	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Pilbara	
  Development	
  Commission	
  
	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
INTEGRATED FUTURES

Matching Climate, Soils and Plants for Agricultural Production in
the Pilbara: A Scoping Project
PHASE 2: The Potential for Commercial Crop Production
in the Pilbara
A first approximation of ‘potentials’ for four candidate crops’

	
  

Janet	
  F.	
  Bornman,	
  Brad	
  Stelfox,	
  Richard	
  Warrick	
  and	
  Chris	
  Evans	
  
	
  
	
  

Contact:	
  Prof.	
  Janet	
  F.	
  Bornman	
  
Chair,	
  Agri-‐Food	
  Security	
  
Director,	
  International	
  Institute	
  of	
  Agri-‐Food	
  Security	
  (IIAFS)	
  
Curtin	
  University,	
  PO	
  Box	
  U1987,	
  Perth	
  WA	
  6845	
  
Email:	
  Janet.Bornman@curtin.edu.au	
  
Mobile:	
  +61	
  478	
  473	
  439	
  
Office:	
  	
  +61	
  (0)8	
  9266	
  4575	
  	
  
	
  

	
  

EXECUTIVE SUMMARY
A key goal of the Pilbara is to diversify the economy and increase population of the region. With
the vast expanse of unpopulated land, agriculture has been identified as one route to economic
diversification. However, with low rainfall, hot summer temperatures and an arid landscape, the
Pilbara poses a serious challenge for conventional dryland cropping. Nonetheless, there are
three reasons why cropping may, in fact, be a viable endeavour.
First, extensive areas of the Pilbara are underlain with large quantities of very high quality
groundwater, although only an initial quantification of this resource has been completed.
Second, the Pilbara has one of the world’s highest levels of solar radiation. Under favourable
climatic and soil conditions, such high radiation levels have been shown to enhance plant growth
in the Pilbara (as, for example, in growing algae and sorghum for energy).
Third, there exists a vast array of plants that are either native to the region or that are naturally
adapted to, or successfully developed for cultivation in similar dry tropical environments of the
world. These plants remain largely un-investigated as alternative crops for the Pilbara region.
Numerous challenges and opportunities to agricultural development in the Pilbara exist, including
mining operations, a non-permanent workforce and many unemployed Indigenous peoples,
coupled with high temperatures and low rainfall and projected future changes to both. These
circumstances emphasise the need for an informed selection of plants that match the existing
environment and its peoples and that hold promise for sustainable economic viability into the
future.
To meet this need, a 3-Phase project proposal, Matching Climate, Soils and Plants for
Agricultural Production in the Pilbara: A Scoping Project, was developed. Phase 1 involved the
development of evaluative criteria and selection of high value/high yielding candidate plants for
region-wide assessment, which was successfully completed (Evans, Bornman, Warrick, &
Chivers, 2015). In Phase 1, the focus on high value/high yielding plants and crops was influenced
very strongly by two factors. These were the costs associated with developing and maintaining
agricultural enterprises in the Pilbara and the ocurrence of cyclones.
The aim of Phase 2, as reported herein, was to contribute to the region’s goal of economic
diversification by developing, testing and demonstrating a spatial modelling approach for regionwide assessment of the alternative food crops and other plants under existing and future
conditions of climate, soils and water. A major effort was involved in compiling and incorporating
existing data along with supplemental expert advice and local knowledge into the modelling
system.
In order to test and demonstrate the utility of the model, four crops (Desert lime, Bush tomato,
Chia, and Saffron) were selected from the Phase 1 list of candidate plants. Their establishment
potentials were assessed spatially as determined by climatic conditions and constrained by such
attributes as soil types, slope, aspect, relief, topographic wetness and mean monthly radiation.
Performance metrics were assessed for both current and future conditions (50 years in the
future) under a range of climate change scenarios. First-order approximations of detailed suitable
and non-suitable areas for commercially viable production (including identification of the major
constraints to the production) were successfully produced. The results demonstrate how the
integrated, customised and dynamic mapping system, which tracks from the current situation to
future potential, can be used as a basis for a more detailed study of the selected test crops and
the other plants identified as having high potential – the aim of Phase 3.
The results of the project constitute an important first step in support of economic diversification
for the Pilbara region, with associated benefits of increased food security, expanded export and
employment opportunities, and strengthened rural communities. From this first approximation
assessment of the cropland potential in the Pilbara, a modeling technology was built that can be
easily updated as emerging datasets become available on an ongoing, dynamic basis, thus
forming a living repository of information and assessment.
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It should be noted that a key constraint is availbility of surface and subsurface water to crops. It is
recommended that the Pilbara Development Commission (Commission) consider the results of
this study in conjunction with water dynamics described in the recently released Pilbara Water
Resource Assessment (2015).
The Commission was delivered the model in December 2015.

