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CHAPTER 1: SETTING THE SCENE
This book is about Australia’s tropical savannas, their current values and 

future prospects. Our focus is on trees in savanna landscapes. Our aim is to provide 
a balanced perspective on the issue of  tree retention versus clearing. Although 
restrictions now apply, clearing trees across Australia’s northern savannas remains 
a contentious land use issue affecting people at local, national, and international 
levels. Some people see it as an economic necessity. Others believe trees should 
be retained because clearing leads to unacceptable environmental impacts. These 
different outlooks reflect very different experiences and value systems, such as held 
by people living in uncleared and less densely settled northern Australia versus 
those in heavily cleared and populated regions in southern Australia. Much of  the 
information about the benefits of  trees and the impacts of  clearing is not readily 
accessible. Plus there are significant gaps in our understanding of  how savanna 
systems function.

How much land has been cleared across Australia’s northern savannas? 
Where clearing was done, did it prove to be profitable? If  so, for how long – were 
short-term gains offset by long-term costs and impacts? What are the long-term 
impacts? To help answer such questions, this book draws together a variety of  views 
and information. Where possible we’ve attempted to present this information in 
an interesting and accessible format. Our target is the broad array of  people with 
a stake in the tropical savannas. They include land holders and managers, policy 
analysts and planners, information providers, and all the other people with a stake 
in the future prosperity and sustainability of  Australia’s tropical savannas. We also 
present some guidelines and processes to assist people in making a decision on 
whether clearing native vegetation is an appropriate activity for a given area. 

This introductory chapter presents an overview on Australia’s tropical 
savannas, with a brief  history on how they have been used so far. Chapter 2 
discusses the value of  keeping large areas of  savanna intact – reasons not to clear. 
Chapter 3 examines where and to what extent savannas have been cleared to develop 
economic enterprises, and why there is pressure to clear more land – reasons for 
clearing. In Chapter 4 we examine tools such as fire for managing savannas, and 
in Chapter 5 we explore options for the future. We also provide an Appendix on 
ways to measure trees in savanna landscapes. 

If  you have a stake in the future of  Australia’s tropical savannas, this book will 
provide you with useful information to help you find answers that are appropriate 
for maintaining the health of  savanna landscapes and the human communities 
that live in them. 
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SAVANNA LANDSCAPES

Savannas are often simply defined as tropical, grassy open woodlands (Figure 
1.1), but savannas can include a range of  environments and vegetation types. Across 
northern Australia, savanna vegetation is strongly patterned in response to rainfall, 
geology, topography and soils (Fox & others, 2001). Vegetation types include open 
eucalypt woodlands and open forests with grassy understories; but also areas of  
naturally treeless grasslands; open woodlands and open forests dominated by Acacia 
(wattles), Melaleuca (paperbarks) and Callitris (cypress-pines); plus scattered patches 
of  rainforests and swamps; and narrow corridors of  river-fringing vegetation. These 
various savanna landscapes are illustrated in the book “Savannah Way Landscapes” 
(Ludwig & Courtenay, 2008).

Figure 1.1. A typical tropical savanna or open grassy woodland in northern Australia. Photograph 
courtesy of John Ludwig.

The savannas of  Australia extend in a broad arc across the north of  the 
continent from the Broome in the west to Townsville in the east (Figure 1.2). While 
the savannas of  northern Australia cover more than a third of  the continent, they 
contain little of  Australia’s total population. Based on the 2006 Census data, only 
about 705,000 people lived in northern Australia out of  a total population of  
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about 20,700,000 people (www.abs.gov.
au/ausstats/), and most of  the 705,000 
people in the north in 2006 lived in 
coastal regions centred on Darwin, 
Cairns and Townsville.

A defining feature of  the 
savannas is their strongly seasonal 
climate. Little rain falls in the warm-
hot dry season (April-November), but 
the hot wet season (December-March) 
is monsoonal, with its cyclones and 
torrential rains. Total rainfall varies 
substantially across the tropical savannas 
from 200 mm in the more semiarid 
southern parts (e.g., Desert Uplands, 
Mitchell Grass Downs) to over 1700 
mm in the north (e.g., Cape York, Arnhem Land). 

Rainfall seasonality means that northern river flows are enormously variable. 
Large rivers, such as the Mitchell, Fitzroy and Daly, dissect savanna uplands and 
seasonally flood extensive lowlands (floodplains). During the dry season, smaller 
rivers and creeks are reduced to pools in mostly dry riverbeds or in adjoining small 
swamps. 

Along with rainfall and temperature, savanna landscapes vary in topography 
and soil type. These biophysical and climatic attributes have been used to classify ten 
different grazing land management zones across the rangelands of  Australia (Figure 
1.3). Of  these, five zones are located within the northern savannas and, although 
all have tropical climates, they differ in topography and vegetation (Box 1.1).

The way people, livestock, wildlife, and land tenures and uses are distributed 
across these five zones also varies greatly (Box 1.2). The people who live in the 
savannas are few in number, culturally diverse and widely dispersed (Garnett & 
others, 2008). Indigenous people own and occupy large parts of  the northern 
savannas (e.g., Arnhem Land, Cape York, Kimberley). People living in savanna 
landscapes value and use them a range of  different ways.

Figure 1.2. Distribution of tropical Savannas 
(dark grey) across northern Australia. Map 
courtesy Tropical Savannas Cooperative 
Research Centre, Charles Darwin University, 
Darwin, NT.
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Figure 1.3. Grazing land management zones across Australia’s rangelands (Modified from Fisher 
et al, 2004)
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The most extensive land use is pastoral, primarily cattle production (see 
Chapter 3). Pastoralists make an important contribution to natural resource 
management, as well as to maintaining of  vibrant regional communities. Mining 
provides the greatest economic return to savanna regions, but mining operations 
use relatively small areas and employ relatively few people. Other significant land 
uses include management of  the conservation estate, tourism, and defence. 

SAVANNA CONSERVATION

The tropical savannas include some of  northern Australia’s largest and most 
iconic national parks, including Kakadu, Nitmiluk (Katherine Gorge), Lakefield 
National Park (Cape York Peninsula) and Purnululu (Bungle Bungles). But, many 
savanna environments are poorly or not represented within formal conservation 
reserve systems. Overall, northern Australia’s conservation reserve system remains 
below national targets set for comprehensiveness and adequacy (Woinarski & 
others, 2007). 

However, in contrast to more closely settled areas of  southern Australia, and 
the rest of  the world, most of  the savannas of  northern Australia have not been 
cleared (Box 1.2). They remain largely intact – ecosystem processes continue to 
function and much of  the native flora and fauna continues to thrive. The unspoilt 
wilderness image of  northern Australia is a major drawcard for national and 
international tourism. It is also a factor in why many landholders choose to live 
in the tropical savannas. The conservation value of  lands not in formal reserves 
are typically high, and pastoral and Aboriginal lands play a major role in the 
conservation of  biodiversity. The future of  biodiversity in the savannas depends 
upon coordinated management across all land tenures. 

The tropical savannas support unusually rich communities of  monsoonal 
vine forest, grasses, tropical heathlands, some invertebrate groups (e.g. ants, 
termites), seed-eating birds (such as finches and doves), reptiles and carnivorous 
marsupials. Overall, these plant communities and the state of  their biodiversity is 
generally good, but there are some worrying signs (Fisher & Kutt, 2006). Recent 
studies suggest that a number of  birds,  mammals and plant species are threatened 
within some regions of  the tropical savannas (Box 1.3), with some species declining 
over large areas (Woinarski & others, 2007). 

In contrast, recent changes to the landscape have benefited some opportunist 
species, such as galahs, crested pigeons, and some weedy native plants. However, this 
does not balance the books. An increase in the abundance of  a few opportunists 
(which are generally common elsewhere) is no compensation for the decline and 
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potential loss of  many plant and animal species that belong in the tropical savannas, 
and occur nowhere else. 

Most savanna species are highly adapted to the strong monsoonal climatic 
seasonality. This dictates that resources for plants and animals are remarkably 
variable across any year. Many plants are annuals: they germinate, grow and set 
seed during the wet-season, die-off, and eventually disappear as conditions dry 
out. The re-emergence of  new plants in the next wet season is dependent on the 
store of  seed the old plants produced during the last. 

Many tropical species, such as flying foxes, respond to the variability by 
seasonal shifts in location and diet, seeking new foraging grounds when resources 
are no longer available at any site. This dispersal may be over scales of  metres, 
kilometres or hundreds of  kilometres. These long-distance movements may pose 
formidable conservation challenges. It is not enough, for example, to protect these 
species in just one place (such as a national park), because their year’s requirements 
will not all be met. Rather, such species will persist in the landscape only if  their 
requirements are met throughout the year across their entire movement range. 
Vegetation clearance and fragmentation may break one or more links in a chain 
of  connected resources, causing reverberations across far broader landscapes than 
that directly affected by the change itself. 

A HISTORY OF SAVANNA CHANGE

People have long been trying to tame the landscapes of  northern Australia. 
Most of  what we see now are cultural landscapes, that is, open grassy savannas 
(Figure 1.4) that have been moulded by tens of  thousands of  years of  burning by 
Aboriginal people. But, with European settlement in the nineteenth century, trees 
have been cleared for towns, roads, mining, forestry, horticulture and agriculture 
(see Chapter 3 for details). The Second World War prompted far more intensive 
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and systematic clearing of  trees to develop agriculture and pastoralism in Australia. 
In northern Australia most of  this clearing occurred in Queensland with 

clearing being far less extensive in the Northern Territory (mostly in the Daly 
River basin) and Western Australia (mostly far southwest), as documented by tree 
clearing data from 2001 to 2004 (Figure 1.5). 

Prior to 2000, the most intensive clearing in Queensland was in the region 
known as the Brigalow Belt, where clearing began as part of  extensive land 
development schemes in the 1960s. By 1999 more than 55% of  the Brigalow 
Belt region had been cleared (ANRA, 2001). Its annual rate of  clearing between 
1997 and 1999 averaged 2,602 km2, and accounted for over 60% of  the clearing 
in Queensland. This development episode largely set the character for clearing 
elsewhere in the more intensively settled savanna areas in Queensland. Although, 
as noted earlier, there are now restrictions on tree clearing, this issue remains a 
contentious topic.

After more than 150 years of  European settlement, there are signs of  
major vegetation and soil degradation in savanna rangelands (Bastin & the ACRIS 

Figure 1.4. A grassy savanna in northern Australia being burned, which maintains its openness. 
Photograph courtesy of John Ludwig. 
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Management Committee, 2008). The symptoms or indicators of  this disrepair 
include loss of  cover of  palatable perennial grasses, increased weediness, increased 
runoff  and soil erosion, and local loss of  some animal species. Many of  these 
indicators of  land condition continue to decline across much of  Australia (Beeton 
& others, 2006). In many savanna areas, a major management issue for landholders 
is a change in vegetation structure from grassy ground cover to woody (referred to 
as woody thickening or encroachment). Other major management issues include 
the control of  exotic animals (especially pigs, cats, cane toads, exotic ants, and 
feral stock) and fire.

Clearing is typically part of  a broader package of  modifications. Where 
clearing is for pastoral intensification, landholders often sow exotic pasture species 
on the cleared lands. In many cases, these pasture species (such as buffel grass) 
will then spread into nearby uncleared native vegetation, thereby increasing the 
disturbance ‘footprint’ well beyond the extent of  the clearing itself  (see Chapter 3). 

Clearing is typically done in flatter landscapes with fertile soils whereas 
other landscapes, such as infertile, rocky or steep areas, experience relatively little 
disturbance. In the Brigalow Belt in Queensland, for example, clearing has been 
concentrated on the more productive brigalow and gidgee woodlands, which by 

Figure 1.5. Extent of tree clearing in the Northern Territory, Queensland and Western Australia in 
2001, 2002, 2003 and 2004.
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1999 had been 89% cleared, while clearing in the less productive eucalypt woodlands 
was only 35%. A similar pattern is being repeated further west in the Desert Uplands 
region, where tree clearing has also been concentrated on the more productive 
brigalow and gidgee woodlands, which by 1999 had been 39% cleared compared 
to less than 10% for most other woodlands in the region. 

VISIONS FOR THE FUTURE

Northern Australia has long attracted visionaries, drawn by the opportunities 
its vast landscapes offer. Many of  the dreams have been entirely unrealistic and 
the legacy of  their failure continues to blight savanna landscapes. But the world is 
changing, and the fate of  northern Australia will be caught up in broader issues. 
One future scenario, called “Chronic underdevelopment” (Garnett & others, 2008), 
has the tropical savannas of  northern Australia experiencing widespread clearing 
and development for agriculture and grazing. Global climate change, salinisation, 
economic costs, and increasing constraints on water availability are likely to reduce 
the productivity of  agriculture in south-eastern and south-western Australia – and 
in many other areas of  the world. In such a future, national and international 
pressures will demand an increased output from northern Australia, and this must 
involve greatly increased modification of  its natural landscapes.

A very different scenario, called “Environment First” (Garnett & others, 
2008), realises the opportunity of  the north to provide one of  the world’s few 
extensive and intact functioning natural systems. Human population density and 
pressure in northern Australia are extraordinarily low compared with tropical 
environments in all other continents. With high human population pressures, 
tropical ecosystems in Africa, Asia, central and South America have degraded. In 
northern Australia, we can maintain vast wilderness areas with intact and healthy 
landscapes. These will become unique assets, increasingly unlikely to be available 
elsewhere in the world. 

These two scenarios for Australia’s savanna futures are poles apart. But 
neither will be realised and no sensible balance can be achieved unless there is 
adequately informed consideration of  and planning for the future we want. It is 
in this context that we offer this book. The history and extent of  developments 
elsewhere in Australia have produced some irretrievable environmental degradation, 
with loss of  productive capacity. 

Many Australian landscapes now cost vast resources to repair and retain. 
It would be a tragedy if  such ill-informed decision-making were to be repeated in 
northern Australia. 
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CHAPTER 2: KEEPING SAVANNAS INTACT
Why are trees in tropical savanna environments so valuable to us? Our aim 

in this chapter is to answer this question by describing the ecological and socio-
economic services provided by trees in healthy savannas. As noted in Chapter 1, 
savanna vegetation in northern Australia is still largely intact, unlike the extensive 
clearing of  woodlands and forests in southern Australia. It has been said by many 
people, including politicians, businessmen and developers, that future national and 
international pressures will demand an increased output from northern Australia 
(Garnett & others, 2008). This demand must of  necessity involve altering our natural 
savannas by clearing trees for agriculture, horticulture and pastoralism (Figure 2.1). 

This view presupposes that we would gain more than we would lose by 
clearing large swathes of  Australia’s tropical savannas. 

In this chapter we explore what we gain by not clearing trees, that is, what 
we retain by keeping trees in savanna landscapes – by keeping savannas intact. We 
cover five topics: (i) the value of  trees for maintaining healthy soil and water; (ii) 
the role savanna vegetation plays in the enhanced greenhouse effect and climate 

Figure 2.1. An intact savanna (right) has been cleared to create open pastures (left). Photograph 
courtesy of John Ludwig.
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change; (iii) the way savannas are valued and used by Aboriginal people; (iv) the 
benefits intact savannas provide the pastoral industry; and (v) the importance of  
maintaining healthy savannas for conserving biodiversity.

HEALTHY TREES, SOIL AND WATER 

The availability of  water at different times of  the year is one of  the primary 
limiting factors on the many cycles of  life in tropical savannas, as in all ecological 
systems. Although trees are regulated by water, they in turn affect the amount 
of  water available. Research is only beginning to reveal how life in savannas all 
fits together, but what we’ve learnt so far suggests that trees play a critical role in 
sustaining healthy water cycles and fertile, productive soils.

