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Executive summary
Purpose
The report presents the results of the Groundwater Dependent Vegetation (GDV) field survey,
and in doing so, provides an assessment of the accuracy of the NDVI model in predicting the
occurrence of GDV across Singleton Station. These results aim to provide field validation for the
GDV ecosystem mapping and impact assessment report prepared by GHD (2020), and to
provide DENR with additional information with which to further consider the Fortune
Agribusiness Funds Management (FAFM) groundwater extraction licence application.
Findings of GDV survey
The field survey conducted during September 2020 included 109 sites across Singleton Station
across the depth to groundwater (DTGW) gradient, and within both sandplain and alluvial
landforms. Based on tree size, floristic composition and modelled groundwater depth, each site
was categorised post survey as ‘likely’, ‘equivocal’ or ‘unlikely’ GDV and compared to the NDVI
model prediction at >70%, 50-70% and <50% probability respectively.
Of the 79 sandplain field sample sites, 55 sites (or 69.6%) agreed with the NDVI model. Of the
13 sites that disagreed, 11 (or 84.62%) were false positives, i.e. the model incorrectly indicated
likely GDV. Of the 30 alluvial field survey sites, 19 sites (or 63.3%) agreed with the NDVI model.
Of the 11 alluvial sites that disagreed, 10 (or 90.1%) were also false positives. The model
appears to overestimate GDV within both the sandplain and alluvial landscapes. Full results for
all ‘likely’, ‘equivocal’ and ‘unlikely’ sites at each DTGW are provided in Table 1 below.
The broader areas of GDV in the sandplain landform on Singleton Station appeared to occur in
four main areas


Southeast of Thring Swamp



The eastern side of Wycliffe Creek parallel to Wycliffe Creek from approximately north of
West Bore



The eastern side of the northern alluvial extension of Wycliffe Creek from around the
floodout of Sutherland Creek to the northwest



The far north of Singleton Station around the gas pipeline.

Most sites classified as likely GDV in the sandplains were characterised by the size and density
of Corymbia aparrerinja and Corymbia opaca. Areas of Corymbia open woodland had a variable
mid layer often with higher species diversity than non-GDV sites, and often appeared to be
associated with underlying calcrete. Apart from the size and abundance of large Corymbia spp,
several woody species showed a strong association with GDV sites in sandplain. These include
Capparis lasiantha, Grevillea striata, Atalaya hemiglauca and Jasminum calcareum.
Most of the areas on sandplain which are thought to be wrongly identified by the NDVI model as
likely GDV, were associated with thicker shrub growth, mainly of Acacia species including
Acacia kempeana/Acacia aneura group species, Acacia lysiphloia and to a lesser extent Acacia
bivenosa.
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Table 1

GDV survey result summary

‘Likely’ GDV sites

Total sites

No.

No. (%)
NDVI
model
agreement

No.

No. (%)
NDVI
model
agreement

<5 m

26

18 (69.2)

5

4 (80)

0 (0)

5-10 m

36

25 (69.5)

8

7 (87.5)

10-15 m

13

10 (76.9)

1

>15 m

4

2 (50)

Sandplai
n total

79

<5 m

No. (%) of
false
negatives
(NDVI)

‘Unlikely’ GDV sites

No.

No. (%)
NDVI
model
agreement

No. (%) of
false
positives
(NDVI)

No. (%) of
false
negatives
(NDVI)

1 (20)

5

Uncertain

Uncertain

0 (0)

1 (12.5)

5

Uncertain

1 (100)

0 (0)

0 (0)

0

0

N/A

N/A

N/A

55 (69.6)

14

12 (85.7)

0 (0)

2 (14.3)

10

9 (90)

6

5 (83.3)

0 (0)

1 (16.7)

5-10 m

11

5 (45.5)

2

2 (100)

0 (0)

10-15 m

7

3 (42.9)

0

N/A

>15 m

2

2 (100)

0

Alluvial
total

30

19 (63.0)

8

DTGW
(m)

No. (%) of
false
positives
(NDVI)

‘Equivocal’ GDV sites

No.

No. (%)
NDVI
model
agreement

No. (%) of
false
positives
(NDVI)

No. (%) of
false
negatives
(NDVI)

Uncertain

16

14 (87.5)

2 (12.5)

1 (6.3)

Uncertain

Uncertain

22

17 (77.3)

5 (22.7)

0 (0)

N/A

N/A

N/A

12

9 (75.0)

3 (25.0)

0 (0)

0

N/A

N/A

N/A

4

2 (50)

2 (50)

0 (0)

10

Uncertain

Uncertain

Uncertain

54

42 (77.8)

12 (22.2)

1 (1.9)

0

N/A

N/A

N/A

4

4 (100)

0 (0)

0 (0)

0 (0)

0

N/A

N/A

N/A

9

3 (33.3)

6 (66.7)

0 (0)

N/A

N/A

0

N/A

N/A

N/A

7

3 (42.9)

4 (57.1)

0 (0)

N/A

N/A

N/A

0

N/A

N/A

N/A

2

2 (100)

0 (0)

0 (0)

7 (87.5)

0 (0)

1 (12.5)

0

N/A

N/A

N/A

22

17 (73.9)

10 (43.5)

0 (0)