INTRODUCTION
The Pilbara of Western Australia is a large (502,896 km2) dry, tropical region with a population of
ca 67,500 (http://www.economicprofile.com.au/pilbara/trends/population), of which ca 16% is
Aboriginal. The mainstay of the economy is mining (mostly iron ore), natural gas and petroleum.
Iron ore is Australia’s largest export commodity and the Pilbara accounts for 95% of this export.
The heavy dependence on the mining sector is a concern to the Pilbara stakeholders and,
indeed, to the State of Western Australia. Both the region and the State are vulnerable to
downturns in the mining sector. High priority is thus being given to diversifying the economy in
order to achieve sustained prosperity by building a strong, globally competitive and resilient
region and sustainable communities without compromising their unique environmental attributes.
Currently, compared to mining, agriculture, forestry and fishing accounts for only 0.9% of the
workforce (http://www.economicprofile.com.au/pilbara/economy/employment#bar-chart).
With the vast expanse of unpopulated land, agriculture has been identified as one route to
economic diversification. This potential is underpinned by the fact that there are extensive areas
of the Pilbara underlain with large quantities of groundwater; the Pilbara has one of the world’s
highest levels of solar radiation, and under favourable climatic and soil conditions, such high
radiation levels have been shown to enhance plant growth in the Pilbara. There is also a vast
array of plant species that are either native to the region or that are naturally adapted to, or
successfully developed for cultivation in similar dry tropical environments of the world. These
plants remain largely un-investigated as alternative crops for the Pilbara region.
In order to explore these opportunities and understand some of the potential and challenges to
eventually establishing viable agricultural precincts in the Pilbara, the overarching project entitled,
Matching Climate, Soils and Plants for Agricultural Production in the Pilbara: A Scoping
Project, was outlined in steps or phases in order to identify a range of plant species that could
potentially be exploited economically for viable production in support of Pilbara’s regional
diversification and niche markets.
Phase 1 of the Scoping Project, 'Development of evaluative criteria, plant identification and
validation,’ focussed on filtering the myriad of potentially suitable plant species. This was based
on a set of environmental and socio-economic criteria in order to create a roster of candidate
plants for subsequent detailed region-wide and site-specific assessments. A total of 21
independent criteria were used for evaluating crop suitability starting with 258 potential candidate
crops. These were selected mainly for their occurrence in semi-arid and arid regions. Finally, 47
plant candidates were identified for their potential in further assessments and future trialling.
Phase 2, detailed in this Report, used the knowledge gained in Phase 1 to test a modeling
system that was designed to produce ‘Food Maps’ for a first-order approximation of suitable and
non-suitable areas for commercially viable production. This Report outlines Phase 2, 'Potential
for Commercial Crop Production in the Pilbara: A First Approximation of ‘Potentials’ for 4
Candidate Crop Species.’
Spatial datasets of climate, soils and all sectoral footprints (mining, oil and gas, transportation,
settlement) relevant to potential agricultural production were assembled for the first order
approximation of suitable and non-suitable areas for commercially viable production. All of these
physical and land-use features were used as constraints against which to identify areas
considered most likely for successful establishment and production of the four plant species.
	
  

2	
  

SPECIFIC OBJECTIVES
The Specific Objectives of the project were to:
• Assess spatial determinants of crop factors (meteorology, topography, soil metrics) for 4
crops, 2 indigenous and 2 non-indigenous, which had been previously evaluated for their
potential. These were Bush tomato and Desert lime; and Chia and Saffron (Solanum
centrale and Citrus glauca; Salvia hispanica and Saffron crocus)
• Explore spatial relationships between human population metrics, land-use infrastructure,
and those regions that hold promise for cropland distribution
• Explore alternative “climate change” scenarios as they relate to potential crop distribution
• Provide a simplified example of alternative “what-if” scenarios for potential crop
expansion