Trees are regulated by water
During rains in Australia’s tropical savannas, water infiltration under native 

tree species such as eucalypts is far greater and deeper than under crusted soil and 
litter surfaces in tree interspaces (Figure 2.2). Although Australian savanna trees 
are mostly evergreen, they lose a substantial proportion of  their leaves during the 
winter dry season, yet the total amount of  water transpired per day by a tree stays 
much the same all year. This is because during the dry season the amount of  water 
transpired by each leaf  increases due to the atmosphere having a greater drying 
ability, but there are fewer leaves. Research in the Northern Territory has shown that 
many different species of  native trees having similar trunk diameters will use similar 
amounts of  water (Hutley & others, 2000). Further work is required to see if  trees 
in other tropical savanna regions also use similar amounts of  water during a year.

During the wet season, trees and grasses largely transpire and draw water 
from near the surface of  the soil, which also evaporates water (Figure 2.2). But, 
as the dry season progresses, more water is drawn from deeper in the soil by trees 
while evaporation from the soil surface declines. 

This requirement to draw water from deep in the soil is driven, at least in 
part, by competition between trees. In the late dry season in the Darwin region, 
where the density of  trees is high, research has shown that tree roots extract water 
from more than five metres deep (O’Grady & others, 2006). In drier regions, where 
tree densities are much lower, the available evidence indicates that trees survive the 
dry season by extracting soil water from only one to two metres deep. 

Trees can also cause hydraulic lift of  water. This process involves the uptake 
of  water from deeper and wetter layers in the soil by tree roots and the releasing of  
that water into shallow drier soil layers where it is available to plants with shallower 
root systems such as grasses. 
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Substantial tree death or dieback can occur when the demand for water by 
the trees is greater than the supply of  water stored in the soil. Drought induced 
dieback has been recorded in many parts of  Queensland (Figure 2.3), with records 
going back to the early 1800s (Fensham & Holman, 1999). It may be that major 
dieback events are most likely in semiarid savanna regions because they have a 
greater spatial and temporal variability in rainfall. 

The interaction between the demand of  trees for water during periods of  
extreme drought can create boom and bust cycles in tree populations. In areas with 
lower rainfall variability, such as the monsoonal tropics of  the Northern Territory, 
decreasing rainfall still limits tree populations, but it may do it through more 
frequent but less severe dieback events that kill a much lower proportion of  trees. 

Trees enhance soil water capture
The role of  trees in the water cycle is not just as users of  stored soil water; 

they also enhance the infiltration of  rainwater (Figure 2.2). 

The soil under trees is typically covered with a substantial layer of  litter 
including dead leaves, bark, branches and twigs. The annual drop of  such litter by 
trees can be substantially greater than that from grasses growing between the trees. 
By providing litter as a source of  energy, nutrients and shelter, trees encourage 

Figure 2.2. A general water cycle for savannas
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soil biological activity. The activity of  soil macroinvertebrates such as earthworms, 
termites, ants, centipedes, millipedes and spiders contributes greatly to the formation 
of  macropores in the soil (Dawes, 2010). These macropores greatly enhance the 
rate of  water infiltration into the soil. This leads to greater soil water storage and 
reduced runoff  of  water, which decreases the likelihood of  nutrient rich soil being 
eroded from the landscape. Also, exudates from decomposer organisms, which 
depend on litter, help to stabilise soils by maintaining soil structure. 

Trees also reduce soil erosion caused by raindrop splash, which involves the 
displacement of  surface soil particles by the impact of  raindrops, especially during 
high intensity rainfall events. Any interceptor, such as a tree canopy, reduces the 
effect of  raindrop splash erosion. Grass cover also reduces raindrop erosion, but 
problems occur when this grass cover is reduced by excessive grazing or wildfire. 

Trees conserve water in the wider landscape
Along the banks of  rivers and streams throughout savannas, trees and grasses 

help maintain healthy riparian ecosystems by reducing stream-bank erosion by 
slowing over-bank flows (Figure 2.4). 

They also encourage the deposition of  silt on levee banks. Stream-bank 
erosion is a major source of  the suspended sediments that pollute estuaries, such 

Figure 2.3. A savanna site 
in Queensland with drought-
induced tree dieback. 
Photograph courtesy of John 
Ludwig.
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as along the Great Barrier Reef, affecting marine and freshwater plants and animals 
(Raupach & others, 2005). Although in some areas much effort has been put into 
removing logs from streams and rivers, these snags are important to freshwater 
ecology and can reduce the maximal level of  downstream flooding by slowing 
water flow and increasing the time of  release of  floodwaters. 

Across the tropical savannas, trees, fallen logs and clumps of  grasses reduce 
the speed of  overland flows by forming obstructions to runoff  in the landscape. 
Slower overland flows reduce the erosive potential of  runoff  and increase the 
deposition of  suspended materials such as litter and soil particles. Because trees, 
logs and grass clumps in savannas trap runoff  and sediments, they create moist and 
nutrient rich patches (islands of  fertility) surrounded by infertile soils within the 
landscape (Tongway & Ludwig, 1997). These fertile patches support rich biological 
activity such as earthworms and termites. These invertebrates help enhance soil 
structure and recycle nutrients. 

Trees recycle nutrients
These ‘islands of  fertility’ are important because savanna soils typically have 

low nutrient levels, particularly with respect to nitrogen and phosphorus. Australian 

Figure 2.4. Trees and grasses along riparian zones in savanna landscapes help reduce stream 
bank erosion (small arrow: left) compared to the erosion of stream banks with little cover (large 
arrow: right).
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savannas in particular are associated with ancient and highly leached soils and are 
considered less productive than African and American savannas (Scholes & Hall, 
1996). The eucalypts dominating Australian tropical savannas have evolved to 
tolerate lower nutrient soils and have specialised fungi associated with their roots 
called mycorrhizae (Reddell & Milnes, 1992), which increases their access to limited 
soil nutrients. 

Trees generally live for a long time, their roots penetrate deep into the soil, 
and their leaf  litter accumulates on the soil surface (Figure 2.5). In Australia’s 
savannas, eucalypt and other trees uptake nutrients from deep in the soil whereas 
grasses take up nutrients from shallower depths. Litter fall returns nutrients to the 
soil surface where decomposition processes make it available again for uptake by 
plants. These nutrients can also be leached deep into the soil where is unavailable 
to shallow rooted plants. Nutrients such as nitrogen can also be fixed by free-
living and symbiotic microorganisms living in soils and soil surface crusts. Thus, 
the concentration of  soil nutrients is typically much higher under tree canopies 
than out in the open. 

Trees influence grass production
The influence of  trees on nutrient and water cycling, and their moderation 

of  temperatures under canopies, can produce a beneficial ‘tree halo’ effect where 
more palatable species of  grass growing under the trees. For example, in Australia’s 

Figure 2.5. General nutrient cycling in savannas 
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savannas, patches of  kangaroo grass (Themeda triandra) grow under trees whereas 
wire grasses (Aristida spp.) typically grow in the interspaces between tree canopies 
(Scott & others, 2009). These tree halos may persist for many years, or even decades, 
after the trees have died. On the other hand, trees compete for nutrients and water 
with grasses, though at present, we do not know how much competition actually 
occurs (Schmidt & Lamble, 2002). We do know that there is usually a marked 
increase in forage production in recently cleared savannas. While some of  this 
increase is undoubtedly due to removal of  tree competition on forage grasses, 
at least part of  it is due to the release of  nutrients formerly utilised by the trees. 

Trees affect soil, water and pasture health
The burst of  grass growth after clearing trees in a paddock usually declines 

over time. Although the reasons for this decline are not well understood, there 
are a number of  possible explanations (Schmidt & Lamble, 2002). For example, 
nitrogen can leach from soils during the intense wet seasons that occur in savanna 
regions, and this probably contributes to the decline in grass production with 
increasing time after clearing. In addition, the boost in phosphorus released from 
cleared vegetation may soon fall away because phosphorus is immobilised in soils 
high in minerals, such as calcium, making this phosphorus less available to plants. 

We already know that trees help capture and recycle water and nutrients, 
and help to retain litter and soil in the landscape. This is why catchments with 
tree clearing usually experience greater runoff  and sediment loss than uncleared 
catchments (Roth & others, 2002). For clearing to be justified economically, the 
boost in pasture productivity that follows clearing needs to be sustained over the 
long-term. Clearing trees to increase pasture production does not always result in 
a degradation of  soil and water processes, provided it is well planned and includes 
an effective ongoing pasture management strategy (see Chapter 4). 

The potential for increased erosion and sedimentation that follows clearing 
is particularly high after extreme climatic events, such as drought and intense 
wildfire, because of  increased surface runoff  resulting from decreased vegetation 
and groundwater infiltration rates. Maintaining good grass cover in pastures at 
such times is both more important and more difficult in landscapes with reduced 
tree cover. 

At present, there is a lot we do not know about the long-term consequences 
of  tree clearing on nutrient conservation, and hence long-term grass production, 
in savanna landscapes (Schmidt & Lamble, 2002). How much of  the increased 
grass growth after tree clearing is a short-term boost provided by nutrients released 
from dead trees? Will the loss of  trees as nutrient pumps cause a gradual rundown 
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of  the ecosystem? Will the long-term costs outweigh short-term gains? Current 
research aims to answer these questions, but we do not yet have all the answers. 
What we do know is that answers will be much more complicated than ‘fewer 
trees = more grass’. 

Trees prevent dryland salinity 
Current estimates suggest that the risk of  dryland salinity developing across 

northern Australia is lower than in southern Australia where it is a problem of  
massive proportions. For example, in southwestern Australia, about 900,000 ha 
are already affected by dryland salinity and another 2,400,000 ha are considered 
at risk (ANRA, 2001). However, certain tropical savanna catchment areas with a 
particular combination of  rainfall, hydrology, geology, and soil type are susceptible 
to dryland salinity (Petheram & others, 2008). A major cause of  salinity is a change 
in hydrology due to changes in water use within landscapes. The extraction of  deep 
soil water by transpiring trees (see Figure 2.2) plays an important role in preventing 
dryland salinity. If  trees are cleared, less deep soil water is used and groundwater 
rises and transports salt into upper soil layers and to the soil surface (see Chapter 4). 

In summary, we know that trees help to maintain healthy savanna soils and 
water cycles by: (i) extracting nutrients from deep in the soil; (ii) accessing nutrients 
early in the wet season, or immediately after intermittent rainfall events, before 
grasses actively acquire nutrients; (iii) extracting water from deeper soil layers, which 
improves hydrological cycles and reduces salinity risks; and (iv) providing resources 
for macroinvertebrates, which in turn benefits soil structure and water infiltration.

TREES, THE GREENHOUSE EFFECT AND CLIMATE CHANGE 

In this section we provide a brief  overview of  why keeping tropical savannas 
intact is important because of  how trees affect greenhouse gases, hence, climate 
change. Global warming is a change that is caused by increases in greenhouse gases 
(UNESCO, 2009), notably increases in carbon dioxide through human activities 
such as burning fossil fuels and clearing trees (deforestation). 

What is global climate change?
Emissions of  greenhouse gases resulting from human activities are now a 

significant force in the dynamics of  global climate. The primary greenhouse gases 
include (Raupach & Fraser, 2011):

• carbon dioxide (CO2) – primarily produced when fossil fuels used to 
generate energy, and when forests are cleared for agriculture

• methane (CH4) – from a wide range of  sources including fermentation 
in the gut of  livestock and from savanna fires
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• nitrous oxide (N2O) –from a range of  agricultural and industrial 
activities, but including savanna fires

• ozone (O3) – produced by lightning, but depleted by synthetic fluorinated 
gases

• synthetic gases – powerful ozone-depleting gases such as 
hydrofluorocarbons, chloroflurocarbons, and sulfur hexafluoride, which 
are produced by industrial processes 

Greenhouse gases trap part of  the Sun’s radiation and a large portion of  
the heat transmitted from the Earth, thus warming the atmosphere (Figure 2.6). 

The ‘natural’ greenhouse effect keeps the Earth about 30°C warmer than it would 
otherwise be, but the increasing concentration of  atmospheric greenhouse gases is 
causing more warming than would be expected due to natural climate variability. 

According to the International Panel on Climate Change (IPCC), the world’s 
expert panel on climate change, observations show that global temperatures 
over the 20th century have risen by about 0.7 °C (Braganza & Church, 2011). 
Depending on assumptions about the forces driving future emissions (such as 

Figure 2.6. The greenhouse effect. 
Source: www.ipcc.unibe.ch/publications/wg1-ar4/faq/wg1-1.3.html
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human population growth and technological change), climate models predict that 
the global temperature will rise to be somewhere between 1.4 and 5.8°C by the 
year 2100. These projections are based on a business-as-usual scenario in which 
little effort is made to reduce greenhouse emissions. 

How significant are such global temperature changes? Many researchers 
believe this is the biggest environmental challenge confronting our planet 
(Mapstone, 2011). Temperature change at the higher end of  the predicted range 
(5.8°C) would be much larger than any climate change experienced over the last 
10,000 years. Both the extent and the rate of  climate change are likely to have 
profound environmental and social impacts, including: 

• a mean sea level rise of  9 to 88 cm by the year 2100, causing flooding 
of  low lying areas such as coral islands and coastal floodplains with 
their large cities

• an increase in global precipitation and changes in the severity of  extreme 
events

• a poleward and upward shift of  climatic zones, with alpine zones 
becoming more temperate, and temperate zones becoming more 
tropical.

What about climate change in Australia? 
Since 1950 the average temperature in Australia has increased by about 0.7°C 

(Braganza & Church, 2011). This trend appears to be continuing with 2010 being 
one of  the hottest years on record. With this increase in temperature, there has 
also been a trend of  declining rainfall in southern and eastern Australia (Hennessy, 
2011), for example, from 1997 to 2006 runoff  declined by as much as 13% in the 
southern Murray Darling Basin. Most of  these regional variations in rainfall can be 
explained by variations in sea-surface temperatures in the Pacific and Indian Oceans.

Using climate models, a number of  changes in Australia’s temperature, 
rainfall and evaporation have been projected (Whetton, 2011): 

• Increased temperatures of  about 1.0°C by 2030, with less increase 
around coastal areas but with increases of  up to 1.2°C inland

• Increased rainfall extremes in most of  Australia, but predictions for 
tropical northern regions remain uncertain

• Increased moisture stress right across the continent due to increased 
evaporation

• Increased intensity of  cyclones and associated storm surges, gales and 
flooding rains.
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These projections have important implications for Australia’s businesses, 
such as tourism, and for infrastructure developments, such as where to build roads 
and expand cities. Higher temperatures and, hence, increased evaporation, plus a 
changing frequency of  drought and fire, will also affect how lands are managed 
as agricultural, forestry and grazing enterprises, and to conserve biodiversity (see 
Chapter 4).

Greenhouse gas emissions in Australia
There is little agreement about safe levels of  atmospheric greenhouse gas 

concentrations, however, the Australian Government has recognised that avoiding 
the most dangerous outcomes for humanity and nature will require reductions in 
global emissions to meet Kyoto Targets. This is why the Australian Government, 
along with those in other industrialised nation, are implementing greenhouse gas 
emission abatement measures (Battaglia, 2011). 