Sandplain

Alluvial
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Alluvial sites were located along three creek systems and their associated floodplains; Wycliffe
Creek, Hurst Creek and Sutherland Creek. Agreement with the model was strongest where
DTGW was shallowest i.e. <5 m DTGW. Potential indicators of GDV on alluvial plains was the
presence of Corymbia aparrerinja as well as large trees of the more common Eucalyptus victrix,
although the latter may be especially influenced by run-on affects. Capparis lasiantha was
associated with GDV at three out of the four alluvial sites where it occurred. Hakea arborescens
was only found at two survey sites, both of which are likely GDV, and was only seen on sites,
and as opportunistic observations, where DTGW was less than 5 m.
Most of the areas that were thought to be incorrectly identified as GDV by the NDVI model on
alluvial landform were patches of mulga (Acacia sp.), usually with scattered, small Eucalyptus
victrix, on sites receiving run-on from the adjacent plain. Typically, these densely vegetated
areas occur either at the fringes of the alluvial plain, or fringing localised depressions within the
floodplain.
Fire may affect both vegetation structure and the performance of the NDVI model in detecting
the presence of GDV, particularly in the sandplains, i.e. the model is detecting the fire effects on
vegetation structure. In the alluvial plains the NDVI model incorrectly suggests the occurrence of
GDV in rainfall run-on areas with relatively thick mulga and Senna (Senna artemisioides
subspp.), and in sandy channels and flood out areas lined with Eucalyptus sp. E.g. thick growth
of small Eucalyptus victrix appeared to show a strong indication of GDV in the NDVI model,
despite possibly being more related to the occurrence and frequency of flooding events.
Overall NDVI model performance
Overall the results suggest that the NDVI model is over estimating GDV within sandplain and
alluvial landscapes. Sandplain sites classified as likely GDV by the field studies were
characterised as such primarily by the size and density of Corymbia aparrerinja and Corymbia
opaca. Most of these likely GDV Corymbia woodlands, especially at the property scale, tend to
be well identified by the NDVI model. Areas on sandplain which are thought to be wrongly
identified by the NDVI model as likely GDV, were associated with thicker shrub growth, mainly
of Acacia species.
Agreement with the model for alluvial sites was strongest where DTGW was shallowest, i.e. <5
m DTGW. The model most notably overestimated GDV in run-on areas of floodouts (e.g. on
Hurst Creek near Singleton Station) and floodplain margins (e.g. Thring Swamp area of Wycliffe
Creek and Sutherland Creek). These dense areas of persistent woody vegetation were wrongly
identified as likely GDV by the model.
The number of times the model did not capture potential GDV where the vegetation was
assessed as likely GDV on the ground were few (i.e. false negative results; Table 1), but one
notable exception was very open woodland vegetation where there is a low density of mid-layer
vegetation.
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There have been 39 sites surveyed for GDV by DENR on Singleton Station, and a further 6
within around 6 km of the southern boundary. The data from this survey provides data for an
additional 109 sites, giving a potential combined dataset of around 150 sites. A multivariate
analysis of this dataset could provide greater insights into how shallow DTGW sites are
floristically and structurally separated from deeper groundwater sites and may result in a better
understanding of how to recognise GDV in the western Davenport region. For the current
project, this may be useful in helping clarify those sites which were classified as equivocal GDV.
The field survey confirmed four broad areas of GDV in the sandplain, as indicated by the NDVI
model, although overestimated the quantity of GDV. The field survey also confirmed the
modelled prediction of GDV sites on alluvial landforms but, as noted above, also overestimated
the GDV in these areas where the model did not differentiate some vegetation that is dependent
on surface or shallow water sources.
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1.

Introduction
1.1

Background

Fortune Agribusiness Funds Management Pty Ltd (FAFM) proposes to develop an irrigated
horticultural operation on Singleton Station (the project), in the Western Davenport region of the
Northern Territory. The project relies upon groundwater sourced from the aquifers underlying
the Western Davenport Plains, for which FAFM is applying for a 40,000 ML/annum groundwater
extraction licence from the Western Davenport Water Control District.
As part of its licence application, FAFM is required to demonstrate that impacts on groundwater
dependent vegetation (GDV) from groundwater extraction remain below the limits of acceptable
change (DENR 2020a). In order to conduct this impact assessment, it has been necessary to
understand the quality, quantity and distribution of GDV within Singleton Station.
The Northern Territory Government, Department of Environment and Natural Resources
(DENR, recently renamed the Department of Environment. Parks and Water Security but herein
referred to as DENR) has provided a GDV model to FAFM which is based on three vegetation
indices (NDVI, NDWI and EVI) derived from a time series of Landsat 8 images from 2013 to
2019. This model, hereafter referred to as the NDVI model, indicates where GDV is likely or
unlikely to occur, i.e. a model of the probable occurrence of GDV in the broader landscape
(Brim Box et al., 2019). In addition, FAFM commissioned CloudGMS to develop a suitable
groundwater model to facilitate the local, site-specific borefield planning and assess the local
scale performance and regional impacts of the borefield on groundwater levels due to
groundwater extraction.
GHD Pty Ltd (GHD) used the NDVI model and the groundwater extraction model to assess the
likely negative impact of the proposed use of groundwater on the GDV, and specifically what
percentage of GDV may be impacted by the project (GHD 2020). This analysis used the
following inputs:


Drawdown modelling of borefield scenarios (CloudGMS 2019) based on a number of
borefield layouts



The distribution of GDEs based on the NDVI model supplied by DENR (Brim Box et al.,
2019)



Currently understood depth to groundwater (DTGW) contours provided by DENR



Landform mapping based on satellite imagery (alluvial and sandplain landforms)

However, the accuracy of the NDVI model in predicting and mapping the occurrence of GDV
had not been tested in the field.
GHD has now conducted an extensive GDV field survey to ground-truth the NDVI model and
the desktop landform mapping, in order to understand its accuracy in predicting GDV
occurrence, and therefore its accuracy in predicting what percentage of GDV may be impacted
by the Singleton Project, either through clearing, or as a result of drawdown that exceeds the
limits of acceptable change in groundwater conditions.

1.2

Purpose of this report

FAFM has submitted an application for a Water Extraction Licence on Singleton Station. Given
the focus on protection of GDV in the Western Davenport Water Allocation Plan, DENR
provided FAFM with the opportunity to conduct an assessment based on two stages.
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The first stage required FAFM to calculate the likely negative impact of the proposed use of
groundwater on the GDV. To determine that outcome, DENR provided FAFM with the NDVI
model, and the Project borefield was then configured to reduce to below the threshold, impacts
on the modelled GDV. This work was undertaken by GHD and reported in Groundwater
Dependent Ecosystem Mapping and Borefield Design. Prepared for Fortune Agribusiness
Funds Management, July 2020 (GHD, 2020).
The second stage of the methodology required FAFM to conduct a field survey across the
Singleton station to assess the accuracy of the NDVI model as described above. This required
a team of botanists to sample sites across Singleton station as described in Section 2
below. The survey methodology was discussed and agreed with DENR before carrying out the
survey, so as to meet DENR requirements.
The purpose of this report therefore, is to describe the Stage 2 field validation process and
results, and to make an assessment of the validity of the NDVI model as a tool for impact
assessment of the proposed borefield. In designing the project, FAFM seeks to design the
borefield such that the Project does not exceed the limits of acceptable change in groundwater
conditions across Singleton Station.