Source: A,B Bush tomato C, Desert lime D, Chia plant E, Chia seeds F, Saffron

What-if scenarios: Exploring Alternative Futures for the Pilbara Region
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METHODOLOGY
A web-based simulator was built for the Pilbara that tracked all relevant landuses that would have
a bearing on developing agricultural precincts with particular attention to soils, climate,
infrastructure and constraints. The resulting methodological roadmap is exploratory rather than
prescriptive. In addition, the spatial data sets for the Pilbara have been collated and assembled
into a Biophysical and Land Use Atlas providing a set of physical, biotic, cultural, and land-use
spatial data, largely acquired through the Landgate/WALIS portal.
The toolkits and software used included A Landscape Cumulative Effects Simulator (ALCES)
and SimCLIM. ALCES simulates regional land-use trajectories, including for agriculture, and then
uses these trajectories to spatially map resulting commodity production metrics. SimCLIM is a
modelling system for examining current climate variability and for generating scenarios of future
climate and the recurrence of extreme events. The system is designed to interface with other
models (e.g. hydrologic, agricultural) in order to examine impacts and adaptation to climate risk
and spatially map suitable growing regions. For the current project, mean-monthly values were
averaged over the period 1961-1990 for the “baseline” data. Future scenarios were constructed
for the years: 2015, 2025, 2035, 2045 and 2055. Forty general circulation models (GCMs) were
used from the latest IPCC assessment (AR5). For each month, the following climate variables
were added to the modelling systems: Mean, minimum and maximum temperature, precipitation,
solar radiation, relative humidity, windspeed, and potential evapotranspiration, PET (potential
evapotranspiration, i.e., the potential amount of water lost from vegetation).
ALCES incorporates a very fast cloud-based GIS and a dynamic simulator, which allowed a suite
of spatial relationships to be explored. Approximately 4,000 spatial data sets were collected and
assembled into the model from which the Spatial Themes were generated. The Spatial Themes
describe the dynamic environment of the Pilbara and its suitability for potential agricultural
precincts. The physical properties of the region were captured at a scale of 5x5 metres, and the
spatial themes presented at 100 x 100 metres.
SPATIAL THEMES
Physical
•
Elevation
•
Slope
•
Aspect
Climate
•
Precipitation
•
Temperature
•
Potential
Evapotranspiration
•
Relative Humidity
Water
•
Hydrography
•
Surface Water- Standing
•
Surface Water- Moving
•
Groundwater Distribution
•
Groundwater Salinity
Soils
•
General Classes
•
Bulk Density
•
Cation Exchange
•
Water Holding Capacity
•
pH (CaCl, Water)
•
Total Nitrogen
•
Total Phosphorus
•
Organic Content
•
Silt, Clay, Sand

	
  

Bio-Geographic
•
Major Communities
Wetlands
•
Different Types
Plant Communities
•
Grassland Types
•
Bush Types
•
Forest Types
•
Shrubland Types
Zoning
•
Regions, LGA, Suburbs
•
Census Zones
•
Pastoral Leases
•
Mining Tenements
•
Hydrocarbon Regions
•
Native Determination
•
Forest Estates
•
Conservation Areas
•
Terrestrial/Marine
Sectoral Buffers
•
Residential
•
Transportation
•
Mining
•
Energy
Landscape Metrics
•
Natural Landscape
•
Land Use Footprint
•
Linear Edge
3-D Mapping
•
Broad Selection

Populations
•
Population Size
•
Gender Metrics
•
Age Class
•
Ethnicity
•
Workforce
Land Use Categories
•
Residential
•
Aboriginal
•
Communities
Cropland
•
Pastoral
•
Mining
•
Energy
•
Transportation
•
Recreation / Tourism
Infrastructure
•
Commerce Services
•
Cultural Services
•
Defense Services
•
Education Services
•
Geographic Services
•
Health Services
•
Hospitality Services
•
Recreation Services
•
Water Tower Services
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Using the integrated ALCES/SimCLIM technologies, the simulator demonstrated potential
changes in crop species suitability through space and time in the Pilbara.
However, it should be noted that although water availability is examined to some extent, a
detailed investigation of hydrology was not included because the data were not available during
the time of the project.
Summary of the methodological steps

