to determine those rates (Haripriya, 2001).
Similarly, Faubert et al. (2006) reported that the soil carbon estimates for four forest
sites in Finland and two forest sites in Germany by four popular soil carbon models
(in each site) developed for that region (4C, YASSO, ROMUL and RothC) were
different. This shows that the choice of model makes a big difference to predicted
soil carbon. Therefore, where possible, the same model should be used to compare

various land use systems.

Fifth, the fates of harvested products are poorly documented. The Intergovernmental
Panel of Climate Change (IPCC), a body of leading scientists in the world, is
responsible for developing and/or validating greenhouse gas accounting
methodologies. Even the IPCC framework does not consider the fate of harvested
wood, litter and debris and it assumes that entire harvested products release carbon
into the atmosphere immediately after harvesting (Haripriya, 2001). It is obvious that
these products could store carbon for many years depending on their end uses,
preservatives used and mechanical properties (Maraseni et al, 2005). There are,
however, some models on the estimation of annual emission from harvested products
(see Bateman and Lovette, 2000 and Haripriya, 2001 for detail). These models need
to be used cautiously on the basis of local consumption patterns and characteristics of
the species. People may use forest products as timbers, logs, furniture etc. for a few

years and recycle them again for different uses.

Finally, the optimal rotation age of plantation is not properly recalculated to
incorporate carbon values. Carbon sequestration is the increase in carbon

concentration other than in the atmosphere (IPCC, 2000). It not only covers carbon in

-8-
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standing biomass, but also in harvested products and soil. Liski et al. (2001) report
that the rotation age of tree species not only determines the carbon stored in forests,
but also in soil and wood products. By shortening the rotation length, carbon stock in
trees may decrease, but it may increase in soil. The production residues increase due
to a higher number of felling and the trees harvested at a younger age leave more
harvest residue per harvested stem wood volume (Liski et al., 2001). However, this is
not always the case. In many cases, after harvesting trees, people may collect the
residue for different purposes (maybe for firewood, fodder or compost), or they may
burn the residue during the cultural operation. Moreover, the planting operation
followed by harvesting may lead to significant soil carbon emissions (Paul et al.,

2002; Paul et al., 2003).

Harvesting age determines the types, sizes and quantities of wood products that can
be extracted, which, in turn, determines the types and quantity of products that can be
manufactured (Liski ez al., 2001). Shorter rotation produces small wood products for
which the life span is lower, thus, it may reduce the benefit of carbon stored in wood.
If the wood is used for pulp, fossil fuel is necessary which may emit carbon into the
atmosphere (Gower, 2003). If the pulp mill is taxed for carbon emissions, it will
reduce the payment to the farmers it gives for the wood, which reduces their profit
and may also affect rotation age (Gower, 2003). However, if small wood products
were used as bio-fuel sources with 100% substitution efficiency, it could be more

beneficial (Kirschbaum, 2003).

Hence, it can be said that the consideration of carbon sequestration in standing
biomass and total costs and benefits is not enough to determine optimal rotation of a
plantation. An estimation of emissions of all greenhouse gases (CO,, CH4 and N,O)
associated with primary farm inputs, cattle burping and excretion, biologically fixed
nitrogen, and the sequestration of carbon in standing biomass, soil and harvested
products, is necessary to account for optimal rotation of a plantation®. However,

these factors are so far poorly accounted for in the determination of optimal rotation.

* The optimal rotation, including GHG value, is a useful output of the thesis. However, the
Faustmann rotation incorporates more than GHG value, considers both the private and social
payoff from forestry. Therefore, determinion of the optimal economic rotation is a secondary
issue.
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1.2.2 Site- and species-specific research gaps

Pasture and peanut cropping systems are well established in the South Burnett
district (study district). Collecting costs and benefits data and greenhouse gas
emissions and/or sequestration data about these systems is relatively easy. However,
plantations of spotted gum only started in 2001, after implementation of the
Southeast Queensland Regional Forest Agreement (SEQRFA) program. In order to
examine the competitiveness of spotted gum plantations against other land use
systems, it is necessary to investigate the optimum spacing and rotation of
plantations in that region. Selecting appropriate spacing and rotation age is important
in order to maximise the return of plantations. The spacing which is most appropriate
for maximum economic return in a minimum timeframe is a major issue of concern.
Similarly, the rotation age which is most appropriate for harvesting, once carbon and
tangible values are considered, is another research issue. However, the production
research of spotted gum is limited due to the scarcity of age research plots.
Therefore, there is no growth model for spotted gum in Australia. Moreover, the lack
of mid and full rotation plantation data in the research site added another

complication for model development (Huth et al., 2004).