1.3

Scope and limitations

The scope of the GDV survey was to sample terrestrial vegetation across the DTGW gradient in
the two major landforms across the plain country of Singleton Station, sandplain and alluvial.
Each sample site was assigned a GDV probability category (‘likely’, ‘equivocal’ or ‘unlikely’)
based on the presence of indicator species and threshold values for vegetation structure and
floristic composition. The methodology for the field survey was agreed between FAFM and
DENR prior to the survey.
This report does not include a multivariate analysis of the structure and floristics across the
DTGW gradient on the two major landforms, which may further inform our understanding of the
vegetation characteristics of GDV in the region, but rather uses indicators and characteristics as
defined by DENR through a previous analysis of field data (Nano et al. 2020).
The scope of this report is to present data collected during field survey, and an assessment of
the accuracy of the NDVI model in predicting GDV occurrence, based on the above limitations,
and hence its efficacy in mapping GDV on Singleton. The assessment of accuracy has not been
extrapolated from the individual site scale to an area scale (i.e. NDVI model accuracy assessed
within 109 one hectare sites only).
This report has been prepared by GHD for Fortune Agribusiness Funds Management Pty Ltd
and may only be used and relied on by Fortune Agribusiness Funds Management Pty Ltd for
the purpose agreed between GHD and the Fortune Agribusiness Funds Management Pty Ltd as
set out in section 1.2 and 1.3 of this report.
GHD otherwise disclaims responsibility to any person other than Fortune Agribusiness Funds
Management Pty Ltd arising in connection with this report. GHD also excludes implied
warranties and conditions, to the extent legally permissible.
The services undertaken by GHD in connection with preparing this report were limited to those
specifically detailed in the report and are subject to the scope limitations set out in the report.
The opinions, conclusions and any recommendations in this report are based on conditions
encountered and information reviewed at the date of preparation of the report. GHD has no
responsibility or obligation to update this report to account for events or changes occurring
subsequent to the date that the report was prepared.
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The opinions, conclusions and any recommendations in this report are based on assumptions
made by GHD described in this report. GHD disclaims liability arising from any of the
assumptions being incorrect.
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2.

Methodology
2.1

Survey area

Singleton Station is a 294,000 ha property located approximately 130 km south of Tennant
Creek within the Barkly Region in the semi-arid zone of Central Australia in the Northern
Territory (Figure 1). Singleton Station is held under Perpetual Pastoral Lease 1022 on NT
portion 653 and the current land use is cattle grazing on native vegetation. Surrounding pastoral
properties include Neutral Junction Station to the south and Murray Downs Station to the south
east. Aboriginal Land Trust land borders Singleton Station to the north and west and a small
portion to the south including Warrabri (NT Portion 599) to the south and Mungkarta (NT Portion
718) to the north.
2.1.1

Landscape and vegetation

Within Singleton Station, the area of interest with respect to GDV is a large sandplain with
occasional sandy rises bounded in the northeast by the Davenport Ranges and extending
beyond Singleton Station in the south, west and northwest (Figure 2). The underlying geology is
sandstone at varying depths, with significant areas of calcrete of groundwater origin (NTGS
1986) which occasionally outcrops as very low rises. The sandplain plain is intersected by
several creeks and their associated alluvial plains and floodouts. The elevation of the plain
ranges from around 380 m in the south, to around 350 m in the north, and the drainages flow
roughly southwest from the Davenport Ranges before turning and heading in a north-westerly
direction. The largest of these, Wycliffe Creek, forms a large floodplain known as Thring Swamp
at the point where the drainage changes direction, just to the east of Wycliffe Well. Other
smaller drainages include Hurst Creek and Sutherland Creek (Figure 2). The sandplain
landscapes on Singleton Station are characterised by red siliceous sandy soils with vegetation
consisting of open hummock grassland (Triodia spp., commonly known as spinifex) and low
Acacia shrubs and patches of mallee (Eucalyptus pachyphylla and Eucalyptus odontocarpa).
Trees may be absent, or exist as scattered and isolated individuals, and in some areas form
open woodlands. The major tree species on the sandplain are three Corymbia species;
bloodwood (C. opaca), ghost gum (C. aparrerinja) and large-fruited desert bloodwood (C.
sphaerica). The first two species are widespread and occur on floodplains, but the latter only
occurs on sand in the far southwest of Singleton Station. Patches of witchetty bush (Acacia
kempeana) and mulga (Acacia aneura) with tussock grasses may occur within the open
hummock grassland matrix. Smooth-barked coolibah (Eucalyptus victrix) generally occurs as
stunted trees on localised areas of heavier soils mainly where there may be an influence on
soils from ancient drainages.
The alluvial landscapes follow the general SE to NW direction across the Station, associated
with Wycliff Creek and Hurst Creek. The vegetation in these areas consists of low open
woodland often dominated by smooth-barked coolibah (Eucalyptus victrix), but also with a
number of other small trees including ironwood (Acacia estrophiolata) and whitewood (Atalaya
hemiglauca), over tussock grasses and sometimes patches of gummy spinifex (Triodia
pungens). Common shrubs include inland Tea-tree (Melaleuca glomerata), conkleberry (Carissa
spinarum) and senna (Senna artemisioides subspp.). The River red gum (Eucalyptus
camaldulensis subsp. arida) is mostly restricted to the banks of the sandy creek channels.
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Figure 1

Singleton Station survey area
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Figure 2

Singleton Station landscape
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2.2

Survey design

Approximately 150 sample sites were selected a priori using a method of stratified non-random
sampling, to encompass an even geographical distribution across Singleton Station, across the
DTGW gradient (weighted toward 5-10 m DTGW) and across alluvial and sandplain landform
types. Within landform, an effort was made to sample different vegetation types as visible on
high-resolution satellite imagery.
Boundaries between landforms were hand digitised in ArcGIS Desktop 10.6.1 against
background imagery, which included:
1. The Bonney Well 250K geological map sheet
2. Landsat 8 imagery viewed as a 654-band combination RGB image (20191204)
3. ESRI World Imagery (high resolution at greater than 1:3000 scale)
The geological map sheet was used to confirm alluvial drainages on satellite imagery, and to
identify small areas of outcrop that were mapped as ridges. Spectral differences on Landsat
imagery in the 654 bands readily distinguish between spinifex and non-spinifex dominated
vegetation. The use of higher resolution ESRI World Imagery (SPOT satellite data) at a scale
above 1:3000 was used to confirm Landsat imagery interpretation in areas of doubt.
A number of sites were selected in pairs, being in close geographical proximity to each other,
but with contrasting probability of being GDV as defined by the model at the 70% probability
level. Location of sites took into account the 39 sites on Singleton Station previously surveyed in
detail by DENR to maximise new survey effort.
Sample sites were one hectare in size and positioned a minimum of 80 m from fences, roads
and access tracks.

2.3

Field methods

The GDV survey was conducted by two experienced botanists, from 14-22 September 2020. At
each sample site, the following general data were collected:
•

Comments on the soil type and landform including listing the existence of termitaria and
landform sub type; i.e. sandy rise, calcrete rise, seasonally flooded swamp, young
alluvial sandsheet, swamp/plain interface, flood-out, channel

•

Presence and extent of run-on groundcover indicators

•

Time since fire

•

Buffel Grass (Cenchrus spp.) and other weed invasion severity and extent (% site
affected)

•

Grazing impact

The following data for trees within the one-hectare plot area were recorded:
•

Count of total number of medium (>7 cm DBH), large (>15 cm) and very large (>30 cm)
Smooth-barked Coolabah (Eucalyptus victrix)

•

Count of total number of medium (>15 cm), and large (>30 cm) Ghost Gums (Corymbia
aparrerinja) and Bloodwoods (Corymbia opaca).
o

N.B. Each stem at breast height on individual trees was counted as it provides
a more accurate measure of basal area, and therefore water use, by the tree.
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•

Mean height and canopy condition of all medium, large and very large trees
o

Canopy condition was scored by the mean % of healthy canopy at the
population level in the following categories:
▪

Excellent = all/most trees 100% canopy

▪

Good = all/most trees 75-100% canopy

▪

Fair = frequent trees 50-75% canopy

▪

Poor = most trees 30-50%

▪

Very Poor = all trees < 30%

The remaining vegetation structure and floristics data was collected in the centre 0.25 ha of the
1 ha total plot size:
•

Dominant species (three, if present) in each of tree layer, upper and lower shrub layer,
and the ground layer, with a mean height and percent cover estimate (for each species
and the overall cover estimate for each layer).

