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This series of publications, Earth Observation: Data, Processing and Applications, comprises
three volumes. Volume 1 in this series, Data, is presented as three sub-volumes, which together
outline the basics of Earth Observation (EO) in terms of energy sources, data acquisition,
sampling characteristics, image availability, data interpretation, and usage. Volume 2, Processing,
(six sub-volumes) describes the various options involved with image representation, analysis,
transformation, integration, and modelling, including details of relevant algorithms, with
emphasis on their underlying mathematical and statistical principles. These volumes provide
valuable background information for understanding specific applications of EO. They also define
terminology used in Volume 3, Applications, which currently comprises two sub-volumes: 3A,
Terrestrial Vegetation, and 3B, Surface Waters.

Volume 3A details how EO methods can be used to understand and monitor vegetation growing
on land. The introductory sections in this sub-volume describe background topics that are
relevant to maximising the value of EO for studies of terrestrial vegetation. Sections 1to 3 below
introduce the Australian vegetated environment in terms of topography, climate, ecoregions, land
use, and vegetation dynamics, and some of the methods that have been developed to map and
monitor it. Sections 4 to 7 respectively summarise attributes of foliage, plants, communities, and
ecosystems that are relevant to EO-based studies. Sections 8 to 10 review EO-based methods that
are relevant to vegetation mapping, monitoring, and modelling, while Sections 11 to 20 introduce
specific application areas where EO datasets are being used in Australia. Section 21 concludes this
sub-volume by looking ahead.

Contents
1 The Vegetated Landscape 3
2 The Australian Environment 21
3 Mapping Vegetated Landscapes 57

Background image on previous page: This view of the Australian continent (shown as Mercator projection) was created by merging colour-coded
topography with relief shading using data acquired by the Shuttle Radar Topography Mission (SRTM; see Volume 1) in February 2002. Northeast slopes
appear bright and southeast slopes appear dark, with green indicating low elevations, rising through yellow and tan to white for highest elevations
Source: NASA. (Retrieved from https://earthobservatory.nasa.gov/images/5100/australia-shaded-relief-and-colored-height)
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1 The Vegetated Landscape

Vegetation plays a crucial role in regulating environmental conditions, including weather and climate. The
amount of water and carbon dioxide in the air and the albedo of our planet are all influenced by vegetation,
which in turn influences all life on Earth. Soil properties are also strongly influenced by vegetation, through
biogeochemical cycles and feedback loops (see Volume TA—Section 4). Vegetated landscapes on Earth
provide habitat and energy for a rich diversity of animal species, including humans. Vegetation is also a major
component of the world economy, through the global production of food, fibre, fuel, medicine, and other plant-

based resources for human consumption.

In this section, we introduce vegetation in the context of:

= environmental factors and gradients (see Section 1.1);

= ecological units (see Section 1.2); and
= terrestrial ecosystems (see Section 1.3).

Life did not take over the globe by combat,
but by networking.
(Margulis and Sagan, from 'Microcosmos”)

11 Environmental Factors and Gradients

All living organisms interact with the environment in
which they live. The environment largely determines
where organisms can survive and reproduce and,
conversely, organisms modify their environment over
time to enhance their survival and prosperity.

Any element of the environment that influences

living organisms is termed an environmental

factor. While these factors are interrelated, they

are generally discussed individually to discern the
many and complex relationships that exist within the
environment as a whole. These factors are generally
subdivided into two categories:

= biotic—plants (see Excursus 1.1), animals (including

humans), and microorganisms (see Section 1.1.1);
and

= abiotic—climate, substrate, and disturbances (see
Section 1.1.2).

Environmental factors can have a wide and diverse
range of potential influences on vegetation
establishment and development. Different species
have varying tolerances to various environmental
factors, their impact being most critical at the stages
of reproduction and establishment. While a balance is
important in any environment, all factors can interact
and compensate for changes in other factors. For
example, nutrient requirements for certain plants are
altered when growing in shade rather than in full sun
(see Section 4).

Some environmental factors, such as parent material,
can change abruptly, but most change gradually
with boundary conditions being defined along a
gradient (see Section 1.1.3). Both abrupt and gradual
environmental changes are generally evidenced

by corresponding changes in the distributions and
assemblages of species, although gene flow and
genetic drift may explain cases where the range of
species ends abruptly along smooth environmental
gradients (Polechova and Barton, 2015).

Background image: New England National Park, NSW, photographed on 31 December 2008. Source: Cgoodwin, Wikimedia Commons. (Retrieved from https;/

commons.wikimedia.org/wiki/File:NewEnglandNP,jpg)
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Excursus 11—Classifying Vegetation

Classification of life forms was introduced in Vascular plants are those with vascular tissues (xylem
Volume 1A—Section 3.4. The Plant Kingdom has been and phloem) to distribute water and nutrients, such
further sub-divided on the basis of morphology and as ferns, grasses, shrubs, trees, and other flowering
reproductive characteristics. Many classifications plants. Please note that some photosynthesising

have been developed for this purpose based on the forms of algae, such as blue-green algae, are now
basis of different distinguishing traits. The terms regarded as bacteria, not plants (see Volume 3B).

referenced in this text are summarised in Table 1.1.

Table 11 The plant kingdom

Internal transport Reproductive
. X Group Sub-group
mechanism mechanism

4 Algae and fungi Mostly aquatic algae (see Volume 3B)
Non-flowering and Liverworts
Non-vascular non-seeding plants;
reproduce via spores Bryophytes Hornworts
Mosses
Psilophytes (two small genera of fern-like plants)
Non-flowering and Lycophytes (club mosses; five genera with > 1000 species)
non-seeding plants; Pteidophytes
reproduce via spores Sphenophytes (horsetails; one genus)
Pterophytes (ferns; ~9,000 species)
Cycads (one genus: Cycadaceae; < 200 species)
Vascular ) ) ) .
Gymnosperms Ginkgo (one genus and species: Ginkgo biloba)
(non-flowering;
seeding plants with seed not enclosed in fruit) Conifers (two orders: Pinales and Taxale; ~200 species)

roots, stems, and

[— Gnetophytes (three genera; ~ 100 species)

Angiosperms Monocotyledons (one seed leaf; ~60,000 species)
(flowering plants with enclosed
seeds) Dicotyledons (two seed leaves; ~200,000 species)

Adapted from: Campbell et al. (2006) Table 291

A number of categorisation schemes have been habitat—based on growing conditions:
proposed to differentiate plants on the basis  terrestrial:
of defined traits and/or their function within an

¢ aquatic;
ecosystem, such as:

¢ aerial; or
= |ife form—based on perennating bud height * lithophytes;

(Raunkieer, 1904):

= water content—based on moisture requirements:
¢ phanerophytes (> 50 cm above ground); o hydrophytes (aquatio:
¢ chamaephytes (< 50 cm above ground); + helophytes (marsh):
¢ hemicryptophytes (at soil surface); + hygrophytes (moist); or
¢ crytophtyes (below ground or under water); o xerophyte (ry;
¢ therophytes (annuals from seed); or

) ) ] leaf loss—based on foliage longevity:
¢ epiphytes (in the air, on other plants);
¢ evergreen;
= growth form—based on general appearance or . .
habit: ¢ semi-deciduous; or

* woody (trees and shrubs); or ¢ deciduous; and

¢ herbaceous (grasses), see Section 5.1); " longevity—based on plant life span:
¢ annual;
¢ biennial; or

¢ perennial.
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111 Biotic factors

Biotic environmental factors include all living and
dead organisms. These components can be broadly
divided into three categories on the basis of their
environmental function:

= producers (autotrophs)—plants that convert solar
energy into food via photosynthesis;

= consumers (heterotrophs)—animals and fungi that
rely on producers (or other consumers) for food; and

= decomposers (detritivores)—microorganisms that
decompose producers and consumers to recycle
their components.

For an environment to be stable, it is important that
the size of these groups be balanced with respect

to the available resources. Producers extract

basic nutrients from the abiotic environment and
thereby increase their availability to consumers

and decomposers. While plant growth assists sail
formation, plant decomposition enriches the humic
content of soil. Decomposers play an essential role by
recycling nutrients within the environment. In excess,
however, they may threaten the livelihood of both
consumers and producers. Likewise, an excess of
consumers would devour all producers and threaten
their own existence.

Both within and between these sub-categories,
various types of interactions can exist between a
given pair of organisms. As summarised in Table 1.2,
some interactions benefit one or both organisms,
while others are detrimental to one organism. The
dynamics of these interactions, however, continuously
change with the number of organisms, limitations in
resources, and variations in abiotic factors.

Table 1.2 Interactions between biotic components

1 The Vegetated Landscape

By virtue of their consumption, heterotrophs use

the productivity of autotrophs to survive. Animals,

for example, eat plants (or other animals). These
dependencies create a unidirectional flow of energy
within the local environment in the form of food. Most
environments involve a series of dependent organisms
that can be represented as a food chain. These may
be interlinked to form a food web in large ecosystems,
with simple food webs tending to occur in less stable
ecosystems (see Section 1.2.3).

Consumers assist producers by spreading
reproductive material (called propagules: seeds,
spores or cuttings). Propagules can be either carried
by animals or eaten then excreted. These processes
allow species to be introduced into new areas, which
may offer more appropriate conditions and/or less
competition. Plant species can also migrate to new
regions when propagules are dispersed by wind

or water.

Migration enables organisms to escape an
unfavourable environment and, over time, can lead

to large scale environmental changes. Dispersion

and emigration may occur to avoid a variety of
undesirable outcomes, such as competition for mates
or resources, inbreeding, or aggression resulting from
overcrowding.

Various interactions can also occur between
producers, which can help or hinder other species.
Canopy vegetation in a tropical rainforest, for
example, creates microclimates that allow more
delicate species to survive. In other environments,
such as pine forests, dominant species expand to
use all available resources (space, light, water, and
nutrients) to the exclusion of less vigorous plants.

[ = == ==

Mutualism Favourable Mutual interdependence between species for
growth and survival

Commensalism  Neutral One species depends on another without cost to
the host

Co-operation Neutral Both species can live separately but choose to help
each other

Exploitation Unfavourable  Host species is harmed by dependent species

Competition Unfavourable  One species is suppressed by the presence of
another

Amensalism Unfavourable  One species is inhibited by another without benefit

to either

Bees pollinating flowers while collecting nectar;

Legumes growing with soil bacteria to fix nitrogen

Epiphytes growing on host plants;
Exocarpus deriving nutrients from eucalypt roots

Predator alarm systems between species

Parasites and predators

Often related to restricted resources such as light or food

Animal traffic on vegetation

Volume 3A: Applications—Terrestrial Vegetation




Vegetative cover also modifies the impact of specific
abiotic factors. For example, vegetation tends to
reduce throughfall, that is, the amount of atmospheric
water reaching the ground. Different forest types
allow different degrees of throughfall: 50-80% in
broadleaf evergreen forests compared with 90% in
eucalypt forests. A reduction in throughfall reduces
the risk of soil erosion and enables vegetation to
absorb more moisture. Similarly, vegetative cover
insulates the soil from solar radiation and reduces soil
temperature and evaporation. It also offers protection
from wind and water erosion (see Section 11.5).

Many plants growing in harsh environments

have adapted to those conditions and developed
mechanisms to withstand climatic extremes and
capitalise on favourable conditions. The continued
survival of all biotic components depends on
adaptation to changes in abiotic factors.

Some plant and animal species are opportunistic—
they can exploit the conditions created by disturbance
and rapidly colonise the modified environment.
Opportunistic plants are often labelled ‘weeds’ and
can present significant challenges to land managers
(see Sections 2.3.2 and 15).

Indicators serve four basic functions: simplification, quantification, standardisation and communication.
They summarise complex and often disparate sets of data and thereby simplify information.
They should be based on comparable scientific observations and statistical measures.

They also need to provide a clear message that can be communicated to,
and used by, decision makers, stakeholders and the general public.

(UNEP, 2003

11.2 Abiotic factors

Abiotic factors will be discussed in terms of three

groups:

= climate—precipitation, rainfall, light, and wind (see
Section 1.1.2.1);

= edaphic factors—parent material, soil, and
topography (see Section 1.1.2.2); and

= disturbances—fire, storms, and tectonic activity
(see Section 1.1.2.3).

11.21 Climatic factors

Climate is the net result of a delicate balance of
physical factors, being expressed as the pattern

in weather over a period of time (see Volume 1A—
Section 4). It is primarily concerned with parameters
such as light, temperature, precipitation, humidity,
evaporation, and wind. While these factors largely
shape global vegetation distribution, their impact on
the local environment is moderated by vegetative
cover. Conversely, vegetation has been recognised
as one of the primary indicators of land condition
(see Section 7.3) and can affect regional climate and
weather patterns due to the release of water vapour
during photosynthesis (Green et al., 2017).

Although the ‘macroclimate’, or major climate forces,
is easily discernible, its manifestation can vary
considerably within short distances and with changes
in edaphic factors (see Section 1.1.2.2) and the
blanketing effect of vegetation cover. The principal
climatic factors impacting terrestrial vegetation are:

= Precipitation—while the frequency, abundance,
and form of precipitation collectively shape biome
distribution, vegetation cover also influences
the volume of water that can penetrate the soil
to recharge the water table (see Volume 3B).
Furthermore, precipitation responds to vegetation
changes through land-atmosphere feedbacks (Sheil
and Murdiyarso, 2009; Li et al., 2018). Precipitation
is viewed as the major limiting factor in terrestrial
ecosystems and has been correlated with Gross
Primary Productivity (GPP; see Section 7.4).

= Humidity—the proportion of atmospheric moisture,
directly impacts—and is impacted by—biota.
Relative humidity within dense vegetation, for
example, is higher than in the air above bare ground
due to plant transpiration (see Section 5.2.3). Such
variations create microclimates for a range of
organisms.
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= Temperature—both affects and is affected
by vegetation cover. Vegetation distribution
is directly related to air and soil temperature.
Evapotranspiration, the release of water vapour into
the atmosphere from evaporation and transpiration,
increases with air temperature (see Sections 5.2.3
and 7.5). Thermal profiles, showing changes in
temperature with height above ground, reveal that
the greatest variations in the diurnal temperature
range occurs near the soil due to absorption
of solar energy (see Section 7.5). Shading by
vegetation can also modify thermal profiles (Pianka,
2011. For example, forest vegetation can reduce
heat loss by 1-3° over the annual cycle. A suitable
temperature range for a species generally coincides
with a particular geographic range but pockets of
atypical temperature can result from topographic
variations, or microclimates created by other plants,
allowing species to exist outside their usual range.

= Light levels—also help to determine species
distribution. Many plant species are light
dependent, with seedlings relying on canopy gaps
to become established beneath overstorey plants.
Those species occupying the upper stratum of

1 The Vegetated Landscape

vegetation, whose foliage is more exposed to solar
radiation, generally contain the largest portion

of total biomass. Diurnal and seasonal cycles
determine photoperiodism, the length of day or
night, which is also important for germination and
flowering.

= Wind—aspect and topography determine the
degree of exposure, and hence the effect of wind,
at a given location. Vegetation growing along
ridgelines is generally smaller and less densely
spaced as a result of exposure to wind, although
ridgelines are also generally more eroded, which
results in shallower and drier soils to support
growth. Diurnal cycles in wind are also common,
with greatest velocities being observed shortly
after solar noon. The interaction of wind and
vegetation (fuels) is also a key driver in the rate of
spread for fire (see Section 18). Forest vegetation
can reduce wind run by 50-75%, and thus mollifies
the impact of harsh environments on more sensitive
plants. A similarly protective microclimate can be
observed in aquatic vegetation, where the presence
of periphyton (such as algal films) reduces water
turbulence (see Volume 3B).

Disturbance by fire, defoliation, or other agents is an intrinsic and necessary part of the function
of most terrestrial ecosystems—a mechanism for reversing declining rates of nutrient cycling
or relieving stand stagnation.

(Aber and Melillo, 1997

11.2.2 Edaphic factors

Edaphic factors include the physical landform,
geological substratum (or parent material) and soil.
Although modified by altitude and aspect, the trends
in vegetation across elevation gradients are quite
marked, with interacting factors including soil depth,
temperature, and effective rainfall having the greatest
influence.

The effect of soils on vegetation distribution is
secondary to that of climate. Within a given climate,
however, much of the variation in soil and vegetation
is caused by the substratum. Soils characteristics
impact water availability, nutrient status, and soil
depth. Topographic factors, such as slope and aspect,

can create microclimates that suit particular species.
The major edaphic factors influencing the distribution
of terrestrial vegetation are:

= Parent material—whereas climatic boundaries are
generally gradational, parent material boundaries
are often sharp, causing a very marked change in
species. The substratum can also have pronounced
effects on vegetation in extreme climates, such as
the very dry or very cold, where soil development
tends to be slow. Similarly, there is a marked effect
on vegetation where the parent material contains
an excess of particular mineral compounds, such
as dolomite. In this way, highly distinctive parent
material can underlie similar soils and vegetation
even in areas with different climates.
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= Soil—results from the interaction of climate and
vegetation on the substratum, but it is often very
difficult to separate soil from the substratum.
Being developed over a period of time, certain
characteristics of soil will be indicative of past and
present local environments. Nutrient status tends
to be reflected in the age of a soil with the older,
degraded soils generally only supporting poor
quality vegetation. Nonetheless, there are many
examples of plant adaptations to relatively poor
soils. Soils have a very complex physical/biological
system, being the action site for the decomposers
in nutrient cycling. Physical properties, such as
pore size, will affect the infiltration rate of light
rain. Such soil factors can also potentially limit root

penetration and thus moisture availability to plants.

= Topography—changes in altitude are accompanied

by evident changes in vegetation. Increasing
altitude generally parallels decreasing temperature
and, often, reduced soil depth. In many ways, the
climatic changes involved with increased altitude
are similar to those involved with increasing
latitude. Aspect can enhance or diminish altitudinal
changes in vegetation. For example, in the Southern
Hemisphere, the more sheltered eastern and
southern facing aspects experience a smaller
diurnal temperature range than the more exposed
western and northern faces so are generally

cooler and moister. Soil depth and moisture

tend to increase with decreasing slope. Lower,
shallower, and less exposed slopes generally have
deeper, alluvial deposits with improved fertility

and moisture, and support a greater variety of
larger, more productive plants. Topography also
determines drainage, the ease with which water in
the landscape flows or percolates into the ground.

The richness and diversity of ecosystems are in large measure the result of the pattern of their
disturbances: the storms, fires, droughts, frosts and the animals, following occasional major events. ....
Because the disturbances occur unexpectedly, systems need to be able to cope with them when they

do occur. Coping capacity is another term for being resilient and it is maintained and enhanced by
continuous exposure to all the different kinds of disturbances across all locations at different timescales
under which the systems developed. ... Novel disturbances due to humans often exceed the evolved
resilience of ecosystems, frequently reaching tipping points into new, mostly unwanted states.
(Walker, 2019)

11.2.3 Disturbances

Disturbances are responsible for the largest
environmental changes in the shortest time. They
often result in ‘ecological drift’, a major change in
the composition and/or structure of an ecosystem
(Jackson, 1968; Bowman and Wood, 2009; Bowman

and Haberle, 2010). The primary disturbances shaping

terrestrial vegetation distribution are:

= Fire is a significant ecological factor in many
locations and its effects can be long lasting. The
impact of fire on an environment varies with its
frequency, intensity, and environmental history.
Various indigenous plant species in Australia have
developed mechanisms, such as epicormic shoots
and lignotubers, that accelerate recovery from
fire. Many species also have hard seed coatings

that require fire to germinate. Serotiny describes
the adaptation by some plants in which seed
release occurs in response to an external trigger
factor, such as fire (pyriscence), even when the
parent plant is killed by fire. Fire changes the

light and moisture environments and acts as a
nutrient recycling process, which may promote
germination. This is particularly important in dry
conditions where decomposition rates are slow.
The ash bed bequeathed by fire also provides a
fertile environment for establishment of seedlings.
Not surprisingly, fire-adapted plant traits tend

to dominate in areas that experience high fire
incidence. Given its frequency in some landscapes
such as Australia, however, Jurkis (2015) questions
the classification of fire as a disturbance.
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= Storms or wild weather is a form of environmental
disturbance that involves excessive rain and wind.
Apart from lightning strikes, the primary impacts of
storms on vegetation are flooding and windthrow.
While most plants benefit from additional moisture,
a massive excess of moisture can overwhelm
the requirements of many species. Combined
with loosened soil and strong winds, saturated
substrates often result in uprooted vegetation
and consequent damage to other organisms. In
sloping ground, saturation also accelerates erosion
and invites landslides. The environmental damage
resulting from extreme weather is often substantial
and widespread. While never welcomed, such
changes allow environments to re-establish, often
on a more stable underlying landscape.

= Tectonic activity, such as earthquakes and
volcanoes, are expressions of movement within
or between tectonic plates (see Volume 1A—
Section 3). Earthquakes release energy from
strained fault planes along tectonic plate
boundaries. This energy creates major upheaval on
the Earth’s crust and generates tsunami when the
fault lies beneath the ocean. Volcanoes introduce
new mineral matter into the atmosphere and
lithosphere from the Earth’s interior. When viewed
from a sufficiently long timeframe, both types of
tectonic activity refresh the environment on the
surface of Earth. When measured in terms of human
life however, recovery from such massive damage is
extremely slow.

= Anthropogenic disturbances that drive vegetation
and ecosystem change include land clearing
for agriculture and urban development, invasive
species, altered disturbance regimes and altered
hydrological and biogeochemical cycles. Human-
induced changes in ecosystems have reached all
corners of the globe and the rates of impact are
increasing exponentially as human population
density increases (see Sections 19 and 20).

The precise impact of these factors on any
environment will depend on the prevailing climatic and
edaphic conditions. Human activity causes significant
disturbance to ecosystem function and declines in
biodiversity, both locally and globally. While some
plant species are opportunistic, exploiting the
conditions created by disturbance to rapidly colonise
the modified environment, others are susceptible

to local extinction. EO-based time series analyses

are particularly suited to assessing the impact of
disturbances on terrestrial landscapes (see Section 9
and Volume 2D).

1 The Vegetated Landscape

Resilient systems are learning systems. .. Trying to
prevent one disturbance completely, in the name of
keeping a system safe, actually reduces its resilience.
(Walker, 2020)

11.3 Environmental gradients

Environmental factors, both biotic and abiotic, change
with space and time. In many landscapes, the natural
distribution of botanical species is closely related to
the environmental gradients of elevation, latitude,
soils, and fire (Kessell, 1979, Billings, 1970). While it is
convenient to draw clear boundaries on maps showing
vegetation distribution, welldefined transitions rarely
occur in nature. Changes in species composition

are often very gradual and can result in a variety of
mixtures along the way (see Section 1.3).

A population of organisms with a particular genetic
form resulting from genetic sorting is called an
ecotype. This can be considered as a subspecies with
particular environmental adaptations or preferences
for survival. Ecotypes of the same species can
interbreed without detrimental consequences.

A gradual change in ecotypes is called an ecocline
and is often related to changes in climate (since
parent material changes tend to occur more abruptly;
see Section 1.1.2.2). Examples of ecoclines include:

= thermocline—a temperature gradient;
= halocline—a salinity gradient; and
= chemocline—a chemistry gradient (see Volume 3B).

Ecoclines and ecotypes allow a given species to
increase its geographic range by extending the
interactions that can occur with its environment. In
time, a greater geographic range is likely to provide a
greater chance of survival for that species.