Changes in Australia’s greenhouse gas emissions are estimated according 
to the National Carbon Accounting System (NCAS; www.climatechange.gov.
au). NCAS calculates greenhouse emissions in relation to sectors such as energy, 
industrial processes and agriculture, and informs Australia’s National Greenhouse 
Gas Inventory (NGGI, 2011). For 2009, Australia’s total greenhouse gas emissions 
of  an estimated 564.5 Mt CO2-equivalent  were from: (i) energy sources (e.g., 
electricity, transport), 417.4 Mt CO2-e or 76.5%, (ii) industrial processes (e.g., 
smelting, manufacturing), 29.6 Mt CO2-e or 5.4%, (iii) agriculture (e.g., livestock, 
cropping, burning), 84.7 Mt CO2-e or 15.5%, and (iv) waste (e.g., incinerating, solid 
waste disposal), 14.1 Mt CO2-e or 2.6%. 

Trees affect carbon sources and sinks in Australia
The NCAS also evaluates for the NGGI changes in net emissions of  

greenhouse gases due to land uses (NGGI, 2011). In 2009, carbon-equivalent 
sequestrations related to using tree as carbon sinks through afforestation and 
reforestation activities (e.g., tree planting on former crop and pasture lands) were 
estimated to be 22.6 Mt CO2-e while emissions from deforestation (e.g., land clearing 
to develop cropping and grazing) were estimated to be 41.3 Mt CO2-e. Trees are 
also removed for urban developments (Figure 2.7). 

From a climate change perspective, greenhouse gas emissions from such 
land use changes have the same effect as emissions from energy and transport. 
Economically, though, reducing emissions from land clearing is generally far less 
expensive than reducing emissions from electricity generation and cars, which is 
why land clearing activities in forestry and agriculture (Eady & others, 2009) and 
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extensive savanna wildfires (Heckbert & others, 2008) are being targeted as a way 
to manage for reductions in greenhouse gas emissions (see Chapter 4).

Although vegetation clearing across northern Australia is small compared to 
southern Australia (see Chapter 3), greenhouse gases are emitted when vegetation is 
cleared to develop forestry and agriculture (Battaglia, 2011). With clearing, carbon 
in cleared trees and soil is released to the atmosphere through burning and decay 
(Williams & others, 2004). It is not just the process of  clearing, however, that can 
lead to increased emissions of  greenhouse gases. If  cleared land is then used for 
increased grazing, there will be higher emissions due to increased cattle numbers 
(Eady & others, 2009), primarily because of  a greater release of  methane through 
burping and farting. Conversely, revegetation activities may result in an increase 
in the amount of  carbon in ’sinks’ because the growth of  woody plants removes 
carbon dioxide from the atmosphere, storing it in wood and litter (coarse woody 
debris), and soil organics (humus). 

Although woody thickening (tree regrowth) in tropical savannas represents 
a carbon sink, it is not currently included in greenhouse accounts (NGGI, 2011). 
This is because of  problems in a determining the magnitude and causes of  woody 
thickening (see Chapter 4). Under internationally accepted accounting rules (Box 
2.1) only those carbon sinks that are a direct result of  human actions can be 
accredited to national carbon accounts, and tree regrowth is currently considered 

Figure 2.7. Trees have been cleared for new housing and for pastures (foreground). 
Photograph courtesy of David Tongway.
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a natural process. 
In summary, there are still considerable uncertainties concerning such 

climate change predictions (Whetton, 2011), but evidence for human-induced 
climate change is building. Climate models are continually improving as we learn 
more about how land-masses, oceans and the atmosphere interact as complex 
feedback systems. Perhaps of  greatest concern to people are the impacts of  climate 
change at regional and national scales. Making connections between the global 
phenomenon of  climate change and regional activities such as clearing trees is 
not straightforward. There remains a lot of  uncertainty about how climate change 
will impact specific regions in Australia (Preston & Jones, 2005). It is difficult to 
determine the real cost that clearing trees in one region might impose on other 
regions. Having said that, there is a growing acknowledgement that there is a strong 
connection between how we manage tropical savanna regions, such as Arnhem 
Land (Hennessy & others, 2004), and the broader greenhouse effect (see Chapter 
4). There is a logical reason for not clearing tropical savannas – leaving trees will 
minimise Australia’s emissions of  greenhouse gases.
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HEALTHY SAVANNAS, HEALTHY INDIGENOUS PEOPLE

Wherever they occur around the globe, savanna landscapes are central to 
the livelihoods of  people through the provision of  shelter, fibre, firewood and 
food (UNESCO, 2010b). In northern Australia, people use woody vegetation 
for many purposes. For example, people produce a variety of  Indigenous arts 
and crafts from materials sourced from savanna trees, including bark paintings, 
wooden sculpture, weaving, and jewellery. Demand for such items by tourists 
and art collectors is increasing, and now offers employment to a large number of  
people (Altman & Whitehead, 2003). For example, in central Arnhem Land, eastern 
Kunwinjku people derive up to 50% of  their income from use of  wild plants and 
animals. Importantly, it has been shown that in this area the current level of  use 
of  savanna tree species is sustainable as, for example, the use of  Bombax ceiba for 
wooden sculptures (Griffiths & others, 2003).

Healthy savanna resources, and their sustainable use, are fundamental to 
maintaining healthy Indigenous cultures because these resources contribute strongly 
to people’s sense of  place on country (Burgess & others, 2005). For example, 
savanna trees provide shade and shelter, and specific trees are often totemic to 
different clan groups. Woody materials from trees play a significant role in ceremony, 
for dress and decorations, for smoking (cleansing), and for musical instruments. 
For a host of  complex reasons associated with hunting, access to country, and 
operating pastoral stations, savanna and woodland vegetation is actively managed 
by using fire (see Chapter 4).

HEALTHY SAVANNAS, HEALTHY PASTURES FOR LIVESTOCK 

Cattle grazing is by far the most extensive land use across northern Australia 
(see Chapter 3). Grazing occurs mainly on native savannas and grasslands. These 
ecosystems differ, however, with some being naturally more productive than others. 
The most productive landscapes are intensively developed as grazing systems as, 
for example, the Mitchell Grass Downs bioregion in the Northern Territory and 
Queensland (Fisher & others, 2004). The lowest levels of  grazing development are 
in Arnhem Land in the Northern Territory; this country is largely under Indigenous 
tenure and is not grazed by livestock. 

Research has documented that different savanna landscapes have different 
capacities to grow useful forage and sustain livestock because their soils differ in 
fertility and water holding capacity (Ash & others, 1997). Differences also occur at 
fine spatial scales. For example, the Wambiana grazing trial (O’Reagain & others, 
2005) has demonstrated that fertile patches of  trees provide cattle nutritious forage 
and shade (Figure 2.8). 
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Trees play a variety of  roles in sustaining pastoralism in Australia’s tropical 
savannas. As noted earlier in this chapter, trees function to retain water and 
recycle nutrients in savanna landscapes. But, overall, the northern savannas are 
low productivity systems (Ash & others, 1997) and some savannas, primarily in 
Queensland, have been cleared to develop more productive pastures by introducing 
exotic grasses (see Box 2.2). 

But, studies have demonstrated that if  native savanna pastures are managed 
at safe levels as sustainable grazing systems, they remain healthy and productive 
(see Chapter 4).

HEALTHY SAVANNAS, HEALTHY HABITATS FOR A DIVERSE BIOTA 

Australia’s “Biodiversity Conservation Strategy 2010-2030” (SEWPAC, 2010) 
aims to work towards keeping the nation’s biodiversity “healthy and resilient to 
threats, and valued both in its own right and for its essential contribution to our 
existence”. The strategy defines biodiversity as “the variety of  all life” at three levels: 

• genetic diversity, the variety of  genetic information contained in 
individual plants, animals and micro-organisms 

Figure 2.8. Patches of savanna trees provide cattle nutritious forage and shade at Wambiana 
Station, Queensland. Photograph courtesy of John Ludwig. 
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• species diversity, the variety of  species 
• ecosystem diversity, the variety of  habitats, ecological communities and 

ecological processes 

The value of biodiversity
The 2010-2030 Biodiversity Conservation Strategy states that it is important 

to conserve biodiversity because “Humans depend, directly or indirectly, on living 
systems for our health and well-being. We rely on food, fibre, materials and energy 
from nature for our continuing existence.” In other words, nature provides a range 
of  ecosystem goods and services (e.g., cleans our water, cycles nutrients, controls 
outbreaks of  pests, maintains healthy soils), and nature provides interesting places 
to live in and visit. This certainly applies to Australia’s diverse savanna landscapes, 
which provide a major drawcard for tourists (Ludwig & Courtenay, 2008).

The unique nature of savanna biodiversity
The tropical savannas are home to around 300 species of  birds, 100 species 

of  mammals, 30 species of  frogs and some 200 species of  reptiles (Woinarski & 
others, 2007). Many of  these species have been found to serve as useful indicators 
of  healthy savannas, as documented and brilliantly illustrated for a region in 
north-eastern Queensland (Vanderduys & others, 2009). On top of  this there are 
likely to exist countless more species of  microbes (mostly undescribed) and tens 
of  thousands of  species of  invertebrates. For example, termite mounds are a 
conspicuous feature in the scenery of  the tropical savannas. These structures range 
from small earthen mounds to majestic sentinel-like structures (Figure 2.9). While 
most people are aware of  the existence of  termite mounds, very few understand 
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the role of  these invertebrates in nutrient cycling processes (Dawes, 2010). 
Clearly one factor contributing to the high biodiversity in the savannas is 

that significant parts of  the region have not been intensively developed and still 
retain largely intact compared to other tropical regions in the world and in Australia 
(see Chapter 3). Australia’s tropical savannas are distinguished by sparse human 
populations and a relatively low pressure for development. The resident population 
of  slightly more than 400,000 is less than that for Tasmania. This figure does not 
include the large number of  tourists that visit the region, but even allowing for this 
the population pressures in north Australia are very low in relative terms (Garnett 
& others, 2008). 

Figure 2.9. A tall savanna termite mound. 
Photograph courtesy of John Ludwig. 
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CHAPTER 3: REASONS FOR CLEARING SAVANNAS
In Chapter 2 we provided reasons for keeping savannas intact. But, to meet 

human needs, savanna vegetation has already been extensively cleared around 
the world for enterprises such as agriculture and forestry, and also for urban 
developments. 

In this chapter we describe the extent of  clearing in Australia for different 
enterprises and developments, and why there continues to be demands for more 
such clearing, particularly in northern Australia (Garnett & others, 2008). We 
specifically discuss the clearing of  vegetation to develop five economic enterprises: 
cropping, horticulture, forestry, pastoral and mining, and also to expand urban areas 
and related infrastructure (e.g., housing, factories, roads, electricity lines, pipelines).

CROPPING AND HORTICULTURE 

In 2009, an Australia-wide analysis of  land use found about 5.3% of  its total 
land area was being used for cropping and horticulture (Table 3.1), with only 0.4% 
of  this 5.3% being under irrigation. In the temperate, winter-rainfall regions of  
southern Australia, a common land use is a mix of  dryland cropping and grazing, 
particularly in what are known as the wheat-sheep zones in south-west Western 
Australia, central and western New South Wales, and northern Victoria (Figure 
3.1). To develop these mixed land use systems, trees and other vegetation have 
been cleared over very extensive areas. 

 Nationwide, we’ve cleared much of  our native vegetation including 43% 
of  our forests, nearly 90% of  our temperate woodlands and mallee, and 75% of  
our rainforests (ANRA, 2001). In southeastern Australia, we’ve removed 99% of  
our temperate, lowland grasslands. We’ve replaced most of  these complex, self-
sustaining native ecosystems with dryland agricultural systems such as crops and 
pastures dominated by exotic, short-lived, shallow-rooted grasses.

Clearing has also been used extensively to develop irrigated agriculture in 
southern Australia. But, in northern Australia, clearing land to develop cropping, 
horticulture, pastures and other land uses has been highly varied across savanna 
regions and bioregions (Table 3.2). 

Most savanna bioregions in the north have had less than 1% of  their total 
area cleared, but a few, such as the Brigalow Belt North bioregion in Queensland, 
almost 50% has been cleared, although most of  this clearing has been to develop 
modified pastures, not for cropping and horticulture.
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Table 3.1. Land uses in Australia based on a 2009 analysis of catchment scale land use 
mapping data up to 2008. [Note: these catchment-scale data differ slightly from national 
scale land use mapping data.] Data are provided by State and Territory departments 
participating in the Australian Collaborative Land Use and Management Program 
(ACLUMP), which is coordinated by the Bureau of Rural Sciences. Data source: www.brs.
gov.au/landuse/ (accessed 14 April 2011).
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Figure 3.1. Land use in Australia. Map source: ACLUMP, 2009.
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Table 3.2. The extent of vegetation clearing across savanna (non-rainforest) regions and 
bioregions in northern Australia areas. Data source: Appendix 1 in Australian Native Vegetation 
Assessment 2001 (ANRA, 2001).
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In northern Australia, there have been some areas of  very intensive clearing 
for agricultural development. For example, in the Lower Burdekin Catchment 
in Queensland extensive areas have been cleared for irrigated horticulture such 
as mangoes and crops such as sugar cane (Figure 3.2), which has caused water 
quality issues for those managing the Great Barrier Reef  (Roth & others, 2002; 
Beare & others, 2003). In the Kimberley region of  Western Australia, trees and 
other vegetation have been extensively cleared to develop crops and horticultural 
products in the Ord River Irrigation Area (Box 3.1)

Figure 3.2. Irrigated sugar cane in the Lower Burdekin Catchment. Photograph: Australian 
Natural Resources Atlas (www.anra.gov.au).
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In addition to development of  the Ord River Irrigation Area, clearing of  
native savanna and woodland vegetation for other agricultural developments in 
other areas in Western Australia include: (1) about 4,000 ha of  irrigated agriculture 
on a tributary of  the Dunham River south of  Wyndham; (2) a several hundred ha 
cropping venture west of  Fitzroy Crossing; and (3) areas of  horticulture around 
Broome and Derby. New agricultural developments in WA have been proposed, 
particularly around Broome. 

In the Northern Territory, in addition to expanding existing horticulture in 
rural areas by Darwin and Katherine, there are plans to develop irrigated cropping 
(peanuts, melons) and horticulture (mangoes, cashews) in the Katherine-Douglas-
Daly River Catchment and in the Litchfield Shire (Hosking, 2002). 

In northern Queensland, there are some plans to expand irrigated cropping 
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and horticulture in areas such as west of  Cooktown and west of  Mareeba (www.
austnuts.com.au/). These expansions would mostly involve the clearing of  woody 
regrowth and setting up irrigation systems in modified pastures.

There is a perception that in northern Australia irrigated agriculture is vastly 
undeveloped. This is because of  the seemingly availability of  large areas ripe for 
development within major river catchments that produce large volumes of  runoff  
water during tropical monsoonal wet seasons (Table 3.3) particularly the Mitchell 
and Staaten rivers in QLD, the Roper and Katherine-Daly in the NT, and the Fitzroy 
and Ord in WA. This runoff  water is viewed by many as ‘wasted’. 

The potential for irrigated agricultural development is being evaluated in a 
Northern Australia Irrigation Futures (NAIF) project of  the National Program 
for Sustainable Irrigation (Petheram & others, 2008; Story & others, 2008). Three 
NAIF case study areas in major catchments across north Australia are being 
evaluated: Lower Burdekin Catchment (Qld), Ord River Catchment (WA) and 
the Katherine-Douglas-Daly Catchment (NT) (Figure 3.4). The main aims of  the 
NAIF project are to better quantify water availability (runoff  and groundwater) 

Figure 3.3. Irrigated fields along the Ord River near Kununurra, WA. Photograph: Avalook at 
Australia (www.avalook.com/newsite/).
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and quality (e.g., salinity), and to better understand the socio-economic issues of  
stakeholders in these catchments.