•

All other non-dominant species present in the tree and shrub layers were listed, with
crown cover estimates provided

The datasheet used for this survey is provided in Appendix A of this report.
Sample site selection was adjusted in the field. Some sites were omitted where the sampling
effort of certain vegetation types were deemed adequate, and other sites added where further
sampling effort was required. In addition to formal survey sites, some notes and photographs
were taken opportunistically at other locations where consistent disagreements with the model
were noted.

2.4

Plant taxonomy

Senna artemisioides subspecies hybrid swarms are ecologically likely to be very similar with
respect to water use, although some of the subspecies do have definite habitat preferences e.g.
Senna artemisioides subsp. filiolia was highly associated with sandy soils.
Acacias of the mulga group are also closely related and can be difficult to identify definitively in
the absence of seed pods. Three mulga species were recorded; Acacia aptaneura, Acacia
aneura and Acacia pteraneura. Seed pods were absent on all sites, so identifications should be
treated with caution. For vegetation pattern analysis with respect to DTGW and GDV status,
they are possibly best treated as a single group.

2.5

Data analysis

2.5.1

GDV assessment

Sites were categorised post survey as ‘likely’, ‘equivocal or ‘unlikely’ GDV as per Nano et al
2020. Consideration was given to findings by DENR, but also to the distribution of species
against the DTGW gradient in the September 2020 survey. The use of data from many more
points across the DTGW gradient in this study (i.e. n = 109 vs n = 35 approx. for DENR sites on
Singleton Station) allowed for a re-evaluation of the usefulness of certain species as indicators
of GDV.
The presence of clusters of relatively large Corymbia aparrerinja and/or Corymbia opaca trees
was taken as an indication of the reliance of vegetation on groundwater at all depths to 15 m
DTGW. At depths shallower than 10 m, the presence and abundance of other species may also
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indicate GDV, especially towards the 5 m threshold and shallower, where many species could
potentially be accessing groundwater (Cook & Eamus 2018a).
To create a dataset that is comparable to that analysed within the Nano et al. (2020) study, the
same methods for assessing GDV status (into categories of ‘likely’, ‘unlikely’ and ‘equivocal’)
were used. This involves three criteria:
1.

Floristic composition: Presence and quantity of indicator species.

2.

Tree size: Presence of clusters (i.e. 3-5 trees per ha) of Corymbia opaca and/or C.
aparrerinja with a height >10 m or DBH >30 cm (Nano et al. 2020).

3.

Modelled groundwater depth: It is considered that vegetation with attributes outlined in the
points above that are found within the 0-15 m DTGW zone can be readily identified as
GDV. Similar vegetation may occur at DTGW zones >15 m though not believed to be
accessing groundwater and therefore not GDV.

The data from each of the 109 sites surveyed were assessed against these criteria and a GDV
status was allocated.
2.5.2

Model validation

The GDV status of sites surveyed in this study were compared against the 70% probability level
predicted by the NDVI model. The model prediction for each location was determined by
overlaying site location points on vector layers of GDV probability at the 50% and 70% level,
derived for the NDVI model raster. In almost all cases the sampled site fell entirely within one of
the three categories of probability; <50% (unlikely), 50-70% (equivocal), and >70% (likely). In a
small number of cases sites have been assigned an ‘uncertain’ probability.
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3.

Results
3.1

Survey effort

The survey effort totalled 109 sites distributed across an area of 1040 km2 west of the
Davenport Range within Singleton Station. The number of sites sampled in each landform and
DTGW range is provided in Table 2 below, and sample site locations are mapped in Figure 3.
Table 2

Site allocation and survey effort

DTGW range

Area within
Singleton Station
(km2)

# of alluvial sites

# of sandplain
sites

Total # of sites

<5 m

467

10

26

36

5-10 m

709

11

36

47

10-15 m

371

7

13

20

>15 m

564

2

4

6

Total

2111

30

79

109
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Figure 3

Survey effort
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3.2

Sandplain landscapes

Of the 79 sandplain field sample sites, 55 sites (or 69.6%) were in agreement with the NDVI
model. More specifically, 13 sites were assessed as likely GDV from data collected in the field,
of which 11 (or 84.6%) were confirmed by the NDVI model, resulting in two false negatives. 54
sites were assessed as unlikely GDV from field survey, from which 42 (or 77.8%) were
confirmed by the NDVI model, resulting in 11 false positives. There were a further ten sites that
were assessed as equivocal GDV, and therefore their relationship with the NDVI model is
uncertain.
Of the sites located at shallow DTGW (<5 m DTGW), only three out of 26 (or 8.67%) were in
definite disagreement with the NDVI model, and only two of these were false positives.
However, if the GDV equivocal sites were all classified as unlikely GDV (which would be the
case if a stricter interpretation of likely GDV was taken), then over 30% of sites would be in
disagreement with the NDVI model, which is similar to the overall level of disagreement. All
equivocal sites lacked large Corymbia (i.e. >30 cm DBH trees), and were mainly indicated as
possible GDV by the presence of Hakea chordophylla, which also occurs at some sites (though
less frequently) where DTGW >15 m. As such, they are more likely to be included as unlikely
rather than likely GDV. Only one site, SN051, was located above deeper groundwater at 10-15
m DTGW, all other GDV sites being at <10 m DTGW. Overall the results suggest that the NDVI
model is over estimating GDV within sandplain landscapes.
Table 3 shows the GDV status and 70% model agreement for each sandplain site. These sites,
with GDV status indicated, are mapped in Figure 4 and the geographical distribution of 70%
model agreement are mapped in Figure 5.
Table 3

70% model agreement at Sandplain sites

Site No.