Hybrid zones, where the ranges of species or
evolutionarily significant units overlap and result

in genetic hybridisation, are considered a sensitive
marker of environmental change (Taylor et al., 2015).
Changes in hybrid zone extent may shift, expand, or
originate in new locations in response to changing
environmental conditions.
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Despite all of our accomplishments we owe our existence to a six-inch layer of topsoil and the fact that it
rains. (Farm equipment association of Minnesota and South Dakota)?

1.2 Ecological Units

Dynamic vegetated landscapes cover around 80% of
the terrestrial surfaces of our planet. Vegetation can
be considered in terms of three broad spatial scales:

= single plants (or individuals) and groups of similar
individuals (or populations; see Section 1.2.1);

= gatherings of populations—communities (see
Section 1.2.2); and

= tapestries of communities—ecosystems (see
Section 1.2.3).

A key concept in ecology is that of habitat, namely
that region where an organism likes to live. Organism
habitats are generally defined by both biotic and
abiotic factors. Biotic factors are important in the
structure and pattern of vegetation communities (see
Sections 1.1.1). The term habitat can also be used to
refer to the locality of a community, in which case

it is defined by abiotic environmental factors (see
Sections 1.1.2). A related concept is the ecological
niche, which describes the habitat characteristics as
well as the role of the organism in its environment,
including ecological functions, services, and
interactions (see Section 1.2.3). For organisms to
coexist they either become tolerant of each other,
and sympatric, or they compete until one species

is eliminated. Successive generations may also
hybridise.

The combined impact of vegetative scale on the
landscape is to create a mosaic of colour and texture.
This mosaic not only informs about vegetation type
and condition but also highlights the underlying
landscape characteristics. With an understanding

of the dominant environmental factors that shape
this mosaic, landscapes can be better managed to
improve productivity and sustainability.

1.2 Individuals and populations

Populations comprise collective groups of individuals
from the same species—that is, genetically related
plants that can interbreed. Sexual reproduction
results in more genetically diverse offspring than
asexual means and generally delivers the benefits of
greater capacity for seed dispersal, more offspring,
and higher success rates for germination and
establishment. While individuals are characterised
by those traits that are common to their species,
namely germination, growth habit, and reproduction
(see Section 5), populations are characterised by
the way they group, persist, disperse, and survive
(see Section 6). Thus, measures of size, density, age
composition, and growth rate are used to compare
populations and derive management concepts such
as carrying capacity.

Populations change with the survival rates of
individuals and the immigration or emigration of
species. A stable population of plants achieves a
balance between the initial life cycle phases of seed
dispersal, germination, and establishment, and the
final stages of senescence and death. The success or
failure of a plant largely depends on the impact of the
environment on the rates of its vital processes.

Disturbance of one kind or another
plays a crucial role in all ecosystems.
(Walker, 2020)

2 Sourced from NSW Soil Knowledge Network: http;/www.nswskn.com/soil-quotes-2/
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1.2.2 Communities

At any locality, the assemblage of plant species into
a community results from the cumulative, extended
impact of all environmental factors on the ambient
flora (Billings, 1970). Vegetation communities can
indicate past environmental conditions or events
(such as forest fires or past climatic cycles), soil
conditions (physical structure, salts, or available
nutrients) and the presence of predatory animals. A
community is characterised by a sense of order in
that it has an identity over and above the individual
and population, and functions as a unit via combined
metabolic processes (Odum, 1971.

The distribution of organisms in their environment,
and their interaction with that environment, creates
a structure that ecologist call ‘pattern’ (Hutchinson,
1953). Within a vegetation community, pattern
principally occurs in terms of vertical layering or
stratification, horizontal segregation or zonation, and
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periodicity of organism life cycles (see Section 6).
Stratification is obvious in many natural communities,
for example, as different species and individuals
adapt to different levels of light and moisture. For
example, some species, such as acacias, typically
play a transitory role in Australian forests, with both
high light requirements and lack of dominance, while
others are destined to exert dominance but may
require specific conditions for establishment. Certain
pathogens can also influence species distribution in
favourable locations.

The transition between two communities is called an
ecotone, that is, the region where they can integrate
and develop hybrid species. Such transitions may

be sharp or gradual, as evidenced by changes in
vegetation colour or height, or represent a change in
species prevalence. Species diversity may increase
within ecotones as members of both communities
co-exist.

Wherever the reign of nature is not disturbed by human interference, the different plant species join
together in communities, each of which has a characteristic form, and constitutes a feature in the
landscape of which it is a part. These communities are distributed and grouped together in a great
variety of ways, and, like the lines on a man’s face, they give a particular impress to the land where they
grow. The species of which a community is composed may belong to the most widely different natural
groups of plants. The reason for their living together does not lie in their being of common origin, but in
the nature of the habitat. They are forced into companionship not by any affinity to one another but by
the fact that their vital necessities are the same. ....

A knowledge of the communities which exist within the realm of plants is of great importance in
many ways. It throws a strong light, not only on the mutual relations of the different species which are
associated by common or similar needs, but also on the connection of plant-life with local and climatic
conditions and with the nature of the soil. It may fairly be said that in the various zones and regions of our
earth no kind of phenomenon so thoroughly gives expression to the climate and the constitution of the
soil as the presence of particular plant-communities which prevail, and, accordingly, the determination
and description of such communities constitutes an important part of geography.

(Anton Kerner Von Marilaun, 1895)

1.2.3 Ecosystems

The total biotic and abiotic factors of an environment
present in a particular area is called an ecosystem.

It represents the net result of all interactions of
biotic and abiotic factors (see Sections 1.1.1 and 1.1.2).
Ecosystems are self-regulatory and self-sustaining
systems. Other definitions include:

= a symbol of structure and function of nature
(Tansley, 1935); and

= the smallest structural and functional unit of nature
or environment (Odum, 1969).

The concept of an ecosystem has also been referred
to as biocoenosis (Mdbius, 1877) or biogeocoenosis
(Sukachey, 1944; Puzachenko, 2008), or a biome. More
recently the term biome has been used to describe a
group of terrestrial ecosystems (Whittaker, 1962; see
Section 1.3.2).

Ecosystem boundaries are often indistinct and
overlapping. They can be large or small, short term

or long term, natural or artificial. A stable ecosystem
achieves and maintains balance between living
organisms, water, atmosphere, and earth (Patten,
1997). The process of balancing food webs and chains
to maintain a stable ecosystem is called homeostasis.
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Table 1.3 Ecosystem processes

Function

Process Landscape/
Community

Maintain healthy
Water Cycle  aquifers, surface water
flows and soil moisture

Energy Conserve energy levels
Flow and maintain stores

Maintain nutrient
Mineral availability and
Cycle replenish stores; avoid
excessive availability

Balance population
growth with available
resources

Community
Dynamics

Maintain adequate
moisture for all
metabolic processes

Maintain adequate
energy for all
metabolic processes

Maintain adequate
nutrients for all
metabolic processes

Maintain adequate
diversity in
communities

Balanced Ecosystem

Precipitation replenishes soil moisture to
support plant growth and decomposition,
recharges stores in aquifers, collects in
reservoirs for consumers to drink, and/
or flows into rivers and oceans to support
aquatic life

Producers capture sufficient solar
energy for the needs of consumers and
decomposers

Nutrients from plant and animal wastes are
recycled by decomposers to enrich the soil

High diversity of producers, consumers,
and decomposers

Size of populations suited to constraints of
resources

Unbalanced Ecosystem

Precipitation insufficient for plant
growth, and runs off ground surface
removing soil and propagules

Moisture insufficient for healthy
nutrient levels

Insufficient solar energy captured by
producers to feed consumers and
decomposers

Plant and animal wastes are not
decomposed but washed away or
burnt

Excessive nutrients encourage
dominance

Low diversity of producers,
consumers, and decomposers

Excessive competition for resources

Ecosystem services describe ecosystem changes
in terms of their impact on human populations, that
is the the services they deliver (see Section 20.3).
Ecosystems can also be viewed in terms of their
structure or function, and how these change over
space and time. Some basic biological, physical and
chemical processes sustain ecosystems. Four key
ecosystem processes include:

= the water cycle—how and why water interacts with
the ecosystem (see Section 7.6 and Volume 3B);

= the energy cycle—how energy flows drive
ecosystems (see Section 7.5, including food
chains/webs: see Section 1.1.1; productivity: see
Section 7.4; and the carbon cycle: see Section 17
and Excursus 1.2);

= the mineral cycle—how biogeochemical nutrients
are recycled by the ecosystem, including the
nitrogen cycle (see Volume 1A—Section 4.2); and

= community dynamics—how communities develop
and change within an ecosystem, including

diversity patterns, succession, and cybernetics (see

Sections 1.3.3, 6 and 19).

Balanced and unbalanced ecosystems are compared
in terms of these processes in Table 1.3.

Analysis of energy cycling underlies many modelling
applications of EO for terrestrial vegetation (see
Section 10.2). Solar energy is absorbed by vegetation
during the process of photosynthesis and this stored
energy can be likened to a battery (see Section 5.2.1.
Estimates of the proportion of photosynthetically
active radiation (PAR) that is absorbed by vegetation
are used to quantify both carbon dioxide usage and
water loss due to evapotranspiration. Such estimates
are further discussed in Section 7. Monitoring of
vegetation productivity is particularly important as an
indicator of the sustainability of environments, land
management practices and lifestyles (see Sections 7.4
and 19).

It is hard for us to accept that the way natural ecosystems work is exemplary: plants synthesise nutrients
which feed herbivores; these in turn become food for carnivores, which produce significant quantities
of organic waste which give rise to new generations of plants. But our industrial system, at the end of its
cycle of production and consumption, has not developed the capacity to absorb and re-use waste and
by-products. We have not yet managed to adopt a circular model of production capable of preserving
resources for present and future generations, while limiting as much as possible the use of non-renewal
resources, moderating their consumption, maximising their efficient use, re-using and recycling them.
(Pope Francis, 2015)
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1.3 Terrestrial Ecosystems

1.3.1 Biogeography and biodiversity 1.3.2 Major habitat zones

Biogeography addresses the question of why plants Biomes are contiguous areas with similar climate
grow where they do. This discipline combines and geography and as such they represent major
aspects of biology and geography to determine habitat types. A variety of schemes have been
how organisms are distributed in space and time. developed to describe ecosystem zones on the
An understanding of the patterns of biogeography basis of climatic and topographic factors such
enables biodiversity to be protected. as latitude and humidity, and sometimes altitude.

The categories defined by Holdridge (1947) are
illustrated in Figure 1.1. Temperature gradients are
strongly related to changes in latitude and altitude, so
temperature and precipitation alone are often used to

map the distribution of vegetation as in Whittaker’s .
13

The term ‘biodiversity’ describes the collective
variety within all forms of life on Earth. The highest
levels of biodiversity generally occur in warm,

moist environments. On a global scale, the highest
levels of biodiversity, in terms of both marine and
terrestrial plants and animals, occur at the equator,
then biodiversity declines with latitude. Across the
landscape, biodiversity is highest near coastlines and
declines towards the interior of most land masses.

classification (Whittaker, 1962; see Figure 1.2).

Biodiversity indicates both the stability and
productivity of an ecosystem. Stable environments,
such as large tropical islands, maintain high levels of

biodiversity, and high species richness enhances the All are but parts of one stupendous whole,
efficient use of resources and therefore productivity Whose body Nature is, and God the soul.
(Fjeldsa and Lovett, 1997). However, the conservation (Alexander Pope, from 'An Essay on Man', 1733)

of biodiversity may not necessarily be maximised

by prioritising management efforts in stable
environments. Ecosystems exposed to more variable
environmental conditions may contain species with
greater tolerance of extremes and higher resilience to
a rapidly changing climate (see Section 1.1.2.3).

Figure 1.1 Holdridge life zone classification scheme
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Source: Peter Halasz, Wikimedia Commons. (Retrieved from https://commons.wikimedia.org/wiki/File:Lifezones_Pengo.svg)
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Figure 1.2 Whittaker’s biome classification
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Source: Navarras, Wikimedia Commons. (Retrieved from https://commons.wikimedia.org/wiki/File:Climate_influence_on_terrestrial_biome.svg)

The Terrestrial Ecoregions of the World (TEOW)
project offered a biogeographic regionalisation of
terrestrial biodiversity on Earth (Olson et al., 2007D.
This World Wildlife Fund (WWF) product defines 14
major habitat types, or biomes, which were further
sub-divided into 867 terrestrial ecoregions. The
major habitat types are listed in Table 1.4. These
ecoregion categories form the basis of the Interim
Biogeographical Regionalisation of Australia (IBRA) as
illustrated in Figure 2.13. Eight of these major habitat
types exist in Australia.

A biome-based, global land cover map derived from
MODIS imagery was released by the International
Geosphere-Biosphere Program (IGBP, 1990; Fried|

et al., 20103, 2010b; Channan et al., 2014—see
Section 1.4). This series of global mosaics use the
MODIS land cover product (MCD12Q1) in the IGBP
Land Cover Type classification of 17 terrestrial
vegetation categories. The Global Environmental
Stratification (GEnS), a high resolution bioclimate
stratification based on multivariate statistical
clustering (Metzger et al., 2013; Metzger, 2018), has
been proposed as an appropriate framework for
global monitoring networks (Jongman et al., 2017; see
Section 19.3). More recently, a global stratification of
World Ecosystems, derived from the integration of
temperature, moisture, landform, and vegetation/land
use datasets, was developed by Sayre et al. (2020)
and used to assess the representation of ecosystems
in global protected areas (see Section 19).
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Table 1.4 Terrestrial biomes

1 The Vegetated Landscape

Latitude Humidity

Tropical and subtropical moist broadleaf forest

Tropical and subtropical dry broadleaf forest

Tropical and subtropical coniferous forest

Temperate and broadleaf and mixed forest

Temperate coniferous forest (Northern Hemisphere only)
Boreal

Tropical and subtropical grasslands, savannas and shrublands

Temperate grasslands, savannas and shrublands

QOOO\IOUUT-J-\(AJNAE

Flooded grasslands and shrublands

10 Montane grasslands and shrublands

M Tundra

12 Mediterranean forests, woodlands and scrub or sclerophyll forests
13 Deserts and xeric shrublands

14 Mangrove

Tropical, Subtropical
Tropical, Subtropical
Tropical, Subtropical
Temperate
Temperate

Sub-arctic

Tropical, Subtropical
Temperate
Temperate to Tropical
Temperate to Tropical
Polar

Temperate Warm
Temperate to Tropical

Subtropical, Tropical

Humid

Semi-humid

Semi-humid

Humid

Humid to semi-humid

Humid

Semi-arid

Semi-arid

Fresh or brackish water inundated

Alpine to Montane

Arid
Semi-humid to semi-arid with winter rainfall
Arid

Saltwater inundated

1.3.3 A dynamic tapestry

Perhaps the most significant characteristic of

our planet is that it is constantly changing. The
ceaseless processes of growth and decay, erosion
and deposition, precipitation and evaporation are
driven by diurnal, lunar, seasonal, and annual cycles,
irregularly punctuated by disturbances. Everything
changes with time; some changes just take more time
than others.

To cope with the inevitable changes in abiotic
components of the environment, individual species
need to adapt to the changes or become vulnerable to
more competitive species. Mechanisms for adaptation
for a given species include reordering its existing
genetic resources to create new gene combinations
that would be better suited to the changed
environment or developing new genes via mutations
in a process known as genetic drift.

A community or ecosystem can be thought of as
developing via the gradual, and somewhat theoretical,
process of ecological succession. As detailed in
Section 6.6, this process involves a variable series of
stages:

= 3 pioneer community colonises a new area; then

= one or more seral communities replace the previous
community; until

= 3 climax community reaches a form of homeostasis
which persists for a relatively long time period.

= The number of seral communities, the lifespan
of each stage, and the degree of homeostasis
varies with individual ecosystems. Ecologists also
distinguish between primary succession (very
long term development on new landscapes) and
secondary succession (shorter term development
on disturbed landscapes).

One part of analysing vegetation dynamics involves
reconstructing former distributions. Palynology
analyses pollen and spores found in fossils and
sediments to track the composition and diversity of
past landscapes.

The dynamic nature of the Earth somewhat
complicates the task of natural resource mapping
and necessitates regular revision of maps to quantify
the type and extent of change. Knowledge of where
and how changes are occurring can contribute to an
understanding of why they occur and, possibly, how
the extent of change can be managed. One approach
that has emerged in recent decades for exploring
the dynamic nature of Earth is Earth System Science
(ESS; see Excursus 1.2). This integrated view of our
planet is particularly valuable when observing large
scale processes and relates readily to the perspective
of Earth Observation (EO).

The only constant in life is change.
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Excursus 1.2—Earth System Science

Further Information: Xiao et al. (2019)

Earth System Science (ESS) is a multidisciplinary
approach to understanding the structure and function
of Earth as an integrated system (Steffen et al., 2020).
Large scale monitoring of our planet is closely related
to the concept of Earth being an essentially closed
system, and comprising four integrated spheres:

= atmosphere—gaseous protective envelope;

= hydrosphere—surface water, groundwater and
atmospheric water;

= geosphere—solid components of Earth (land and
under waten); and

= biosphere—all forms of life (see Volume 1A—
Section 4.1).

These spheres exchange energy and matter via

the ongoing cycling of energy, water, and minerals
(see Volume 1A—Section 4.2). One conceptual
framework that links major Earth components

with the processes that impact them is shown in
Figure 1.3 (NRC, 1986). Since all processes on Earth
are interrelated and impacted by human activities,
updated representations show human activity
(anthroposphere) as a fully integrated and interacting
sphere (Steffen et al., 2020).

Figure 1.3 Processes and interactions within Earth System Science

Of particular relevance to terrestrial vegetation is the
terrestrial carbon cycle which describes the continual
exchange of carbon between the biosphere, the
geosphere, and the atmosphere (see Volume 1A—
Section 4). As detailed in Section 17 below, the typical
components of this process are usefully described in
terms of carbon fluxes (flows) and stocks (volume of
reserves; see Figure 1.4). EO-based analyses can be
used to estimate the carbon fluxes of gross primary
production (GPP), ecosystem respiration (ER), net
primary production (NPP), net ecosystem production
(NEP), and net biome production (NBP), and the
carbon stocks of aboveground biomass (AGB) and sail
organic carbon (SOC; Xiao et al., 2019). The use of EO
to quantify and monitor the terrestrial carbon cycle is
detailed in Sections 7.4, 10.2.2, and 17 below.

This conceptual framework was proposed by Francis Bretheton and is commonly referenced as the NASA Bretherton diagram.
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Adapted from: NASA at http://education.gsfc.nasa.gov/experimental/all98invproject.site/pages/trl/inv4-3.abstract.html
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Figure 1.4 Terrestrial carbon cycle
a. Carbon fluxes and stocks

Fluxes: GPP: Gross Primary Productivity; AR: Autotrophic Respiration; NPP: Net Primary Productivity; HR: Heterotrophic Respiration;
NEP: Net Ecosystem Productivity; NBP: Net Biome Productivity;

Stocks: AGB: Above Ground Biomass; SOC: Soil Organic Carbon;

GPP
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b. Computation of fluxes

Atmosphere

Autotrophic Heterotrophic

S o Disturbance
respiration respiration

Photosynthesis

Gross Primary Net Primary Net Ecosystem Net Biome
Production Production Production Production
(GPP) (NPP) (NEP) (NBP)

Carbon sink or source

Source: a. Xiao et al. (2019) Figure 1
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1.4 Further Information

Global Climate Map

Global Environmental Stratification: https.//datashare.
is.ed.ac.uk/handle/10283/3089

Global Terrestrial Ecosystem Maps

IGBP: IGBP (1990)
Friedl et al. (2010)
Global Land Cover Facility: http;/glcfumd.edu/data/lc/
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2 The Australian Environment

The Australian mainland is both the largest island and the smallest continent in the world, as well as the lowest
and flattest land mass (see Section 2.D. In terms of land area, Australia is the sixth largest country after Russia,
Canada, China, the USA and Brazil, and the only one of these to be encircled by water (GA, 2020a). Some basic
information about Australia’s location, dimensions, features and population is summarised in Table 2.1 (see also

Figure 2.1).

Australia spans 31° of latitude, centred on 27.5° S
(just below the Tropic of Capricorn, 23.43657° S—
see Volume 2B—Figure 1.14), so experiences a wide
range of climates, which can vary significantly from
one year to the next (BoM, 2020a). Drought, floods,
and cyclones are a natural part of Australia’s climatic
variation (see Section 2.2).

The Commonwealth of Australia is governed as a
federation of six states (see Figure 2.1b; Western
Australian: WA, South Australia: SA, Tasmania:
TAS, Victoria: VIC, New South Wales: NSW, and
Queensland: QLD), each of which is responsible for
local land management and many public services.
Territories that are not directly administered by
specific states are either under federal control or
granted the right to self-government (as occurs in
the Northern Territory: NT, and the Australian Capital
Territory: ACT; AG, 2020). The Commonwealth also

governs some 12,000 smaller islands within its marine

jurisdiction (see Volume 3B). Land in Australia is
either:

= owned by the ‘crown’ or government—crown land
covers almost a quarter of the total land mass
and is regulated by relevant State government
legislation;

= |eased by the crown to specified users for a defined
purpose, such as mining or pastoral activities—
leasehold land comprises around half the land area;
or

= privately owned, including indigenous land tenure—
freehold tenure accounts for nearly 30% of the land
in Australia (Austrade, 2020).

In the sub-sections below, we introduce aspects of
Australia’s topography (see Section 2.1), climate (see
Section 2.2), biota (see Section 2.3), ecoregions and
fire patterns (see Section 2.4), and land use (see
Section 2.5).

.. Flood, fire, and cyclone in successive motion
Complete the work the pioneers began
Of shifting all the soil into the ocean.
(James McCauley, from 'The True Discovery of Australia’)

Background image: Drone image of TERN Calperum Mallee Supersite, SA. Source: TERN Australia
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Figure 2.1 Australia

a. Next generation Blue Marble Image with topography and bathymetry, August 2004
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b. Locational map (see also Volume 2B—Figure 114)
WA: Western Australian; SA: South Australia; TAS: Tasmania; VIC: Victoria; NSW: New South Wales; QLD: Queensland; NT: Northern
Territory; ACT: Australian Capital Territory (not labelled but surrounds Canberra)
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Source: Tony Sparks, Icon Water, using NASA Visible Earth imagery for figure a, and GA (2002) data for roads in figure b
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Table 2.1 Geography and settlement of Australia

Area (sg. km; GA, 2020a)

Location

Altitude

Climate

Water Features

Land Cover

Population at 30/9/2019
(ABS, 2020)

Total, including islands

States and Territories, including islands

Northern Extremity
Eastern Extremity
Southern Extremity
Western Extremity
Highest

Lowest

Annual Rainfall
Temperature Extremes
Longest River

Largest Lake

Arid and Semi-arid land
Arable land

Native Vegetation Cover
Dominant land cover

Total

States and Territories

6th largest in world
Western Australia (WA)
Queensland

Northern Territory (NT)
South Australia (SA)
New South Wales (NSW)
Victoria

Tasmania

Australian Capital Territory (ACT)
(including Jervis Bay)

Cape York (Queensland)

Cape Byron (NSW)

South East Cape (Tasmania)
Steep Point (WA)

Mount Kosciuszko (NSW)

Lake Eyre (SA)

Average

Maximum recorded range

River Murray

Lake Eyre (salt)

< 500 mm annual rainfall
Agricultural production
Including sparse arid vegetation
Hummock Grasslands
Australian Bureau of Statistics (ABS)
New South Wales (NSW)
Victoria (VIC)

Queensland (QLD)

Western Australia (WA)

South Australia (SA)

Tasmania (TAS)

Australian Capital Territory (ACT)
Northern Territory (NT)

2 The Australian Environment

7688287
2527013
1729742
1347791
984,321
801150
207444
68401

2452

10° 47 21" S, 142° 31 50" E
28°38' 15" S, 153° 38 14" E
43°38' 40" S, 146° 49 30" E
26° 09" 05” S, 113° 09' 18" E
2228 m

15 m below mean sea level
165 mm

-23°C to 50.7°C

2508 km

9690 sq. km

~70%

~6%

~90%

23%

2546400

8118000

6,629,000

5,115,500

2,630,600

1,756,500

535,500

4287100

245600
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2.1 Topography and Hydrology

A well-known Australian poetess, Dorothea Mackellar,
aptly describes Australia as a ‘wide brown land’ (see
Section 15.1). With an average elevation of less than
300 m, barely 6% of the continent exceeds 600 m.
The current topography of Australia has been formed
from ongoing erosion and sedimentation by wind and
water over hundreds of millennia, resulting in large
areas of flat, infertile land (see image on page before
Section 1. The topography of mainland Australia can
be described in terms of four major landform regions
(see Figure 2.2):

= coastal plains—narrow, sandy fringes along the
east coast. These plains are relatively fertile and
well-irrigated.