FORESTRY 

There is a growing world demand for timber and wood products, and 
technological improvements are making it more efficient to grow and harvest trees, 
and to process timber into useful products. These demands and improvements 
are making it economically desirable to expand the forestry industry in Australia, 
which up to 2009 only covered 1.4% of  the continent (Table 3.1). But, what is the 
potential for expanding forestry in northern Australia?

In most of  Australia, regulations on vegetation clearance, particularly of  
native old-growth forests on public lands, now largely constrains the expansion 
of  forestry to private plantations and timber holdings in secondary forests (Figure 
3.1). However, across northern Australia, there has been an intermittent history of  
clearing regulations and proposals to develop broad-scale forestry (Lacey, 1979; 
Cameron, 1985). Early proposals were largely stimulated by multiplying the very 
extensive distribution of  open forests, woodlands and savannas by unrealistic 
assessments of  the commercial timber availability. In fact, savannas, woodlands 
and open forests comprise a sparse cover of  relatively small trees, whose timber 
is typically hollowed by termites. After cost-benefit evaluations of  factors, such as 
harvest logistics and transport costs and world timber prices, most of  these early 
forestry projects were found to be non-viable, and proposals either evaporated 
before commencement or foundered soon after.

However, with the completion of  the Adelaide-Darwin railway and the 
construction of  a major port facility in Darwin, transport logistics and costs of  
exporting timber have improved for a few places in northern Australia, and there 
does appear to be the potential for developing viable forestry. For example, on 
Melville Island, north of  Darwin, it is now feasible and profitable to develop 
higher-yielding plantations for exporting wood chips or pulp (Box 3.2). Over the 
next few decades, it is likely that the profitability of  forestry from high-yielding 
plantations will increase with rising demands for wood products. 
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Table 3.3. Mean annual runoff from the major river catchments in northern Australia. Data 
source: Water Availability by States and Territories (ANRA, 2000).

Figure 3.4. Location of the 
Ord, Daly and Burdekin 
catchments in northern 
Australia. 
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In addition to the forestry venture on 
Melville Island, other forestry developments 
exist, or are planned, across northern 
Australia (Cross, 2008). For example, 
sandalwood (Santalum album) production 
is currently being evaluated at a research 
station near Kununurra, WA. In 2005, 
Tropical Timber Plantations Pty Ltd trialled 
forestry plantations at Beagle Bay on the 
Dampier Peninsula in Western Australia, 
but full plantation developments will 
depend on the resolution of  environmental 
issues (EPAWA, 2005), African mahogany (Khaya senegalensis) growth is also being 
evaluated in the Douglas-Daly region. 

Figure 3.5. Acacia mangium growth after 
three years on Melville Island, Northern 
Territory. Photograph: Ken Eldridge (www.
tiwiislands.wordpress.com/2008/).
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In 1989, a massive harvesting scheme was proposed for the Sturt Plateau 
area south of  Darwin, Northern Territory. The scheme proposed to harvest around 
72,000 tonnes per year of  the supposedly high-quality timber tree, lancewood 
(Acacia shirleyi) across an area of  about 30,000 km2 (Woinarski & Dawson, 2001). 
But, the proposed lancewood harvesting scheme soon collapsed due to unrealistic 
resource assessments and market projections. 

Also in the NT, and in northern Queensland, there has been some selective 
logging of  high-quality timber species, notably northern cypress-pine (Callitris 
intratropica), Cooktown ironwood (Erythrophleum chlorostachys) and tea-trees (Melaleuca 
spp.). But, these target trees are widely-dispersed across the north and broad-scale 
impacts have been minimal, although this selective logging has affected some local 
areas (Hanssen & Wigston, 1989). 

The development of  forestry in northern Australia has, in many cases, the 
advantage of  being on Aboriginal lands, which can bolster local employment and 
economy. However, it is argued that current National and State-Territory clearing 
regulations and guidelines are inadequate for minimising biodiversity impacts 
(Woinarski & others, 2004a,b). Further, tree clearing regulations are typically 
specified in the context of  the need to conserve examples of  representative remnant 
forest types, but this context negates one of  the key conservation attribute of  
forests: their vastness. 

PASTORAL 

Pastoralism is by far the most widespread land use across Australia (Figure 
3.1), with the grazing of  natural vegetation (rangelands) the most extensive use at 
about 60% (Table 3.1). Grazing of  pastures modified to improve grazing (i.e., by 
replacement of  native pastures with exotic grasses and legumes) is also relatively 
extensive (about 5%) whereas the use of  irrigated pastures is far less so (0.1%). 
Across northern Australia, historically and today, livestock grazing enterprises form 
much of  the social and economic fabric, and the future of  the north depends on 
maintaining and expanding pastoral enterprises (Garnett & others, 2008). Most of  
the infrastructure developments across the north, such as the roads and electric lines 
connecting cattle stations and towns, are maintained to service pastoral enterprises, 
and other enterprises such as tourism and mining. 

 Although limited compared to southern Australia, most vegetation clearing 
in northern Australia has been in those rangeland bioregions where pastures have 
been modified and where cropping and horticulture are also important land uses, 
such as in the Daly Basin bioregion south of  Darwin (Table 3.2). By 2000, over 
190,000 ha of  land had been cleared in the Daly Basin (Hosking, 2002), with an 
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estimated 92% of  this clearing aimed at pasture improvements. Building on a ‘hit-
and-miss’ history of  clearing in the Daly Basin (Box 3.3), future developments are 
likely to see a continued interest in clearing trees to expand live cattle exports by 
improving the production of  forage by sowing exotic grasses and legumes, and 
also to diversify more intensive crops such as peanuts and melons. 

In Queensland, the most extensive clearing of  trees has also been for 
pastoral development as, for example, in the Brigalow Belt North and Desert 
Upland bioregions (Table 3.2). The more intensive clearing of  trees in the Lower 
Burdekin (below Lake Dalrymple) for crops, such as sugar, rice and soybeans, has 
received far more attention due to potential impacts on the Great Barrier Reef  
(Petheram & others, 2008). 

In the Kimberley bioregions of  Western Australia, clearing has been less 
than 1% (Table 3.2). Intensive tree clearing has been limited to those areas being 
developed for irrigated agriculture and horticulture, such as the Ord River Irrigation 
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Area, or for developing forestry plantations, such as at Beagle Bay on the Dampier 
Peninsula. 

Although somewhat arbitrary, it is useful to note the difference between the 
intensive tree clearing practices applied when developing forestry and agricultural 
enterprises and the extensive clearing used in pastoral enterprises. As noted back 
in Chapter 2, pastoral enterprises across northern Australia are characterised as 
low input, low modification, low intensity, and low productivity grazing systems. 
In most cases it is not a case of  clearing all the native vegetation so much as 
removing some of  the trees to achieve the most optimal and sustainable level of  
pasture growth. In general, trees are only removed in pastures when they are seen 
as causing a significant lowering of  forage and cattle production, or when making 
it difficult to muster cattle out of  a paddock, or when getting in the way of  farm 
infrastructure (roads, tracks, fences, buildings). Because it costs landowners and 
managers to clear trees, the benefits realized must be carefully weighed against costs. 

Benefits versus Costs
In the previous Chapter (2), we discussed the benefits of  retaining trees in 

savanna landscapes. Here we will list some of  these benefits to re-emphasize their 
values. Impacts will be discussed in Chapter 4, where we will document why it 
may cost (in the longer-term) to remove trees from savanna ecosystems, because:

• Trees help protect soil surface from erosion, but they also compete with 
pasture forage plants for water, nutrient and space resources. By clearing 
trees, forage production usually increases, and land managers typically 
increase their livestock numbers to ‘make use of ’ this extra forage. But, 
if  stock numbers are increased by more than the increase in available 
forage, ground cover is reduced, making the paddock susceptible to 
excessive runoff  and erosion. 

• Trees influence the space around them: temperature extremes are 
reduced, soil nutrients are higher, and soil structure is better. These 
ecosystem benefits are lost when trees are removed from savannas. 

• Trees provide shade and shelter for livestock in tropical climates, hence, 
these benefits to grazing animals are lost if  trees are removed from the 
landscape. 

• Trees provide habitats for a variety of  animals, micro-organisms and 
other woody and herbaceous plant, hence, biodiversity is reduced when 
trees are cleared. 

• Trees regrow from root sprouts, or from seeds, after clearing 
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disturbances, hence, the cost of  controlling woody regrowth is an on-
going land management issue. 

• When trees are cleared, soils are disturbed and exotic weeds often invade, 
hence, the costs of  weed control can become a major issue. 

MINING 

For Australia, mining is big business. Annual earnings from the export of  
minerals and metals in 2009-10 far exceeded that from any other major industry 
sector (Table 3.4). And, in terms of  value added to the National Gross Domestic 
Product in 2009-10, mining contributed 10.1% to a GDP of  $1,199,457 million 
(based on gross earnings received by producers before taxes). This addition by 
mining to the 2009-10 GDP was only second to the 11.0% contributed by the 
Financial and Insurance Services sector, and was much more than the 2.4% 
contributed by the Agriculture, Forestry and Fishing sector. Given its economic 
importance, there is considerable pressure to develop new mining enterprises in 
Australia, including the north (Garnett & others, 2008). 

Although mining exploration activities (e.g., seismic testing) can affect 
extensive areas, mining lands across Australia so far have only cover an area of  
about 20,000 km2, or 0.3% (Table 3.1). These mining lands include the total area 

held in leases, which is typically much larger than the areas actually affected by 
mining operations (e.g., ore extraction and processing). Tunnel or underground 
extraction methods have a much smaller impact ‘footprint’ on landscape surfaces 
than strip mining operations, where relatively large areas of  vegetation and soil are 
cleared and stockpiled, and overburden is removed and piled into waste rock dumps. 

In northern Australia, strip-mining operations are being used, for example, 
to extract bauxite ore at Gove (north-eastern Arnhem Land, NT) and at Weipa 
(north-western Cape York Peninsula, Qld), manganese ore on Groote Eylandt 
(Gulf  of  Carpentaria, NT), and uranium ore at Ranger Mine at Kakadu (west 

Table 3.4. Australian industry export earnings for the 2009-10 fiscal year. Data source: Australian 
Economic Indicators, Australian Bureau of Statistics, Australian Government, Canberra, ACT 
(www.abs.gov.au/).
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Arnhem Land, NT). The strip mining operations used to extract these ores often 
create large waste rock dumps, and ore processing can also create large tailings 
ponds or tailings storage facilities. These ponds are needed because many ores are 
finely ground to chemically extract their precious minerals/metals. After extraction 
the finely ground ‘waste’ materials (tailings) are mixed with water and pumped as 
a slurry to a storage pond specifically built to contain the wet slurry. If  mining 
operations cease, or if  one tailings storage pond is full and another is being filled, 
the pond is left to dry out before being rehabilitated. 

To rehabilitate landscapes damaged by mining, including waste rock dumps 
and tailings storage facilities, the mining industry has invested in research to find 
successful procedures and technologies (Tongway & Ludwig, 2011). In Australia, 
modern mining companies strive to achieve positive environmental outcomes 
from their operations, and State and Territory Governments also play a role in 
establishing the requirements set in lease agreements, in regulations for mining 
operations, and for bond returns after mine closure. 

A major problem facing State and Territory Governments is what to do 
with the thousands of  old mines abandoned years ago by small companies before 
binding agreements and regulations were established for mining operations and 
site reclamation. Even after major government efforts to repair abandoned mines, 
some mine sites continue to contaminate the local environment and waterways 
with heavy metals and acid mine drainage. For example, the Rum Jungle uranium-
copper mine site, located 85 km south of  Darwin, operated between 1954 and 
1971. After closure, an initial cleanup was conducted in 1977, and this was followed 
by a Commonwealth funded $16.2 million rehabilitation effort in 1983 to remove 
heavy metals and neutralize toxic tailings (ECNT, 2011). Another $1.8 million effort 
was funded in 1990 to rehabilitate waste rock dumps, which were covered and 
revegetated in an effort to contain toxic materials (Taylor & other, 2003). However, 
leakage of  low-level radiation from the Rum Jungle site remains an environmental 
risk for polluting the Finniss River (Bartolo & others, 2008).

State and Territory, and local Governments must also deal with a host of  
other problems created by small mining operations. For example, around Darwin 
a large number of  quarries have been mined for the sand and gravel needed as 
road, building, and landscaping materials. The vegetation is cleared on these quarry 
sites before materials are extracted, and following mine closure regeneration of  
these cleared areas has been poor. Around Darwin, these sites are often seasonally 
waterlogged areas, and are the principal or only habitat for narrowly endemic and 
threatened plant species (e.g., bladderworts Utricularia spp.; see NRETA, 2011). 
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URBAN AND INFRASTRUCTURE EXPANSION 

In Australia, urban areas and related infrastructures, such as roads, electricity 
lines and pipelines, occupy over 35,000 km2, or 0.5% of  the continent (Table 
3.1). Most extensive are the major coastal cities of  Sydney, Melbourne, Brisbane, 
Adelaide and Perth. Around these major cities, and also around smaller cities and 
towns, are suburban (near-urban) and rural residential areas, which occupy a further 
11,000 km2 or 0.1%. 

Across northern Australia, coastal cities include Darwin, Cairns and 
Townsville, and smaller port cities and towns include Broome, Derby, Wyndham, 
Nhulunbuy, Kurumba and Weipa. As these cities and their suburban areas grow, 
areas of  vegetation are cleared to provide land for their expansion (e.g., housing, 
commercial buildings, factories, streets, highways, utilities). Some expansions have 
been quite extensive. For example, prior to the 1980s land just south of  Darwin 
was relatively intact open forest and woodland, but by 2006 the satellite city of  
Palmerston, with a population of  over 23,000 people, had developed on this land, 
replacing most of  its natural vegetation.

 The growth of  rural residential areas around cities and town is also notable. 
There has been a growing trend for larger freehold properties at the edge of  urban 
areas to clear vegetation to develop small ‘hobby’ farms, which typically develop 
a mix of  horticulture, pastures and gardens, while maintaining some surrounding 
bush. Rural land prices are low compared to cities, and soil and water resources are 
usually adequate to support such hobby farm developments. For example, south 
of  Darwin, the rural residential areas of  Marrakai and Acacia have developed 
small-scale intensive horticulture. Thuringowa, on the outskirts of  Townsville, is an 
area being subdivided into small rural residential blocks of  land (e.g., 1 to 5 ha) to 
meet the growing demand for hobby farms. The rural residential life-style reflects 
people’s desire for more space and privacy than found in cities and suburbs; they 
want to enjoy ‘country living’.

Inland towns, such as Kununurra, Katherine, Mt Isa, Charters Towers and 
Mareeba, serve as regional centres for agriculture, pastoralism, and mining. To 
connect these expanding towns, vegetation is cleared for needed infrastructures, 
including roads, railroads, electricity, water, gas and telecommunications. Vegetation 
is also cleared to provide the infrastructures needed to service new mining and 
agricultural ventures, such as irrigated agriculture around Kununurra and mines 
around Mt Isa. The reticulation of  high voltage electricity to remote mine sites 
often requires easements of  100 m or more in width along linear alignments that 
can run for hundreds of  kilometres. To provide water for irrigated agriculture 
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and towns, significant areas of  vegetation have been cleared (or submerged) by 
permanent water storages such as Lake Argyle on the Ord River (WA & NT) and 
Lake Dalrymple on the Burdekin River (Qld).