DTGW
(m)

Landform subtype

GDV status

Model
prediction

70% model
agreement

SN174

>15

Sandplain

Unlikely

< 50%

Yes

SN189

>15

Sandplain

Unlikely

> 70%

No

SN190

>15

Sandplain

Unlikely

> 70%

No

SN191

>15

Sandplain

Unlikely

< 50%

Yes

SN011

10-15

Sandplain

Unlikely

< 50%

Yes

SN020

10-15

Sandplain

Unlikely

> 70%

No

SN034

10-15

Sandplain

Unlikely

< 50%

Yes

SN041

10-15

Sandplain

Unlikely

< 50%

Yes

SN051

10-15

Sandplain

Likely

> 70%

Yes

SN053

10-15

Sandplain

Unlikely

< 50%

Yes

SN087

10-15

Sandplain

Unlikely

< 50%

Yes

SN088

10-15

Sandplain

Unlikely

> 70%

No

SN104

10-15

Sandplain/alluvial
interface

Unlikely

> 70%

No

SN173

10-15

Sandplain

Unlikely

< 50%

Yes

SN184

10-15

Sandplain

Unlikely

< 50%

Yes

SN188

10-15

Sandplain

Unlikely

< 50%

Yes

SN193

10-15

Sandplain

Unlikely

< 50%

Yes

SN002

5-10

Sandplain

Likely

> 70%

Yes
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Site No.

DTGW
(m)

Landform subtype

GDV status

Model
prediction

70% model
agreement

SN007

5-10

Sandplain

Unlikely

< 50%

Yes

SN008

5-10

Sandplain

Unlikely

> 70%

No

SN017

5-10

Sandplain

Unlikely

< 50%

Yes

SN019

5-10

Sandplain

Likely

> 70%

Yes

SN022

5-10

Sandplain

Likely

> 70%

Yes

SN026

5-10

Sandplain

Unlikely

< 50%

Yes

SN027

5-10

Sandplain

Unlikely

< 50%

Yes

SN030

5-10

Sandplain

Unlikely

< 50%

Yes

SN033

5-10

Sandplain

Unlikely

> 70%

No

SN036

5-10

Sandplain

Likely

> 70%

Yes

SN037

5-10

Sandplain

Equivocal

50-70%

Yes

SN049

5-10

Sandplain

Equivocal

> 70%

Uncertain

SN063

5-10

Sandplain

Unlikely

50-70%

Yes

SN064

5-10

Sandplain

Unlikely

< 50%

Yes

SN066

5-10

Sandplain

Equivocal

> 70%

Uncertain

SN067

5-10

Sandplain

Unlikely

< 50%

Yes

SN086

5-10

Sandplain

Unlikely

> 70%

No

SN090

5-10

Sandplain

Unlikely

50-70%

Yes

SN098

5-10

Sandplain

Likely

> 70%

Yes

SN100

5-10

Sandplain

Unlikely

< 50%

Yes

SN101

5-10

Sandplain

Equivocal

> 70%

Uncertain

SN115

5-10

Sandplain

Unlikely

< 50%

Yes

SN118

5-10

Sandplain

Unlikely

< 50%

Yes

SN136

5-10

Sandplain

Unlikely

> 70%

No

SN138

5-10

Sandplain

Likely

< 50%

No

SN139

5-10

Sandplain

Likely

> 70%

Yes

SN170

5-10

Sandplain

Equivocal

50-70%

Uncertain

SN171

5-10

Sandplain

Unlikely

< 50%

Yes

SN172

5-10

Sandplain

Likely

> 70%

Yes

SN175

5-10

Sandplain

Unlikely

< 50%

Yes

SN180

5-10

Sandplain

Unlikely

< 50%

Yes

SN181

5-10

Sandplain

Unlikely

< 50%

Yes

SN182

5-10

Sandplain

Unlikely

< 50%

Yes

SN185

5-10

Sandplain

Unlikely

> 70%

No

SN192

5-10

Sandplain

Equivocal

< 50%

Uncertain

SN073

<5

Sandplain

Unlikely

< 50%

Yes

SN078

<5

Sandplain

Equivocal

> 70%

Uncertain

SN079

<5

Sandplain

Equivocal

< 50%

Uncertain

SN103

<5

Sandplain

Unlikely

< 50%

Yes
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Site No.

DTGW
(m)

Landform subtype

GDV status

Model
prediction

70% model
agreement

SN106

<5

Sandplain

Equivocal

> 70%

Uncertain

SN110

<5

Sandplain

Unlikely

> 70%

No

SN112

<5

Sandplain

Unlikely

< 50%

Yes

SN119

<5

Sandplain

Unlikely

> 70%

No

SN120

<5

Sandplain

Unlikely

< 50%

Yes

SN124

<5

Sandplain

Unlikely

< 50%

Yes

SN125

<5

Sandplain

Equivocal

50-70%

Uncertain

SN126

<5

Sandplain

Equivocal

> 70%

Uncertain

SN127

<5

Sandplain

Unlikely

< 50%

Yes

SN140

<5

Sandplain

Unlikely

< 50%

Yes

SN141

<5

Sandplain

Unlikely

< 50%

Yes

SN142

<5

Sandplain

Unlikely

< 50%

Yes

SN143

<5

Sandplain

Likely

> 70%

Yes

SN144

<5

Sandplain

Likely

> 70%

Yes

SN145

<5

Sandplain

Unlikely

< 50%

Yes

SN146

<5

Sandplain

Likely

> 70%

Yes

SN147

<5

Sandplain

Likely

< 50%

No

SN149

<5

Sandplain

Unlikely

< 50%

Yes

SN150

<5

Sandplain

Likely

> 70%

Yes

SN160

<5

Sandplain

Unlikely

< 50%

Yes

SN161

<5

Sandplain

Unlikely

< 50%

Yes

SN194

<5

Sandplain

Unlikely

50-70%

Yes

Based on a combination of the field survey results and observations throughout Singleton
Station, NDVI model predictions and NDWI peak dry model, the predominant broader areas of
GDV in the sandplain landform on Singleton Station appeared to occur in four main areas
Figure 6 and Figure 4). All these areas were also broadly identified as likely GDV by the NDVI
model, and include:
•

Southeast of Thring Swamp (SN051, SN036, SN022, SN019 and SN002)

•

The eastern side of Wycliffe Creek parallel to Wycliffe Creek from approximately north
of West Bore (SN098)

•

The eastern side of the northern alluvial extension of Wycliffe Creek from around the
floodout of Sutherland Creek to the northwest (the latter two areas area almost joined
together) (SN139 and SN138)

•

The far north of Singleton Station around the gas pipeline. (SN150, SN144, SN143,
SN146 and SN147)