This study addressed the first issue by analysing and modelling the fifteen-year time
series data of the Warril View hardwood experiment site near Ipswich, the oldest
spotted gum experimental site in SEQ. The second issue (rotation age) was addressed
by interpolating and extrapolating Warril View data and research site data. Another
major problem in the research area was about the estimation and prediction of long-
term soil carbon under the newly established plantation. This problem was addressed
by measuring and predicting the soil carbon under naturally regenerating mature

spotted gum and triangulating the timeline of land use change.

1.3  Justification of the study

The South Burnett region has three main features relevant to this study: degraded and
deteriorated soils (Cotching, 1995; Bell et al., 1997); higher monthly evaporation
than monthly rainfall (Mills and Schmidt, 2000); and dominance of non-irrigated or
dry land farming. Continuous traditional peanut cropping has been blamed for the
deteriorating soil condition (Cotching, 1995; Bell et al., 1997). There are at least

three reasons to target this area for hardwood plantation via the SEQRFA program:

-10-
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1) Red Ferrosol soil is considered relatively better for many crops, including
hardwood species (Australian Bureau of Statistics, 2002). 2) Hardwood plantations
can not compete financially with peanut and other cropping in high rainfall or
irrigated areas; however, it could be competitive on degraded non-irrigated land in a
low rainfall area. 3) There is a need to meet the increasing demand for hardwood

species from the region (DPI&F and DNR, 1999; DPI&F, 2000).

For the reasons discussed above, spotted gum is becoming a popular hardwood
plantation species in this region (Queensland CRA/FRA Steering Committee, 1998;
Lee, 2005), but there is a knowledge gap on its performance at mid and full rotation
age (Huth et al, 2004). Furthermore, there is a lack of information about the long-
term performance of spotted gum, even though it is highly recommended for
plantations. Therefore, a study that can furnish reasonable information about
optimum spacing and optimal rotation for spotted gum plantations in a poor data

environment is highly desirable.

Although the Queensland Government has made considerable effort to encourage
hardwood plantations, the long-term viability of the plantation program for timber in
medium to low rainfall areas remains questionable (Venn, 2005). The ultimate
driving force for plantations is economic return, so if the economic return of a
plantation is comparable to other land use systems, it can be expected that farmers
will be motivated to grow plantations. In that sense, it is an interesting area for this

kind of PhD research, as its applicability could be greater.

It is hypothesised that plantations could be competitive with other land use systems,
if carbon and grazing’® (stock) benefits are considered. The newly established
plantation under the SEQRFA at the research site is actually a silvipastoral system,
which includes nitrogen fixing legumes along with exotic and native grasses species
that are planted as an intercrop with the spotted gum. Although inclusion of grazing
would add some extra cost, the additional benefit of inclusion could be higher than
that cost. A thorough literature research failed to identify any reports of research that
compares the total benefit (including three greenhouse gases and tangible benefits) of

peanut-maize cropping, pastureland and spotted gum plantations in the non-irrigated

> Throughout the study, the words ‘stock” and ‘grazing’ are used interchangeably.
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red Ferrosol soil of these low rainfall areas, or for that matter other areas of

Australia.

This study attempts to be more comprehensive than other related studies discussed in
previous sections. There are some studies at the local level; however, they have
limited scope, being either related to only one land use type, or considering only the
tangible benefits, or only one greenhouse gas. This study analyses different land use
types incorporating all three greenhouse gases from different sources and sinks and
tangible benefits in one place. Moreover, it is partly field-based empirical research
which could relatively reflect the real world scenario, as opposed to entirely model-

based research.

1.4 The goal and objectives of the study

The overarching goal of the study is to compare the net benefits from cropping,
pasture and plantation, incorporating both traditional products (peanuts and maize in
cultivation, beef in pasture and timber in plantations) and carbon® values. The
specific objectives and their respective complementary research questions are:
1. to assess the optimum spacing and optimum rotation age of spotted gum
plantations;
a. What is the optimum spacing for maximising timber volume?
b. What is the optimum rotation, if we consider timber value, timber plus
stock value, and timber plus stock plus carbon value?
2. to assess the soil and biomass carbon of different land use systems;
a. How much carbon is stored in the soil, particulate organic matter and
surface litter?
b. What is the soil carbon trend in different land use systems?
c¢. How much carbon is stored in the standing biomass in different ages?
3. to assess the greenhouse gas emissions from farm inputs, general land use,
biologically fixed nitrogen, and animal excretion and belching in different land
use systems;
a. How much carbon is emitted due to production, packaging,

transportation and application of agrochemicals?