= eastern highlands—adjacent to the coastal plains,
these run continuously for nearly 4,000 km from
northern Queensland through NSW and into
Victoria, and ultimately reappear in Tasmania. On
the Australian mainland, these highlands are known
as the Great Dividing Range, which directs rain onto
the coastal plains and separates east-flowing from
west-flowing rivers.

= central lowlands—stretch from the Gulf of
Carpentaria in the north to the Great Australian
Bight in the south, and include large parts of
western Queensland and NSW, northwest Victoria
and most of SA. These constitute 25% of the
mainland, comprise flat, sedimentary material and
contain large areas of desert.

= western plateau—or peneplain, covering one third
of the continent and large parts of SA, NT, and WA,
and composed of igneous and metamorphic rocks.

Table 2.2 Australian DEM

The distribution of soils in the Australian landscape
has been mapped in terms of major soil types using
the Australian Soil Resource Information System
(ASRIS; McKenzie et al., 2012; CSIRO, 2014; see

Figure 2.3 and Section 3.3.D), or as soil attributes in the
Soil and Landscape Grid of Australia (TERN, 2020).
The Australian Soil Classification defines a national
standard for classifying soils (Isbell and NCST, 20271).

National DEM available for Australia are listed in
Table 2.2. The Australian Hydrological Geospatial
Fabric (more commonly referred to as ‘the Geofabric’
BoM, 2020b; see Section 2.6 and Volume 2D—
Excursus 13.2) defines important hydrological
features including rivers, waterbodies, catchments,
and aquifers. By accurately defining the spatial
locations and dimensions of these features and

their interconnections, water storage, movement,
and use through the landscape can be monitored
and modelled. In particular, by enforcing drainage
conditions based on an accurate, national Digital
Elevation Model (DEM) within a hierarchy of drainage
areas, the boundaries of topographic drainage
divisions and river regions are reliably mapped at a
range of scales (see Figure 2.4). Two major drainage
basins are:

= | ake Eyre Basin—Australia’s largest endorheic
(closed) drainage basin, covering around
1.2 million km? in SA, NT, Queensland and NSW
(DAWE, 2019); and the

® Murray-Darling Basin—the largest and most
permanent river system in southeastern Australia,
within SA, Queensland, NSW and Victoria (MDBA,
2013).

GEODATA 9-second DEM and D8 Flow Direction Grid 250
2008 (DEM-9S) v3

SRTM 3-second DEM v1.0 90
SRTM, 1-second DEM v10 30
Lidar 25 m grid 25
Lidar 5 m grid 5

Source: GA (2019)

Elevation data at 1:100,000 and 1:250,000 cartographic scales

Shuttle Radar Topographic Mission, 2000
Shuttle Radar Topographic Mission, 2000
236 Lidar surveys between 2001 and 2015
236 Lidar surveys between 2001 and 2015
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Figure 2.2 Major landform categories
Note that the blue waterbodies in central Australia are ephemeral salt lakes.
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Source: Tony Sparks, lcon Water, using data from GA (2002) for waterbodies

Figure 2.3 Australian Soil Resource Information System (ASRIS)
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Figure 2.4 Major drainage basins
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Source: Tony Sparks, lcon Water, using data derived from the Geofabric Hydrology Reporting Catchments product (BoM, 2020¢)

Most of Australia’s rivers do not carry a permanent
supply of water and around half drain inland, often
terminating in ephemeral salt lakes (see Volume 1A—
Excursus 5.1. The major river system, formed by

the Murray, Darling, and Murrumbidgee Rivers, is in
southeast Australia and forms part of the boundary
between NSW and Victoria (see Figure 2.2). The
catchment for this river system, the Murray-Darling
Basin (MDB; see Figure 2.4), serves as Australia’s major
food production region (see Section 12.1 and 13). The
MDB covers around one-seventh of the Australian
landmass, including the whole ACT, most of NSW, half
of Victoria, and smaller portions of Queensland and SA.

.. the eastern coastlands exhibit marked juvenile topography,
while the rest of Australia is more or less senile throughout
(Taylor, 1927)
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The Great Artesian Basin (GAB) is the largest
groundwater aquifer in Australia, underlying nearly
one quarter of Australia in SA, NT, Queensland, and
NSW (Booth and Tubman, 2011; see Figure 2.5).

It spans 1.7 million km?, contains an estimated
64,900 million MI of water, and provides a permanent
water supply for much of the arid interior (GA, 2020b;
see Section 15.1.2). Water in the GAB is up to 2 million
years old. To ensure long term sustainable use of this
important resource across Australia’s arid interior,
careful land management is needed to balance
extraction and replenishment (see Section 15.1.2).
Accordingly, the Great Artesian Basin Sustainability
Initiative (GABSI) was funded by federal and state
government agencies from 1999 to 2017 to improve
spring pressure and manage water more sustainably
within the GAB. During its activity, GABSI upgraded

> 750 bores, decommissioned > 21,000 km of

bore drains, installed > 31,000 km of new, efficient
pipe drains and saved > 250GlI of water per year
(DAWE, 2020a).

2.2 Climate

2 The Australian Environment

Figure 2.5 Great Artesian Basin

Lambert conformal conic projection with standard latitudes
18°S and 36°S, centred on 136°E and 24°S, and based on revised
Great Artesian Basin Jurassic-Cretaceous sequence boundary
from Ransley and Smerdon (2012)

e

Source: Wikimedia: https://upload.wikimedia.org/wikipedia/commons/8/8d/
Great_Artesian_Basin.png

2.21 Weather patterns

The Australian mainland is the driest inhabited
continent on Earth, with Antarctica being the only
continent with a lower rainfall (BoM, 2020a). The
combined impact of temperature and humidity
creates climate zones that are largely stratified by
latitude (see Figure 2.6). 70% of the Australian land
mass receives less than 500 mm of rain annually
(GA, 20200¢), with half of that area being defined
as arid (< 250 mm annual rain; see Figure 2.7).
Temperatures can also vary significantly, both
diurnally and seasonally, especially in the arid central
region (see Figure 2.8).

The dry central regions have high levels of
evaporation (see Figure 2.9a). The combined

impact of rainfall and temperature on land cover is
summarised by evapotranspiration (ET), the release
of water vapour from vegetated and non-vegetated
land into the atmosphere (see Figure 2.9b). In

most of Australia, the potential ET is greater than
precipitation, with only an estimated 10% of actual ET
contributing to groundwater recharge and surface
flows (Glenn et al., 201D.

Of all countries the primitive areas of Australia are the safest for mankind. Natural hazards are at a
minimum. Possible hunger and thirst and the fear of getting lost are the greatest.
(Charles F. Laseron, 1953)
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Figure 2.6 Climate zones derived from humidity and temperature
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Source: Tony Sparks, Icon Water, using gridded data from BoM (2020a) based on a standard 30-year climatology (1961-1990)

Figure 2.7 Average annual rainfall

1‘ZI_'."E 130°E 140'E 150°E
10's ! parecr ! 10s Rainfall (mm)
: i 100 - 200
200 - 300
300 - 400
400 - 600
600 - 1000
1000 - 1500
1500 - 2000
2000 - 3000
=>3000

T 20°5

20°5

¥,
i

xs

3078

120° 130°E 140°E 150°E

Source: Tony Sparks, Icon Water, using gridded data from BoM (2020a) based on a standard 30-year climatology (1961-1990)
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Figure 2.8 Seasonal temperature variations in Australia

a. Summer average daily maximum temperature
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Source: Tony Sparks, Icon Water, using gridded data from BoM (2020a) based on a standard 30-year climatology (1961-1990)
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Figure 2.9 Evaporation and evapotranspiration over Australia

a. Average pan evaporation based on at least 10 years of records (1975-2005)
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b. Average areal actual evapotranspiration based on a standard 30-year climatology (1961-1990)
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2.2.2 Climatic drivers

Australian climatic conditions are driven by the major
air and water circulation patterns in the Southern
Hemisphere. There are two main atmospheric
circulation patterns that influence our climate:

= warm, moist equatorial air is drawn towards
Northern Australia as the continent heats up in
the warmer months, resulting in monsoonal rains
in the tropics and a ridge of warm dry air in the
sub-tropics. Movement of this sub-tropical ridge
induces Australia’s seasonal rainfall pattern:
summer rainfall in the north and winter rainfall in
the south; and

= warm air in the Pacific Ocean is moved into eastern
Australia via southeast trade winds which carry
moisture during the La Nifia phase and drier
air during the El Nifio phase. This is part of the
Walker circulation, which describes the large scale,
atmospheric circulation over the Pacific Ocean
driven by movement of deep, equatorial waters
in the cooler eastern Pacific towards the warmer
western Pacific Ocean (Lau and Yang, 2002).

As detailed in Volume 3B, three ocean currents
significantly impact the Australian climate:

= 3 cold current from the southern Indian Ocean
moves northward along the WA coast during
summer;

= the warm Leeuwin Current moves towards the
South Pole along the west and south coasts
of Australia with significant effects on marine
ecosystems (Feng et al., 2009); and

= 3 warm Eastern Australian Current moves down the
east coast (FAQ, 2009).

2 The Australian Environment

2.2.3 Climate classifications

The Thornthwaite classification system for

climate was proposed in 1931 and revised in 1948
(Thornthwaite, 1931, 1948). The final system was
based on the interplay between local moisture

and temperature, with the view that temperature

was a driver for potential evapotranspiration (see
Section 7.6). This system derived indices for humidity

and aridity from water balance indicators:

water surplus

humidity = water surplis
water need

o water deficit

aridity = ——
water need

where for annual estimates:

water surplus =
precipitation — actual evapotranspiration;

water deficit = potential evapotranspiration -
actual evaporation; and

water need = potential evapotranspiration.

Geographic regions are classified on the basis of their
Thornthwaite Moisture Index (M):

M = humidity - 0.61 x aridity
or

M = 100 X water surplus - 60 X water deficit

water need

In Australia, the Thornthwaite Moisture Index has
been used to define six types of climate that are
commonly referenced for infrastructure planning
(Austroads, 2004; Philp and Taylor, 2012; see
Table 2.3).

Table 2.3 Australian climate types

Climate Types Thornthwaite Moisture Index

i Alpine/coastal > 40

ii Wet temperate 10 to 40
iii Temperate -5t0 10

iv Dry temperate 2510 -5
v Semi-arid -40to -25
vi Arid <-40

Source: Philp and Taylor (2012)
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Figure 2.10 Modified Képpen climate classification

This classification of Australian climatic regions was derived from 0.025°°0.025° resolution mean rainfall, mean maximum
temperature, and mean minimum temperature gridded data. All means are based on a standard 30-year climatology (1961-1990).
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Temperature and rainfall data have been used to
classify Australia into six broad climatic classes
and 27 sub-divisions (see Figure 2.10). These zones
are based on a modified Képpen classification
(Koppen, 1931; Stern et al., 1999) and are strongly

correlated with topography, land cover, and land use.

An alternate agroclimatic classification, derived from
climate and topography, and aligned with bioregion
data, was developed by Hutchinson et al. (2005).
These 18 classes are illustrated in Figure 2.11a

and described in Table 2.4. This classification was
subsequently modified by Hobbs and Mcintyre (2005)
to 10 classes. More recently, Thackway and
Freudenberger (2016; see Figure 2.11b) adjusted
selected bioregion boundaries and merged

them with the agroecological regions defined by
Williams et al. (2002) to better reflect recent changes
in climatic patterns, especially in tropical savanna
regions.
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Figure 2.11 Agroclimatic classifications

a. 18 classes
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Source: a. Tony Sparks, Icon Water, using data from Hutchinson et al. (2005) Figure 3, b. Tony Sparks, Icon Water, using data from Thackway and
Freudenberger (2016) Figure 1a and Table S2
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Table 2.4 Agroclimatic class descriptions for Figure 2.11

B2

D5

E1

E2

E3

E4

E6

E7

F3

Fé

J1

J2

Very cold winters with summers too short
for crop growth

Less severe winters and longer moist
summers suitable for some crops

Moisture availability high in winter-spring,
moderate in summer, most plant growth
in spring

Classic “Mediterranean” climate with
peaks of growth in winter and spring and
moderate growth in winter

“Mediterranean” climate, but with drier
cooler winters and less growth than E1

Most plant growth in summer, although
summers are moisture limiting;
temperature limits growth in winter

Growth is limited by moisture rather than
temperature and the winters are mild;
growth is relatively even through the year

Semi-arid climate that is too dry to
support field crops; soil moisture tends to
be greatest in winter

Moisture is the main limit on crop growth;
growth index lowest in spring

Cooler end of the warm, wet sub-tropical
climates

Warmer and wetter than F3

Desert, supporting very little plant growth
due to water limitation

Semi-arid, with some growth in the warm
season, but too dry for cropping

Strongly developed wet and dry seasons
with plant growth determined by moisture
availability

Temperature and moisture are more
seasonal than for |7 and the growing
season is shorter

This has cooler winters than |1 and 12
with a growing season lasting at least six
months

Moisture and temperature regime
supports growth for 8-9 months of the
year, with a 3-4 month dry season

As for J1 but with a shorter dry season

Alpine areas of NSW, Victoria and
Tasmania.

Tasmanian highlands.

Tasmanian lowlands, southern
Victoria, southern and northern
Tablelands of NSW.

Southwest WA and southern SA.

Inland of E1in southwest WA,
southern SA, northwest Victoria
and southern NSW.

Western slopes of NSW and part
of the North Western Plains.

Unique in the world to sub-tropical
continental eastern Australia and
associated with the brigalow belt
of QLD and NSW.

Southern edge of the arid interior
in WA, SA, NSW and QLD.

Maritime sub-tropical areas in
southern QLD.

The Sydney Basin and the NSW
south coast.

NSW north coast, extending to
southern QLD and the Great
Sandy province.

Central Australia.

Transition between the wet/dry
tropics and the arid interior in WA,
NT and QLD.

NT, northern WA and Cape York

Peninsula.

Occurs inland of 11

Occurs in the coastal and
hinterland areas of northeast QLD,
south of Cape York Peninsula.

Limited areas in the central

Mackay coast and the Wet Tropics.

Limited areas on the east coast of
Cape York Peninsula

Source: Hutchinson et al. (2005) Table 1; Thackway and Freudenberger (2016)

Water harvesting,
hydroelectricity, tourism and
nature conservation

Forestry, cropping, horticulture,
improved and native pastures

Forestry, horticulture, winter
cropping, improved pastures

Horticulture, winter cropping,
improved pastures

Winter cereals and summer
crops, grazing

Winter cereals (after summer
fallowing), summer crops
(including cotton) and sown
pastures

Rangeland

Sugar, crops and cattle grazing

Cooler temperatures slightly
favour temperate crops and
sown pastures

Horticulture, sown pasture and
tourism. Potential for wheat,
cotton and maize

Cropping possible only with
irrigation. Rangeland, wildland

Rangeland

Predominately rangeland.
Potential for tropical field crops

Some crop potential, but
predominantly rangeland

Sugar, cropping and
rangelands

Sugar cane and horticulture

Cold wet

Temperate
cool season
wet

Mediterranean

Sub-tropical to
sub-humid

Tropical warm
season moist

Sub-tropical
moist

Tropical warm
season wet

Tropical warm
season moist
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2.3 Biota
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Australia supports a diverse and unique range of
indigenous plants and animals. Being an isolated
continent, Australia’s terrestrial biota largely evolved
independently from the rest of the world with over
80% of its angiosperms, mammals, reptiles, and frogs,
and over half of its birds, being unique. The remainder
migrated during prehistoric times, before land bridges
with then adjacent continents were submerged

by rising sea levels. Fossil evidence suggests that
marsupial (but not placental) mammals arrived via
Antarctica, and placental rats and bats came from
Asia (Cox, 2000).

In addition to these naturally-occurring species,
thousands of plants and hundreds of animals have
been introduced to the Australian landscape in

recent centuries, some of which now produce most

of our agricultural income. A significant number of
species, however, have become invasive and present
serious threats to natural ecosystems and agricultural
activities. In 2012, feral animals and invasive weeds
were identified as the two major threats to sustainable
natural resource management (NRM) in all NRM
regions in Australia (NRM, 2019). Changes in land
management practices since European settlement,
which started with the arrival of the First Fleet in 1788,
have also modified the populations and distributions
of some indigenous biota, resulting in some species
becoming endangered or extinct and others having a
greater impact on the environment (Burrows, 2018).

The following sub-sections introduce aspects of
Australia’s biota that have direct relevance to EO-
based studies of terrestrial vegetation:

= yegetation classification systems (see Section 2.3.1);
= weeds (see Section 2.3.2); and
= indigenous and feral animals (see Section 2.3.3).

2.3.1 Classifying vegetation

The intricate composition of natural vegetation

and the gradual transitions that occur between
different types of vegetation complicate the task
of defining discrete vegetation classes. While many
different approaches have been used to classify
vegetation, three basic attributes of vegetation
underpin most classification systems, namely
growth form, foliage cover, and floristic composition.
Plants can also be grouped into functional groups
or plant functional types (PFT) on the basis of their
function in an ecosystem and their resource usage
(Smith et al., 1997; see Sections 4.1.2, 4.2.1, and 7.4).

Current vegetation classification systems define
labels on the basis of specific, measurable attributes
rather than descriptive criteria. The standard methods
and terminology for field survey of land and soil
attributes, including vegetation, in Australia are
detailed in NCST (2009). While this approach cannot
solve the problems associated with attempts to
classify the complexities of natural vegetation, it does
reduce ambiguity in class nomenclature.

The first systematic floristic classification for
Australia’s vegetation, including origins, development,
and composition, was published by Beadle (1981).
Since 1973, the Australian Biological Resources

Study (ABRS, 2012) has been compiling the definitive
reference on taxonomy for Australian flora based

on the Cronquist system (Cronquist, 1968, 1981.
Keith (2017) reviews the development of
nomenclature to map and classify Australian
vegetation, describes significant ecological processes,
and provides details of each major vegetation type.

Criteria useful in the description of vegetation include: life form; size; density of individual plants;
shape, size and texture of leaves; and whether evergreen or deciduous. Each of these criteria
includes several classes which differ in kind (e.g. life form and leaf attributes) or in degree (e.g. size
and density), and the possible number of combinations of all these classes is so large as to lead to
an unworkable system so far as classification is concerned, although any particular plant community
can be defined with accuracy by such a system. A workable system necessarily must select
among possible criteria and make arbitrary divisions among characteristics which are continous in
magnitude; in so far as it does this it cannot define the many combinations met with in nature.
(Specht, 1970).
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Table 2.5 Common definitions for Australian vegetation

. . Foliage
ST L (e Equivalent Label T Species Composition Ll Projective
Label (mm) (m)
Cover (%)
Closed Forest Rainforest >900 Wide range of rainforest trees and understorey plants 15-40  70-100
Tall Open Forest Wet Sclerophyll >900 Mostly Eucalyptus plus ferns, and shrubs/small trees with soft > 30 30-70
foliage
Low Open Forest Dry Sclerophyll >900 Mostly Eucalyptus plus grasses/shrubs with hard leaves 5-30 30-70
Woodland Savanna <900 Mostly Eucalyptus plus Callitrus, Casuarina and Acacia species  5-25 10-30
Open Woodland Open savanna 400-500  Eucalyptus and Corymbia, plus Callitrus, Casuarina and <10 0-10
Acacia species
Shrublands Heath <400 Mostly Acacia species, e.g. Mulga 2-8 30-100
Shrub Steppe Low Shrubland <200 Mostly mallee eucalypts <2 10-30
Closed Grassland Alpine Meadows, <400 Poa <1 30-100
Herbland
Tussock Grassland Mitchell Grasslands, 400-700  Perennial grasses, rushes, sedges, Lomandra species <1 <70

Bluegrass Grasslands
Hummock Grassland  Spinifex Grasslands 200-300  Triodia

Desert Bare, Exposed <250

<2 10-30

Acacia aneura, Eremophila glabra, Atriplex vesicaria, <2 0-10

Swainsona formosa

Source: Specht (1970); Florence (1985); DEWR (2007)

The descriptive labels commonly used in Australia

for vegetation were originally defined on the basis

of rainfall, species composition and biomass density
(measured as Foliage Projective Cover, FPC), which

is defined as the “vertically projected percentage
cover of photosynthetic foliage of all strata of the
forest stand” (Specht, 1983), that is, the percentage
of ground area occupied by the vertical projection of
woody vegetation foliage. As summarised in Table 2.5,
this approach tended to embrace alternative, and
sometimes ambiguous, labels and imprecise boundary
conditions (Gillison and Anderson, 1981. For example,
one of the earliest national vegetation maps for
Australia, compiled by Williams (1959) and derived
from aerial photography and expert knowledge, used
category labels based on structure and cover.

A widely used classification system for Australian
vegetation, attributed to Specht (1970), is based on two
structural features that are characteristic of most natural
Australian flora—namely that the largest proportion
of total biomass is contained in the upper stratum
of vegetation and that biomass can be reasonably
estimated from FPC plus height or growth form (see
Section 3.2.1 and 5.1.D—to define the 28 categories
indicated in Table 2.6. This system for classifying
vegetation is compatible with the ISO standards

for terrestrial vegetation and has been adopted by
several Australian land cover mapping projects.