Other smaller areas are in association with a possible old drainage system west of Tuxy Bore,
patches northeast of Wycliffe Creek between Old Station Bore and the Alice Springs-Darwin
railway line, and around, and west of the stock bore west of Wycliffe Well (Figure 4).
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All sites classified as likely GDV (Figure 4) were characterised as such primarily by the size and
density of Corymbia aparrerinja and Corymbia opaca. Areas of Corymbia open woodland had a
variable mid layer often with higher species diversity than non-GDV sites, and often appeared to
be associated with underlying calcrete.
There is one potential GDV type on sandplain country in the Western Davenports that does not
include a Corymbia open woodland overstorey; this is noted by DENR as Melaleuca mid-open
shrublands characterised by Melaluca glomerata. Although not included as a survey site, it was
noted that Melaluca glomerata shrubland/tussock grassland on sandplain fringing the alluvial
plain of Wycliffe Creek near Stockwell Bore (and near the DENR site of this vegetation type, site
WD11) was indicated as low probability by the NDVI model, despite being highly likely GDV.
Apart from the size and abundance of large Corymbia sp, several woody species showed a
strong association with GDV sites in sandplain. These include Capparis lasiantha, Grevillea
striata, Atalaya hemiglauca and Jasminum calcareum.
Most of the patches (and significantly broader area) on sandplain, which is thought to be
wrongly identified by the NDVI model as likely GDV (Figure 5), occur to the west of Wycliffe
Creek and north of the latitude of Wycliffe Well, with smaller areas to the east of Wycliffe Creek
and in the far south. The majority of these perceived errors in the NDVI model were associated
with thicker shrub growth, mainly of Acacia species including Acacia kempeana/Acacia aneura
group species, Acacia lysiphloia and to a lesser extent Acacia bivenosa. Of these species
Acacia lysiphloia was particularly highly correlated with very shallow groundwater, and was
especially dominant to the west of Wycliffe Creek and north of the latitude of Wycliffe Well
where DTGW was <5 m. While some sites where this species was dominant were indicated as
high probability GDV by the NDVI model, Acacia lysiphloia did not appear to be associated with
other indicators of GDV, and they have not been classified as likely GDV.
There were several other sites that were indicated as high probability GDV by the NDVI model,
but which showed no obvious reason for such an indication, and lacked obvious vegetation
characteristics that should provide such a spectral signal (e.g. SN033, SN020; Figure 5).
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Figure 4

Sandplain site locations indicating GDV status
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Figure 5

Model agreement at 70% probability – Sandplain sites
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Figure 6

Four predominant areas of Sandplain GDV
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3.3

Alluvial landscapes

Alluvial sites were located along three creek systems and their associated floodplains; Wycliffe
Creek, Hurst Creek and Sutherland Creek. Of the 30 alluvial field survey sites, 19 sites (or 63%)
agreed with the NDVI model. More specifically, eight sites were assessed as likely GDV from
field survey, of which seven (or 87.5%) were confirmed by the NDVI model, resulting in one
false negative. 22 sites were assessed as unlikely GDV from field survey, of which 12 (or 54%)
were confirmed by the NDVI model, resulting in ten false positives.
Agreement with the model was strongest where DTGW was shallowest (i.e. <5 m DTGW), with
the only false negative occurring at this depth. Together the results suggest that the model is
substantially over estimating GDV within alluvial landscapes where DTGW is greater than 5 m.
Table 4 shows the GDV status and 70% model agreement for each alluvial site. These sites,
with GDV status indicated in colour, are mapped in Figure 7 and the geographical distribution of
70% model agreement are mapped in Figure 8.
Table 4

70% model agreement at alluvial plain sites

Site No.

DTGW
(m)

Landform subtype

GDV status

Model
prediction

70% model
agreement

SN076

>15

Creek terrace

Unlikely

50-70%

Yes

SN077

>15

Alluvial Plains

Unlikely

< 50%

Yes

SN056

10-15

Alluvial Plains

Unlikely

> 70%

No

SN059

10-15

Alluvial Plains

Unlikely

> 70%

No

SN060

10-15

Young alluvial sandsheet

Unlikely

< 50%

Yes

SN061

10-15

Alluvial Plains

Unlikely

< 50%

Yes

SN096

10-15

Flood-out

Unlikely

> 70%

No

SN105

10-15

Young alluvial sandsheets

Unlikely

< 50%

Yes

SN187

10-15

Seasonally flooded
swamps

Unlikely

> 70%

No

SN055

5-10

Alluvial Plains

Unlikely

> 70%

No

SN057

5-10

Sandy Rise

Unlikely

> 70%

No

SN058

5-10

Young alluvial sandsheets

Unlikely

< 50%

Yes

SN062

5-10

Channel

Unlikely

> 70%

No

SN097

5-10

Seasonally flooded
swamps

Likely

> 70%

Yes

SN113

5-10

Flood-out

Unlikely

< 50%

Yes

SN131

5-10

Flood-out

Unlikely

> 70%

No

SN132

5-10

Seasonally flooded
swamps

Likely

> 70%

Yes

SN133

5-10

Alluvial Plains

Unlikely

> 70%

No

SN135

5-10

Alluvial Plains

Unlikely

< 50%

Yes

SN137

5-10

Alluvial Plains

Unlikely

> 70%

No

SN029

<5

Alluvial Plains

Unlikely

< 50%

Yes

SN042

<5

Alluvial Plains

Unlikely

< 50%

Yes

SN043

<5

Alluvial Plains

Likely

> 70%

Yes

SN044

<5

Alluvial Plains

Likely

> 70%

Yes

SN046

<5

Young alluvial sandsheets

Unlikely

< 50%

Yes

SN052

<5

Young alluvial sandsheets

Unlikely

< 50%

Yes
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Site No.

DTGW
(m)