Other recent large infrastructure developments in northern Australia include 
the Alice Springs to Darwin Railway, which stretches for more than 1,400 km and 
required approximately 10,000 hectares of  native vegetation to be cleared. The 
development of  gas reserves in the seas north of  Australia has also seen an increase 
in pipeline developments to connect gas resources with consumers. 

The net impact of  clearing trees and other vegetation for urban, suburban, 
rural residential and related infrastructure expansions is still relatively small at 
the continental scale, but with increased migration from southern Australia to 
urban and near-urban areas in northern Australia, there are a number of  potential 
impacts and challenges associated with these expansions. For example, what needs 
to be done to reduce the risks of  damage to infrastructures in areas with frequent 
natural wildfires, such as to high voltage electricity lines servicing mines around 
Mount Isa (Felderhof  & Gillieson, 2006). How can areas of  natural vegetation be 
retained within expanding suburban and rural residential areas to reduce impacts 
on biodiversity (Woinarski & others, 2007)?
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CHAPTER 4: MANAGING CHANGES IN SAVANNAS
The vegetation of  northern Australia has undergone remarkable changes 

over recent geological time as a result of  long-term climatic changes, historic 
changes in fire regimes, and more recent changes due to intensive land uses. In 
this Chapter, we will first discuss two changes in savanna vegetation: (i) woody 
thickening, and (ii) woody clearing and thinning, and also the tools such as fire 
that can be used to manage these changes. Then we will discuss how such tools 
can be used to manage savannas to conserve biodiversity and to mitigate against 
increases in greenhouse gas emissions, hence changes in climate. 

MANAGING WOODY THICKENING 

There is a world-wide phenomenon known as “woody thickening” where 
tree and shrub cover and densities have increased in savannas and woodlands 
(Scholes & Archer, 1997), or where woody plants have encroached into grasslands 
(Van Auken, 2000). In regions of  Southern Africa and the Southwestern USA this 
latter phenomenon is called “scrub encroachment”. 

In northern Australia, a wide range of  woody species, both native and 
introduced, are involved in woody thickening. The thickening of  native woody 
species, such as Eucalyptus (gums), Corymbia (bloodwoods), Terminalia (yellow-
woods), wattles (Acacia spp.), Cooktown ironwood (Erythrophleum chlorostachys), 
tea-tree (Melaleuca spp.), whitewood (Atalaya hemiglauca), yellowberry bush (Maytenus 
cunninghamii), breadfruit (Gardenia vilhelmii), and gutta percha (Excoecaria parvifolia) 
have been reported (see www.landmanager.org.au/). Introduced woody species have 
also ‘thickened’ in parts of  northern Australia, for example, rubbervine (Cryptostegia 
grandiflora), prickly mimosa (Acacia farnesiana), and Parkinsonia (Parkinsonia aculeate) 
(Lonsdale, 1993, & WONS, 2003). Many of  these introduced plants have been 
declared noxious weeds because they are difficult to detect and treat. It is worth 
noting that although there is some financial support for treatment of  declared 
noxious species, but there is little support for treatment of  woody thickening by 
native species.

Why does woody thickening happen? 
In northern Australia’s tropical savannas, evidence from permanent 

monitoring plots, aerial photography and Landsat imagery documents that woody 
thickening occurs in some areas, such as seasonally inundated lowlands, but not 
others (Sharp & Bowman, 2004). Savannas areas subject to more frequent and 
intense disturbances, such as excessive livestock grazing, are the most susceptible 
to woody thickening. There is, however, considerable debate about the causes, 
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magnitude of  change, whether it is reversible during droughts, and the relative 
roles of  management and climate as the drivers of  change. 

One school of  thought argues that cattle have eaten the grass that fuelled 
Aboriginal burning. The lack of  fires and the removal of  grass competition have 
tipped the balance to favour increases in woody species, which results in even less 
pasture growth. This means that both livestock and fire must be managed wisely 
to effectively treat woody thickening (MLA, 2011). For example, pastoralists on 
Cape York Peninsula also hold that most rapid vegetation thickening occurs in 
areas subject to repeated early dry season burning (Crowley & Garnett, 1998). 
Burning early in the dry season every year to create fire breaks and to initiate the 
resprouting of  grasses to provide feed is likely to reduce the vigour of  perennial 
grasses and hence promote woody thickening. 

An alternative explanation is that rainfall trends are the primary drivers of  
the system (also see Box 4.1). 

Following the wet years of  the 1970s, and also the early 1990s, a cattle 
producer in the Gulf  stated that woody thickening “Probably started after ’74 but I 
think the big explosion was after the 1991 wet; that’s when things seemed to really take off  and 
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I noticed that there’s another influx of  it happening this year due to the abnormal wet year that 
we’ve just been through.  If  you go out into some of  those paddocks there are now little baby 
breadfruits that are as thick as hairs off  a cats back” . 

Research data also documents that woodlands and savannas thicken during 
times when rainfall is higher than about average and collapses when severe droughts 
occur (Fensham & others, 2009). These cycles occur over 30-100 year time-scales. 
Because growth is gradual and death is sudden, there is an illusion that thickening 
is prevalent. 

It is also entirely possible that woody thickening in savannas is partly a 
function of  enhanced carbon dioxide in the atmosphere (Higgins & others, 2007). 
Although the implications of  atmospheric change are enormously complicated for 
changes in woody plant growth, it is likely that there is a net positive impact of  
carbon dioxide increase on woody growth in the tropical savannas. 

Impacts of woody thickening
It has been said that “Places were open plains and are now encroached with thickening. 

They increase every year. Now we can’t look up the plain areas. It is not a plain anymore- it 
has now thickened up”. This readily observed change in the ‘look’ of  country is a 
notable impact of  woody thickening, but there are other impacts. A change to the 
proportion of  trees and shrubs versus grasses in a landscape can have significant 
impacts on pastoral production and biodiversity conservation.

Woody thickening affects pastoral production because it can significantly 
reduce the area of  grassy vegetation within paddocks, which reduces available 
forage for livestock. In addition, the concentration of  grazing between trees may 
create patch grazing effects such as soil compaction and erosion. Mustering may 
also become very difficult, with movement impeded through thickened vegetation 
and attendant risks to stockmen on horses or motorbikes. Helicopter mustering 
may also become very difficult due to poor visibility of  cattle on the ground. All 
of  these impacts can increase the cost of  mustering. Ultimately these changes may 
reduce the viability of  pastoral enterprises. 

Thickening often occurs close to homesteads such as in cattle yards and in 
holding paddocks. Often the most noticeable increases in density are along fences 
where cattle congregate and travel. This creates a “straight edge effect”, which is 
noticeable from the air. Of  course, some vegetation clearing along fence-lines is 
required for maintenance and to provide firebreaks. 

Few studies have addressed the direct impact of  woody thickening on 
biodiversity in savannas (Garnett & others, 2010). It is suggested that native 
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species adapted to open grassy ecosystems may be disadvantaged or even face 
local extinction as woody cover increases (Tassicker & others, 2006). In Cape York 
Peninsula, dramatic declines in granivorous birds, such as the golden-shouldered 
parrot, star finch, Gouldian finch, buff-breasted button-quail and black-faced 
woodswallow, have been attributed to woody thickening associated with changed 
fire regimes (Crowley & Garnett, 1998). Related mechanisms may include more 
successful predation by tree-perching birds such as pied butcherbirds, and loss of  
perennial grasses which seed-eating birds rely upon for food at critical periods of  
the year. Ants have also been shown to reflect changes in vegetation structure and 
land-use (Andersen & others, 2005). 

 Across the savannas of  northern Australia, how can areas of  woody 
thickening be effectively treated? There are a number of  possible treatments available 
for controlling woody thickening (see www.landmanager.org.au/). Mechanical 
treatments such as ripping out smaller trees 
and shrubs using root ploughs (Figure 4.1) 
are effective for small areas, but are too 
costly to apply over large areas. Chemical 
treatments may be effective for killing or 
retarding the growth of  woody plants. But, 
chemical applications are costly and for 
extensive areas such as cattle properties are 
only economically viable for treating small 
areas of  dense growth with high value such 
as holding yards, around watering tanks, and 
along fencelines. Although managing the 
timing and intensity of  livestock grazing can 
affect woody thickening, as a treatment to 
control thickening over extensive areas, it needs to be applied with fire.

Fire as a tool
Fire is a major factor in shaping many ecosystems around the globe, including 

tropical savannas (Bowman & others, 2009). To control woody thickening in 
extensive grazing lands across the savannas, fire has proven to be an economically 
and environmentally effective treatment, especially when the following guidelines 
are applied (MLA, 2011):

• Burn every 5-6 years
• Have at least 2000 kg of  dry-matter per ha for fuel
• Have fuel covering at least 60% of  the landscape

Figure 4.1. A front-mounted blade 
plough on a bulldozer being used 
to clear shrubs on Carrum Station. 
Northwest, Queensland. Photograph 
courtesy Vicki Wilson, Australian 
Broadcasting Corporation (ABC) Rural. 
Available online www.abc.net.au/rural/ 
(accessed 6 May 2011).
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• Burn late in the dry-season when pastures are dormant or just as the 
growing season is starting 

For example, in the Kimberley and the Victoria River District, pastoralists 
have used late dry-season storm burns to control woody thickening (Dyer & others, 
2001). On one VRD property, dense stands of  black wattle (Acacia ampliceps) have 
been controlled with hot burns 2-3 days after an initial rainfall of  30 mm. Success 
has also been gained by careful storm burns on black soil plains infested with prickly 
mimosa and gutta-percha. In this case, spelling areas from livestock grazing prior 
to burning is seen as essential to having adequate fuel loads. 

Because woody thickening can be due to overgrazing and ineffective use fires, 
effective treatment of  thickening requires that both grazing and fire be managed. In 
other words, there is no point starting a fire management program unless grazing 
pressure is reduced before the fire to ensure a large fuel load and grazing pressure 
is also reduced after the fire to allow grass to compete with woody species. The 
solution to thickening is not the fire alone; it is managing grazing pressures before 
and after the fire. This requirement imposes limitations, including: 

• Fuel load should be at least 2500 kg/ha, which is often not obtained 
during dry years or because fuel is needed as forage

• Spelling paddocks before and after the fire is essential, but not often 
not economically viable

• Large woody trees (greater than 3 m) and certain species are not killed 
by fires

• Fire resistant areas may require some mechanical or chemical 
interventions

It is well known that fire has limited effect on the density of  many of  the 
eucalypts occurring in tropical savannas, because these tree species are well-adapted 
to surviving in fire-prone environments (Williams & others, 1999). For example, 
dry season grass fires may knock-back ironbark and other suckering species to 
ground level, but it will only kill a relatively small percentage of  trees. Data from the 
Wambiana grazing trial near Charters Towers found that a ‘hot’ fire (4000 kg/ha fuel 
load, strong breeze, 30-35oC air temperature and flame heights between 3 and 5m) 
caused very small mortality of  silver-leaved ironbark trees of  any size (O’Reagain & 
others, 2005). This seems to be a typical pattern for woodland eucalypts. Hot late 
dry season fires in Kakadu appeared to have killed 60% of  young eucalypt stems, 
but about 80% actually survived by resprouting (Andersen & others, 2005). In the 
Northern Gulf, landholders said that fire was not effective in thinning tea trees 
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(Melaleuca spp.), and that they had used machinery and poison to treat small areas 
of  thickened vegetation, that this was not economical (Lankester, 2005).

Finally, some words from an Indigenous expert on fire management (Paddy 
Bassani): 

“You gotta know when to burn the country
The best time is after the first storm
You only burn a little patch
You don’t make a big fire
You burn them dry grass and rubbish”

MANAGING WOODY THINNING/CLEARING 

In Chapter 1 we documented that the extent of  tree clearing across the 
savannas of  northern Australia is far less than in southern Australia, and has mainly 
occurred within those savanna regions where land has been developed for irrigated 
agriculture, such as the Lower Burdekin and the Ord River, and has been cleared 
(or thinned) for modified pastures, such as in the Desert Uplands. 

Impacts of woody thinning/clearing
Tree clearing and thinning technologies vary greatly in how they disturb 

other vegetation and soil in savanna and woodland landscapes. There is minimal 

Figure 4.2. Savanna tree clearing where a large anchor chain (left) is pulled between bulldozers 
(right). Photograph courtesy of John Ludwig.
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disturbance when trees are thinned in grazing lands by technologies such as ring-
barking or by injecting poisons and leaving the dead trees standing; these landscapes 
look like areas of  tree dieback (see Figure 2.3). Far more disturbance occurs to 
soils and vegetation when trees are cleared by pushing and uprooting them with 
bulldozers, or by uprooting them by pulling a large chain between bulldozers 
(Figure 4.2). The uprooted trees are usually pushed into piles or rows and burnt, 
and then the cleared landscape is sown with exotic grasses, such as buffel grass, to 
form open pastures (Figure 4.3).

 Clearing-thinning technologies that cause soil and vegetation disturbances 
between these two include, for example, pulling (or pushing) and uprooting trees, 
but leaving the woody debris where it falls (Figure 4.4). An alternative is to simply 
burn the woody debris after it dries without pushing it into piles or rows (Figure 
4.5), and then promoting the growth of  native pasture grasses by not sowing exotic 
grasses. 

 Disturbances to soils and vegetation caused by tree clearing/thinning affect 
the ecosystem processes and functions described in Chapter 2, such as the cycling 

Figure 4.3. An open modified pasture landscape created by clearing trees and sowing buffel 
grass. Photograph courtesy of John Ludwig.
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of  water and nutrients, and the provision of  healthy 
landscapes and habitats for a people and a diverse 
biota. We will not repeat all these ecosystem benefits 
by describing how they are impacted by tree clearing, 
except to note the problem of  woody regrowth. This 
problem is perhaps the greatest challenge faced by 
landholders who apply tree clearing to create modified 
pastures and then must manage tree and shrub 
regrowth.

 Across the northern savannas, trees and 
shrubs are known for their capacity to survive by 
resprouting after disturbances such as fire (Williams & 
others, 1999). They also resprout after being pushed 
(or pulled) because uprooted is rarely complete and 
portions of  tree roots remain in the disturbed soil, 
ready to resprout and form dense regrowth (Figure 
4.6). Because of  soil disturbances, the density of  
woody regrowth can be higher than the density of  
trees prior to clearing (Crowley & Garnett, 1998), and 
the soil disturbance also provides opportunities for the 
establishment of  new woody seedlings. As with woody 
thickening, managing wood regrowth is difficult, and 
fire is about the only tool that is both economical and 
effective for treating extensive areas of  regrowth.

Fire as a tool
To control woody regrowth across savanna 

rangelands where trees were cleared to develop 
modified pastures, fire has proven to be an effective 
treatment when applied late in the dry-season (Dyer & 
others, 2001). The most effective late dry-season fire 
is as a storm burn, where a fire is lit a few days after the 
first significant rainfall (> 30 mm) prior to wet-season 
when ground vegetation is mostly dry standing dead and litter material, which is 
highly flammable. These conditions result in ‘hot’ burns, which cause significant 
damage to woody regrowth. Soil moisture from the rain also ‘primes’ new growth 
in the ground vegetation, which provides nutritious ‘green pick’ for livestock. An 
alternative strategy is to not graze the new growth, but to spell or rest the burnt 

Figure 4.4. Savanna clearing 
where uprooted trees are left 
where they fall and are not 
burnt, and the landscape is 
not sown with exotic pasture 
grasses. Photographs 
courtesy of John Ludwig.