In more recent decades, however, Australian
vegetation classification systems explicitly derive
vegetation class names from the structural formation
of the vegetation (for example, see Excursus 6.1, in
addition to the floristic association of the dominant
species, rather than using labels that imply

these characteristics (Walker and Hopkins, 1990;
Thackway et al., 2008; Hnatiuk et al., 2009). In

this context, a formation is defined as a “synthetic
structural unit to which are referred all climax
communities exhibiting the same structural form,
irrespective of floristic composition” (Beadle and
Costin, 1952), such as a tropical forest. A sub-unit of
a formation, with two or more dominant species, is
called an association (see Section 6.1). The Australian
Vegetation Attribute Manual (NVIS Technical Working
Group, 2017) includes the new attribute standard

for compiling non-native and non-vegetated cover
types. This new standard enables monitoring and
reporting of the whole landscape and will complement
monitoring land cover changes using the FAO Land
Cover Classification (see Section 3).
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Table 2.6 Structural classification of Australian vegetation

Growth form of tallest
stratum

Tall trees (> 30 m) Tall closed forest (T4)

Medium trees Closed forest (M4)
(10-30 m)

Low closed forest (L4)
Closed scrub (S4)
Closed heath (Z4)
B :

Tussocky or Tufted Closed tussock grassland
grasses or Graminoids or closed sedgeland (G4)
Other herbaceous Dense sown pasture (F4)
plants

The National Vegetation Information System (NVIS;
NVIS Technical Working Group, 2017; DAWE, 2020b)
is an ongoing collaborative initiative between the
Australian federal, state, and territory governments
to manage national vegetation data and has become
the standard system for all Australian federal,

state and territory government land management
agencies. NVIS was developed to improve vegetation
planning and management within Australia, and
assist in managing a range of ecosystem services
and practices (see Section 20.3), such as conserving
biodiversity, controlling salinity, improving water
quality, and managing vegetative fuel loads.

NVIS classifies Australian vegetation types at the
sub-formation, association and sub-association
levels using structural and floristic criteria (see
Table 2.7 and Volume 2D—Excursus 12.1 for details).
The NVIS Version 5.1 map product defines 33 Major
Vegetation Groups (MVG; see Figure 2.12) and 85

Table 2.7 NVIS information hierarchy

Open forest (M3)

Low open forest (L3)
Open scrub (S3)
Open heath (Z3)

Tussock grassland or
sedgeland (G3)

Sown pasture (F3)

2 The Australian Environment

Foliage cover of tallest stratum

Tall open forest (T3)

Tall Woodland (T2) -

Woodland (M2) Open woodland (M1)

Low woodland (L2) Low open woodland (LT)

Tall shrubland (52) Tall open shrubland (S1)

Low shrubland (Z2) Low open shrubland (Z1)

Hummock grassland (H2) =

Open tussock grassland Sparse open tussock
G2 grassland (G1)

Open herbfield (F2) Sparse open herbfield (F1)

sub-groups, which comprehensively describe the
extent and distribution of vegetation in Australia, for
both estimated pre-1750 and extant vegetation. A
complementary national database, the National Forest
Inventory (NFD), focuses on the productivity and
sustainability of Australia’s forests (see Section 16.1).

NVIS has enabled a nationally consistent vegetation
dataset to be compiled from data collected by various
state and territory jurisdictions. The recommended
data collection level is Level 5 or better, with

Levels 1-4 generated algorithmically for consistency
(see Table 2.7). All NVIS data—both spatial data and
the underlying vegetation attribute information—

is open source. The classification systems used

by relevant Australian federal state and territory
authorities for mapping native vegetation are
summarised in Table 2.8. Further information on some
of these systems is provided in Sections 2.6 and 3.3.

Level 5 (association) is recommended as the minimum level of input for input data to NVIS. Hnatiuk et al. (2009) refer to Level 1as

Formation.

Level | Category Description

1 Class

2 Structural formation

3 Broad floristic formation

“ Sub-formation (Upper, Mid, and Ground)

o Assocation strata. (Upper, Mid, and Ground)
6 Sub-association

Source: NVIS Technical Working Group (2017)

Dominant growth form for the structurally dominant stratum
Dominant growth form, cover and height for the structurally dominant stratum
Dominant genus (or genera) plus growth form, cover and height for the structurally dominant stratum

Dominant genus (or genera) plus growth form, cover and height for each of the three main strata.

Dominant growth form, height, cover and species (to a maximum of 3 species) for each of the three main

Dominant growth form, height, cover, and species (to a maximum of 5 species) for each of the substrata
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Figure 2.12 Major Vegetation Groups derived from NVIS Version 3

EPSG:3577 Australian Albers projection with 30 m spatial resolution

Major Vegetation Groups

[ unknownino data

- Unclassified native vegetation

7] undassified Forest

:l Tussock Gragslands

[ ] Tropical Eucalypt Woodlands/Grasslands
:| Sea and estuaries

- Regrowth, modified native vegetation

B Rsintorests and Vine Thickets

Bl other Shrusiands

7] other Open Woodiands

[ ] other Grasstands, Herblands, Secgelands and Rushlands
[ Other Forests and Woodlands

[ ] Maturaity bare - sand, rock, claypan, mudhat
] melaleuca Forests and Woodlands

I Mangroves

[ maliee woodiands and Shrublands

[ maliee Open Woodiands and Sparse Mallee Shrubtands
B Lov Ciosed Forests and Tall Closed Shrublands
I 204 aquatic - Freshwater, salt lakes, lagoons
[ ] Hummock Grassiands

1 Hearntands

[ Eusalypt woodianas

I cucaiypt Tall Open Forests

[ Eucalypt apen Woodiands

I Eucaiypt Open Forests.

I Eucalypt Low Open Forests

[ clearsd, non-native vagetation, buildings

38

[ chenopod Shrublands, Samphire Shrublands and Forblands.
- Casuarina Forests and Woodlands

- Callitris Forests and Woodlands

|_| Acacia Shrublands

[_| Acacia Open Woodlands

I cacia Forests and Woodlands

Source: Scarth et al. (2019) Figure 2 (from DEWR, 2007)

Table 2.8 Native vegetation classification systems

33 Major Vegetation Groups (MVG; DAWE, 2020b)

Federal 85 Major Vegetation Subgroups (MVS; DAWE, 2020b)

ACT Ecological Communities (ACT EPSDD, 2020)
16 Vegetation Formations (Keith, 2004)

-_ 99 Vegetation Classes (Keith, 2004)
~1500 NSW Plant Community Types (PCT) in BioNet Vegetation Classification (NSW DPIE, 2020)
State Vegetation Type Mapping (SVTM; see Excursus 8.2)

- Vegetation Associations (NT EPA, 2013; Brocklehurst et al, 2007)
174 Vegetation Types (Lewis et al, 2008; NTNVIS, 2020)

Queensland 16 Broad Vegetation Groups (BVG) (Queensland Government, 2020a; Neldner et al, 2019)
1384 Regional Ecosystems (RE) (Queensland Government, 2020b)

SA NVIS Framework (SA DEWNR, 2019)

Tasmania ~ 158 TASVEG Vegetation Communities (Harris and Kitchener, 2005)

o 28 Bioregions (DELWP, 2020)
897 Ecological Vegetation Classes (EVC)

WA 819 Vegetation Associations (Shepherd et al, 2002)

Source: Richard Thackway, Australian National University
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2.3.2 Weeds

Weeds or invasive plants are defined as “any plant
that requires some form of action to reduce its effect
on the economy, the environment, human health and
amenity” (DEE, 2019a). Many weeds in Australia were
introduced by European settlers, but natives species
can also become weeds, either when their native
habitat changes favourably, or when they wander

into ‘new’ ecosystems with suitable conditions. The
introduction of any exotic vegetation has the potential
to become a weed problem. Ecosystems can be
permanently changed by the invasion of exotic weeds,
which can transform faunal habitats, food sources,
and fire regimes. Further, native vegetation may not
be equipped to compete with invasive weeds, which
can form dense, smothering thickets.

Weeds reproduce readily, usually through an
abundance of seeds, and rapidly colonise disturbed
sites. They impact urban, rural, and natural
environments, including surface waters, deserts, and
alpine regions. Despite active control measures being
enforced by legislation in all levels of government,
weeds are still spreading in Australia (DEE, 2019b).
As such, they are considered to be a serious threat
to both Australian agriculture and conservation areas
(DEE, 2019a).

2 The Australian Environment

3,480 of the 28,000 plant species introduced

into Australia since European settlement are now
classified as weeds (Lesslie et al.,, 2011). Of these
weeds, 32 have been identified as ‘Weeds of National
Significance’ on the basis of their “invasiveness,
potential for spread and environmental, social and
economic impacts” (DEE, 2019¢). Specific lists of
noxious weeds—those posing the greatest threat to
native species and agricultural productivity—are also
ranked and administered by each state and territory
government for areas within its jurisdiction.

The average cost of weed impact and control

was estimated as $4,989.2 million for Australian
agricultural industries in 2018 (McLeod, 2018). In
order to prevent land degradation in the longer term,
weed control is viewed by farmers as one of their
highest priorities (Lesslie et al., 2011). While weed
management is a significant problem throughout
Australia, it is most challenging in the arid areas
(Scott et al., 2018), where both population density and
productivity are low (see Section 15).

Weeds contaminate crops, displace pasture plants and compete with crop and pasture plants for water
and nutrients. Weeds also harbour diseases and insect pests, reduce livestock carrying capacity and
condition and can be toxic to livestock.

(Lesslie et al, 201D

2.3.3 Indigenous and feral animals

While Australia’s unique fauna adapted to its
environment in isolation from the rest of the world,
human management of the Australian landscape has
modified the composition and distribution of fauna
for millennia (Gammage, 2012; Pascoe, 2018). At the
time of European settlement, the only widespread and
large carnivorous animal on the Australian mainland
was the dingo, which may have been introduced
from Papua New Guinea some 5,000 years ago
(Ardalan et al., 2012). All other indigenous mammals
were non-ungulate (non-hoofed) herbivores, and
their distributions were managed by the culture

and activities of their indigenous custodians (see
Section 2.5.1).

As with indigenous flora, Australia’s native fauna has
competed with a wide variety of introduced faunal

species in recent centuries (see Section 2.3.2). While
these exotic species were initially introduced for the

purposes of grazing, hunting, fishing, and transport,
several quickly adapted to their new environment and
continue to successfully compete with native animals
for food, shelter and territory. Some introduced
species also prey on native fauna (Clarke, 20071;
Denny and Dickman, 2010), destroy their habitats
(McKenzie et al., 2006), and/or spread diseases
(Henderson, 2009). Additionally, ungulate (hoofed)
species, such as horses, sheep, goats, deer, and cattle,
introduced significant soil compaction and ‘erosion’
problems (Lunt et al., 2007), and extensively damage
riparian zones. This is due, in part, to total grazing
pressure, that is, competition for limited resources
between domestic stock and native herbivores.

Feral animals have permanently transformed
Australia.
(Norris et al, 2005)
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Environmentalists cannot be animal liberationists. Animal liberationists cannot be environmentalists. The
environmentalist would sacrifice the lives of individual creatures to preserve the authenticity, integrity
and complexity of ecological systems. The liberationist—if the reduction of animal misery is taken
seriously as a goal—must be willing, in principle, to sacrifice the authenticity, integrity and complexity of
ecosystems to protect the rights, or guard the lives, of individual animals.

(Mark Sagoff, 1984)

Exotic species typically have a number of competitive
advantages in new territory and can severely impact
native biodiversity. In Australia, these advantages
included few natural predators, few fatal diseases and
conditions favorable to high rates of reproduction.
Accordingly their populations increased quickly
(DEE, 2019d) and wild populations of over 80 species
of exotic vertebrate animals have now become
established in Australia (Lesslie et al., 2011). Of these,
more than 30 are considered pests to agriculture
and/or the environment. In the 2013-14 financial

year, the annual economic impact of pest animals in
Australia was estimated as approaching $600 million
(McLeod, 2016).

The term ‘feral’ is used for wild animals that have
descended from domestic animals. The most
significant impacts of feral animals in Australia
include:

= rabbits, goats, buffalo, donkeys, horses, camels,
deer, and cattle—grazing and land degradation;

= dogs, foxes, pigs, and cats—livestock and native
fauna predation; and

= mice and birds—damage to grain and horticultural
crops.

2.4 Ecoregions and Fire Patterns

Land management practices also changed rapidly
after European settlement, which both positively and
negatively impacted the populations of native fauna.
As the number of grazing animals (both pastoral
species and native herbivores) increased, so did
predation of dingoes, foxes, and feral dogs on stock,
resulting in a 5,400 km dingo-proof fence being
erected nearly continuously from the west coast of SA
to the east coast of northern NSW (PIRSA, 2019). As
pastures were improved and extended and watering
points were installed, the numbers of kangaroos,
wallabies, and feral herbivores also increased,
especially in southeast Australia where the dingo had
been fenced out (Eldridge et al., 2016).

The impact of feral animals in the rangelands of
Australia is significant in terms of biodiversity and
productivity, and the geographic range of eight

feral species is expanding (Norris et al., 2005). As
well as devouring crops and livestock, feral animals
have degraded large areas of habitat, resulting in

the loss of native mammals, irreversible erosion, and
invasion by weeds, which further threatens rare biota
(Burrows, 2018). While accurate estimates of feral
animal distribution and abundance is lacking in this
sparsely-populated region, potential solutions are
further confounded by lack of rigorous knowledge
about regional biodiversity and the impacts of feral
animals on rangeland ecosystems (Norris et al., 2005).
These concerns are further considered in Section 15.

Fire in the Australian landscape is frequent and
recurrent, especially following drought conditions.
Fire extent and intensity can vary dramatically with
differences in vegetation composition and age,

and ambient weather conditions (see Section 18).
Recovery from fire also varies with fire intensity and
vegetation type, with younger vegetation often being
more susceptible. Severe and extensive fires can
thus change the age distribution of vegetation and
potentially increase future fire risk.

Ecological regions, or ecoregions, are biogeographic
units that attempt to categorise the natural distribution
of biodiversity (Olson et al., 2001). Each ecoregion is a
geographically distinct assemblage of fauna, flora, and
ecosystems, with similar geology, lithology, landform,
and climate. Ecoregions are separated by distinct
geographic features, such as oceans or mountain
ranges. Associated with their vegetation patterns,
ecoregions have characteristic fire patterns, in terms of
both frequency and severity, which significantly impact
vegetation structure and extent.
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Figure 2.13 Interim Biogeographic Regionalisation of Australia (IBRA) Version 7
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Figure 2.14 Terrestrial Ecoregions in Australia
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In the whole country | scarcely saw a place without the marks of a fire; whether these
had been more or less recent—whether the stumps were more or less black, was the
greatest change which varied the uniformity, so wearisome to the traveller’s eye.
(Charles Darwin’s description of NSW, from ‘The Voyage of the Beagle’, 1845)

Similarly, the Interim Biogeographic Regionalisation
for Australia (IBRA; Thackway and Cresswell, 1995;
see Figure 2.13) classifies landscapes in Australia
“into 89 large geographically distinct bioregions
based on common climate, geology, landform, native
vegetation and species information” (DAWE, 2020¢).
This forms part of a global, hierarchical classification
of 14 terrestrial habitats or biomes (Olson et al., 200D,
eight of which occur in Australia (DAWE, 2020d). IBRA
has been simplified into seven broad habitats by the
Terrestrial Ecoregions classification (see Figure 2.14;
note that the eighth habitat, Tundra, only occurs in
Subantarctic islands).

IBRA acts as the planning framework for the National
Reserve System (NRS), and ecoregion descriptions

in the following sub-sections have been derived from
the NRS to provide an overview of the Australian
landscape and its response to fire (Harrison and
Bradstock, 2010 and Section 18). The following
descriptions are based on the estimated pre-European
extents of these ecoregions and do not discuss their
modification or fragmentation.

2.41 Deserts and xeric shrublands

Arid and semi-arid landscapes cover 70% of the
Australian continent, including over half of WA, SA
and NT, and smaller portions of western Queensland
and NSW. This ecoregion varies greatly in the amount
of annual rainfall received, with evaporation generally
exceeding rainfall. Temperature extremes characterise
most deserts, resulting in hot days and cold nights.
These harsh, but diverse, climatic conditions support
a rich array of habitats, many of which are ephemeral
(DAWE, 2020d). Vegetation types include hummock
grasslands, tussock grasslands, chenopod shrublands,
and Acacia woodlands.

In arid Australia, rainfall is not only low, but irregular,
and vegetation has adapted to these conditions.
Significant, sporadic rainfall events trigger rapid
growth, resulting in dramatic changes in vegetation
extent and greenness. The fire distribution trends
have been observed to follow latitude-based rainfall
gradients, with most wildfires occurring in spring
(late dry season), due to higher fuel loads and
temperatures, coupled with reduced fuel moisture

(Allan et al., 2003). The fire return interval varies
regionally between three and 30 or more years

and is considered to be directly related to fuel
accumulation following antecedent rainfall (Allan

and Southgate, 2002; Russell-Smith et al., 2003).
Patchiness of fires is related to the heterogeneity of
fire ‘ages’ in a region (Allan and Southgate, 2002), so
prescribed burning using patchy, early dry season
fires is encouraged to avoid later conflagrations. In
this landscape, fire footprints are clearly visible on
satellite EO imagery and persist for a long time, which
can result in overlapping fire scars over several years.

2.4.2 Mediterranean forests, woodlands and
scrub

Mediterranean ecoregions feature hot, dry summers,
cool, moist winters, and regular periods of drought,
and generally occur in areas of low topography. These
conditions only occur in five regions globally and,
together, they support over 10% of the known species
of flora. The Fynbos (in South Africa) and shrublands
in southwest Australia have greater biodiversity than
the other Mediterranean ecoregions. In southwest WA,
southeast SA, and western Victoria, Mediterranean
vegetation has been heavily fragmented by land
clearing. Some large, intact areas of Mediterranean
woodlands and scrub still exist in sparsely populated
areas, such as the Great Western woodlands in WA.
Vegetation in the Mediterranean ecoregion includes
heath, mallee, and forest.

Most plants endemic to this ecoregion are adapted
to, and dependent on, fire. Heath vegetation, which
also occurs in tropical and temperate climates,

is particularly fire prone. Fires are seasonal,
predominantly occurring in summer with lightning
being the primary cause, and often follow drought.
Fire frequency estimates vary from five to 30

years, with large fires occurring every 20-30 years
(Bradstock and Cohn, 2002). Since rainfall, and hence
fuel moisture content, is generally low during summer
in this climate, fire risk is primarily related to fuel
load. High severity burns in this ecoregion can be
accurately delineated in EO imagery.
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Bushfires have a fundamental and irreplaceable role in sustaining many of Australia’s natural ecosystems
and ecological processes and are a valuable tool for achieving land management objectives. However, if
they are too frequent or too infrequent, too severe or too mild, or mistimed, they can erode ecosystem
health and biodiversity and compromise other land management goals.

(Ellis et al, 2004)

2.4.3 Montane grasslands and shrublands

This ecoregion includes high elevation (montane

and alpine) grasslands and shrublands. In Australia,
montane grassland and shrublands are restricted to
the mountainous regions of southeastern Australia
above 1300 m, in which trees do not grow. This region
occupies less than 3% of the Australian landmass and
straddles the borders of the ACT, Victoria, and NSW
on the Australian mainland, with a significant element
occurring in Tasmania (DAWE, 2020d).

Fires are rare in montane grasslands and usually
follow extreme drought. Fire is limited by fuel load and
moisture content, with montane shrubland species
being more flammable than grassland species. These
areas are believed to burn naturally only once or
twice a century (Ross Bradstock, pers. comm.). While
rare, however, fires in this region of Australia can be
massive and uncontrollable, as occurred in 1938/39,
2002/03 and 2019/20.

2.4.4 Temperate broadleaf and mixed forest

Temperature and precipitation vary widely in
temperate forests. These forests generally comprise
four layers of vegetation (upper and lower canopies
plus shrub and ground layers), with biodiversity being
highest near the forest floor. Eucalyptus and Acacia
species typify the composition of the temperate
broadleaf and mixed forests in Australia. This
ecoregion also includes areas of temperate rainforest.
In Australia, these forests stretch along the Great
Dividing Range and coastal regions from southeast
Queensland, through NSW and the ACT into Victoria.
The moderate climate and high rainfall of this

region support unique Eucalyptus forests and open
woodlands. The temperate rainforests and mixed
forests of Tasmania are also extraordinarily complex
(DAWE, 2020d).

These forests generally occur in mountainous
landscapes where topography affects vegetation
density and composition and, in turn, fuel volume
and exposure. In this ecoregion, topography and
fuel load have been identified as the most important
factors influencing fire propagation and severity

(Bradstock et al., 2010). Fires in temperate forests are
linked to irregular drought conditions, with megafires
following periods of extreme drought (Bartlett et al.,
2007).

The predominant fuel in these forests is leaf litter so
most fires occur in hotter, drier seasons. In wetter
areas, the natural fire frequency is estimated to be
50-100 years, while drier areas may experience

fire every 10-20 years. In recent years, there has
been an increased frequency of large fires in these
regions with several major fire seasons resulting in
4 million ha being burned between 2000 and 2010
(Ross Bradstock, pers. comm.) and more in 2019/20
(see Section 18.1). Most major towns and cities in
southeast Australia are situated near temperate
forests so their populations are directly and indirectly
affected by wildfires occurring in these regions.

While the relatively dense canopies in these forests
obscure understorey vegetation in imagery from
passive EO sensors, crown fires can be clearly
discerned in these datasets.

2.4.5 Temperate grasslands, savannas and
shrublands

This ecoregion has cooler and more varied annual
temperatures than tropical grasslands. Trees tend to
only occur along streams and rivers. Located between
temperate forests and the arid interior of Australia,
the southeast Australian temperate savannas span

a broad north-south swath on the drier side of the
Great Dividing Range through Queensland, NSW
and Victoria, and into Tasmania. Since European
settlement, most of this ecoregion has been
converted to sheep and wheat farms so that only
small fragments of the original vegetation remains
(DAWE, 2020d).

Distinct fire seasons occur in this ecoregion, which
are related to grassland curing. Southern areas with
winter rainfall experience summer fires and northern
areas of summer rainfall are most likely to burn in late
winter and spring. In these relatively flat regions with
scattered tree cover, fires are clearly delineated in EO
imagery.
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2.4.6 Tropical and subtropical grasslands,
savannas and shrublands

The tropical and subtropical grasslands, savannas,
and shrublands are characterised by rainfall levels
between 900-1500 mm per year, following a
predictable, seasonal pattern of wet summers and
extended, warm, dry winters. The abrupt onset of

the dry season, evidenced by a sudden decline in
atmospheric and surface moisture, signals the start of
fire weather.

Tropical savannas occupy 25% of Australia, covering
about 200 million ha in northern WA, the top half

of NT, and inland of the Great Dividing Range in
Queensland. These biologically diverse regions do not
receive sufficient rainfall to support extensive tree
cover. Patches of dry rainforest also occur throughout
this ecoregion.

Fire is extensive and frequent, with both extent and
frequency varying regionally, and is predominantly
initiated by human activity. Conversely, population
and infrastructure are sparse. New fire footprints are
clearly discernible in EO data in this landscape. Given
its dynamic nature, the timing of EO data acquisition
is particularly important for mapping fire effects

in this ecoregion. The relatively simple and open
structure of savanna vegetation with predominately
grassy understoreys, which quickly recover from fire,
means that the focus for fire mapping is on burned
area rather than severity. The rate of regrowth of
grasslands can also result in overlap of fire scars
within a fire season.

2.4.7 Tropical and subtropical moist
broadleaf forests

These forests are generally found in large,
discontinuous patches in tropical latitudes. They are
characterised by low variability in annual temperature
and high annual rainfall & 2000 mm). Forest structure
comprises five layers (three canopy layers plus

shrub and ground layers) with greatest biodiversity
generally occurring in the canopy. Species
composition in these forests is dominated by semi-
evergreen and evergreen deciduous trees.