6 Carbon covers all three greenhouse gases (CO,, CH, and N,0). CH4 and N,O, where necessary, are
converted into carbon dioxide equivalent (CO,e).
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b. How much carbon is emitted for the production and transportation of
fuels?

c¢. How much fuel is used for the production, harvest and transportation
of land-use products?

d. How much carbon is emitted from the use of farm machinery?

e. How much carbon is emitted by biologically fixed nitrogen?

f. How much carbon is emitted from cattle burping and excretions?

4. to re-evaluate land use choices incorporating carbon and stock values;

a. What are the sources and amount of costs and tangible benefits in
different land use systems?

b. What is the price for carbon credit?

c. What are the net present values of different land use systems with and
without carbon values?

These objectives are inherent in the hypotheses, which are discussed in the next

section.

1.5 Research hypotheses tested

It is expected that the net present value (NPV) of crop production will be higher than
plantations and pasture, if we do not consider stock and carbon value of plantation.
The NPV from plantation would increase by including the livestock component.
However, even after inclusion of stock NPV, plantations are unlikely to compete
with cultivation and pasture. If three main greenhouse gases from all sources and
sinks of all land uses were considered, the NPV from cultivation and pasture would
reduce and the NPV from plantation would increase significantly. Therefore, the
plantation will be the most profitable option followed by pasture and cultivation if
carbon and stock values of plantations are considered. In this context, the major

hypothesis of this research is:

The NPV of plantation will be greater than the NPV of pasture, and the NPV
of pasture will be greater than the NPV of cultivation, if carbon and stock

values of plantation are considered.

This presumes an inferred carbon value of at least $10 t'lCOze. It is expected that the
emissions associated with primary farm inputs (agrochemicals, machinery and fuels)

in cultivation will be much higher than in plantations and pasture, and the

-13-



Chapter 1 Introduction

accumulation of carbon in the plantations biomass will be much higher than in other
land use systems. Therefore, changing land-use from cropping and pasture to

plantation would be more profitable.

This hypothesis is supported by several sub-hypotheses. In order to clarify the sub-
hypotheses, it is worth noting that the land for the primary study site was originally
scrubland; peanuts-maize cultivation began in 1950 in scrubland, pasture in 1983 in
the cropping land, and plantation in 2001 in pastureland. Sub-hypotheses are as

follows:

e Traditional cultivation practices will result in a decrease in soil carbon
amount. The soil carbon problem will be compounded because part of the

biologically fixed nitrogen will emit into the atmosphere in the form of N,O.

e In the case of pasture land, soil carbon should have increased from the
cultivation stage due to improved ground cover, but this would be offset by

CH4 and N,O emission from beef production.

e In the case of plantations, soil carbon would increase in the long run. More
importantly, more carbon would be locked in the standing biomass (both

above and underground biomass) compared to pastureland.

e [f we consider both carbon and tangible benefits, the optimal rotation age
(time) of spotted gum would be longer than the optimal rotation age of

timber-alone plantations.

These hypotheses are based on the current body of literature.

1.6  Significance of the study

Australian greenhouse gas emissions increased 23% during the thirteen years from
1990 to 2003 (BRS, 2005). Including land use, land-use change and forestry
activities this would have been 18.2% (von Kooten, 2004). In order to encourage
farmers towards eco-friendly land uses, several markets for ecosystem services have
been developed at national and state levels (Binning et al., 2002; Cacho et al., 2003).
Federal and state governments have developed several supportive policies for market

development (Fung et al., 2002; Booth, 2003). The joint decision of the New South
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Wales and Victorian governments in 2005 for greenhouse gas emissions reduction at
the state level was an important step that could advance the carbon market. Similarly,
in July 2005, Australia joined hands with the governments of the United States of
America, India, China, Korea and Japan, and announced the Asia Pacific Partnership
on Clean Development and Climate pact to promote technology deployment and
transfer. This will help to develop carbon markets. This thesis provides information
for farmers about the most profitable land use system (if carbon market becomes a
reality), and level of carbon payment needed to exceed cultivation and pasture

productions.