Landform subtype

GDV status

Model
prediction

70% model
agreement

SN080

<5

Alluvial Plains

Likely

> 70%

Yes

SN108

<5

Alluvial Plains

Likely

< 50%

No

SN122

<5

Flood-out

Likely

> 70%

Yes

SN186

<5

Alluvial Plains

Likely

> 70%

Yes

Based on a combination of the field survey results and observations throughout Singleton
Station, NDVI model predictions and NDWI peak dry model, the largest area of likely GDV on
alluvial landform is in the Thring Swamp area east of Wycliffe Well, where the alluvial floodplain
of Wycliffe Creek coincides with shallow groundwater (<5 m DTGW) (Figure 9 and Figure 7,
SN186, SN042 and SN043).
Smaller areas occur further downstream on the Wycliffe Creek system from north of West Bore,
possibly extending as far north as the end of the Wycliffe Creek alluvial plain, although periodic
inundation makes interpretation of this area difficult. Certainly, the occurrence of GDV appears
to be prominent, albeit patchy, at least to around the Stockwell Bore area. All of the Wycliffe
Creek alluvial plain potential GDV is over shallow groundwater (<5 m DTGW) (Figure 7). Little
obvious GDV appears to occur anywhere else on the alluvial landform on Singleton Station.
One site on the Sutherland Creek floodout was assessed as likely GDV (SN132, 5-10 m
DTGW). Scattered Corymbia aparerrinja do occur on the open plain around Ellen Bore, but not
at a size and density seen in potential GDV elsewhere, and very open woodlands with C.
aparrerinja are not categorised as likely GDV by the NDVI model.
Potential indicators of GDV on alluvial plains was the presence of Corymbia aparrerinja as well
as large trees of the more common Eucalyptus victrix, although the latter may be especially
influenced by run-on affects. Capparis lasiantha was associated with GDV at three out of the
four alluvial sites where it occurred. Hakea arborescens was only found at two survey sites, both
of which are likely GDV, and was only observed where DTGW was less than 5 m.
The majority of the areas that were thought to be incorrectly identified as GDV by the NDVI
model on alluvial landform are patches of mulga (mostly Acacia aptaneura), usually with
scattered, relatively small Eucalyptus victrix, on sites receiving run-on from the adjacent plain.
Typically, these densely vegetated areas occur either at the fringes of the alluvial plain, or
fringing localised depressions within the floodplain (Figure 8).
Other areas indicated as likely GDV by the NDVI model on the upper part of Hurst Creek near
Singleton Station (near the 15 m DTGW contour where GDV is unlikely anyway) include site
SN096 (Figure 7) where a mixture of Eucalyptus victrix and Eucalyptus camaldulensis occurred
that was highly stressed and had lost nearly all canopies. A larger area further up the Hurst
Creek floodplain from SN096, which was not surveyed but was indicated as likely GDV by the
NDVI was also very dry, with canopies of Corymbia opaca in very poor condition and abundant
dead or dying shrubs. This area that was not surveyed, also appears to be a floodout where
vegetation is supported by run-on events.
Eucalyptus camaldulensis lined, sandy creek channels of the three major creeks is all indicated
as high probability GDV by the NDVI model across the range of DTGW (<5 m to 15 m) and was
sampled at 10-15 m DTWG on Wycliffe Creek. This study follows DENR in not recognizing this
vegetation type as a likely GDV.
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Figure 7

Alluvial site locations indicating GDV status
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Figure 8

Model agreement at 70% probability – Alluvial sites
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Figure 9

Predominant areas of Alluvial GDV
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4.

Discussion
4.1

Fire and rainfall effects

4.1.1

Fire history

Fire may affect both vegetation structure and the performance of the NDVI model in detecting
the presence of GDV. Fire history over the decade 2010-2020 was examined from NAFI and
from Landsat “quicklook” georeferenced images (USGS 2020). Contrasting fire patterns are
evident between the major landform types. Most of the sandplain country has burnt over the
previous 10 years, whereas most of the alluvial country has remained unburnt.
The sandplain country, which is dominated by hummock grasses (genus Triodia), becomes
highly flammable within around 10 years or less after a fire event. Fire occurrence is much more
likely after seasons of above average rainfall. On Singleton Station, most of the sand country
burnt in 2011 and 2012, with a much smaller fire event in 2018 where some country burnt in
2011/12 was re-burnt. These fires followed extremely high rainfall in 20110/11 and above
average rainfall in 2015/16.
Fire in the alluvial country is fuelled predominantly by non-spinifex native tussock grasses, and
the introduced buffel grass (Cenchrus spp.) in localised areas. As for the sandplain country,
fires in the alluvial country may occur following high rainfall seasons. However, the limited area
of alluvial country on Singleton Station is the focus of cattle grazing activity which can suppress
fire activity, particularly if areas are subject to soil erosion and scalding. Rapid recovery of
groundcover following fires in non-spinifex country can make them difficult to detect from remote
imagery where there are significant time gaps between images. Unfortunately, the most likely
period where alluvial country may have burnt, in 2012, also coincides with a lack of imagery
from Landsat satellites between the partial failure of the Landsat 7 TM sensor in late 2011 and
the launch of Landsat 8 in 2013. Thus, there may have been some alluvial country burnt that
has not been recorded in the fire history.
The occurrence of fire has no doubt had a large influence on the performance of the NDVI
model on the sandplain landform. As noted earlier, little of the alluvial country appears to have
burnt over the previous decade, whereas most of the sandplain has burnt at least once since
2010. Additionally, the dominant spinifex groundcover of the sandplain landform may take a
considerable time to recover following fire, although this may also vary between spinifex
species. Differences in burnt and unburnt areas were most obvious for areas burnt in 2018,
much of which also burnt in 2011. This was especially evident in patches of Acacia
kempeana/Acacia aneura group mulga and their unburnt surrounds where GDV signals were
higher than in similar looking vegetation (on high resolution satellite imagery) not burnt since
2011/12.
The three spinifex species observed on the sandplain have different habitat preferences and
different modes of regeneration following fire, which may also affect the performance of the
NDVI model. Triodia basedowii was the dominant spinifex over large areas on sandy red earth
soils to the east of the Stuart Highway, but also occurring on sandier soils on the western
sandplains. This species only regenerates from seed when the whole crown is burnt.
Triodia schinzii is the dominant spinifex on deeper sands, occurring on sandy rises in the east of
Singleton Station, and dominant over large areas of sandplain particularly in the southwest. This
species may regenerate from seed or possibly resprout from below ground following fire. On
areas burnt in 2018, Triodia schinzii was only slowly recovering however, with groundcover
dominated by the short lived Aristida holathera. In contrast, adjacent areas dominated by Triodia
pungens had rapidly recovering spinifex cover due to hummocks resprouting, and other grasses
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such as Aristida holathera were a relatively minor component of the groundcover. This may be
important in the performance of the model, as the shorter-lived grasses such as Aristida
holathera dry off much more rapidly (and were dry at the time of the survey), compared with
spinifex where Triodia pungens resprouting hummocks were green and actively growing.
The shrub layer may also be greatly affected by fire history, although in a less predictable way.
The dominant shrubs of the sandplain are Acacia spp. which generally have germination
enhanced by fire. The density of seedling regrowth may be greatly affected by the amount of
seed in the soil seed bank, which is itself affected by the time since the last seeding event, as
well as fire intensity. Consequently, populations of Acacia shrubs can vary significantly through
time in ways that are affected by the timing and characteristics of fire events. Some species also
have the ability to resprout from the base after fire (e.g. Acacia bivenosa) as well as establishing
as seedlings, and populations of these species should be more stable through time and across
fire events.
Unfortunately, the occurrence of recent fires in 2018 does not allow for the effective use of
imagery at the time of peak dry at the end of 2018 in the affected areas. For areas of DTGW <
10 m, this is in the western sandplain country of Singleton Station. As is outlined further below,
peak dry NDWI at higher resolution may provide some additional insights in the determination of
areas of GDV.
4.1.2