Figure 4.5. Savanna clearing 
where uprooted trees are 
burnt (after drying), and 
the landscape is not sown 
with exotic pasture grasses. 
Photograph courtesy of John 
Ludwig.
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area to maximize its recovery so that ground vegetation more strong competes with 
subsequent woody resprouts.

 Another alternative for managing woody regrowth is not to treat it at all, but 
to allow it to grow back into full-sized trees and shrubs. This management strategy 
converts the land into a strong carbon ‘sink’ because trees and shrubs sequester 
carbon dioxide and store it as wood (Dwyer & others, 2010).

 Whether or not woody regrowth is treated with fire, how the landscape is 
managed after tree clearing/thinning remains important. This is especially true for the 
more variable semiarid savanna rangelands where documented case studies illustrate 
a failure to learn from mistakes made in the past (Stafford Smith & others, 2007). 
One example occurred on a semiarid rangeland where:

• Stock and other herbivore numbers were allowed to build up during 
a sequence of  above average wet-seasons from 1973/74 to 1975/76. 

• But, beef  prices declined after 1975 and stock were retained through 
intermittent droughts from 1977/78 to 1982/83 in hope of  better prices 

• A severe drought from 1984 to 1988, combined with high forage 
utilisation, lead to vegetation and soil damage. 

• When the drought broke in the 1988/89 wet-season, there were few 
new native forage plants because seedlings were heavily grazed

• This lead to increased dominance of  invasive exotic grasses such as 
Indian couch, weed invasions and increased runoff  and soil erosion 
with downstream catchment effects. 

This pattern of  rangeland degradation has been repeated in later times and 

Figure 4.6. Woody regrowth 
after clearing a savanna. 
Photograph courtesy of 
John Ludwig.
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other locations. Recovery of  damaged savanna rangelands takes a long time (Bastin 
& others, 2003) or effective rangeland restoration technologies need to be applies 
(Tongway & Ludwig, 2011). The ‘take-home’ message is that it’s better to manage 
well now rather than having to bear the high cost of  restoring damaged lands in 
the future (Foran, 2007). 

MANAGING SAVANNA HABITATS AND BIODIVERSITY 

It is now recognized globally that a rich biodiversity is linked to the well-being 
of  humans (UNESCO, 2010a). Biodiversity is seen to support human health by: (i) 
providing clean air, water and food; (ii) preventing the risk of  spread of  diseases 
and pests; (iii) yielding genetic and medical resources to combat illnesses; and (iv) 
helping mental well-being by enhancing, for example, esthetic and recreational 
experiences (also see Chapter 2). 

Habitat loss and fragmentation caused by clearing and thinning trees is 
widespread and has major impacts on biodiversity. Under its Environmental 
Protection and Biodiversity Conservation Act, the Australian Government has 
listed “Land Clearance” as a key process threatening habitats and biodiversity 
(Beeton & others, 2006). For example, in Queensland, tree clearing was estimated 
to be affecting 30 listed threatened species (22 birds and 8 reptiles), 80 unlisted 
species (71 birds, 7 reptiles, 1 plant), and a number of ’ regional ecosystems. Little 
is known about how many insect, fungal or microbe species may have been lost 
or are in the process of  disappearing, but it is likely to number in the thousands – 
many of  these species provide critical ecosystem services such as pollination and 
litter decomposition. Native animal and plant species will come under increasing 
stress, causing long term changes in species composition and diversity. Local and 
regional species extinctions are expected, with an expected 15% of  savanna species 
going extinct (Woinarski & others, 2007).

Reducing habitat clearing
In Australia’s Biodiversity Conservation Strategy, habitat loss due to tree 

clearing is first on the list of  six major threats that are currently causing declines 
in biodiversity (SEWPAC, 2010): 

1. habitat loss, degradation and fragmentation due to, for example, clearing 
trees 

2. invasive species, such as the introduction of  exotic shrubs 
3. unsustainable use and management of  natural resources, such as 

excessive grazing of  native savanna pastures 
4. changes to the aquatic environment and water flows, such as by damming 
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the Burdekin River and the flooding natural riparian habitats by Lake 
Dalrymple 

5. changing fire regimes, such as by suppressing natural fires in savannas, 
which leads to extensive and severe wildfires 

6. climate changes, such as temperature increases that exceed species limits 
To reduce these threats to biodiversity and achieve its aim to provide healthy habitats 
for a diverse biota, the Strategy also lists three priorities for action:

1. engaging all Australians 
2. building ecosystem resilience to a changing climate 
3. getting measurable results 

The principles underlying these actions are:

• All Australians benefit from biodiversity and should contribute to its 
well-being 

• Building resilience recognises the critical links between ecological and 
social systems 

• Knowing that our knowledge is limited, we should apply the precautionary 
principle while employing adaptive management approaches using 
practical experience, new science and by turning trends such as climate 
change into new opportunities (Stafford Smith & Ash, 2011).

The ‘bottom-line’ is that conserving biodiversity means protecting natural habitats 
by preventing or reducing land clearing.

Broad scale land clearing often leads to many species going into decline, and 
frequently leads to the complete disappearance of  regional populations (Woinarski 
& others, 2007). The most productive land is usually cleared first and this often 
contains the richest habitats. Many mammal and bird species prefer these habitats, 
and even if  the overall level of  clearing is not high, their populations are rapidly 
depleted or even lost locally. The depletion process begins with the rapid death 
of  individuals followed by regional extinctions which can over time add up to the 
total extinction of  a species.

As the clearing extends to wider areas remaining populations suffer from 
habitat fragmentation and degradation. Fragmentation leads to the isolation of  
sub-populations in remnant patches that are vulnerable to catastrophic local events 
(such as bushfires). Once lost these populations are often lost forever as the patches 
become too isolated to be re-colonised. Furthermore, the quality of  habitat in 
remnants typically declines as their size shrinks leading to increased predation and 
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reduced breeding success. 
Over time successive cycles of  regional declines result in regional extinctions 

which eventually add up to an irreversible extinction of  a species. Unfortunately, 
it may take decades or more for the full effects of  broad-scale clearing to appear. 
This time lag is often referred to as an extinction debt, in which our extensive 
clearing of  habitats today results in a pay back of  species extinction in 20, 50 or 
more years in the future. 

Establishing habitat reserves to protect biodiversity
While the tropical savannas includes many nature reserves, including some 

of  Australia’s most national famous parks such as Kakadu and Purnululu (Bungle 
Bungles), the overall conservation reserve system remains below the national targets 
set for comprehensiveness and adequacy. Many savanna regions are unrepresented 
or poorly represented within formal reserve systems, and more conservation areas 
are needed, especially if  the savannas are more intensively developed. While the 
current state of  biodiversity is generally good, there are already some worrying 
signs. Recent studies suggest that at least some seed-eating birds and mammals 
have been lost from some regions of  the tropical savannas, and that many wildlife 
species have declined over large areas including from reserves (Woinarski & others, 
2007). In contrast, our changes to the landscape have benefited some opportunist 
species, such as galahs, crested pigeons, and some weedy native plants. Another 
major threat to savanna biodiversity comes from the introduction of  exotic animals, 
such as feral pigs, cats, cane toads, ants, donkeys, horses, and camels, and plants 
such as mesquite, prickly acacia, and rubbervine (Grice & Martin, 2006). 

Protecting savanna biodiversity by establishing reserves is an enormous 
challenge. Wildlife species, such as seed-eating birds, are highly adapted to seasonal 
shifts in the tropical climate and in the availability of  food resources (Franklin 
& others, 2005). To survive, these species seeking new foraging grounds when 
resources are no longer available at any site. This dispersal may be over scales 
of  metres, kilometres or hundreds of  kilometres (see Box 4.2). It is not enough, 
therefore, to protect such species in just one place (a reserve), because their year’s 
requirements will not all be met. Rather, such species will persist in the landscape 
only if  their requirements are met throughout the year and across their entire 
movement range. Landscape change (such as vegetation clearance) may break one 
or more links in a vital chain of  connected resources in space and time.

 Because of  the difficulties and costs of  establishing new reserves, and 
alternative approach is to promote biodiversity conservation on lands being used 
for other purposes, such for grazing livestock on rangelands (Milton & others, 
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2003). This can be achieved by providing landholders with payments and other 
incentives to protect habitats they manage that will benefit biodiversity (Griener 
& Lankester, 2007).

Protecting special habitat areas
• Within the savannas there are a number of  special habitats that are 

known to provide critical resources for large numbers of  species, 
and these habitats need to be given high priority in terms of  effective 
management. These special habitats include:

• Watercourse frontage or riparian zones: These habitats are important for 
maintaining savanna and stream biodiversity, stream channel morphology 
and water quality. They typically have greater species richness than 
surrounding areas, they provide pathways that allow biota to move from 
one area to another, acting as natural corridors, and they provide critical 
habitat in an otherwise inhospitable environment. Many species such as 
the Endangered Purple Crowned Fairy Wren (Figure 4.8) are restricted 
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to watercourse frontages. Vegetation is essential in maintaining bank 
stability, reducing nutrient runoff  reaching rivers, reducing erosion and 
overland water flow, and regulating light and temperature on the water 
surface. Savanna watercourse frontages are highly vulnerable to the 
effects of  disturbances such as vegetation clearing. 

• Monsoon rainforests: These are known biodiversity hotspots and in the 
NT, for example, they support 13% of  all plant species in only 0.5% of  
the area of  the NT. Most of  these species are not found in any other 
habitat. They provide ecosystem services because they harbour flying 
foxes, which are important pollinators of  savanna trees. 

• Wetlands: These are essential habitat for fish, crustacea, aquatic plants 
and most frog species, yet on average wetlands occupy only about 1% 
of  the area of  a catchment. Mobile species such as magpie geese need 
a network of  wetlands to provide resources at critical times of  the year. 
For this reason, the loss of  a particular wetland may produce a gap in 
resources that some species cannot overcome.

• Large old trees: These trees provide a critical habitat for many species 
in the form of  hollows. For example, in the top end of  the Northern 
Territory, 40% of  mammals, 18% of  birds, 20% of  reptiles, and 13% of  
frogs use hollows, and in Queensland 15 species of  arboreal mammals, 
55 birds, 28 bats and a range of  reptiles, frogs and invertebrates rely 
on hollows. Unfortunately, it takes between 100-200 years for a useful 
hollow to form in most savanna tree species so it’s not possible to replace 
this resource in practical time frames. 

• Fallen dead timber: Logs are also a key resource for many animals. They 
provide refuges for vertebrate and invertebrates. Where frequent burning 
is applied on a broad scale, habitats provided by fallen timber are lost.

Promoting habitat management by Indigenous people
Indigenous lands across northern Australia are some of  the most biologically 

diverse and intact in Australia, and include internationally recognised centres of  
plant and animal diversity (Woinarski & Dawson, 2001). In much of  this country, 
the customary economy is still based on use of  native flora and fauna (Altman & 
Whitehead, 2003). Traditional Owners contribute to those ecosystem services that 
benefit the region, and indeed the nation as a whole, by conserving biodiversity, 
contributing to biosecurity, providing employment, and improving human health 
(to name but a few). However, those Indigenous peoples that may not be directly 
engaged in customary activities, or who do not live on their traditional estates, still 
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have strong interests in how other lands, such as mine 
sites, are managed or restored to be healthy savannas.

Indigenous people manage country to the 
benefit of  biodiversity, and their own well-being, by 
maintaining favourable fire regimes, reducing feral 
animal and weed infestations (Burgess & others, 
2005), and by providing early warnings of  pest 
invasions (biosecurity). Community based ranger 
or land management groups play pivotal roles in 
managing and protecting their country, as articulated 
by Cherry Wulimirr Daniels at the 2003 National 
Landcare Conference held in Darwin:

“Aboriginal people [are] native to Australia, it’s our 
land and we want to protect it from ‘silent invaders and other 
threats’… there can be sickness that kills our animals such 
as disease from outside Australia, or even from other parts of  Australia. ….we manage country 
using fire, fire is important to us for ceremony and for giving us food.” 

Indigenous people aim to maintain a diversity of  habitats not only to 
protect resources but also for spiritual and cultural reasons (Putnis & others, 
2008). Native vegetation plays a significant role in biophysical, social, economic, 
cultural, and spiritual terms. Although linkages between Indigenous human health 
and landscape health are poorly understood, investigations are being undertaken 
in the ecological, social and medical fields to find out more about this connection 
(Burgess & others, 2005). 

Reducing fire impacts on biodiversity
As noted in Chapter 1, savannas are landscapes that have been shaped by fire 

over the millennia, and in Australia (as elsewhere) have been burned for thousands 
of  years by Indigenous people (Whitehead & others, 2003). Savanna biota evolved 
and adapted to fire, most likely to a regime of  frequent and mild burns as used by 
many Aboriginal groups, although fire regimes vary across the savannas for many 
practical (e.g., hunting, ease of  travel), cultural, and spiritual reasons (Yibarbuk & 
others, 2001). There is good evidence that the application of  varied fire regimes 
helps to create a complex mosaic of  savanna habitats (Williams & others, 2002), and 
such a patchwork of  burnt and unburnt country promotes a greater biotic diversity.

Modern fire regimes are quite different from older regimes, and savanna 
biodiversity may be suffering as a result (Driscoll & others, 2010). When land is cleared 
for pasture, cropping or horticulture, fire is usually suppressed. This often means 

Figure 4.8. Purple-crowned 
Fairy-wren. Photograph by 
Chris Ross, aus-natural.com. 
Source: www.savethekimberley.
com.
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that burning is discouraged among retained woody remnants, such as along road 
corridors and riparian zones. What may happen instead is that fuel loads accumulate 
in these woodlands so that when they eventually burn, it is with great intensity. In 
the long term, the biodiversity of  these retained areas will probably decline either if  
they are never burned or if  they occasionally suffer intense fires. 

MANAGING SAVANNAS TO MITIGATE GREENHOUSE GAS EMISSIONS 

Back in Chapter 2 we discussed the importance of  keeping savanna trees 
to sequester carbon to mitigate against climate change. We will not repeat this 
important message in this section of  Chapter 4, except to note that there is a direct 
link between clearing land and climate (Box 4.3). Here we will discuss how managing 
fire regimes can affect savanna vegetation and its greenhouse gas emissions.

Global climate change is a relatively recent phenomenon, but Indigenous 
Australian’s have occupied the Australian continent and have actively used fire 
to manage country for millennia (Heckbert & others, 2008). With European 
settlement of  northern Australia, Aboriginal fire regimes of  small, frequent and 
seasonally variable fires lit for cultural and spiritual purposes were largely replaced 
by fire suppression strategies which inadvertently lead to large fuel build-ups and 
hot, destructive, late-dry season wildfires that burnt extensive areas (Williams & 
others, 2002). Across the savannas, this fire regime has enhanced the emission 
of  greenhouse gases, contributing to climate change. To mitigate these GHG 
emissions, this fire regime can be reversed back to be more like the original.

Promoting Indigenous fire regimes
Although there is no ‘one’ fire regime used by Indigenous cultures across 

northern Australia (Whitehead & others, 2003), the typical regime is numerous 
small fires lit in different parts of  the landscape at different times during the dry-
season for different purposes. To promote a return to this fire regime, a number 
of  projects are being promoted across the tropical savannas of  Australia, including 
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fir abatement projects on Cape York Peninsula, in the North Kimberley, and on 
Arnhem Land.