Identification of crop species to be assessed
	
  
Assembly of GIS datasets
	
  
Assembly of climate and climate change data	
  
Quantification of crop species life history
requirements
	
  
Assembly of land-use footprints
	
  
Analysis of spatial variation in climate and
soil features for crop species
	
  
Identification of optimal regions relative to
soils, climate, infrastructure	
  

CONSTRAINTS FOR CROP SUITABILITY
A large array of data sets were integrated into the model in order to know where crops could be
potentially grown, including conservation areas, pastoral leases, mining tenements, native title,
transport, and residential areas. These constraints can then be used for future model output of
the potential for agricultural precincts in crop favourable locations.
The marked variation in climate, topography and soils across the Pilbara will reflect similar
variations in native plant communities and also determine to a large extent which crops can be
cultivated in the different locations. Although the ALCES Simulator showed limited suitability
across most regions of the Pilbara for growing the 4 test crops based on a number of constraints,
specific locations were identified that show promise as potential agricultural precincts. These
locations were further assessed in terms of proximity to suitably available water, temperature,
and infrastructure, among other conditions that could favour sustainable growth regions.
The maps below illustrate the underlying importance of temperature and water, as well as
topographical and soil features, and infrastructure availability and proximity, which will largely
govern areas suitable for crop establishment and production. Underscoring all considerations for
crop establishment is a rainfall pattern that is highly seasonal and where precipitation is
significantly exceeded by potential evapotranspiration
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Exploring constraints and opportunities for matching general crop suitability to prevailing
conditions:
Mean Annual Temperature
Average value: 25.03 oC

Adjusted Mean Annual Temperature, oC/km

2

Adjusted for slope, aspect, proximity to surface water

January precipitation, mm. Average value: 70.9 mm
Total value:
36.1 B m3

Potential January Evapotranspiration (mm)
Average value:
252.2 mm
Total value: 128 B m3
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Based on the information available for the selected test crops, the following basic assumptions
indicate some of the climatic conditions and logistics that need to be considered for defining
potential production for these crops.

CLIMATE CONSTRAINTS

Legend: NA, not applicable; m a.s.l., metres above sea level; mm, millimetres; C, Centigrade.

LOGISTICAL CONSTRAINTS
Constraints

Units

Chia

Bush tomato

Saffron

Desert lime

Y/N/E

E

E

E

E

Proximity to settlement

km

Up to 500

<100

<100

<150

Proximity to major road

km

<150

NA

NA

<150

Proximity to secondary roads

km

<30

NA

NA

<30

Tolerant of rough roads

Y,N

N

Y

Y

N

Proximity to settlement

km

Refrigeration truck required

Y/N

N

N

N

Y

F, D, P

Dry

Dry

Dry

Chilled/Frozen

#/ha

2 - 3 /100-1000
ha

2/ha

10-15/ha

3/ha

ha

100

1

0.5

3

Mega L

15 ML

8 ML/ha

2-3 ML/ha

7 ML/ha

Irrigation required

Gate transport mode
Workforce
Minimum crop area
Irrigation water demand

Legend: Y, Yes; N, No; E, growth either with or without irrigation, although the basic
assumption is that the crops would receive irrigation; NA, not applicable; ha, hectare; km,
kilometer; F, Fresh; D, Dried; P, Processed; ML, Mega Litre.

The minimum crop area in the second table above is related to the area used in the model to
assess potential productive areas of the crop. In contrast to the broadacre Chia crop, it was
assumed that for Bush tomato and Saffron these initially would be small intensive enterprises
restricted to 1 ha. Desert limes would be likely cultivated as orchard enterprises and therefore
were assessed at a 3 ha area.
Soil groups and soil properties were collated and integrated into the model. Soil groups included
Calcarosol, Chromosol, Hydrosol, and Kandosol. Soil properties included available water holding
capacity, bulk soil density, clay, silt, sand, coarse fragments, effective cation exchange capacity,
electrical conductivity, organic carbon, nitrogen, phosphorus, and the alkalinity or acidity. These
were evaluated at different depth intervals (0-5 cm, 5-15 cm, 15-30 cm, and 30-60 cm). Some
examples are shown below.
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Soil depth
intervals, cm

	
  