In Australia, small and scattered areas of this type
of forest only occur in Queensland. These forests
are noted for their southern location and their
highly endemic fauna and flora. Subtropical moist
forests with high levels of plant and bird endemism
also occur on Lord Howe Island and Norfolk Island
(DAWE, 2020d).

Fire risk is low in rainforest areas due to the high fuel
moisture content. Some research has noted expansion
of rainforest vegetation in recent decades, possibly
due to the absence of fire (Jurskis, 2015).

Eucalyptus was excellent at extracting and hoarding precious nutrients, but so were most of the
Australian flora. What made it special was its extraordinary opportunism, a relationship reinforced by fire.
Eucalypts accepted wretched soils and tolerated drought, but they thrived amid fire.

(Pyne, 1992).
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2.5 Land Use

Today, the vast majority of Australians live in, and However, this has not always been the case. Below we
derive their livelihood from, the coastal fringe. The consider traditional indigenous land use patterns (see
highest population densities occur in southeast Section 2.5.1), the changes that followed European
Australia, spanning from Brisbane to Adelaide, and in settlement (see Section 2.5.2), and the methods that
the southwest of WA around Perth (see Table 2.1 and are currently used to map and monitor land use in

Figure 2.15). 71% of Australians live in major cities,and  Australia (see Section 2.5.3).
another ~10% live in small towns (ABS, 2020).

Land use in Australia today is a legacy of patterns of land occupation since European settlement—
from early pastoralism, agriculture and prospecting through to today’s major agricultural, forest and
mining industries, reserve landscapes and urban communities. For most of the past 200 years, land use
change has been driven by relatively unrestricted access to land, technological change and growth in
productivity and population.

(Lesslie et al, 2071

Figure 2.15 Australia’s towns by population size groupings, 2016

In this classification, major cities > 100,000 residents, large towns 50,000-100,000 residents, medium towns 10,000-50,000
residents and small towns < 10,000 (and generally > 200) residents.
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—— State Boundaries
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Source: Tony Sparks, lcon Water, using gridded data from ABS (2016)
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2.5.1 Indigenous patterns

For scores of millennia, the Australian landscape
supported an indigenous population that may have
numbered more than one million people (ABS, 2008).
For most of the last two centuries, these people

of Australia’s first nations were believed to have
followed a semi-nomadic lifestyle based on hunting
and gathering. More recently, analysis of reports by
early settlers and explorers has cast a different light
on the lifestyles of these indigenous communities
(Tindale, 1974; Gerritsen, 2008). Gammage (2012)
summarises the Aboriginal land management ‘law’ in
terms of three rules:

= ensure that all life flourishes;

® make plants and animals abundant, convenient and
predictable; and

= think universal, act local.

Early reports of Australian coastal vegetation, such
as “the whole country or at least a great part of it
might be cultivated without being obliged to cut down
a single tree” or “the country looked very pleasant
and fertile; and the trees, quite free from underwood,
appeared like plantations in a gentleman’s park”,*
describe a rather different landscape from the one
that exists today. Numerous other descriptions—
both narratives and artworks—by early settlers and
explorers support the view that portions of Australia’s
landscape (particularly higher rainfall areas of open
woodlands and woodlands, and some drier open
forests) have changed significantly since European
settlement, partly by overgrazing and partly by
underburning (Gammage, 2012).

Traditional land management practices included the
use of fire to reduce vegetative fuel loads, which
helped to shape the distribution of native vegetation
until the time of European settlement: “For more

than 40,000 years, Aborigines lit mostly mild fires

that consumed dead wood and dry herbage, killed
seedlings, reduced some saplings back to ground level
and scorched the leaves of some small trees and large
shrubs. These fires allowed annual herbs to germinate
and perennials to flush with new growth. They recycled
nutrients from dead and dry into new growth. They
maintained a diverse, open, safe and productive
environment. After European settlers disrupted
Aboriginal burning, dead wood, litter, and dry herbage
accumulated. Too many seedlings and saplings grew
into trees or bushes. Delicate herbage was smothered
and nutrient cyclings was disrupted. Megafires, chronic
decline of eucalypts, scrub invasion, pestilence, loss of
biodiversity and socio-economic distress have been
the result.” (Jurskis, 2015)

Figure 2.16 Aboriginal grain harvest map

Grassland areas managed by aborigines as important sources of
grain food, with names of some tribes overlaid.

Adapted from: Tindale (1974) Figure 31

Tindale (1974) compiled evidence suggesting that,
prior to European settlement, most of the continent
was managed to harvest grains, tubers, and fruits,
including complex systems of aquaculture. For
example, grassland regions from which Aboriginal
tribes harvested grains are shown in Figure 2.16. It
is interesting to compare this area with the extent
and distribution of the current grain production
zones shown in Figure 2.17 and Figure 11.1. Except
in southwest and southeast Australia, the locations
of grains harvested by indigenous peoples do not
coincide with current grain production zones.

.. it may perhaps be doubted whether any section
of the human race has exercised a greater influence
on the physical condition of any large portion of the

globe than the wandering savages of Australia.
(Edward Curr, 1883)

3 James Cook (1770) quoted by Gammage (2012) page 5
4 Sydney Parkinson (1770) quoted by Gammage (2012) page 5
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They live in a tranquillity which is not disturbed by the inequality of condition;
the earth and sea of their own accord furnishes them with all things necessary for life;
.. they live in @ warm and fine climate and enjoy a very wholesome air ...
in my opinion ... they think themselves provided with all the necessities of life
and that they have no superfluities
(James Cook, 1770, from Endeavour Journal)

2.5.2 European settlement patterns

European settlement patterns in Australia have been
driven, and continue to be limited, by the availability
of water and pastoral lands. The vast majority of

the current population, estimated at more than

25 million (see Table 2.1), live in capital cities within
the high rainfall zone (see Section 2.2). The advent
of European culture introduced clearing and thinning
of vegetation for agriculture, mining, and urban
development, and modification of waterways for
townships and irrigation. Since the First Fleet arrived
in 1788, around one third of the traditionally vegetated
land has been cleared or thinned for various land use
purposes (AUSLIG, 1990), predominantly cropping
and intensive pasture production (see Figure 2.12).

The agricultural regions, in which different forms

of agricultural activity are considered to be viable,
are closely related to topography and climate (see
Sections 2.1 and 2.2 respectively) and broadly follow
the coastal plains (see Sections 2.5.3 and 11.1). Within
these regions, soil type tends to determine the most
appropriate agricultural approach (FAQ, 2009; see
Figure 2.3).

In higher rainfall zones in the south and east of

the continent, land management practices have

both decreased the extent and density of natural
vegetation and accelerated soil erosion, land
degradation, and salinity (McKenzie et al., 2006). In
recent decades, regulations governing stocking rates,
land clearing and cultivation practices, with controls
on feral animals and chemical usage, have reduced
the rate of soil degradation (see Sections 3.4 and 11.4).

2.5.3 Current land use

Current land use is mapped and monitored nationally
by the Australian Land Use and Management
(ALUM) classification system (DAWE, 2020¢; see
Section 3.3.4), based on a scheme proposed by
Baxter and Russell (1994). This dataset compiles
relevant federal, state, and territory data to indicate
the dominant land use in each 50 m by 50 m grid
cell. The relative proportions of area occupied by the
major categories of land use in 2010-11 are listed in
Table 2.9. A simplified map of these classes is shown
in Figure 2.17. The latest datasets are available from
DAWE (2020f). Land use mapping and monitoring,
and details of the ALUM categories, are further
discussed in Sections 3.3.4 and 3.4.2.

Table 2.9 Land uses in Australia 2010-11

Land use Area Percent
(sq.km) (%)

Nature conservation 604,671 787%
Other protected areas including Indigenous 1163676  1514%
uses

Minimal use 1172,679 15.26%
Grazing natural vegetation 3448896 44.87%

Production forestry 103,494 1.35%

Plantation forestry 25,752 0.34%
Grazing modified pastures 710,265 9.24%
Dryland cropping 275928 359%
Dryland horticulture 743 001%
Irrigated pastures 6,048 008%
Irrigated cropping 9,765 013%
Irrigated horticulture 4,552 006%
Intensive animal and plant production 1414 0.02%
Intensive uses (mainly urban) 13,806 018%
Rural residential 17632 0.23%
Waste and mining 1860 002%
Water 125542 163%
No data 401 0.005%
Total 7687124 100.00%

Source: ABARES (2020)
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Figure 2.17 Land use in Australia for 201011

17 class summary of land use derived using a modelling approach based on agricultural statistics, satellite imagery, and other land
use information.
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Source: ABARES (2020)

The Australian is fortunate that close to the main cities there still lie areas of virgin bush where it is possible
to find direct contact with nature. There are few who have not boiled a billy under the gum-trees.
(Charles F. Laseron, 1953)
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About Australia

Overview: https://www.australia.gov.au/about-australia/
our-country

Natural Environment: https.//www.australia.gov.au/
about-australia/our-country/our-natural-environment

National Location Information: https/www.ga.gov.au/
scientific-topics/national-location-information

ANUDEM: https://fennerschool.anu.edu.au/research/
products/anudem

Geofabric V3.2 products, documentation and tutorials:
http.//www.bom.gov.au/water/geofabric/

Australian Ecosystem and Climate Datasets

TERN Data Discovery Portal: https;/portal.tern.org.
au/#/e8fbc61b

Australian Soil Datasets

Australian Soil Resource Information System (ASRIS):
https.//www.asris.csiro.au/

Soil and Landscape Grid of Australia: TERN (2020)

ALUM Datasets

Land use data download: http.,//www.agriculture.gov.au/

abares/aclump/land-use/data-download

Indigenous Land Use
Tindale (1974)

Gerritsen (2008)
Gammage (2012)

Invasive Species

Invasive Species CRC: https.//invasives.com.au/our-
publications

Vegetation Resources

Australia:
Keith (2017)

NVIS: http://www.environment.gov.au/land/native-
vegetation/national-vegetation-information-system

New South Wales:

NSW State Vegetation Type Mapping (SVTM): see
Excursus 8.2; https.//www.environment.nsw.gov.au/
vegetation/state-vegetation-type-map.htm

BioNET vegetation (biodiversity data repository):
http.//www.bionet.nsw.gov.au

Native Vegetation publications: https./
www.environment.nsw.gov.au/vegetation/
OtherPublications.htm

Queensland:

Dept. Science and Environment: https:/environment.
des.gld.gov.au/maps-imagery-data/online/

Queensland Herbarium: https.//www.gld.gov.au/
environment/plants-animals/plants/herbarium/
mapping-ecosystems

Tasmania:
Barker (2001)
Kitchener and Harris (2013)

TASVEG: https.//dpipwe.tas.gov.au/conservation/
development-planning-conservation-assessment/
planning-tools/monitoring-and-mapping-tasmanias-
vegetation-(tasveg)/tasveg-the-digital-vegetation-
map-of-tasmania

Victoria:
Newell et al. (2006)
Sinclair et al. (2012)

Habitat hectares: https.//www.arivic.gov.au/research/
modelling/mapping-vegetation-extent-and-condition

Western Australia:
Shepherd et al. (2002)

Native Vegetation Extent: https://catalogue.data.
wa.gov.au/dataset/native-vegetation-exten
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3 Mapping Vegetated Landscapes

In this section we differentiate between mapping the extent, type, condition, and use of vegetated landscapes.
Initially we will consider some key concepts that underpin landscape mapping (see Section 3.1) and methods
used to map land cover (see Section 3.2), before discussing specific approaches used to map (see Section 3.3)
and monitor (see Section 3.4) terrestrial vegetation in the Australian landscape.

3.1 Key Concepts in Landscape Mapping

The terms ‘vegetation type’, ‘vegetation condition’, ‘land
cover’, and ‘land use’ are frequently encountered in
landscape mapping applications. In the following two
sub-sections we distinguish between these terms in the
context of mapping the Australian terrestrial landscape.

3.1.1 Vegetation type versus vegetation
condition

Traditional vegetation maps show the type, or
variety, of vegetation in a particular location. While
this information is a useful summary of the diversity
of terrestrial vegetation in a landscape, it does not
indicate the condition or ‘quality’ of that vegetation
against some defined ‘benchmark’ or reference state.
Information about the extent and condition of each
vegetation type is critical for monitoring rates of loss
and gain in different types of vegetation and across
defined regions (such as IBRA regions or different
jurisdictions). More recently, several federal, state,
and territory mapping projects in Australia have
considered approaches to benchmarking vegetation
condition as well as defined the vegetation type. As
a benchmark for assessing the condition of current
vegetation, these projects infer the likely condition
of each vegetation type in the year 17750—that is,
before European settlement (see Figure 2.12 and
Excursus 8.2). This benchmark is derived from:

= observations of recent changes in vegetation
patterns; and

= models that consider those changes in conjunction
with coincident changes in relevant environmental
variables.

The value of such a benchmark is twofold as it
provides:

= 3 picture of vegetation distribution and condition
before European settlement; and

= 3 consistent baseline for measuring future
vegetation changes.

Vegetation condition mapping has particular
relevance in the context of monitoring compliance of
land owners to environmental legislation governing
land clearing in Australia (see Volume 2D—

Excursus 14.3 and Excursus 19.2 below). Specific
examples of mapping and monitoring vegetation type
and condition in Australia are given in Sections 3.3
and 3.4 respectively. We note here that spatial
mapping of changes and trends is not the same

as site-based monitoring of changes and trends,
although there is close relationship between directly-
measured attributes and indicators and mapping
these as classes of vegetation condition.

Land cover is a convenient label for that part of the biosphere that is critical for
the continued existence of all terrestrial life.
(Graetz et al,, 1992)

Background image: Astronaut photograph of Kangaroo Island, SA, taken from the International Space Station on 21 November 2002. Source: NASA Gateway to

Astronaut Photography of Earth
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31.2 Land cover versus land use

A wide variety of land cover inventories have been
conducted by human civilisations over several
millennia. This information has allowed societies to
understand their environment, and plan and monitor
their opportunities for development and sustainability.

Land cover is an excellent indicator of the resilience—
or fragility—of the Earth’s biophysical resources,
including soils, nutrients, water, plants, and wildlife
(ANRA, 2009). Mapping and monitoring of existing
land cover enable the impact of specific land uses
and management practices to be observed and
quantified. Land cover assessment may also indicate
the suitability of potential land uses (such as nature
conservation, urban development, agriculture,

or mining) in a particular area. Additionally, long
term monitoring of land cover is invaluable for
understanding the impacts of climate variability and
relating these to patterns of severe climate events
including wildfire, droughts, floods, and cyclones.

Natural vegetation patterns are largely determined

by climate (especially rainfall), elevation (plus

slope and aspect), and soil type, such that, in a
pristine environment, natural land covers can often

be modelled from these environmental attributes
(Nix, 1982; see Section 2). Once these natural patterns
have been modified by human activities, however,
land cover cannot necessarily be inferred from such
models but needs to be surveyed, measured, and/or
inferred in some way.

Although the terms ‘land cover’ and ‘land use’ are
sometimes used interchangeably, they do refer to
different characteristics of land. Land cover is defined
as the “observed (bio)physical cover on the Earth’s
surface” (Di Gregorio, 2005). Strictly speaking, while
this definition only includes vegetation and man-made
features, the term is generally accepted to embrace
water surfaces, bare rock, and exposed soil as well.
Examples of common land covers include grass,
shrubs, trees, water, bare ground, artificial surfaces,
and buildings.

The simplest definition of resilience is the ability to
cope with shocks and to keep functioning in much
the same kind of way. It is a measure of how much an
ecosystem, a business, a society can change before
it crosses a tipping point into some other kind of
state that it then tends to stay in.

(Walker, 2020)

By contrast, land use has been described as the
“arrangements, activities and inputs people undertake
in a certain land cover type to produce, change

or maintain it” (Di Gregorio, 2005). Thus, land use
describes the impact of human occupation on an
environment rather than simply its biophysical
components (Fisher et al., 2005). A single land use
can involve multiple land cover features, and multiple
land uses can contain the same single land cover.
For example, the term ‘rangelands’ describes land
used to graze livestock, but may comprise different
land covers, such as trees, shrubs, and grasses

(see Section 15). Conversely, the land cover type
‘trees’ may be used for timber production or nature
conservation. Accordingly, land use is not readily
discriminated by EO of specific land cover features
but can often be inferred by combining land cover
information with data from other sources.

The importance of land use and land cover (LULC)
datasets has been recognised by several major
international research programs (Cihlar, 2000; DeFries
and Belward, 2000), including the International
Geosphere-Biosphere Program (IGBP; (IGBP, 1990);
Lambin and Geist, 2006). Similarly, the Group on Earth
Observations (GEO) determined land cover to be the
fifth most important parameter derived from satellite
datasets (GEO, 2012).

Land use refers to the purpose to which the land cover is committed, including the production of goods
(such as crops, timber and manufactures) and services (such as defence, recreation, biodiversity and
natural resources protection). Some uses, such as cropping, have a distinctive land cover pattern, and
are regular inclusions in land cover classifications. Others, such as nature conservation, are not readily

identified from a characteristic land cover pattern. For example, where the land cover is forest, land use
may be timber production or nature conservation. A single land cover class may support multiple uses

and a single land use may involve several land cover conditions.
(ABARES, 2010)
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3.2 How Do We Map Land Cover?

3 Mapping Vegetated Landscapes

A land cover map represents the spatial distribution
of a selected set of land covers. Creating a land cover
map involves two fundamental considerations, namely,
how do we define the:

= categories of land cover to map—or the
classification scheme (see Section 3.2.1); and the

= bhoundaries for these land cover categories—or the
mapping method (see Section 3.2.2).

However, these considerations raise several
difficulties, the first being the inevitable diversity
and complexity of any natural resource, and the
unavoidable outcome that no classification can truly
represent the vast array of ‘classes’ that exist in
nature. Another difficulty in classifying and mapping
land cover is that most natural land covers, especially
vegetation, transition gradually from one type to
another rather than at readily defined boundaries
(Kessell, 1979). For example, the transition from
woodland to open forest is often gradual, such that
it can be difficult to precisely locate where one land
cover becomes another. Inevitably, when classifying
natural resources, the final decisions on class
boundaries are somewhat arbitrary. The process of
defining the transition point does, however, provide a
valuable reference datum for consistent use of each
class label.

Natural vegetation types do not generally change
from one type to another at a given location over time.
What does change are some attributes associated
with the type such as cover/density, age class,

height, strata, and to some extent composition (see
Section 2.3.1). These changes are driven by changes in
climate patterns, episodic severe climate events, and
recurring land management regimes.

Another significant difficulty with land cover
classification is the method used to name classes,
that is, its nomenclature. In many traditional systems
for mapping land cover, labels were not defined
precisely and could easily be assumed to have a
different meaning in a different context or community.
For example, early settlers in Australia used the term
‘scrub’ to describe rainforest in eastern Australia,
drier Mallee vegetation in southern Australia and

the more open Mulga vegetation in arid Australia
(Specht, 1970). Where labels were defined, they

were not necessarily used consistently in different
classification systems. As a result, a single land cover
label could have multiple interpretations and a single
land cover could have multiple labels—precisely the
opposite outcome desired of such classifications,
namely that a single land cover would have a single,
unambiguous label.

3.21 Classification schemes

Although by its nature land cover can be described
in many different ways, the essential goal of any
classification of land cover is that the categories

are unique, so that a single land cover will always be
represented by a single category. All classification
methods attempt to identify similar features and
represent them as a particular group or class (see
Volume 2E). The number of classes in a classification
needs to be sufficient to allow discrimination of the
significant differences between features, but no
greater than is necessary to enable efficient analysis
of variations between classes. Efficiency is particularly
important when dealing with very large datasets, as
are required for continental or global coverage (see
Volume 2D).

Many classification systems have been developed to
categorise land cover. These systems group the major
similarities and differences in natural land cover types
by selected attributes, such as:

= Vegetation: colour, type, density, structure, and
condition/health;

= Water: depth, colour, quality, and temperature; and
= Bare rock and soil: colour, mineralogy, and texture.

Similarly, man-made land cover types can be grouped
by characteristics such as:

= Artificial surfaces: colour and texture; and
= Constructions: colour, density, and height.

A wide variety of methods and data sources have
been used to describe and group land cover features.
In many cases these have focused on individual

land cover attributes, such as floral characteristics,
vegetation density, or indicators of land degradation.
Some approaches to classifying land cover focus on
specific attributes that directly relate to a particular
end use. The datasets resulting from such activities
are not readily comparable with other land cover
classifications and may not be useful for other
purposes. Other classification approaches attempt

to define a comprehensive set of criteria that could
be used to define all possible land covers. The latter
approach allows land cover data collected at different
times and locations, by different methods, to conform
to a common set of underlying definitions of land
cover attributes. As such, the results of these surveys
can be easily applied to a range of analyses and
readily compared with other datasets.
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Table 3.1 Structure of FAO Land Cover Classification System

Second Level Third Level Example Land Cover

Terrestrial
Primarily vegetated

Aquatic or regularly flooded

Terrestrial
Primarily non-vegetated

Aquatic or regularly flooded

The Food and Agriculture Organisation of the United
Nations (FAO) developed a Land Cover Classification
System (LCCS; Di Gregorio, 2005) to standardise
global land cover mapping. It allows scale-
independent classes to be defined using discrete
diagnostic criteria, which are arranged hierarchically
in two phases:

= primary—defines three classification levels leading
to eight basic land cover classes as shown in
Table 3.1; and

= secondary—uses criteria, or ‘classifiers’, specific
to each of the eight basic classes to further
differentiate land cover types (see Excursus 3.1 for
details)

Managed/Cultivated
Natural/Semi-natural
Managed/Cultivated
Natural/Semi-natural
Managed/Cultivated
Natural/Semi-natural
Managed/Cultivated

Natural/Semi-natural

Cropping, Forestry

Native vegetation

Aquaculture

Native aquatic vegetation

Artificial surfaces

Bare land

Artificial waterbodies, snow and ice

Natural waterbodies, snow and ice

While the biophysical environment cannot be fully
or accurately represented by any classification
system, the consistency and stability resulting from
a standardised system improves communication
between users and increases the utility of the
classified data (Yang et al., 2017). Accordingly, a
standardised land cover system allows classified
data from different sources to be compared and

integrated with confidence, especially for national and
international datasets (see Volume 2D).

A number of EO-based systems have implemented the
LCCS taxonomy for land cover classification, including
the Earth Observation Data for Ecosystem Monitoring

(EODESM,; EcoPotential, 2021; see Section 20.5). In
Australia, the LCCS has been applied nationally to
describe land cover categories in the Dynamic Land
Cover Dataset (DLCD; Lymburner et al., 2011. The
capacity and conceptual framework of EODESM has
also been demonstrated within Digital Earth Australia
(DEA,; see Volume 2D—Section 11.2) for two time
periods across four test sites (Lucas et al., 2019).

Nature is a tireless sculptor, forever fashioning new masterpieces, yet, as if unsatisfied,
commencing their destruction from the very moment of their completion.
Something of the old always remains to be built into the new. The shape of a hill, the contour
of a waterfall, the rocky ledges on the sides of a gully, the meanderings of a river, the alluvium
of a plain are all links with the past, and within them lies the story of what has gone before.