 On Cape York Peninsula, Queensland, the Balkanu Cape York Development 
Corporation has initiated a “Carbon Fire Abatement Project” in collaboration with 
the North Australian Indigenous Land and Sea Management Alliance (NAILSMA) 
to identify and map those landscapes having the most frequent and extensive late 
dry-season fires; these landscapes provide the greatest opportunity to implement 
earlier fires in a patchy mosaic to reduce GHG emissions, and to also provide 
biodiversity benefits (see www.balkanu.com.au/). Implementing this patchy fire 
regime will be achieved using aerial incendiary technologies through the assistance 
of  the Cape York Sustainable Futures organisation, an independent, apolitical 
group based in Cairns, Qld (see www.cysf.com.au/). The extent and frequency of  
fires on Cape York Peninsula are much greater in semiarid savanna regions to the 
south (Felderhof  & Gillieson, 2006). 

 In the north Kimberley, Western Australia, a “Fire Abatement Project” 
involving the Kimberley Land Council, Indigenous Traditional Owners  and young 
Indigenous ‘rangers’ burn country in a prescribed pattern of  patch, early dry-season 
fires, which reduces GHG emissions (see www.klc.org.au/). This project is also in 
collaboration with the NAILSMA. Prior to the initiation of  this Fire Abatement 
Project, fire history mapping documented that most fires in the North Kimberley 
were very extensive, hot, and occurred in the late dry-season (Vigilante & others, 
2004). 

In Arnhem Land, Northern Territory, the West Arnhem Land Fire 
Abatement (WALFA) project involves the work of  Indigenous rangers and 
Traditional Owners to reduce GHG emissions by changing extensive late dry-
season fires to smaller early dry-season prescribed burns (Heckbert & others, 
2009). The WALFA project has been supported by Darwin Liquefied Natural Gas, 
the Northern Territory Government and the Northern Land Council (see www.
savanna.org.au/); This project not only mitigates GHG emissions, but also benefits 
people living on country (Russell-Smith & others, 2009) and in the general region 
(Burgess & others, 2005). The success of  the WALFA project has been a stimulus 
to initiate a similar Central Arnhem Land Fire Abatement (CALFA) project (see 
www.savanna.org.au/) because this part of  Arnhem Land also has extensive late 
dry-season fires (Yibarbuk & others, 2001).



68

Implications for global climate change
As of  2011, the National Carbon Accounting System (NCAS) does not count 

the mitigation of  GHG from changes in savanna fire regimes toward Australia’s 
Kyoto carbon reduction targets (see Chapter 2). However, the environmental, 
economic, social and cultural benefits to people living across northern Australia, 
from the Kimberley to Cape York, have ensured the success of  fire abatement 
projects.
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CHAPTER 5: WEIGHING UP THE OPTIONS 
The landscapes across northern Australia are going to change as they are 

developed and modified to better meet the needs of  society. In this final Chapter, 
we consider options for planning how savanna landscapes might take shape in the 
future by adding to the broad scope of  options discussed in the book “Future 
Options for North Australia” (Garnett & others, 2008). Here, we specifically looking 
at issues related to land developments that clear vegetation. 

This Chapter is about weighing up development options involving vegetation 
clearance and understanding their consequences at different scales. We begin by 
discussing issues and options when planning developments at the broad regional 
scale before considering planning at the property scale. To illustrate property 
planning issues and options, we look at pastoral enterprises and the use of  tools 
such as profitability analysis. 

THE REGIONAL PICTURE 

Governments of  many persuasions now accept the position that markets 
can be very effective forces for allocating access to, and use of, resources. But they 
also recognise that markets can, and often do, fail. Potential causes of  failure are 
many, but in other parts of  this book we have referred indirectly to two of  the 
most important.

First, we have shown that actions in one part of  a landscape that deliver a 
particular benefit for an individual or group can damage the interests of  others in 
other places. For example, removing trees in one part of  the landscape can change 
dynamics of  groundwater in another, leading to salinisation and reduced production 
on a neighbouring property. Removing or thinning trees for pastoral, agriculture 
and horticultural developments will release large quantities of  greenhouse gases 
that, in combination with similar activities elsewhere, affect the entire globe through 
climate change. There is presently no market-based disincentive to discourage 
landowners from taking land modification actions having these sorts of  effects, 
because such negative externalities are rarely factored into costs of  producing the 
goods and services sought from the cleared land. 

Second, we often don’t have good information about these and other 
negative consequences of  our actions. Developers often do not take into account 
the costs their actions on others and for society as a whole. This is because (i) 
adverse landscape changes are slow to develop, (ii) changes are indirect and occur 
through long branching chains of  cause and effect, (iii) unanticipated changes also 
occur due to actions taken by others, and (iv) there are often no market-based 
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mechanisms to account for costs that occur ‘after-the-fact’.
When markets fail in this way, as they frequently have in natural resource 

management, it is widely accepted that Governments have a legitimate role – 
indeed, an obligation – to intervene to correct market failures. Governments are 
responsible for ensuring that private and wider socio-economic benefits of  land 
developments that damage resources, such as clearing savanna vegetation, are not 
achieved at unfair costs to other members of  society. 

The Governments role is also critical to ensure that uses of  savanna resources 
are genuinely sustainable; that we are not running down natural capital in a way that 
will eventually reduce the well-being of  all members of  society. Another way of  
expressing this concept is to invoke the notion of  ecosystem services: Governments 
intervene to ensure that basic requirements of  life, such as high quality water 
and air, are available to all and that rapid changes to landscapes do not damage 
the capacity of  both modified and natural systems to provide services. When 
Government take measures to regulate land clearing to discharge that obligation 
ensure the sustainability of  ecosystem goods and services, they face a number of  
challenges in formulating and applying resource use laws and policies.

If goals are regional, why regulate at the property scale?
There are two obvious pathways available to Government to prevent or 

better distribute the environmental and other costs of  land clearing. First, given 
that Governments play a critical role in releasing land for agricultural and pastoral 
development, they could plan releases to minimise costs and risks of  negative 
externalities. Such plans could include, for example, setting aside reserves to protect 
important watersheds and habitats critical to endangered biota. 

Second, when land is released for development, Government regulations 
would clearly specify from the outset the constraints that apply to vegetation clearing 
so that potential buyers can take these constraints into account when deciding 
whether to purchase the property. The reality is, however, that in the past most 
decisions about properties, their sizes, and their function the landscape, were made 
when attitudes were different and there was less information available about the 
downsides of  intensive development. And, because information and understanding 
grows year by year while agricultural and pastoral technology changes, Government 
regulations and policies made yesterday will likely be out of  date, and pressures to 
adjust constraints will to continue to arise.

Present regulatory settings across all north Australia jurisdictions, from 
Queensland, the Northern Territory to Western Australia, focus on influencing 
the actions of  individual landholders. The aim of  these regulations is to have 
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landholders go beyond just protecting the productive potential of  their individual 
properties, but to encompass delivery of  wider social goals at larger spatial scales. 
These wider goals may be specified at the scale of  catchments, regions, or even 
the nation. Because realising objectives at these scales is determined mostly by the 
sum of  decisions taken by individual landholders, it is at this level that Government 
interventions are most effective.

Government land clearing regulations
Establishing that Government interventions are needed to protect ecosystem 

services is one thing, but specifying the mode of  intervention and the criteria that 
should trigger intervention is quite another. Knowledge is sparse to show that, for 
example, land clearing of  amount A by action B will have effect C at a level D is 
clearly unacceptable. The weakness of  our knowledge base is exacerbated because 
impacts will often vary markedly with context. This is no less true of  land clearing 
than of  other changes in natural systems.

 The Federal Government has responded to this lack of  knowledge by 
establishing a general framework of  constraints for regulating broad-scale land 
clearing to help guide regulations developed and implemented by States and 
Territories. In 1999, the Australian Government established the Environment 
Protection and Biodiversity Conservation Act (EPBC), which is a national 
framework for managing and monitoring native vegetation (see www.environment.
gov.au/epbc/); this national framework was endorsed by all State and Territory 
Governments. The aim of  the EPBC Act is to promote the conservation and 
restoration of  native vegetation by, for example, reducing land clearing. The 1999 
EPBC Act identifies land clearing as a key threatening process and provides special 
protection for listed threatened native vegetation communities. Habitats important 
for migratory, threatened, and marine wildlife may also receive protection under 
this Act. 

In addition, a National Water Initiative (NWI) was endorsed in 2004 by 
the Federal Government and the three northern Australia State and Territory 
Governments (see www.envrionment.gov.au/water/australia/nwi/). The NWI aims 
to plan for increases in the efficiency of  water use while providing for environmental 
needs. However, the NWI does not deal directly with land clearing, even though it 
affects water availability and, especially, water quality. The focus of  national goals 
for managing land clearing are clearly more on conserving biodiversity so that 
Australia is seen to be meeting international obligations.

The Queensland Government has adopted the most elaborate arrangements 
of  the three north Australia jurisdictions. Vegetation clearing is regulated under 



72

both the Vegetation Management Act 1999 and the Sustainable Planning Act 2009 
(see www.derm.qld.gov.au/vegetation/clearing/). Applications by landholders 
to obtain permits to clear native vegetation are assessed by the Department of  
Environment and Resource Management (DERM) according to a mapping of  
remnant vegetation at a regional ecosystem scale. The goal is to protect a diversity 
of  vegetation types, including those that are rare in the regional or wider Queensland 
landscape. Applications must meet “regional vegetation management codes” that 
are applicable to remnant vegetation on freehold, Indigenous lands, and State 
leasehold lands. Currently (2011), permits are not required to manage woody 
regrowth, but landholders must notify DERM that they intend to clear regrowth, 
and this clearing must comply with a “regrowth vegetation code”. 

In Western Australia, native vegetation clearing requires a permit issued 
under the Environmental Protection Act 1986 (see www.epa.wa.gov.au/EIA/
EPAReports/). The WA-EPA evaluates clearing applications in relation to impacts 
on biodiversity, land degradation and water quality. To obtain a clearing permit, 
applicants must demonstrate, for example, that they will not reduce total vegetation 
cover or cover of  any vegetation type in the bioregion or local area below 30% of  
its original extent. For high value agricultural developments, such as the Ord River 
Irrigation Area, the cover of  deep rooted vegetation in the local area needs to be 
more than 50% so that hydrological processes function to avoid salinity problems. 
The EPA also considers possible losses in biodiversity and to degradation or soils 
and water quality.

In the Northern Territory, native vegetation clearing is regulated by both 
the Planning Act and the Pastoral Land Act. Permits to clear any native vegetation 
are issued by the Department of  Natural Resource, Environment, the Arts and 
Sport, which evaluates how closely clearing applications meet specific guidelines 
(see www.nt.gov.au/nreta/natres/natveg/controls/). These guidelines specify that 
clearing is not permitted in areas with special vegetation types, such as monsoon 
rainforest, vine thickets, and wetlands (Hosking, 2002). Guidelines also specify a 
number of  mitigation measures, such as buffers along riparian zones and avoidance 
of  steep slopes, but they make no specific references to protection of  water quality 
standards as a regional goal. They do not deal with greenhouse gas emissions 
except to endorse disposal of  cleared vegetation by appropriate burning. There is 
also a requirement that clearing applications take into account impacts on regional 
biodiversity, although no quantitative rules have been formally established to guide 
decisions on biodiversity impacts.

In summary, it is clear that Government regulations will continue to constrain 
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landholder options, future markets and new incentives will play an equally critical 
role in determining landholder decisions about when to clear and – more often in 
the future – when not to clear.

PROPERTY PLANNING & DEVELOPMENT 

Property development, especially where it involves options that intensify 
management and land use, can offer substantial financial and personal rewards. 
These include increased returns, easier management, and a more efficient and 
attractive operation. However, when things do not work out financially or 
environmentally, it can also be a source of  personal disappointment. It can also 
create problems for other landholders and parties with a stake in the savannas. 

 Planning procedures can go a long way towards achieving positive 
outcomes while minimising adverse ones if  they are based on:

• a sound understanding of  how the landscape functions combined with,
• a long-term vision that considers the whole of  the property and its 

place in the catchment. 
In this section we will canvass some important concepts for planning 

resource use on savanna enterprises. We also highlight the central concept of  
‘choice’ in planning and development initiatives. 

Planning concepts and issues
Planning can take many forms, but a central concept is that property 

development should include a long-term vision that considers the whole of  the 
property and its place in the wider region or catchment. This holistic concept 
of  a landholders’ setting needs to be included in planning procedures. This plan 
needs to include personal, family and enterprise goals. The next step is developing 
plans to meet these goals within the limits of  their available physical, financial 
and human resources. Various state-sponsored property management planning 
systems and privately offered systems, such as ‘grazing for profit’ or ‘holistic 
grazing management’, follow this concept. In other cases, the process is less formal, 
perhaps held by an individual on the ‘back of  an envelope’ in a desk, or in glove 
box of  the farm truck.

Whatever the system of  planning, be it formal or informal, an important 
consideration is that decisions made now for development, especially involving 
the removal of  trees, can have impacts both on a property, and well beyond its 
boundaries. Moreover, these impacts will be generally felt long into the future, likely 
affecting the present managers’ heirs or even generations beyond that. 

For these reasons, it is important that mangers have a long-term goal that 
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they are working towards, especially one that is supported by a good understanding 
of  the importance of  healthy savannas (see Chapter 2) and the impacts of  various 
management actions on that health (see Chapter 4). Moreover, the goal should take 
into account the place of  the property in the region or catchment, and consider any 
impacts (especially negative ones) that management actions taken on the property 
may cause elsewhere (Box 5.1). 

Properties are linked across landscapes
Properties are linked across landscapes – largely as aggregations of  land 

units such as soil and vegetation types within micro catchments, which by definition 
form landscapes because they are interconnected by ecological and hydrological 
processes and functions (Ludwig & others, 1997). These linkages are typically 
described in terms of  transport patterns of  resources around the landscape, both 
locally and regionally. For example, how water, seeds and nutrients may originate 
in one part of  the landscape and be deposited somewhere else by water, wind, 
animal or genetic transport. 

Water transport is a common source of  movement of  materials within 
landscapes. Because water flows downhill, management impacts in riparian areas 
and further afield through the medium of  regional water bodies, such as rivers 
flowing into the Great Barrier Reef  Lagoon, are a major source of  problems for 
rangeland manager, such as those in the Burdekin (McCullough & Musso, 2004).

Landscapes are linked in both time and space
The idea of  ‘scale’ crops up in any discussion of  landscapes and how they 

might best be managed. This, in turn, involves consideration of  both time and space. 
For example, storms in the early wet season, which might lead to run off, could 
be of  quite short duration and fall in a few scattered places. Therefore, sediment 
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or nutrient transport may be fairly localised and not even reach a watercourse. 
More substantial and frequent storms may saturate soils over a wide region and 
involves flows into major rivers and lakes, such as how heavy rains in southeast 
Queensland flow into Cooper Creek, through the Channel Country and on into 
Lake Eyre. Another example is how heavy rains in eastern Queensland eventually 
flow as ground water in the Great Artesian Basin.

This range of  temporal and spatial scales is obviously important to sensible 
property planning. Many rangeland monitoring systems, such as Landscape Function 
Analysis (Tongway & Ludwig, 2011), involve evaluating soil surfaces for indicators 
of  water-plant processes at sites within paddocks. These scales are appropriate for 
monitoring and assessing short distant flows of  resources or localised impacts such 
as erosion rills and plant species composition changes. However, the larger scale 
processes of  kilometres and more are also being seen to be relevant to savanna 
health and sustainable land management; and regional approaches to resource 
monitoring and planning are becoming increasingly important (Bastin & the ACRIS 
Management Committee, 2008).