As a percentage (%) of the soil within
the depth interval
Organic carbon

Clay

0-5
5-15
15-30
30-60

0.46
0.35
0.35
0.35

20
17
17
20

0-5
5-15
15-30
30-60

Nitrogen
0.03
0.02
5.28
5.29

Sand
85
74
74
64

0-5
5-15
15-30
30-60

Phosphorus
0.02
0.02
0.80
0.64

Silt
3
3
4
4

Available soil
water capacity
5
8
8
7
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For all four test crops, preference for sand and silt was medium to high, while that for clay and
coarse fragments was low. Saffron and Chia have a preference for high soil organics and high
water pH, with Desert lime and Bush tomato prefering low soil organics and medium water pH
levels, as assessed using a relative preference matrix. In contrast to Desert lime and Bush
tomato, Saffron has a medium preference for phosphorus, and Chia, a high preference. Nitrogen
is high for both Saffron and Chia.
Other constraints of sustainable crop production locations include proximity to various features
such as towns and the road network. The map below shows buffers of 10, 25, 50 and 100 km
from towns.
Buffering around towns

For instance, depending on crop type, a particular required infrastructure or a certain distance
from a water source or town/community may determine the economic viability of the crop.
Thus, even though climate and soil type may be favourable, this might not be sufficient for crop
economic viability if proximity to e.g., transportation or population density is not optimal for getting
the crop to market or meeting the demand. Other examples of constraints include mine sites
(water availability), conservation lands, and the road network.

CURRENT VEGETATION ACROSS THE PILBARA
Data from the National Vegetation Information System (NVIS) was used to spatially map the
current native vegetation in the Pilbara, consisting mainly of grasslands, woodlands of eucalypts,
and acacia shrublands (NVIS; DEWR 2007). The maps below show the broad classification of
hummock grasslands, followed by showing only acacia and shrublands with hummock and
tussock grass, respectively. Knowledge of the distribution of natural plant communities can
inform managers and other decision-makers about geographies with appropriate climate and
soils for establishing cultivated plant species.
Hummock grasslands
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Acacia open woodlands, sparse shrublands with hummock grass

Acacia open woodlands, sparse shrublands with or without tussock grass

EXPLORING COMBINATIONS OF CONSTRAINTS
The estimated response of the test crops to their physical environment was used to construct
potential growth areas in the Pilbara.
The following constraints were taken into account in examples for irrigation suitability. The first
spatial map excludes high salinity and an excessive potential evapotranspiration (PET)/
precipitation ratio:
High salinity and high PET/precipitation excluded
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The following three maps demonstrate the irrigation suitability with only the upper 10% of cells
activated, constrained by soil conditions alone, or low salinity and low PET/precipitation ratio, and
finally with the addition of infrastructure buffers, respectively:	
  
Constrained solely by soil conditions

Irrigation potential combined with low salinity and low PET/precipitation
High
ratio salinity and high PET/precipitation excluded

TO BE ADDED – Brad – I need a bit of guidance here
Irrigation potential including salinity, PET/precipitation ratio and infrastructure

Similarly, using one of the test crops, Chia, as an example, the following (with only the upper
10% of cells activated) show the influence of coinciding constraints for potential crop production,
starting first with potential preferences for crop production that, in the case of Chia, may possibly
increase with climate change.
Chia: preference locations
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However, when all constraints are factored in, as illustrated in previous spatial maps above, the
potential crop precincts become more restricted. The spatial maps below, in increasing detail,
show this for the constraints of irrigation, PET/precipitation ratio, salinity and infrastructure buffers
for the upper 10% of cells. The circle marked indicates an example of a potential area for Chia
suitability assessed after the relevant constraints have been taken into account.
Chia: preference locations together with all constraints

Example of potential
Chia fields and
required infrastructure
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Similarly, the map for Desert lime shows another
example of a potential area (circled) for production
after the constraints are taken into account.
The ALCES Simulator can then track a range of
metrics associated with crop establishment such
as resource demand, labour required, costs of
establishing and maintaining the crop and revenue
to be realised, and potential for further expansion.
These performance indicators can be simulated
into the future with or without climate change.