(Charles F. Laseron, 1953)
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Excursus 3.1—FAO Land Cover Classification System

Further Information: Di Gregario (2005, 2016); Di Gregario and Jansen (2000)

The land cover classification system (LCCS)
developed by the UN Food and Agriculture
Organisation (FAO) is a hierarchical system
that classifies land covers in two phases

(Di Gregorio, 2005):

= 3 primary, dichotomous phase which uses three
classifiers to define eight major land cover types as
summarised in Table 3.2; and

= 3 secondary, modular-hierarchical phase which
refines the eight major land cover types into
specific land cover classes using pre-defined
classifiers tailored to each major type. In addition,
environmental attributes (such as climate, landform,
or soil type) or specific technical attributes (such as
floristic characteristics) can also be used to define
detailed classes in this phase. The pre-defined
classifiers and attributes for each major land cover
type are summarised in Table 3.3 and Table 3.4.

Table 3.2 Dichotomous phase classifiers and land cover types

In order to define an international standard for land
cover classification systems, FAO submitted the LCCS
to the ISO Technical Committee 211 on Geographic
Information in 2003. Although ISO had previously
only defined standards for more abstract standards
with established rules, a general classification
system (ISO 19144-1 Classification Systems) and a
land cover classification system (ISO 19144-2 Land
Cover Meta Language: LCML) were approved in
2012 as official international ISO standards. The
LCML characterises geographic features using an
open, object-oriented system. Fundamentally, LCML
uses a predefined set of biotic and abiotic elements
(see Section 1.1) arranged in different ‘patterns’ to
describe a wide range of land cover ‘situations’. This
“allows not only an unambiguous description of real
world features more consistent with the logic and
structure of modern databases but also enlarges
the capability of the system to describe phenomena
related to inputs and activities peoples undertake
on a certain land cover feature typical of agriculture”
(Di Gregario, 2016).

Presence of Vegetation Edaphic Condition Artificiality of Cover

Is vegetative cover > 4% for woody
and/or herbaceous vegetation,

Is the environment significantly

Is the land cover significantly modified by human
activity?

AT11: Cultivated and Managed Terrestrial Areas
A12: Natural and Semi-Natural Vegetation
A23: Cultivated Aquatic or Regularly Flooded Areas

A24: Natural and Semi-Natural Aquatic or Regularly
Flooded Vegetation

Decision Y mﬂuenped by‘the pre§ence of water for
extensive periods of time?
at least two months each year?
Al: Terrestrial Primarily Vegetated Areas
A: Primarily Vegetated Areas
(see Table 3.3) _
A2: Aquatic or Regularly Flooded
Primarily Vegetated Areas
Land Cover
Types

BT: Terrestrial Primarily Non-Vegetated

o Areas
B: Primarily NonVegetated Areas

(see Table 34)

B2: Aquatic or Regularly Flooded
Primarily Non-Vegetated Areas

Source: Di Gregario and Jansen (2000)

B15: Artificial Surfaces and Associated Areas
B16: Bare Areas
B27: Artificial Waterbodies, Snow and Ice

B28: Natural Waterbodies, Snow and Ice
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AT11: Cultivated and Managed Terrestrial Areas

Natural vegetation has been removed or
modified and replaced by other vegetation by
human activity. Such vegetation requires long
term maintenance and is planted with a view to
harvesting. Example land covers include crops
(with seasonal variation in cover), orchards, and
plantations

A12:Natural and Semi-natural Vegetation

Natural vegetated areas are defined as areas
where the vegetative cover is in balance with
the abiotic and biotic forces of its biotope. Semi-
natural vegetation is defined as vegetation not
planted by humans but influenced by human
actions. Example land covers include grazing,
selective logging, and abandoned or shifting
cultivation

A23: Cultivated Aquatic or Regularly Flooded
Areas

This category includes areas where an aquatic
crop is purposely planted, cultivated and

harvested, and which is standing in water over
extensive periods during its cultivation period

(such as paddy rice, tidal rice, and deepwater rice,

but not irrigated cultivation).

A24: Natural and Semi-natural Aquatic or
Regularly Flooded Areas

Transitional areas between pure terrestrial and
aquatic systems and where the water table is
usually at or near the surface, or the land is
covered by shallow water, are included in this
class. Examples include mangroves, marshes,
swamps, and aquatic beds.

Source: Di Gregario and Jansen (2000)

Table 3.3 LCCS classification of primarily vegetated areas

LCCS land cover type Type of classifier Classification level | Characteristics used to refine classes

'Pure’ land cover classifiers

Environmental attributes

Specific technical attributes

‘Pure’ land cover classifiers

Environmental attributes

Specific technical attributes

‘Pure’ land cover classifiers

Environmental attributes

Specific technical attributes

‘Pure’ land cover classifiers

Environmental attributes

Specific technical attributes

VI
VII

Vi
Vil

Life Form + Spatial Aspects

Crop Combination

Cover-related Cultural Practice
Landform + Lithology/Soils + Climate
Altitude + Erosion + Cover/Density
Crop Type

Life Form and Cover + Height + Macro
Pattern

Leaf Type and Leaf Phenology
Stratification

Landform + Lithology/Soils

Climate + Altitude + Erosion

Floristic Aspect

Life Form + Spatial Aspects

Water Seasonality

Cover-related Cultural Practice

Crop Combination

Landform + Lithology/Soils + Climate
Altitude + Erosion + Cover/Density
Crop Type

Life Form and Cover + Height

Water Seasonality

Leaf Type + Leaf Phenology
Stratification

Landform + Lithology/Soils + Climate
Altitude + Erosion + Cover/Density

Floristic Aspect

LCML acts as a method to bring the LC community together to create a common understanding of LC
nomenclatures with the aim to produce global, regional and national data sets able to be reconciled
at different scales, level of detail and geographic location. The LCML provides a general framework of
rules from which more exclusive conditions can be derived to create specific legends. It is a language
based on physiognomy and stratification of both biotic and abiotic materials. The system may be used
to specify any LC feature anywhere in the world, using a set of independent diagnostic criteria that allow
correlation with existing classifications and legends.

(Di Gregario, 2016)
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Table 3.4 |CCS classification of primarily non-vegetated areas

3 Mapping Vegetated Landscapes

LCCS land cover type Type of classifier Classification level | Characteristics used to refine classes

B15: Artificial Surfaces and Associated Areas

Areas that have an artificial cover as a result of
human activities such as construction (cities,
towns, transportation), extraction (open mines
and quarries) or waste disposal

B16: Bare Areas

Areas that do not have an artificial cover as a
result of human activities (such as bare rock
areas, sands, and deserts), including areas with
less than 4% vegetative cover.

Specific technical attributes Vv

B27: Artificial Waterbodies, Snow and Ice

Areas that are covered by water only as a
result of the construction of artefacts such as
reservoirs, canals, or artificial lakes

Specific technical attributes IV

‘Pure’ land cover classifiers

Environmental attributes

Specific technical attributes I

Environmental attributes

Environmental attributes

Surface Aspect

I Landform + Climate + Altitude
Built-Up Object

| Surface Aspect

‘Pure’ land cover classifiers

Il Macro-pattern

11 Landform + Climate

I\ Altitude + Erosion + Water Quality
Soil Type/Lithology

| Physical Status + Persistence

‘Pure’ land cover classifiers

Il Depth + Sedimentation
1l Climate + Altitude + Vegetation
Salinity

| Physical Status + Persistence

‘Pure’ land cover classifiers

B28: Natural Waterbodies, Snow and Ice

Areas naturally covered by water (such as lakes,
rivers, snow, or ice)

Specific technical attributes IV

Source: Di Gregario and Jansen (2000)

Environmental attributes

Il Depth + Sedimentation
11 Climate + Altitude + Vegetation

Salinity

3.2.2 Mapping methods and accuracy
assessment

All methods for mapping land cover utilise data from
at least one of three primary sources:

= ground-based survey;
= aerial photography; and/or

= satellite imagery, or Earth Observation from Space
(EOS).

Ground-based surveys require trained teams to

visit field sites and record the land cover types
encountered at precise locations (see Volume 2D—
Section 12.1. Surveys generally involve measurements
of pre-defined attributes for a range of land

covers (Avery, 1975; TERN Australia, 2018). These
measurements can involve the use of instrumentation
and/or rely on the experience and judgement of

the survey team. Different forms of ground-based
survey have been used to map various types of

land cover for thousands of years, and these have
become increasingly standardised in recent decades.
For example, the standard Australian methods and
terminology for surveying land and soil attributes

in the field are detailed in NCST (2009). In recent
decades, however, given the labour-intensive and
time-consuming nature of field data collection, this

is generally limited to checking the accuracy of more
synoptic data sources that can be acquired remotely
(see Figure 3.D.
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Figure 3.1 Multi-level EO

Analysis of low and medium resolution imagery can be more
easily related to ground data through high resolution imagery.
Low resolution imagery tends to be acquired more quickly

and cover a larger extent, so is most appropriate for large area
surveys. Selected locations within the surveyed area would
typically be checked using data with higher spatial resolution,
such as aerial photography. Some of these locations would then
be visited in the field to verify the image analysis. This scaled
approach enables the results of expensive and time-consuming
field work to be extended to a larger area.
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Adapted from: Harrison and Jupp (1989) Figure 39

It seems inevitable that, with increasing auto-
scanning and data handling, as our knowledge of
land increases, and as the demands of the land user
become more specialised, that parametric analysis
will become general practice
(Mabbutt, 1968)

Aerial photography interpretation (API) has been used
internationally to map different types of land cover for
well over a century (see Volume 1A—Section 1. The
Australian archive of aerial photography dates from
1928 and has supported various detailed inventories
of natural resources with panchromatic, colour, and
infrared photography. While still used to survey

land cover in Australia for some applications, aerial
imagery is now more frequently used to validate
broader area analyses from space-based data (see
Figure 3.D.

As detailed in Volume 1, EO datasets offer a range of
approaches to observe and measure Earth surface
properties. Space-based data have been available
internationally for over five decades and offer a
unique source of Earth surface data by recording:

= accurate geo-locations for contiguous target areas;

= objective, consistent measurements of physical
properties of the land surface that can be
interpreted to define its features and condition; and

= repeated coverage to enable detection of changes
in features and/or their condition.

As introduced in Volume 1, different land and water
cover features have varying, and often characteristic,
reflectance in different wavelengths of the EM
spectrum (see Figure 3.2). For any land cover to be
discernible in EQ, both the resolution and extent of
the remote measurements need to be appropriate

for the measurable properties of that land cover (see
Volume 1B—Section 1. To separate one land cover
from others, these measurements must also be able to
discriminate between the differences in radiation from
those land covers (Townshend, 1992).

A wide variety of statistics have been developed

to exploit the similarities and differences between
reflectance characteristics of different land covers,
most of which highlight the high near infrared

(NIR) reflectance and low red reflectance of
healthy vegetation. Some of the standard image
processing options used with EO data are described
in Volumes 2A and 2C and reviewed in Section 8.1.
The expanding archive of EO imagery now enables
sophisticated time series analyses, which are being
used to further quantify landscape dynamics,
highlight the environmental drivers in natural
processes, monitor compliance with resource usage
regulations, and address issues related to climatic
variations (Wulder et al., 2018; see Volume 2D and
Section 9).
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Figure 3.2 |dealised spectral signatures
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Reflectance from different Earth surface features varies for different wavelengths. Characteristic spectral reflectance curves can
be created for different features to indicate a ‘typical’ shape over a particular range of wavelengths. This information can be used to
differentiate between different surface features on the basis of their observed reflectance characteristics.
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Adapted from: Harrison and Jupp (1989) Figure 6

A complete EO exercise usually involves the
integration of imagery at several different ‘levels’

of resolution with data from other sources, such as
maps or aerial photography. Within a large region
represented in a satellite image, certain areas

are usually selected for comparison with aerial
photography, some of which would be visited in the
field, or compared with field data. The concept of a
multi-level approach is illustrated in Figure 3.1. This
approach was implemented in the BigFoot Project, in
which EO and field datasets with a variety of scales
were analysed to characterise relationships between
leaf area Index, net primary productivity, and carbon
allocation within and between biomes, and validate
relevant, landscape scale, EO-based products
(NASA, 1999; see Section 7.4).

Accuracy assessments tend to assume that one
dataset represents ‘truth’ and, thus, can be used to
measure the ‘value’ of the other. In any landscape
scale mapping exercise, few datasets can be viewed
this way, so discrepancies in cross-comparison

may show deficiencies in either dataset, or a lack

of commonality in their intrinsic ‘world views'.
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Thus, when relating EO radiance to a reference
dataset, correlation will depend on how accurately
each dataset represents surface features. A lack

of correlation does not necessarily imply that EO
imagery cannot be used to map relevant landscape
attributes but suggests that it may not differentiate
them in the same way as the reference dataset. Any
analysis of results must retain an awareness of this
situation (see Volume 2E). Procedures for validation of
EO analyses are detailed in TERN Australia (2018) and
Malthus et al. (2013).

For example, since API largely relies on pattern
interpretation by trained operators, it tends to
generate maps that cleanly delineate regions
characterised by internal heterogeneity. This
approach contrasts with the pixel-based, spectral
classification methods used with EO datasets (see
Volume 2E). However, neither the results of API

nor EO image analysis actually represent the whole
‘truth’. When discrepancies between these two
representations are being compared, the differences
in their provenances should be considered.




In recent decades, a number of global and regional
datasets have been derived from EO imagery

to monitor land cover. For example, 21 global
products and 43 regional products are reviewed

by Grekousis et al. (2015). These freely available
products cover different spatial and temporal scales,
depending on the imagery used to generate them.
Some examples include®:

= GlobCover (ESA with JRC, EEA, FAO, UNEP, GOFC-
GOLD and IGBP)—annual global land cover maps
derived from various satellite image sources at 300
m from 1992 to 2015 (ENVISAT; http://cci.esa.int/
content/land-cover-annual-global-land-cover-maps-
v207-dataset-release); Bontemps et al. (2011);

= Global Land Survey (NASA/USGS Land Cover
Institute)—based on 30 m Landsat imagery, from

3.3 Mapping Approaches

2009 to 2011 (https.//www.usgs.gov/land-resources/
nli/landsat/global-land-survey-gls?qt-science_
support_page_related_con=0#qt-science_support_
page_related_con);

= MODIS Land Cover (University of Maryland)—IGBP
Land Cover Type classification (16 vegetation
classes plus water) from 2001 to 2012 reprojected
to geographic coordinates in WGS 1984 (EPSG:
4326) in two resolutions: 0.5° and 5 square pixels
(http://glcfumd.edu/data/Ic/); and

= GLC2000 (EC coordinated consortium of
researchers)—global and regional classifications
of land cover derived from SPOT VEGETATION
imagery (SPOT-4) for the year 2000 (http.//forobs.
jrc.ec.europa.eu/products/glc2000/data_access.php;
Bartholomé and Belward, 2007).

Classifying landscapes in terms of their biophysical
characteristics allows geographers, land managers,
and decision makers to focus on the similarities

and differences between different regions. This
information provides insight into the processes

that determine these characteristics and allows the
impact of land management practices to be evaluated
objectively. Such data and classifications are used for
a range of activities, including conservation planning,
resource assessment, and agricultural management.

The interrelationship between land cover and
environmental factors, such as climate, topography,
and soil substrate, is well-established for the
Australian environment (Graetz et al., 1992). As
outlined in Section 2, the distribution of natural
vegetation in Australia is strongly dependent on
rainfall, aspect, and soil type. Since World War I,
numerous classifications of landscape biodiversity
have been developed for both research and
operational use in Australia. These have involved
varying methods, scales, products, and coverage.
Some of these systems are summarised in Table 3.5.
While these efforts have substantially contributed

to the current knowledge of Australia’s biophysical
resources and have each delivered iterative
improvements in terms of reliability and accessibility,
none currently offers consistent land cover
information over the Australian landmass that can be
updated readily.

Below, we will consider the existing landscape
classifications in terms of four categories:

® |and evaluation based on mapping units (see
Section 3.3.1);

= actual distribution of current vegetation (see
Section 3.3.2);

= probable distribution of natural vegetation (see
Section 3.3.3); and

= actual distribution of current land use (see
Section 3.3.4).

3.3.1 Land evaluation based on mapping
units

The CSIRO Land Systems project (Christian and
Stewart, 1953, 1968) developed the first landscape
classification system to be based on ‘mapping units’.
Reconnaissance surveys were conducted in northern
and central Australia and Papua New Guinea from
1946 to 1977, to identify and map land resources and
the potential for regional development. To integrate
the various types of landscape data, a new system

of land evaluation was required. Each area or group
of areas characterised by a recurring pattern of
topography, soils, and vegetation was identified as a
discrete mapping unit or ‘land system’. Initial mapping
of land systems was generally based on patterns
identified from aerial photography, in conjunction with
supporting information available from topographic
and thematic maps, reports and other documents,
and expert knowledge. Successive surveys used more
advanced classifications of soils, vegetation, and
terrain as these became available. The results of these
surveys are still used as a reference data source in
other mapping exercises.

5  ESA:European Space Agency; JRC: Joint Research Centre (EC); EEA: European Economic Area; FAO: UN Food and Agriculture Organisation; UNEP: UN
Environment Program; GOFC-GOLD: Global Observations of Forest Cover and Land Dynamics; IGBP: International Geosphere-Biosphere Programme
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A similar approach to land evaluation was used to
develop the Interim Biogeographic Regionalisation

for Australia (IBRA; DAWE, 202043; see Figure 2.13),
part of a nested series of bioregionalisations used to
define global terrestrial habitats and world ecoregions
by the World Wildlife Fund (WWF; Olson et al., 2007,
see Section 1.3.2). This classification was developed
for conservation planning and represents Australia’s
landscapes as geographically distinct bioregions on
the basis of climate, geology, landform, and native
flora (see Section 2.4). Each bioregion has been
subdivided into more homogeneous geomorphological
units or subregions. In IBRA7, 89 bioregions and

419 subregions collectively describe the Australian
landmass and selected marine areas.

Table 3.5 Australian landscape mapping approaches

3 Mapping Vegetated Landscapes

A hierarchy of mapping units was also used to
compile the Australian Soil Resource Information
System (ASRIS; CSIRO, 2014; see Figure 2.3). This
provides online access to consistent soil and land
resource information across Australia in a seven-
tiered hierarchy. Different attributes are used to map
each level in the hierarchy, as deemed appropriate
to each mapping scale, based on the most recent
publicly available data. This system can be used to
summarise the soil and landscape properties for other
classifications, such as IBRA.

Land, then, is not merely soil: it is a fountain of energy
flowing through a circuit of soils, plants, and animals.
(Aldo Leopold)

First systematic approach to land evaluation in
Australia, conducted from 1946-1977, based on
evolving classifications of soils, vegetation and
terrain

CSIRO Land Systems

Vegetation Map of

Australia groups

Probable distribution of major natural vegetation

Christian and Stewart
(1953, 1968); www.publish.
csiro.au/nid/289.htm

Primarily northern and central
Australia, approximately 50% of
continental Australia

16 categories across the Australian

Williams (1959)
landmass

Major Vegetation
Types in Australia

Present Vegetation
(Atlas of Australian
Resources, 3rd
Edition)

Interim
Biogeographic
Regionalisation of
Australia (IBRA)

Australian Soil

Resource Information

System (ASRIS)

National Vegetation
Information System
(NVIS)

Major Vegetation
Groups (MVG)

Australian Land Use
and Management
Classsification
(ALUM)

Catchment Scale

Probable distribution of major vegetation groups
prior to European settlement based on Specht
structural types and Beard and Webb (1974) notation

First continental map of actual vegetation based
on Landsat MSS satellite imagery with input from
existing maps, reports, and expert knowledge.

Divides Australia into geographically distinct areas
with common characteristics (such as geology,
landform patterns, climate, and ecology) as a broad
framework for conservation planning

Online access to best available soil and land
resources information using a seven-tiered hierarchy
of mapping units

National collaboration of state and federal datasets
that combines floristic and structural parameters to
describe all layers of native vegetation, both current
and pre-1750.

Aggregations of NVIS 41 vegetation types to
estimate major groups of vegetation in Australia,
both current and pre-1750.

National scale land use classification using modelling
approach to integrate agricultural commodity data,
satellite data, and other land use data

A seamless raster dataset that combines land use
data for all state and territory jurisdictions, at a

1977—1:12,000,000
1988—1:5000,000

24 broad structural categories with
supplementary codes Australian

landmass; 1:5,000,000

Digital data for 89 bioregions and 419
sub-regions across Australian land
mass and selected marine areas

Digital data for Australian landmass

National hierarchical framework

for inventory and monitoring of
vegetation type and extent. Dataset
covers the Australian landmass

and contains over 9000 distinct

vegetation types

33 Major Vegetation Groups and

85 sub-groups over Australian
landmass

1:2500,000

15,000 to 1:25,000 for irrigated and

Carnahan (1976, 1988)

AUSLIG (1990)

Thackway and Cresswell
(1995); https://www.
environment.gov.au/land/
nrs/science/ibra

McKenzie et al. (2012);
WWW.aSris.csiro.au

https:/www.environment.
gov.au/land/native-
vegetation/national-
vegetation-information-
system

DE (2012) https:/
data.gov.au/data/
dataset/57c8eebc-43e5-
4e9c-9e41-fd5012536374

http.//www.agriculture.gov.
au/abares/aclump/land-
use/alum-classification

http://data.daffgov.au/

resolution of 50 m, by combining state cadastre,
public land databases, fine scale satellite data, other

peri-urban; 1:100,000 for broadacre
cropping; 1:250,000 for semi-arid and

anrdl/metadata_files/pb_

Land Use of Australia luausg9abli20171114_1la.

(CLUM)

land cover and use data, and information collected
in the field

arid pastoral zone.

xml
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http://data.daff.gov.au/anrdl/metadata_files/pb_luausg9abll20171114_11a.xml

3.3.2 Actual distribution of current
vegetation

The first national scale map of actual vegetation in
Australia based on satellite imagery was produced

by Carnahan (1988) for the Australian Surveying and
Land Information Group (AUSLIG) publication series
Atlas of Australian Resources (AUSLIG, 1990). This
two-part dataset mapped both natural (pre-European
settlement; see Section 3.3.3) and present (current)
vegetation at 1:1 million scale. The ‘present vegetation’
map, which showed both native and exotic vegetation,
was based on visual interpretation of Landsat

MSS satellite imagery with reference to existing
maps, reports and expert knowledge (especially for
crop and pasture classes). Land cover labels were
based on eight growth forms and four categories of
foliage cover for the tallest stratum, resulting in 22
broad categories for terrestrial vegetation with two
additional classes for wetland vegetation and bare
areas. Supplementary mapping detail describing
floristic type and vegetation in the lower stratum

was added using alphanumeric codes and shading
patterns. Each major vegetation type was also
detailed and mapped in AUSLIG (1990).

The National Land and Water Resources Audit
(NLWRA) was founded in 1997 to collate information
relating to Australia’s natural resources and finished
operation in 2008 (Land and Water Australia, 2009).
One of its collaborative projects with state agencies
was the Australian Native Vegetation Assessment
2001 (NLWRA, 2007, the first Australia-wide,
regional level, assessment of type, extent, and
change in Australia’s native vegetation cover since
European settlement. Included in this project

was the development of a consistent national
classification framework, based on Walker and
Hopkins (1990) Figure 8, which became known as the
National Vegetation Information System (NVIS; see
Section 2.3.1 and Volume 2D—Excursus 12.1). Over
10,000 distinct vegetation types are contained in the
NVIS database (NVIS Technical Working Group, 2017).
In NVIS Version 5.1, these detailed data records are
aggregated into 33 Major Vegetation Groups (MVG)
and 85 Major Vegetation Subgroups (MVS) for
Australia on the basis of similarity in structure and
floristic composition in the dominant stratum (see
Section 2.3.1). These datasets have been used to
map both current (extant) and pre-1750 vegetation in
Australia (see Figure 212 and Section 3.3.3).