Catchment issues – linkages to the outside world and a source of conflict.
There is a cliché attached to many annual rural shows held in the various 

State Capitals, such as Brisbane, that they are the one time of  year that ‘the-bush-
meets-the-city’. However, this is somewhat misleading, because in reality meetings 
between bush and city occur more frequent, and often less convivial. This is 
because of  conflicts over serious issues such as quality water. At times, poor water 
arrives in cities through water pipes and taps from reservoirs located in regional 
catchments, which are dominated by agricultural activities – runoff  and erosion 
can pollute reservoirs. Indeed, regional catchments have a singular importance to 
planning because their boundaries commonly trace the drainage basin for a major 
river. Adverse impacts of  poor management planning decisions commonly reach 
affected third parties through the pathway of  the watercourse. 

Few properties, however, actually span entire catchments and the broader 
catchment scale is commonly overlooked in land management decisions being made 
at paddock or property scales. If  properties can influence other properties and, in 
turn, be influenced by them, it seems wise to include a regional perspective in any 
property planning process and day-to-day management activities.

Regions as special places for planning
Beyond sourcing and capturing flows of  resources from within a region, 

the issue of  including a regional focus in individual’s property planning processes 
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will also include the notion of  ‘special places’. That is, to consider the natural 
features of  a property’s landscape from a regional perspective. For example, many 
properties will have some geological or natural feature that might normally be taken 
for granted by their owners, but may be unusual or rare for the broader region, 
State-Territory or Nation. Especially in cases that involve wildlife habitat or that 
facilitate migration patterns, the regional significance might be great indeed – noting 
that many savanna landscapes are generally under-represented in formal reserve 
systems (Woinarski & others, 2007).

Variation with landscapes – vive la difference!
Coming back from the broad scale of  regions, planning will ideally recognise 

the wide inherent variability of  grazing land at much smaller scales of  patches and 
paddocks within property boundaries. This variability – involving both biological 
and physical attributes – means that different tracts of  land, often tied to soil types 
and position in the landscape, such as alluvial soils along riparian zones and skeletal 
soils on rocky hillslopes, will have different potentials for conserving resources and 
for productivity (Tongway & Ludwig, 1997). Understanding these potentials and 
limitations helps land managers maintain healthy savannas, which also promotes 
sustainable land use practices and healthy people (Burgess & others, 2005).

Property planning takes a long look at existing resources, opportunities and 
limitations, and lays down a path for moving to the best available outcome for the 
managers, the savanna environment, and the interests of  the wider community. 
In doing this, the planning process should not be unduly influenced by past 
management practices and present infrastructure, although realistically these will 
obviously have a significant bearing on what can be achieved in the short-term.

Dealing with an uncertain world
Uncertainty is a fellow traveller of  agricultural and grazing land manager 

across Australia, such as those managing tropical savannas. High in the listing of  
sources of  uncertainty is the issue of  ecological impacts of  different management 
actions both in time and space Uncertainty might be manifest in how and why 
different impacts arise, where they will show up, over how large an area, and 
when are they most likely to occur. This uncertainty can be further heightened 
by compounding effects of  seasonal conditions, compounding effects of  several 
management actions, such clearing, grazing and fire, buffering effects of  grazing 
animals, and diffuse sources of  disturbance, such as cyclones sweeping across a 
landscape. 

In some cases, the adverse impacts may affect both production and 
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conservation, and in some extreme case may be irreversible in a technical, ecological 
or economic sense, such as severe and deep soil salinity. In most of  these cases, 
and especially the last, the scope for regret to follow on the heels of  poor planning 
and implementation is considerable – suggesting that planning be conducted with 
some sense of  precaution (Box 5.2).

The precautionary principle of  conservative or delayed development should 
be adopted when ecological responses to management are highly uncertain, 
prospective impacts are long-lived and/or the scope for irreversible outcomes is 
large.

Taking a fresh look at options 
In summary, planning is all about looking ahead and weighing up options. 

While existing enterprises and their infrastructure will be strongly determined by 
choices made in the past, coupled to natural resource endowments, market forces, 
access to finance, previous climatic events and managerial capacity, the past is gone 
and the future is waiting. In fact, some of  the infrastructure on existing enterprises 
will now be redundant or nearing the end of  its physical or economic life. Some 
other parts of  the infrastructure might only be used because of  its durability and 
would not be replaced under existing circumstances. Planning is a strategic activity 
and presents managers with an opportunity to take a fresh look at their resources, 
opportunities and goals – essentially to start anew. 

PROFITABILITY ANALYSIS FOR PASTORAL ENTERPRISES 

In the previous two sections we have canvassed concepts and issues 
surrounding the need to have a clear vision for planning sustainable landscape 
management. We also noted the need to develop management plans that look to 
the future and are precautionary. A key question to ask before any action is taken 
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to implement these plans is whether they will actually make the enterprise better 
off. That is, will it be economic, or should we go back to the drawing board. In 
this section we briefly present some simple concepts of  economic profitability to 
help choose between the many options that are available to managers.

Sustainable land management is about making informed choices
Economics is about making choices rather than money. This concept of  

‘choice’ is a critical element of  economics, and is not really about making money 
per se, but actually about making informed choices. Should we follow one course 
of  action or some other course of  action? When seeking an ‘economic analysis’ for 
a project, the first step is conceptualising the nature and scope of  the alternative 
choices on offer, and to recognise which alternatives can be quantified and valued, 
which can be quantified but not valued, and which cannot even be quantified even 
though we know they exist and are important. We should try to incorporate all 
of  these into our choice deliberations, and recognise that the dollar numbers we 
produce contribute to the choice decision, but do not dictate it. Otherwise, we 
run the risk of  ignoring important non-dollar components, such as biodiversity 
and aesthetic values, which increasingly are being articulated by the non-rural 
community.

INVESTMENT ANALYSIS CONCEPTS

Everyone at some stage in our lives will have made investments, and also 
attempted to work out what return we might be getting on them. At its simplest, 
this may have involved some estimate of  the annual return from the investment and 
a comparison with the capital outlaid. An example might be a return of  $8,000 per 
year (net of  costs other than interest and loan repayments) on a new facility costing 
$200,000. In this instance the return on capital invested would be 4% per annum.

A more involved scenario could involve investing money into an enterprise 
over time to improve profitability, perhaps also gradually over time. Return 
on capital invested in this instance is more difficult to pin down because the 
magnitude and timing of  the various outlays and returns might be quite different. 
Economic approaches to analysing these more complex investments typically rely 
on discounting future costs and benefits back to a ‘present value’, which is used as a 
measures of  investment performance - referred to as ‘discounted cash flow analysis’.

Time is money – discounting the future
A lot of  people find discounting a bit hard to understand, but in fact its logic 

is fairly simple. Basically, a benefit received today is usually better than the same 
benefit received at some point in the future, for no better reason that the sooner 
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we receive it, the longer we have to enjoy it. In discounted cash flow analysis, this 
is formalised as an interest rate, which we use as the discounting mechanism and 
incorporated in one of  several investment criteria – net present value (NPV), 
benefit-cost ratio (B/C) and the internal rate of  return (IRR), which are defined 
as follows: 

NPV, net present value, is the present value of  benefits less the present value 
of  costs. These values are calculated for a particular interest rate (which should be 
the ‘opportunity cost’ of  capital). NPV is a measure of  the overall profitability of  
the investment at that interest rate. So long as NPV is positive, the investment is 
earning better than the interest rate used to calculate NPV.

B/C, benefit-cost ratio, is the net present value of  benefits divided by the 
net present value of  costs.

IRR, internal rate of  return, is the overall rate of  return on funds invested in 
the project; and can be calculated off  the NPV formula by a trial and error process. 
For instance, if  NPV is positive at 10% interest (i.e. the project is profitable), then 
return on capital must logically be more than 10%. So we try it again at 15%, 20 
% etc. At some point, we find an interest rate for which the NPV comes to zero; 
this is the ‘internal’ rate of  return on the investment. 

One other measure of  profitability is sometimes used is the ‘annualised 
return’. This is the amount that if  received every year (for the same period as the 
analysis) would produce the same NPV as the actual figures. Annualised return may 
be easier to get our minds around than lump sum present values and percentages. 

ANALYSIS AT THE MARGIN

An important economic convention is to analyse choice problems ‘at the 
margin’. That is, by restricting the analysis to a comparison of  any extra outputs 
with the extra inputs committed, the analysis is isolated to the critical impact of  
the change. This gets to the heart of  the matter and simplifies the analysis. The 
expression of  outcome may be something like $x more profit for the investment 
of  $y more capital, plus time and worry and perhaps some positive or negative 
environmental consequences.

At the heart of  the marginal convention, when looking at a budget, is the 
question of  ‘compared to what’. To arrive at the extra costs versus extra returns 
equation we need to be comparing the existing plan with a proposed plan, such as 
with and without tree clearing. Investment analysis tools, such as the Breedcow and 
Dynama software packages, are free and available to help make these comparisons 
(search for “Breedcow & Dynama software” in www.dpi.qld.gov.au/). They 
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compare, for example, the profitability of  different cattle management options, 
plan the transition from one management system to another, and apply investment 
analysis calculations to a comparison of  ‘do nothing’ and ‘change’ scenarios (Bray 
& Golden, 2009). 

EXTERNALITIES – ECOSYSTEM AND AESTHETIC ISSUES

In the sections above on planning, we highlighted the concept of  
‘externalities’ (Box 5.1), which are off-site and perhaps unintended consequences of  
making development choices. These are particularly important because ecological 
and aesthetic values are becoming increasingly important to urban voters and 
politicians who are busy redefining landholder rights, especially as they relate 
to issues such as greenhouse, biodiversity, quantity and quality of  runoff  water, 
salinity, weeds etc.

Change to grazing land management that is beneficial to the landholder may 
also benefit ecosystem and aesthetic values, or it may be at the expense of  these 
values. In the best of  all possible worlds, society should be willing to compensate 
landholders for sacrificing their (landholders’) best interests to adopt instead socially 
optimum management decisions.

By noting the difference between what management options are best 
for the landholder versus those that are desired by society, investment analysis 
provides a framework for determining the level of  compensation required to 
induce landholders to adopt socially desired solutions in preference to what 
would otherwise be best for them. In theory at least, this can apply to all sorts of  
issues including, for example, timber retention for greenhouse sinks, retention of  
vegetation to benefit endangered species, and controlling the quality of  discharge 
water.

There is already some recognition of  these inducements, such as the use of  
payments to landholders to achieve desired societal outcomes. In the USA there is 
an example of  landholders ‘selling’ non-development or conservation covenants 
on land titles. Whilst embryonic, such moves may lead the way to reconciling 
production, conservation and other land-use objectives.
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FURTHER READING
Although the following books and web sites have been cited in the text and listed as 
references, here we select and list those major books and web sites that we found to 
provide general and comprehensive information about the value and management 
of  trees in savanna landscapes. 
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APPENDIX: MEASURING TREES IN SAVANNA 
LANDSCAPES

To monitor and detect changes is the density and size of  trees on a site, this 
Appendix describes some ways to measure trees.

BASAL AREA ESTIMATION

Basal area is the most commonly used and convenient measure of  the density 
of  trees in a forest or woodland. We could measure the entire stand density or just 
the density of  “woody weed” species. Basal Area (BA) is simply the cross-sectional 
area of  all the trees at breast height per hectare of  forest (m2/ha). Basal Area can 
also be used to estimate stand timber volume (given knowledge of  tree heights) 
and is a useful measure of  the degree of  competition in the stand. The basal area 
of  a forest can be determined in two ways:

1. Sum of individual tree basal areas
The most accurate method of  assessing the basal area of  a stand of  trees is 

to measure all tree diameters (DBH in cm) in a plot, calculate the individual tree 
basal areas and then add them up. This could be done for the whole stand or for 
individual woody  species on a site. Spreadsheets are ideal for tabulating these data 
and calculating:

• Basal Area of  a tree (m2) = (DBH/200)2 x 3.142 
• Stand Basal Area (m2/ha) = (Sum of  the basal areas of  each tree in the 

plot)/(Area of  the plot) 
Note, this method is very time consuming, but gives very accurate results. 

2. Optical method of assessing Basal Area
Basal Area per hectare can also be estimated using an optical gauge method. 

A gauge of  known width is held at a set distance from the eye. This defines a fixed 
angle for observations, known as a factor. The observer then turns around on a 
set point observing each tree (at breast height) counting the number of  trees that 
appear wider than the width of  the gauge (Figure A.1). If  a tree appears wider than 
the gauge, it is considered as ‘in’ and counted as 1. If  a tree appears to be exactly 
the same width as the gauge it is counted as 1/2. Trees that appear smaller than 
the width of  the gauge are ignored. The total count is multiplied by the “factor” 
of  the gauge to give the basal area per hectare.

This method is an internationally used method for measuring forest tree 
density. It was developed by foresters in Europe in the 1930s and was introduced 
to Australia in 1952. The gauge we normally use here in Australia has four factors 
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(0.5, 1, 2, 4). The mathematics behind the technique is a bit complicated, but it 
is not important to understand it to use the this simple and rapid technique for 
measuring trees.

When using this method, we note the following:
• Each tree must be viewed at breast height (1.4m) 
• It is important to turn on a single point keeping an eye over the same 

point on the ground 
• Leaning trees should be viewed at right angles to the stem 
• The distance from the eye to the gauge is important, although if  the 

user holds the gauge 1cm away from the correct position then the error 
will be less than 5%

• The greater the number of  “1/2” trees the less reliable the density 
estimate 

Figure A.1. In this diagram, tree 1 is “in” and scores 1, tree 7 is the same 
width as the gauge and scores ½, and tree 4 is ‘out” and scores zero. For this 
example, using a 2 factor gauge, the operator counts 11 trees that appear wider 
than the gauge and 3 that appear to be the same width, so using the equation: 
Basal Area (m2/ha) = Factor x Count, we estimate a tree density = 2 x (11 + (3 x 
0.5)) = 25 m2/ha.
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• Care must be taken to view trees hidden behind other stems or 
undergrowth. If  necessary the user can move sideways provided the 
distance to the tree is not altered. The user should then return to the 
original point before turning to view the next tree 

• A total count of  about 10 trees is recommended. If  the count is lower 
than 5 or greater than 15, a different factor gauge should be used 

The optical gauge can be made of  simple materials. The important thing 
to get right is the width of  the cross-bar and the length or the rod or string. For 
a 1% gauge this means a string length of  500 mm and a cross-bar width of  100 
mm. We use a gauge made of  a hardwood cross-bar and a length of  nylon cord. 
We have seen gauges made of  aluminium rod with an aluminium angle cross-bar, 
held in place with set screws and epoxy resin. Both seem to work equally well. 

CANOPY COVER ESTIMATION

The above optical gauge method can also be used to estimate the percentage 
canopy cover of  trees or shrubs in a stand of  vegetation. It works on the same 
principle as the optical gauge, with a fixed angle defined to give a factor, but in this 
case you sight along a string or rod of  fixed length to a cross-bar of  fixed width, 
you turn around a fixed point and score whether a tree or shrub canopy is “in” – 
the maximum canopy width is wider than the gauge – or “out”. Again the optical 
gauge has a percentage factor – we usually use a 1% gauge. Care must be taken to 
view trees or shrubs hidden behind other stems or undergrowth. 
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