The Queensland Government committed to increase the amount of land under
plantations by 320,000 hectares from 1996 to 2020 (DPI&F, 2000). For this to
happen, expansion into an area further inland (a medium rainfall dry land farming
area) is necessary, which is the focus area of our research. In order to realise the
plantation target, the private sector should be motivated and the key motivating
factor is economic return. As this research focuses on the maximisation of return by
recommending optimal spacing and rotation age of spotted gum, it would provide a

signpost toward achieving the plantation target.

Although the exact production system cannot be copied to other areas, or to other
species, it is anticipated that similar analyses and reasoning could be adopted in other
states/species. There is much research in the area of carbon, but all have a piecemeal
approach. This is the first comprehensive field-based study that analyses all sources

and sinks of greenhouse gases and tangible costs and benefits in one place.

1.7  Scope and limitations of the study

The research sites have three parameters: medium to low rainfall in a rain-fed region,
degraded soil (Red Ferrosols) and Southeast Queensland Regional Forest Agreement
(SEQRFA) areas. These characteristics limit the scope of the research. Although
there were several land-uses in practice in the South Burnett region, the study was
limited to only three competing land uses, which were of special interest to farmers

and policy makers.

In the research area, the age of planted spotted gum was approximately four years. It

was not possible to get mid and full rotation data from the research site; therefore,

-15-



Chapter 1 Introduction

the major limitation of the study was the poor forest data environment. This was
especially a problem for growth model development, long-term soil carbon trend
prediction and estimation of cost and benefit data. So, proxy values from other sites

and species were used.

Because of the same data problem, the optimal rotation estimation was limited to a
single harvest. While taking proxy values from other sites, some assumptions were
used for the determination of optimal rotation. Estimation of optimal rotation for
multiple harvests needs more assumptions: such as that stumpage value at each
rotation is the same, productivity is unimpaired by continuous cropping, climatic
factors remain the same, and all types of prices, costs and benefits remain constant
over time. In fact, none of these assumptions are likely to be true. Logging can cause
erosion which can reduce the site productivity. Climatic factors can change which
could affect productivity. The price of timber could rise and technological changes
could reduce the costs (Campbell, 1999). Moreover, once the first rotation data was
complete, there would be more information that could be used to develop a more
accurate model. Therefore, the optimal rotation for multiple harvests was not
predicted. More importantly, discounting cash flows from such a long rotation of
spotted gum will have small net present value. Therefore, single rotation is preferable

to multiple rotation.

Since the results were based on a case study, they should be used cautiously. In
particular, the soil carbon data is applicable only if the cultivation was initiated on
native scrub land, semi-improved pasture replaced cultivation and spotted gum
plantations replaced semi-improved pasture. More importantly, the overall research
findings are currently only applicable to the Red Ferrosols of dry land farming areas
having similar edaphic, topographic and climatic factors. Further research would be

required to adapt the model to other soil types or climatic regions.

1.8 The structure of the thesis

This thesis is divided into nine chapters. In the first three chapters, the introduction,
literature review, research methodology and study area overview are covered. In the
fourth chapter, results and discussions about the soil and biomass carbons of different
land use systems are presented. In the fifth chapter, the greenhouse gas emissions

from farm inputs, general land use, biologically fixed nitrogen, and animal excretion
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and belching’ in different land use systems are assessed. In the sixth and seventh
chapters, the optimum spacing (density) and optimum rotation age of plantations are
discussed. In chapter eight, the net present values (NPVs) of cropping and pastures
lands by incorporating their carbon values are estimated first, and then these NPVs
were compared with NPV of plantation at rotation age. The last chapter comprises
conclusions, policy implications and research contributions. Although the results and
discussions chapters (five to eight) are designed to serve different objectives, they all
are contributing to the final goal of the thesis as nested chapters. Therefore, in some

places, suggestions are given to see some information from another chapter.

1.9 Conclusions

Forest clearing is a major environmental problem as a source of the greenhouse gases
that contribute to global warming. In Australia, the cleared lands are either used for
cultivation or for grazing. Recently, state governments have encouraged farmers to
plant hardwood tree species in degraded pasture and cultivation lands, including in
medium to low rainfall areas. However, the viability of plantations in such areas is
still questionable. In the context of the Kyoto Protocol and domestic carbon mar