3.3.3 Probable distribution of natural
vegetation

Since the spatial distribution of natural vegetation

is largely determined by climate (principally
precipitation and temperature) and moderated by
factors relating to soils and topography (especially
aspect and slope) (Graetz et al., 1992), the probable
distribution of vegetation prior to European
settlement in Australia has been modelled on

the basis of these variables (Nix, 1982). Current
vegetation, however, has been modified by
anthropogenic influences and can only be determined
using surveying and modelling methods. Several
maps showing the likely distribution of Australian
vegetation before European settlement have been
produced using expert knowledge (from field surveys,
existing maps, and reports). Natural vegetation maps
showing the probable state of Australia’s vegetation
around 1788 (Carnahan, 1976, 1988) were produced
for AUSLIG (1990). The earliest of these maps was
based on API and other data sources, while the

latter map was compiled from visual interpretation

of Landsat MSS imagery and all relevant information
(see Table 3.5). Such maps have allowed the impact
of land cover change since European settlement to be
identified and quantified.

It should be noted that, at the state level, numerous
maps of potential natural vegetation have been also
produced, including for WA, SA, Tasmania, NSW, and
Queensland. These maps are generally produced at
a coarser scale than maps of present or actual native
vegetation.

Using assumptions about undisturbed land condition
and the environmental drivers for landscape change,
the probable distribution of natural vegetation can
also be inferred from the distribution of current
vegetation. This type of mapping has been applied
to NVIS (NVIS Technical Working Group, 2017; see
Figure 2.12) and several state-based vegetation
maps (see Section 19.5). For such approaches to
operate reliably, however, it is essential that the back-
engineering models (which simulate vegetation type
and condition in the pre-European landscape from
those existing in the present landscape) be based on
accurate benchmarks for all ecosystems within the
study area, for each jurisdiction.
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3.3.4 Actual distribution of current land use

The distinction between ‘land cover’ and ‘land use’
was discussed in Section 3.1.2 above. Identification
of land use is critical for planning and managing
land resources, both for productive industries and
environmental protection.

Australian Land Use and Management (ALUM; see
Section 2.5.3) is a land use classification system that
comprises a three-tiered hierarchy of classes, broadly
structured by their potential for disturbance. The
primary level in this hierarchy includes six classes,
with classes 1to 5 being ordered by increasing
modification to the natural landscape:

1. Conservation and natural environments—Iland that
has a relatively low level of human intervention.
The land may be formally reserved by government
for conservation purposes, or conserved through
other legal or administrative arrangements. Areas
may have multiple uses, but nature conservation
is the prime use. Some land may be unused as a
result of a deliberate decision of government or
landowner, or due to circumstance.

2. Production from relatively natural environments—
land that is subject to relatively low levels of
intervention. The land may not be used more
intensively because of its limited capability. The
structure of the native vegetation generally
remains intact despite deliberate use, although
the floristics of the vegetation may have changed
markedly. Where the native vegetation structure is,
for example, open woodland or grassland, the land
may be grazed.

3. Production from dryland agriculture and
plantations—land that is used principally for
primary production, based on dryland farming
systems. Native vegetation has largely been
replaced by introduced species through clearing,
the sowing of new species, the application of
fertilisers or the dominance of volunteer species.
The range of activities in this category includes
plantation forests, pasture production for stock,
cropping and fodder production, and a wide range
of horticultural production.

4. Production from irrigated agriculture and
plantations—agricultural land uses where water
is applied to promote additional growth over
normally dry periods, depending on the season,
water availability and commodity prices.

5. Intensive uses—land uses that involve high levels
of interference with natural processes, generally
in association with closer residential settlement,
commercial or industrial uses.

6. Water—water features are regarded as an
essential aspect of the ALUM classification,
primarily as a cover type (ABARES, 2016).

3 Mapping Vegetated Landscapes

The three levels in this hierarchical classification
system are summarised in Table 3.6. The range of
secondary and tertiary classes indicates the diversity
of land uses in Australia. In this system, agricultural
activities are further differentiated by their
dependence on irrigation, extent of land disturbance,
and current status of activity. Two scales of land use
map are generated from ALUM:

= national scale (1:2,500,000)—integrates agricultural
commodity data, satellite imagery, and other land
use information using a modelling approach; and

= catchment scale (1:5,000-1:25,000 for irrigated and
peri-urban, 1:100,000 for broadacre cropping and
1:250,000 for semi-arid and arid pastoral zone)—
combines state cadastre, public land databases,
high spatial resolution satellite data, other land
cover and use data, and field data (Figure 2.17).
Overall attribute accuracy of catchment scale maps
is assessed as greater than 80% (ABARES, 2011.

While national scale land use maps (1:2,500,000) have
been available biennially since 1992/93, continental
coverage at catchment scale was first completed

in 2008. The ALUM dataset is updated periodically
to reflect changes in land use and serves as a
valuable national and regional monitoring tool (see
Section 3.4.2). The current national map, updated in
December 2018 from CLUM data, features 18 broad
land use classes and 33 ALUM secondary classes
(DAWE, 2020b), with interactive viewing of recent
maps being available via the National Map tool (see
Volume 2D—Excursus 13.D.

ALUM is managed by the Australian Collaborative

Land Use and Management Program (ACLUMP),

which is overseen by the National Committee for

Land Use and Management Information (NCLUMI—a
consortium of federal, state and territory government
partners seeking to develop nationally consistent land
use and land management information for Australia;
DAWE, 2020¢). In addition to compiling land use maps,
ACLUMP produces guidelines for land use mapping
and handbooks for field measurement (see Section 3.5).

The way in which land is used has a profound
effect on Australia’s unique climate, soil, water,
vegetation and biodiversity resources (Thackway
and Freudenberger, 2016). There is a strong link
between spatial and temporal patterns of land use
and prevailing environmental, economic and social
conditions. Therefore, information on land use and
management is fundamental to the development
and implementation of land use policy and planning.
(Thackway, 2018)
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Table 3.6 ALUM classification

Notes: Classes 1.1.1-1.1.6 are based on the Collaborative Australian Protected Areas Database (CAPAD) classification (Cresswell and
Thomas, 1997) and can be translated to IUCN (2008) categories | to V. Class 1.1.7 covers additional forms of nature conservation
protection, including heritage agreements, voluntary conservation arrangements, registered property agreements, and recreation
areas with primarily native cover. Classes 1.2.1-1.2.4 are based on the CAPAD classification (IUCN, 2008 Category VD.

. . Area (%) Area (%)
Secondary class Tertiary class 2010-11 2010-11

111 Strict nature reserve
11.2 Wilderness area
11.3 National park
11 Nature conservation 114 Natural feature protection 7.86
115 Habitat/species management area
116 Protected landscapes
11.7 Other conserved area

1. Conservation and 1.2 Biodiversity
natural environments 1.2.2 Surface water supply
1.2 Managed resource protection 1.2.3 Groundwater 1514
124 Landscape
1.2.5 Traditional indigenous land uses

3826

1.31 Defence land—natural areas
o 1.3.2 Stock route
D Cma AT U 1.3.3 Residual native cover 1526
70 134 Rehabilitation
2 Production from 21 Grazing native vegetation 4487

relatively natural
environments 2.2 Production native forests

2.2 Wood production forestry 46.22

2.2.2 Other forest production I1E2

311 Hardwood plantation forestry
312 Softwood plantation forestry
31.3 Other forest plantation

314 Environmental forest plantation

31 Plantation forests 034

3.2.1 Native/exotic pasture mosaic
3.2.2 Woody fodder plants
3.2 Grazing modified pastures 3.2.3 Pasture legumes 9.24
324 Pasture legume/grass mixtures
3.2.5 Sown grasses

331 Cereals
332 Beverage and spice crops
333 Hay and silage
33 Cropping ggg gl:‘;zfds 359
3.36 Cotton 1318

3.3.7 Alkaloid poppies
3. Production from 338 Pulses

dryland agriculture and
plantations 341 Tree fruits

34.2 Olives
34.3 Tree nuts
344 Vine fruits
34 Perennial Horticulture 34.5 Shrub berries and fruits
346 Perennial flowers and bulbs
34.7 Perennial vegetables and herbs 001
34.8 Citrus
349 Crapes

35.1 Seasonal fruit
3.5 Seasonal horticulture 35.2 Seasonal flowers and bulbs
35.3 Seasonal vegetables and herbs

361 Degraded land
36.2 Abandoned land
36 Land in transition 36.3 Land under rehabilitation 000 1318
364 No defined use
36.5 Abandoned perennial horticulture
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X . Area (%)
Secondary class Al

4. Production from
irrigated agriculture
and plantations

5. Intensive uses

41 Irrigated plantation forests

4.2 Grazing irrigated modified
pastures

4.3 Irrigated cropping

4.4 Irrigated perennial horticulture

4.5 Irrigated seasonal horticulture

4.6 Irrigated land in transition

51 Intensive horticulture

5.2 Intensive animal production

5.3 Manufacturing and industrial

54 Residential and farm
infrastructure

5.5 Services

3 Mapping Vegetated Landscapes

Area (%)
2010-11

411 Irrigated hardwood plantation forestry
4.2 Irrigated softwood plantation forestry
413 Irrigated other forest plantation

414 Irrigated environmental forest plantation

000

421 Irrigated woody fodder plants
4.2.2 Irrigated pasture legumes

423 Irrigated legume/grass mixtures
4.24 Irrigated sown grasses

008

431 Irrigated cereals

432 Irrigated beverage and spice crops

433 Irrigated hay and silage

434 Irrigated oilseeds

435 Irrigated sugar 012
4.36 Irrigated cotton

437 Irrigated alkaloid poppies

438 Irrigated pulses

439 Irrigated rice

447 Irrigated tree fruits 2

442 Irrigated olives

443 Irrigated tree nuts

444 Irrigated vine fruits

4.4.5 Irrigated shrub berries and fruits 003
446 Irrigated perennial flowers and bulbs

4.4 7 Irrigated perennial vegetables and herbs

448 Irrigated citrus

449 Irrigated grapes

451 Irrigated seasonal fruits

452 Irrigated seasonal flowers and bulbs
452 Irrigated seasonal vegetables and herbs
454 |rrigated turf farming

002

461 Degraded irrigated land

46.2 Abandoned irrigated land

4.6.3 Irrigated land under rehabilitation 0.00
464 No defined use—irrigation

465 Abandoned irrigated perennial horticulture

511 Production nurseries

51.2 Shadehouses

51.3 Glasshouses 000
514 Glasshouses—hydroponic

515 Abandoned intensive horticulture

5211 Dairy sheds and yards

5.2.2 Feedlots

5.2.3 Poultry farms

5.2.4 Piggeries

5.25 Aquaculture

5.26 Horse studs

5.2.7 Saleyards/stockyards

5.2.8 Abandoned intensive animal production

001

5.31 General purpose factory

5.32 Food processing factory

5.3.3 Major industrial complex 041
5.34 Bulk grain storage 001

535 Abattoirs '

5.36 Oil refinery

537 Sawmill

5.38 Abandoned manufacturing and industrial

54.1 Urban residential

5.4.2 Rural residential with agriculture

54.3 Rural residential without agriculture 0.33
544 Remote communities

5.4.5 Farm buildings/infrastructure

551 Commercial services

552 Public services

553 Recreation and culture 004
554 Defence facilities—urban

555 Research facilities
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72

. . Area (%) Area (%)

561 Fuel powered electricity generation
56.2 Hydro electricity generation
56.3 Wind electricity generation
56 Utilities 564 Solar electricity generation 000
565 Electricity substations and transmission
566 Gas treatment, storage and transmission
56.7 Water extraction and transmission

571 Airports/aerodromes
572 Roads
5.7 Transport and communication  5.7.3 Railways 000

5. Intensive uses (cont) 574 Port.s aﬁd water transport ‘ 041
5.75 Navigation and communication

581 Mines
. 58.2 Quarries
5.8 Mining 588 Alings 0.02

584 Extractive industry not in use

591 Effluent pond
59.2 Landfill
59 Waste treament and disposal 593 Solid garbage 000
594 Incinerators
595 Sewage/sewerage

6.1 Lake-conservation
6.2 Lake—production

O1Lake 6.1.3 Lake-intensive use 8
6.1.4 Lake-saline
6.2.1 Reservoir
6.2 Reservoir/dam 6.2.2 Water storage—intensive use/farm dams 007
6.2.3 Evaporation basin 163

6.3 River-conservation
6.3 River 6.3.2 River-production 006
6.3.3 River-intensive use
6. Water
641 Supply channel/aqueduct
6.4 Channel/aqueduct 6.4.2 Drainage channel/aqueduct 000
6.4.3 Stormwater

6.5.1 Marsh/wetland—-conservation
6.5.2 Marsh/wetland-production

6.5.3 Marsh/wetland-intensive use
6.5.4 Marsh/wetland-saline 163

6.5 Marsh/wetland 012

6.6.1 Estuary/coastal waters—conservation
6.6 Estuary/coastal waters 66.2 Estuary/coastal waters—production 025
6.6.3 Estuary/coatal waters—-intensive use

Source: ABARES (2016)

Landscapes have been transformed by harvesting native food and fibre, removing vegetation
and regolith to extract minerals, removing vegetation to provide housing and urban
infrastructure, draining floodplains to create productive agricultural soils, [and] irrigating
previously dryland native vegetated areas. Landscapes have also been transformed
inadvertently through the combined effects of feral animals, weeds and changed fire regimes.
(Thackway et al, 2015)
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3.4 Monitoring Landscape Change

3 Mapping Vegetated Landscapes

Any landscape mapping exercise needs to consider
the fact that landscapes change. Variations in
landscape features may occur as part of natural
cycles or may result from disturbances in the natural
balance. In this section we will consider those factors
in a landscape that can change land cover condition
(see Section 3.4.1) and/or land use (see Section 3.4.2).

Biotic and abiotic factors in the environment are
introduced in Section 1.1. Changes in these factors can
modify the vegetated landscape of any environment.
In the Australian context, critical factors include fire
(see Sections 2.4 and 18), weeds (see Section 2.3.2),
and feral animals (see Section 2.3.3). Changes

in climate patterns (see Section 2.2) also impact
vegetation directly by varying temperatures, wind
exposure, and rainfall as well as indirectly by altering
the distribution of predators. Land use activities can
accelerate natural erosion patterns, reduce runoff,
and alter drainage systems (see Sections 2.1 and 11.4).
Finally tectonic activity can have a dramatic effect

on topography and any vegetation it supports (see
Volume 1A—Section 3.2).

In the last two centuries, the condition of native
vegetation in the Australian landscape has changed
significantly (Gammage, 2012), creating fragmentation
of ecosystems in many regions. In Central Australia,
where population pressure is much lower than

Table 3.7 National Landcare Program

along the coastal fringe, changes in grazing and fire
management practices have also transformed native
vegetation (Thackway et al., 2015).

Now that various forms of environmental legislation
govern land clearing in Australia, it is important that
changes in land cover can be assessed accurately
and consistently. Understanding change patterns

in the landscape helps to predict future distribution
and condition of plants and animals, and also enables
modelling of the likely distribution of biodiversity in
the past.

The National Landcare Program (and its numerous
predecessors) has federally funded natural resource
management in Australia for several decades to
protect and rehabilitate our environment (NLP, 2017),
with the specific goal of improving soil, water, and
biodiversity (see Table 3.7). This program involves
collaboration between landowners, researchers, local
communities, and the 56 regional natural resource
management (NRM) groups (NRM, 20193, 2019b)

to ensure that Australia satisfies both national and
international obligations that are relevant to the
environment (NLP, 2019). As part of this program,

a number of online tools, based on EO and other
spatial datasets, have been developed to assist
landowners towards sustainable land management
(see Sections 3.5 and 19).

Phase One (2014/15-2017/18) of the National Landcare Program defines the four strategic objectives listed below.

Communities are managing
landscapes to sustain long term
economic and social benefits from
their environment.

regional landscapes

Maintain and improve ecosystem services
through sustainable management of local and

Protection and restoration of ecosystem function, resilience
and biodiversity

Appropriate management of invasive species which
threaten ecosystems, habitats or native species

Farmers and fishers are increasing
their long term returns through
better management of the natural
resource base.

Communities are involved in
caring for their environment.

Communities are protecting
species and natural assets.

Source: NLP (2017) Table 1

Increase in the number of farmers and fishers

adopting practices that improve the quality of
the natural resource base, and the area of land
over which those practices are applied

Increase engagement and participation of
the community, including landcare, farmers,
and Indigenous people, in sustainable natural
resource management

Increase restoration and rehabilitation of the
natural environment, including protecting
and conserving nationally and internationally
significant species, ecosystems, ecological
communities, places, and values

Sustainable management of agriculture and aquaculture
to conserve and protect biological diversity and reduce
greenhouse gas emissions and increase carbon stored in
soil

Build community awareness of biodiversity values, skills,
participation and knowledge, including Indigenous
knowledge and participation, to promote conservation and
sustainable use of biological diversity

Reduce the loss of natural habitats, degradation and
fragmentation

Protect or conserve 'Matters of National Environmental
Significance' including management of World Heritage
Areas, Ramsar wetlands, national heritage, etc

Reduce the number of nationally threatened species and
improve their conservation status
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3.41 Changes in land condition

While the type of vegetation in an area may
essentially stay the same over time, the condition

of that vegetation may change (see Section 3.1.1).
Methods to objectively and consistently assess
vegetation condition—as well as vegetation type—
have been developed for Australia in recent years. For
example, Thackway et al. (2015) propose a seven step
process based on Sbrocchi (2013) to account for the
condition of native vegetation as an example of an
environmental ‘asset”

Document the environmental assets;

Select environmental indicators;

Determine reference benchmarks;

Collect data;

Calculate indicator condition scores;
Calculate environmental condition index; then

N o o s N2

Submit for accreditation.

To streamline the accounting process for native
vegetation at the property and regional levels, this
seven step process was refined by Butler et al. (2020)
to four steps:

1. Defining the accounting ares;

2. Compile existing published standardised data for
native vegetation types;

3. Stratifying accounting area into assessment units;
and

4. Measure indicators.

The environmental condition index (Econd™,;

see Section 20.5) is derived to allow comparison

of the relative condition of different assets. This
index ranges from pre-industrial condition (100) to
absent (0). Indicators of change need to efficiently
reflect ecological productivity and resilience, and
involve measures of both the quality (condition) and
quantity (extent) of native vegetation, as well as its
composition (the functional and structural integrity
and landscape complexity).

One system that has been developed to monitor
changes in the condition of vegetated landscapes

is the Vegetation Assets, States and Transitions
(VAST; see Excursus 3.2). The VAST system offers

“a structured way to record observed, measured
responses of native plant communities against
historic and contemporary land use and land
management practices relative to a reference state”
(Thackway et al., 2015). The key indicators and key
functional, structural, and composition criteria that are
identified by VAST Version 2 (VAST-2) are summarised
in Table 3.8.

The national VAST-2 dataset is shown in Figure 3.3,
which emphasises characteristic patterns of
vegetation condition in different jurisdictions:

= very large areas of residual and modified vegetation
in the rangelands of central and northern Australia;

= |arge areas of residual and modified vegetation
in temperate regions that are less suited to
agriculture;

= replaced vegetation occurs in fertile, moist regions,
principally being used for cropping and improved
pasture;

= extensive modified and transformed vegetation in
arid and semi-arid rangelands due to grazing; and

= small areas of removed vegetation in
coastal margins due to human settlement
(Lessie et al., 2010).

This approach to mapping the condition of vegetated
landscapes offers “a simple communication and
reporting metric that can assist in describing, valuing,
and evaluating anthropogenic modification of native
vegetation” (Lessie et al., 2010). Such datasets

can closely track the way vegetation responds to

land management practices, quantify changes in
vegetation type and extent, and monitor progress
towards defined vegetation targets.
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Table 3.8 VVAST-2 diagnostic components, criteria and indicators

Diagnostic components Key indicators

1. Fire regime

2. Soil hydrology

3. Soil physical

state
Regenerative capacity

4. Soil nutrient

state

5. Soil biological
state

6. Reproductive
potential

7. Overstorey
structure

Vegetation structure

8. Understorey
structure

9. Overstorey

composition
Species composition

10. Understorey

composition

Source: Thackway (2014)

1. Area/size of fire footprints

2. Interval between fire starts

3. Plant available water holding capacity

4. Groundwater dynamics

5. Effective rooting depth of soil profile

6. Bulk density of soil through changes to soil structure or soil removal

7. Nutrient stress—rundown (deficiency) relative to reference soil fertility

8. Nutrient stress—excess (toxicity) relative to reference soil fertility

9. Organisms responsible for maintaining soil porosity and nutrient recycling
10. Surface organic matter, soil crusts

1. Reproductive potential of overstorey structuring species

12. Reproductive potential of understorey structuring species

13. Overstorey top height (mean) of plant community

14. Overstorey Foliage Projective Cover (mean) of the plant community

15. Overstorey structural diversity (ie. a diversity of age classes) of the stand
16. Understorey top height (mean) of plant community

17. Understorey ground cover (mean) of the plant community

18. Understorey structural diversity Cie. a diversity of age classes) of the stand
19. Densities of overstorey species functional groups

20. Richness—number of indigenous overstorey species relative to the number of exotic species
21. Densities of understory species functional groups

22. Richness—number of indigenous understorey species relative to the number of exotic species

Condition information is needed to inform regional priorities, to establish policies, and to design and
evaluate natural resource management programs for maintaining, restoring and rehabilitating native
vegetation assets to improve the health of rivers, wetlands and estuaries, protect degraded landscapes
against soil erosion, mitigate against dryland salinity, and improve habitat for Australia’s unique native

plants and animals.
(Thackway et al,, 2015)
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Figure 3.3 National VAST-2 dataset

[ Jogare
B 1 Residual
I 2Modified
- 3 Transformed
[ ] 45Replaced
I 5 Removed

Source: ABARES (2008)

Excursus 3.2—Vegetation Assets, States and Transitions (VAST)

Source: Lesslie et al. (2010); Thackway and Lesslie (2006, 2008); Thackway (2014);

Thackway and Freudenberger (2016)

VAST classifies vegetation condition by assessing
the degree of anthropogenic modification from a
benchmark reference state (I) through five states of
increasing human modification, where states |, I, and
Il represent native vegetation cover and states IV, V,
and VI represent non-native vegetation cover. The
VAST framework includes reporting the condition

of native vegetation at regional and national scales,
accounting for changes in the status and condition of
vegetation, and describing the consequences of land
management on vegetation condition (Thackway and
Lesslie, 2006). VAST-2 (VAST Version 2) vegetation
condition classes were developed from national
spatial datasets (1995 to 2006) on a 1km by 1 km grid,
in conjunction with an expert model comparing

land management effects relative to a benchmark
of pristine vegetation condition (assumed pre-1750;
Lesslie et al., 2010). Primary datasets used were:

= biophysical naturalness disturbance information
forming part of the Australian Land Disturbance
Database (ALDD; previously known as the National
Wilderness Inventory, NWI; Lesslie and Maslen,
1995); updated in temperate forested environments
in the Comprehensive Regional Assessment and
Regional Forest Agreement (CRA-RFA) process
(JANIS, 1997) ;

= |and use datasets developed by the Australian
Collaborative Land Use Mapping Program (BRS,
2006; Lesslie et al., 2006);
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= bare ground cover derived from MODIS satellite
imagery (2004); and

® native vegetation extent baseline (2004) compiled
from datasets collected by the states and territories
(Thackway et al., 2010).