High potential crop precinct for Desert lime

CONCLUSIONS
Phase 2 of the Scoping project, Matching Climate, Soils and Plants for Agricultural Production in
the Pilbara, has successfully produced and demonstrated a viable modelling system for firstorder region-wide assessments of suitable and non-suitable areas for specific crop production in
the Pilbara.
The Integrated Futures team has constructed a fast, easy to use, landscape simulator with
functionality for exploring all land uses in the Pilbara. This functionality was illustrated in this
Phase 2 with four crops to test the system for its wider applicability with a greater number of plant
species and associated capability to generate endless ‘what-if scenarios.’ The four plant species
(2 non-indigenous, Saffron and Chia), and two indigenous, Desert lime and Bush tomato) were
selected for preliminary assessment as to their potential as crop species in the Pilbara.
The resulting dynamic landscape simulator built for the Pilbara Region allows tracking of all
relevant land uses, landscapes, and natural disturbance regimes through meaningful scales of
space and time. Key relationships between climate, soils, and requirements of specific
indigenous and non-indigenouse plant species were explored.
Careful attention to crop growing conditions, proximity to infrastructure, and availability of cropgrade groundwater, is critical to selecting those locations most likely to lead to successful
establishment of new crop species in the region. A key constraint is availbility of surface and
subsurface water to crops. It is recommended that the Pilbara Development Commission
consider the results of this study in conjunction with the findings from the Pilbara Water Resource
Assessment (2015) so that the hydrology data can be fully integrated into the Simulator.
While part of the methodological Roadmap for suitability and eventual commercialisation of
innovative plant species for the Pilbara has been presented by identifying plants with commercial
potential and spatially tracking potential favourable growth locations based on a suite of climate
and soil parameters and other constraints, important questions remain. For example - how well
do the top-ranked plants actually grow and produce under the field conditions of their favoured
locations? When this has been assessed and trialed, it will subsequently inform stakeholders
interested in commercial production.
Phases 1 and 2 of the Scoping project have laid the foundation for subsequent follow-on projects
to systematically simulate the viability of crop production in the Pilbara landscape and then to trial
and scale up the cultivation of selected crop plants to create a vibrant agricultural sector that will
meet the Pilbara vision.
	
  

13	
  

Acknowledgements
The Integrated Futures Project Team involved Janet Bornman, Brad Stelfox, Richard Warrick,
Justin Straker, Mark Ryan, Tim Barker, Chris Evans, and Will Stelfox, together with further
contributions by Noah Purves-Smith, Teresa Raabis, Regneel Prahalad, and Ben Delong.
Data was sourced from:
• Landgate
• Australia Land Use Model (ALUM); Australia Govt
• Australia Bureau of Meteorology (BoM)
• Australia Bureau of Statistics (ABS)
• Australia GeoScience
• Australian Inst. of Aboriginal & Torres Strait Islander Studies
• CLIMSystems (Prof. Richard Warrick)
• Commonwealth Science & Industry Research Organization
• Department of Agriculture and Food, WA (DAFWA)
• Department of Planning (DoP)
• Department of Mines and Petroleum (DMP)
• Department of Parks and Wildlife (DEPaW)
• Department of Regional Development, WA
• Regional Development Australia
• Department of Water (DoW)
• Pilbara Development Commission

www.landgate.wa.gov.au
www.agriculture.gov.au/abares
www.abs.gov.au
www.abs.gov.au
www.ga.gov.au
www.aiatsis.gov.au
www.climsystems.com
www.csiro.au
www.agric.wa.gov.au
www.planning.wa.gov.au
www.dmp.wa.gov.au
www.dpaw.wa.gov.au
www.drd.wa.gov.au
www.rda.gov.au
www.water.wa.gov.au
www.pdc.wa.gov.au

Landgate/WALIS is particularly acknowledged for their assistance with data sourcing and
information.
Curtin University added additional financial support, provided facilities and in-kind contribution.

REFERENCES
Evans, C., Bornman, J.F., Warrick, R. & Chivers, I. 2015. Matching climate, soils and plants for
agricultural development in the Pilbara: A region-wide scoping: Phase 1: Development of
evaluative criteria, plant identification and validation. Pp. 1-137. Pilbara Development
Commission.
McFarlane DJ (ed.) 2015. Pilbara Water Resource Assessment. A report to the Government of
Western Australia and industry partners from the CSIRO Pilbara Water Resource Assessment.
CSIRO Land and Water, Australia.
DEWR, 2007. Australian Government Department of the Environment and Water Resources.
Australia’s native vegetation: a summary of Australia’s major vegetation groups. Canberra.
NVIS, National Vegetation Information System. https://www.environment.gov.au/land/nativevegetation/national-vegetation-information-system.

	
  

14	
  