For example, a study by Thackway and Freudenberger
(2016) selected ten sites that are representative of
Australia’s agroclimatic regions (see Section 2.2.3),

to systematically examine the response of plant
communties to land management regimes over the
past 250 years. The VAST framework was used to
track changes in regenerative capacity, vegetation
structure, species composition, and overall vegetation
status. To demonstrate the information that can be
derived from such analyses, Table 3.9 summarises
relevant information for three of these sites. The
impact of fragmentation and the extent of site

3 Mapping Vegetated Landscapes

All sites observed in this study occurred in intact
landscapes during the early stages of rural
development. While site 1 currently represents an
intact landscape (> 90% vegetation retained and
mostly unmodified), site 7 occurs in a variegated
landscape (60-90% native vegetation retained, but
mostly modified), and site 3 occurs in a relictual
landscape (< 10% native vegetation retained). These
condition assessments can be translated to estimates
of the resilience of each site, from highest for site 1,
to medium for site 7, to lowest for site 3. This type

of landscape model is valuable for monitoring

and reporting vegetation changes with a view to
better understanding ecosystem resilience. Such
understanding will allow appropriate management
interventions to be prioritised for sites with low
resilience and thus avoid further degradation into the
future.

modification for all ten sites are summarised in

Figure 3.4.

Table 3.9 Selected site attributes

Vegetation condition dynamics indicate status score of change relative to reference state.

Attribute

Agroclimatic

Site Reference Number

1. Rocky Valley, Bogong High Plains | 2. Wirilda, Harrogate

Callitris, eucalypt low mallee woodland

70% loss due to clearing, then significant
recovery by active restoration

Various regulations that required clearing,

then fertiliser subsidies to increase

More recently, agri-environmental
schemes support farmers to restore

Domestic and international demand for

. Cold-wet Mediterranean
region
Bioregion Victorian Alps (Victoria) Kanmantoo (SA)
Plan
ant ) Poa tussock grassland
community
Vegetation 10% loss due to livestock grazing
condition then recovery to near reference
dynamics conditions
Government Statg ggvemm}ent reduct\om then iEnsiesiion
o prohibition of livestock grazing, then
policies . )
creation of a national park
native vegetation
Rapid development of national and
Markets international markets for meat and

Technological

wool

Domestic livestock

grains, meat and wool

Broadscale cropping and exotic pasture
systems, domestic livestock, fencing, and
feral rabbits

No till cropping into dormant native
pasture with cell-based sheep grazing

Drought and wildfire were a stimulus for
land management change coupled with
localised rising groundwater that was

Total indigenous displacement by

changes
) Periods of drought that increased
Climate ) h )
o livestock grazing pressure on alpine

variation

grassland )
saline.

Total indigenous displacement by

Cultural Western European values and land

Source: Thackway and Freudenberger (2016) Tables 3 and S1

management practices

Western European values and land
management practices

3. Conkerberry Paddock,
Research Station

Tropical warm season wet
Ord Victoria Plain (NT)
Eucalypt open woodland

50% loss due to livestock and feral
herbivore grazing with modest recovery
due to improved grazing management and
increasing woody cover due to climate
change

Government-managed livestock reserve,

and subsidies for artificial watering points
and fencing, then research into improved
range management

Domestic and particularly international
demand, including live cattle exports

Artificial watering points (bores), then
fencing to improve grazing management,
improved roads and transport, introduction
of Bos indicus breeds of cattle

Large seasonal fluctuations in rainfall
affecting livestock and feral herbivore
numbers, but overall increasing rainfall over
a longer season

Total indigenous displacement by Western
European values and land management
practices; a conditional land claim was
granted in 1990, enabling continued use of
the area as a research station
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Figure 3.4 Landscape change summary

Both the landscape alteration levels and VAST classes are shown for ten sites.
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3.4.2 Changes in land use

The diversity of land use activities being undertaken
in Australia is introduced in Sections 2.5.3 and 3.3.4.
Information about land use change is needed to
determine trends in agricultural activities and

assess the management of natural resources, both

in terms of regional and national changes (Lesslie
and Mewett, 2013). Land use changes can have long
term impacts on agricultural sustainability, food
security, water availability, air quality, and biodiversity,
all of which need to be monitored in terms of their
social, economic and environmental consequences
(Lesslie et al., 2011). Thoughtful reviews of various
aspects of land use practices and policies in Australia
are presented in Thackway (2018).

Some of the drivers for changing land uses have been
summarised as:

= resource scarcity leading to an increase in the
pressure of production on resources;

= changing opportunities created by markets (such
as production, infrastructure and transport costs);

= outside policy intervention (such as subsidies,
taxes, property rights, infrastructure, governance);

= |oss of adaptive capacity and increased
vulnerability (such as exposure to natural hazards);
and

= change in social organisation, attitudes, and access
to resources (Lambin et al., 2003).

Specific examples of events and conditions in each of
these driver categories are listed in Table 3.10.

Land use and land use change are central to our understanding of human impacts on the environment
(Clancy et al, 2018)
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Table 3.10 Drivers of land use change

Example events and conditions determining rate of change
Driver
I [

Natural population growth

Resource ) o Forced population displacement (e.g. refugees)
- Inappropriate land uses reduce land productivity ) _ .

scarity ) Allocation of previously productive land to other land uses
Degraded environmental resources
Increased commercialisation and agro-industrialisation Capital investment in new land use(s)

Market Improved access to land (e.g. new roads) Price changes due to macro economics or trade conditions

changes Changes in prices of inputs/outputs New technologies for intensification of resource use
Alternative employment opportunites New commodities and land use activities

Economic development programs » ) _
) o S _ ) . Rapid policy changes (e.g. devaluation)
Government  Inappropriate subsidies, taxes, price distortions, incentives ] -
Government instability

intervention  Poor governance and corruption W
ar

Insecurity of land tenure

. Internal conflicts
Increased Impoverishment; Increased dependence on welfare

o B Epidemics
vulnerability  Social discrimination

Natural hazards

Institutional changes in resource management

Increased urbanisation _ )

Social ) Expropriation of communal resources and/or private property
Extended family breakdown ) o

changes o Ecological marginalisation of the poor
Increased materialism

Reduced public awareness of environmental degradation

Adapted from: Lambin et al. (2003) Table 4 and Thackway (2018)

Specific approaches to land use monitoring will Approaches that may be used to maintain the

vary with the intended end use and the spatial and accuracy of land use maps include:

temporal resolutions of available data. Most land use » update all areas at appropriate intervals (such as
change reporting by ABARES, for example, relies on every five years for intensive agriculture regions
the ALUM time series (see Sections 2.5.3 and 3.3.4) and every ten years for pastoral and rangelands

and agricultural statistics from the Australian areas);

Bureau of Statistics (ABS; Mewett et al., 2013). While
ACLUMP aims for 80% accuracy in overall spatial and
thematic attributes when a land use map is released

(ABARES, 2015), this accuracy will inevitably reduce = prioritise areas to update based on assessed
with time as land uses change. likelihood of land use changes (see Figure 3.5;

ABARES, 2015).

= yse authoritative ancillary datasets to update
specific land uses and/or regions as needed; or

EO datasets are being used by some Australian

state land use mapping agencies (e.g. QLUMP, 2017,
Lawrence et al., 2018) to identify areas of change in
land use and land cover annually. Only those areas
identified as changed are then updated in the relevant
land use maps (ABARES, 2015; Hicks, 2018).

Land use planning has never been widely popular in democracies, as it is seen to impinge on the rights of
the individual. However, a shift from rights to responsibilities is long overdue.
(Henry Nix, 2018)
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Figure 3.5 Likelihood of ALUM land use change

These likelihoods are based on a national assessment, and will vary by region.
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v

The patterns of land use change can be variously
described in terms of:

= area—spatial extent;

= productivity—efficiency associated with converting
inputs to outputs;

= intensification—increased consumption of inputs
(such as nutrients, water, and energy); and

= innovation—improvements aimed at ‘better’
outcomes such as greater productivity, more
efficient use of inputs, or reduced degradation of
landscape (Lesslie et al., 201).

For example, the intensification of agricultural land use,
expressed in terms of the cost of production per unit
area during the two decades from 1985/86 to 2005/06,
was mapped by Leslie et al. (2011; see map 4).

Monitoring of land use change is closely coupled

to monitoring of land cover (see Section 3.1.2) and
increasingly relies on the use of EO datasets in
combination with cadastre and ancillary spatial
datasets. For example, ABARES coordinated a
national Ground Cover Monitoring project that
developed the Fractional Cover Product (see
Excursus 8.3) to monitor soil erosion, and ultimately
management practices, in cropped areas of Australia.

In combination with historical land use patterns,

and datasets tracking climatic variables, such
products may eventually enable the development

of methods for forecasting land use changes, and
thereby improve our understanding of resource
utilisation across Australia. Spatial Decision Support
Systems (DSS), such as the Multi-Criteria Analysis
Shell for Spatial Decision Support (MCAS-S, 2018;
Lesslie, 2013; Lesslie et al., 2008), will assist this
process by manipulating vast quantities of spatial
data and highlighting the relevance of their patterns
and interactions. To maximise the capabilities of
available resources and best serve the interests of
relevant stakeholders in Australia, an organising
framework has been proposed to integrate land use
and land resources information within a virtual centre
(Clancy and Lesslie, 2013; Clancy et al., 2018). Such
an integrated framework would greatly simplify the
process of monitoring land use changes in Australia.
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Australian Land Use

Land use data downloads: https.//www.agriculture.gov.
au/abares/aclump/land-use/data-download

ALUM (Australian Land Use and Management
Classification system): http.//www.agriculture.gov.au/
abares/aclump/land-use/alum-classification

CLUM (Catchment scale Land Use for Australia):
https://www.agriculture.gov.au/abares/aclump/land-
use/catchment-scale-land-use-of-australia-update-
december-2018

Australian Vegetation

NVIS: https.//www.environment.gov.au/land/native-
vegetation/national-vegetation-information-system

Major Vegetation Groups (based on NVIS): https.//
data.gov.au/data/dataset/57c8ee5c-43e5-4e9c-
9e41-fd5012536374

New South Wales Vegetation/Land Cover
Bionet: http.//www.bionet.nsw.gov.au/
SEED (NSW): https.//www.seed.nsw.gov.au

SVTM: https.//www.environment.nsw.gov.au/vegetation/
state-vegetation-type-map.htm

Victoria Vegetation/Land Cover

Habitat Hectares: Parkes et al. (2003); McCarthy et al.
(2004);

https://www.environment.vic.gov.au/native-vegetation/
native-vegetation/biodiversity-information-and-site-
assessment

https://www.arivic.gov.au/research/modelling/mapping-
vegetation-extent-and-condition

EO-based Study of Land Cover Change

Graetz, D., Fisher, R., and Wilson, M. (1992). Looking
Back: The Changing Face of The Australian
Continent, 1972-1992. CSIRO Division of Wildlife and
Ecology, Canberra.

Interactive Maps for Australian Resources
National Map: https://nationalmap.gov.au/

NEII (National Environmental Information
Infrastructure): http.//neiigov.au/data-viewer

AURIN (Australian Urban Research Infrastructure
Network): https;//map.aurin.org.au

AREMI (Australian Renewable Energy Agency): https.//
nationalmap.gov.au/renewables/

Investor Map (locates opportunities for mining,
tourism and agriculture): https:/nationalmap.gov.au/
investormap/

State of Environment maps: https:/soe.terria.io

NRM Tools

FarmMap4D Spatial Hub (formerly NRM Spatial
Hub; see Volume 1B—Excursus 10.4): https.//www.
farmmap4d.com.au/

VegMachine: https.//vegmachine.net/ (see
Excursus 15.1 below)

Earth Observation Data for EcoSystem

Monitoring (EODESM)

EODESM classifies land cover and change by
combining essential environmental descriptors

using the FAO LCCS taxonomy: https;//www.
ecopotential-project.eu/products/eodesm.html

Global Land Cover and Ecosystem Products

NASA Land Cover/Land Use Change Program
(LCLUC): https://lcluc.umd.edu/

GLC2000: Global Land Cover 2000 database.
European Commission, Joint Research Centre,
2003. http://forobs.jrc.ec.europa.eu/products/
glc2000/data_access.php

GlobCover: http://due.esrin.esa.int/page_globcover.php
MODIS Land Cover: http.//glcfumd.edu/data/lc/
Sayre et al. (2020)

IUCN Red List of Ecosystems (RLE) Global
Ecosystems Typology: https:/iucnrle.org/about-rle/
ongoing-initiatives/global-ecosystem-typology/
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Measurable Properties of
Terrestrial Vegetation




Most of the terrestrial surfaces on Earth are covered by vegetation of some description. Given that
waterbodies cover over 70% of the Earth’s surface (see Volume 3B), vegetation has been estimated
to cover some 20% of the total surface of our planet.

An enormous diversity of vegetation exists on Earth, exhibiting major differences in appearance,
life cycle, and growth requirements (see Section 1.3.2). Different plants are best suited to particular
climates and landscapes and most tend to flourish in association with ‘friends’ and ‘healthy
competition’, forming unique communities of species that are mutually supportive (see Section 1.2).
This synergy contributes to recovery from external changes and enriches the environment for
other organisms.

Our planet is dynamic at a variety of scales (see Section 1.3.3). The characteristics of vegetation
cover on Earth vary not only over space but also with the passage of time. Change can occur in
cycles, resulting from natural rhythms related to the movement of the Earth and the Moon relative
to the Sun, or as a consequence of ‘irregular’ events such as natural disasters or anthropogenic
activities. Natural changes are fundamental to the Earth’s stability and resilience, and enable
natural resources to be recycled and sustained. Anthropogenic changes, however, can outstrip the
intrinsic timeframes of landscape recovery, so require prudent monitoring and management.

Botany is concerned with classifying and understanding plants (see Excursus 1.1). The
characteristics of vegetation that botanists use to identify plants, however, are not necessarily
directly related to EO image interpretation. The following sections discuss particular characteristics
of individual plants and groups of plants that are relevant to categorising vegetation using EO
datasets:

= attributes of foliage (Section 4);

= attributes of individual plants (Section 5);

= attributes of communities (Section 6); and

= attributes of ecosystems (Section 7).

Contents
4 Attributes of Foliage 89
5 Attributes of Individual Plants 107
6 Attributes of Plant Communities 125
7 Attributes of Ecosystems 141

Background image on previous page: Sentinel 2A image over Liverpool Plains, NSW, covering Mt Kaputar. This image was acquired on 15 November 2020
and is displayed using SWIR, NIR and green bands as red, green and blue respectively.
Source: Norman Mueller, Geoscience Australia



4 Attributes of Foliage

Plant leaves are collectively called foliage. Leaves are the primary site for photosynthesis, and occur in a wide
variety of colours, sizes, shapes, and textures. Foliage is one of the principal characteristics of vegetation that
is used to identify individual species. Several aspects of foliage that are relevant to analysing EQO images are

discussed in the following sub-sections:
= structure and shape (see Section 4.1);
= chemical composition (see Section 4.2);

41 Structure and Shape

= gspectral reflectance properties (see Section 4.3);
and

= aerodynamic forces (see Section 4.4).

Leaf structure and shape are discussed below in
terms of:

= anatomy—internal structure (see Section 4.1.1);

® morphology—external shape and orientation
(Section 4.1.2);

= texture—external surfaces (Section 4.1.3); and

= strength—vulnerability to external forces
(Section 4.1.4).

411 Anatomy

A ‘typical’ plant leaf comprises multiple layers with
characteristic functions. As illustrated in Figure 4.1,
when traversed from the top surface to the bottom
surface, specialised cell types can be distinguished:

= upper epidermis (and often cuticle)—top outer
layer with waxy, waterproof coating;

= mesophyll—containing chloroplast and comprising:

¢ palisade parenchyma—elongated cells adjacent
to epidermis; and

¢ spongy mesophyll parenchyma—looser
irregular cells bordered by palisade
parenchyma; and

= |ower epidermis (and often cuticle)—bottom
surface with guard cells that open and close
stomata (pores) to control transpiration and carbon
dioxide (CO,) exchange (Esau, 1965).

In many plants, the epidermis secretes a waxy coating
called the cuticle, which protects the leaf from pests
and predators, such as insects and bacteria, and
water loss (Yeats and Rose, 2013). The cuticle surface
diffuses light and has low reflectivity. Most of the
sunlight reaching the cuticle is transmitted through
the epidermis to the palisade cells, with shaded leaves
having thinner cuticles and shorter palisade cells
than leaves in direct sunlight (see Section 4.1.2). The
epidermis can contain trichomes (hair cells), which
offer further protection against predators and reduce
the intensity of sunlight on the leaf (Esau, 1965; see
Section 4.1.3).

The palisade mesophyll cells have a high
concentration of chloroplasts and act as ‘pipes’ that
direct light towards their pigment molecules for
photosynthesis (Croft and Chen, 2017). These cells
are generally arranged in rows, with plants growing
in full sun having more layers than those growing in
shade. In some plants whose leaves hang vertically,
such as adult eucalypts, palisade cells are adjacent
to both the upper and lower epidermis and thus form
a sandwich around the spongy mesophyll cell layer
(Evans and Vogelmann, 2006).

Background image: Tropical rainforest foliage. Source: © Shutterstock image 1D 24807769
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Figure 4.1 Typical leaf cell structure

The fine scale structure of an angiosperm leaf featuring the major tissues: the upper and lower epithelia (and associated cuticles);
the palisade and spongy mesophyll; and the guard cells of the stoma. Vascular tissue (veins) is not shown. Key plant cell organelles
(the cell wall, nucleus, chloroplasts, vacuole, and cytoplasm) are also shown.

cuticle [
upper epidermis

palisade

mesophyll
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lower epidermis
cuticle

chloroplast
vacuole
nucleus
cell wall
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Source: Richard Wheeler, Zephyris, Wikimedia Commons. (Retrieved from https.//en.wikipedia.org/wiki/Leaf#/media/File:Leaf_Tissue_Structure.svg)

Air spaces between the smaller spongy mesophyll
cells allow gas exchange of water vapour, CO,, and
oxygen with the atmosphere via stomata. The guard
cells control stomatal opening to conserve water
and heat within the leaf. In most plants, stomata are
often more numerous on the lower than the upper
leaf surface and also in plants from cooler climes
(Harrison et al., 2020).

A network of veins throughout the leaf transport food,
water, and minerals to and from the rest of the plant.
The vein pattern, or venation, of a leaf is characteristic
of its species. Veins comprise vascular tissue located
within the spongy mesophyll layer. A vein includes two
types of conducting cells: xylem, which transports
water and minerals from the roots to the leaf; and
phloem, which moves photosynthetic products from
the leaf to the rest of the plant. These conducting
structures are surrounded by a sheath of lignin, which
increases leaf rigidity.

The three mechanisms for photosynthesis, namely
Cs, C,, and CAM are introduced in Section 5.2.1. Most
plants use C; carbon fixation for photosynthesis.
Those that use the C, or CAM metabolic pathways
have slightly different leaf anatomy (Edwards, 2019).

4.2 Morphology

Most leaves are flat, but some are folding or bulbous;
most are photosynthetic, but in some plants this
function has been adopted by other structures, such
as cladodes in Casuarina species. Leaf allometry
considers the impact of the size characteristics of
leaves on their anatomy and physiology (Niklas, 1994;
John et al,, 2013). Some of the major foliage
differences that occur between and within plant
species include the size of the leaf blade, the overall
leaf shape, the extent of dissection into leaflets,

the shape on leaf/leaflets margins, the pattern of
veins (venation), the size of the leaf stem (petiole),
the arrangement and orientation of leaves along a
branching stem, and/or the arrangement of leaves on
the petiole. The composite impact of leaf shape, size,
arrangement, and orientation is particularly relevant
to water and light availability (see Section 4.2.2).

A number of plant classification systems rely on plant
functional traits (PFT)—"morphological, biochemical,
physiological, structural, phenological, or behavioural
characteristics that are expressed in phenotypes

of individual organisms” (Violle et al., 2007)—

rather than their taxonomic characteristics (see
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Section 1.1). These traits define the ecological role

of species—their interaction with the environment
and other species. An understanding of the costs
and benefits of these traits also provides insight

into vegetation changes along physical geography
gradients (Westoby and Wright, 2006). Several PFT
have been nominated for this purpose, with simplicity
of measurement being an advantage. Below we will
consider leaf size, area, shape, and orientation.

Leaf size, measured as the one-sided projected
surface area of a fresh leaf (as mm?), impacts leaf
energy production, carbon assimilation, and water
balance. Variations in leaf size between species have
been related to climatic variation, geology, altitude,
and latitude, with environments involving the stresses
of heat, cold, drought, and fire showing a preference
towards smaller leaves. Plants with larger leaves tend
to live in warmer, sunnier, and moister climates, with
small leaves offering more control over the loss of
heat and water. For a given species, however, shaded
leaves tend to become both larger and thinner than
their sunlit counterparts, presumably endeavouring
to capture more sunlight with a larger surface area
(Larcher, 1980). Compound leaves may enable
better air exchange over the leaf surface and thus
improve the efficiency of heat transfer within a plant
(Xu et al., 2009). Larger and thicker leaf types are
more ‘expensive’ for the plant to make and maintain,
that is they require a greater investment in non-
productive infrastructure, so they need to be more
durable to justify their production (Milla et al., 2008).
Similarly, leaf temperature and evaporative

demand both increase with leaf size (Gates, 1980;
Givnish, 1979).

Specific Leaf Area (SLA) is computed as the ratio

of the leaf size to its oven-dry mass (leaf dry matter
content) in m?/kg. It indicates the leaf area available
for photosynthesis per unit of biomass and appears
to be indicative of the potential relative growth

rate of a plant. It is also used to estimate stomatal
density. SLA can be expressed as a function of leaf
dry matter content (LDMC; see Section 4.2.1) and leaf
thickness (Perez-Harguindeguy et al., 2013). Lower
values of SLA tend to correspond to plants with
structural leaf defence mechanisms and high leaf
longevity, although SLA is typically lower in evergreen
than in deciduous species (Reich et al., 1997,

Ackerly et al., 2002) and in sun leaves compared with
shade leaves (Lichtenthaler, 2009). Higher SLA values
occur in permanently or temporarily resource-rich
environments and also in selected shade-tolerant
understorey species. Larger leaves, with a smaller
proportion of photosynthetically active material per
unit mass, generally have lower SLA than smaller
leaves, although variations in this relationship can

4 Attributes of Foliage

occur when leaf thickness changes are unrelated to
leaf cell density (Milla et al., 2008). SLA is considered
to be more indicative of resource usage by plants than
LDMC in sand dune environments (Li et al., 2005)

and may be indicative of climate response, CO,
response, nutrient response, competitive strength,
plant defence, and biogeochemical cycles, and related
to flammability (Cornelissen et al., 2003; Perez-
Harguindeguy et al., 2013). When CO, levels 