Rainfall history

The climate at Singleton Station is semi-arid, with a mean annual rainfall of 370 mm since 1970.
The annual rainfall over the last 10 years on Singleton Station (20.80 S, 134.20 E) is graphed in
Figure 10 (Qld Government, 2020). Rainfall in the 24-month period preceding the survey was
extremely low when compared with the historical rainfall record (Queensland Government,
2020) (Figure 11).
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Figure 10 Annual rainfall over the last decade on Singleton Station 20.80 S,
134.20 E
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Figure 11 Rainfall in the 24-month period preceding the survey
Rainfall over the last decade, which includes the period of the Landsat 8 record used in creating
the NDVI model, has likely been sufficient to maintain tree and shrub crown condition in most
species until the recent dry period which peaked at the end of 2019 and beginning of 2020. The
NDVI model used images from the launch of Landsat 8 in 2013 up to November 2019, and so
should have captured at least some of the drying conditions. Conditions at the time of the
survey were such that at least some tree and shrub species were likely much less stressed than
they may have been at the time of peak dryness, especially when dry conditions coincided with
very high temperatures over the mid-summer of 2019/20 (Figure 12). Shrub death was evident
for a number of species, including Senna artemisioides subspp., Acacia stipuligera, Acacia
adsurgens and Acacia lysiphloia.
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Figure 12 Abnormally high temperatures coincided with very dry condition over the
early part of the 2019/20 summer
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4.2

Sandplain landform

Areas of very likely GDV vegetation occur to the south and southeast of Thring Swamp, parallel
to the lower Wycliffe Creek and ancient floodout northeast of West Bore, extending across the
Singleton Station northern boundary, and in the far north of Singleton Station around the gas
pipeline and extending to the west (Figure 6) (the latter two areas are associated with low rises
of calcrete). All of these areas are characterised by Corymbia open woodland with variable
understorey, and often appear to be associated with underlying calcrete. While information on
the underlying geology is lacking in many areas, bore lithology logs and the pattern of surface
outcrop indicate a very high likelihood of open woodland with Corymbia aparrerinja, and to a
lesser extent Corymbia opaca, being closely associated with calcrete within approximately 3 m
of the soil surface. Most of these likely GDV Corymbia woodlands (Figure 13), especially at the
property scale, tend to be well identified by the NDVI model. In contrast, bore logs over larger
general areas lacking GDV reveal sandy surface soils overlying sandstone, or other
undescribed rock (in older bore logs) at several metres depth.

Figure 13 SN051 south of Wycliffe Creek at 10-15 m DTGW; abundant large Corymbia
aparrerinja indicate likely GDV, and this site was classified as such by the
NDVI model

Poor performance of the model was noted in some areas of thicker shrub growth, although this
was not a uniform observation. Some woody species show a greater retention of canopy
throughout dry conditions, probably through their ability to maintain some level of
photosynthesis in very dry soil conditions (e.g. the Acacia aneura group, Acacia kempeana and
Acacia bivenosa, and possibly Acacia lysiphloia) (Figure 14).
There were several other sites that were indicated as high probability GDV by the NDVI model,
but which showed no obvious reason for such an indication, and lacked obvious vegetation
characteristics which would provide such a spectral signal (e.g. SN033; Figure 15, SN020;
Figure 16 and SN126; Figure 17). The dominant species at both SN033 and SN020 were

GHD | Report for Fortune Agribusiness Funds Management Pty Ltd - Singleton Horticulture Project, 12525955 | 28

common elsewhere on sandplain where the NDVI model suggested GDV was unlikely, and both
sites were burnt in 2011 so fire effects are also unlikely. It may be informative to see where
these anomalous sites sit in relation to other sites in a multivariate analysis of floristics and
structure.

Figure 14 SN088; dense Acacia bivenosa showing high retention of canopy at 10-15
m DTGW where this species should theoretically not have access to
groundwater; classified as high probability GDV by the NDVI model

GHD | Report for Fortune Agribusiness Funds Management Pty Ltd - Singleton Horticulture Project, 12525955 | 29

Figure 15 SN033, around 10 m DTGW; scattered Acacia sericophylla and Acacia
adsurgens over Triodia schinzii and Dicrastylis exsuccosa, indicated as
high probability GDV by the NDVI model, but with no suggestion of GDV
influence on the ground
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Figure 16 SN020 on the southwestern boundary of Singleton Station, 10-15 m
DTGW; scattered Acacia stipuligera and mallee (Eucalyptus pachyphylla)
over Triodia pungens, indicated as high probability GDV by the NDVI
model, but with no suggestion of GDV influence on the ground
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Figure 17 SN126 at <5 m DTWG, last burnt in 2011; dense Acacia lysiphloia (with
many dead) and Acacia bivenosa over spinifex (Triodia pungens); this area
was indicated as high probability GDV (> 70%) by the NDVI model but is
not likely GDV

Whilst there were many sites where the NDVI model incorrectly suggested GDV, few sites were
observed where the opposite occurred. One example was Melaleuca glomerata
shrubland/tussock grassland on sandplain fringing the alluvial plain of Wycliffe Creek near
Stockwell Bore (Figure 18), which was not sampled due to its close proximity to an existing
DENR survey site (WD11). The area corresponding to this vegetation type had NDVI model low
probability of being GDV despite Melaleuca glomerata being suggested as a likely GDV
indicator species (Nano et al. 2020). DENR site WD11, which was classified by DENR as likely
GDV (Nano et al. 2020), appears from high resolution remote imagery to be on the edge of an
area which includes Corymbia, and the edge of the area of high probability GDV in the NDVI
model. Our observations of Melaleuca glomerata shrubland were just to the west of WD11, with
no tree overstorey (Figure 18).
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Figure 18 Unsurveyed site at <5 m DTGW, burnt in 2018; dense Acacia lysiphloia
(mostly killed by fire) and scattered Melaleuca lasiandra over resprouting
spinifex (Triodia pungens); this area was indicated as high probability GDV
(> 70%) by the NDVI model

One area where uncertainties remain about the GDV status of vegetation was a relatively large
area of Melaleuca lasiandra mid open shrubland on sandplain (around site SN170) with no
obvious signs of run-on. A DENR site with this vegetation type in the same general region
(WD13), as well as one further north on Singleton Station (WD15) was categorised as unlikely
GDV (Nano et al. 2020). On the sandplain Melaleuca lasiandra was predominantly associated
with locations displaying evidence of past alluvial deposition, such as the old floodout
extensions of Taylor Creek, Wycliffe Creek and Hurst Creek beyond what this survey mapped
as sandplain. These areas were provisionally mapped from Landsat 8 imagery as ‘alluvial 2’
landform in an earlier desktop analysis of potential GDV impact on Singleton Station, because
they were distinguishable on satellite imagery as distinct from typical sandplain vegetation but
were spinifex-dominated and therefore not typical alluvium either. These areas also have
Eucalyptus victrix as a co-occurring species with a groundcover of Triodia pungens, and sit on a
heavier light brown soil with higher clay content than typical sandplain. Site SN170
conspicuously lacked any Eucalyptus victrix and had a sandy red earth soil more typical of the
wider sandplain (Figure 19). The larger area around site SN170 roughly corresponding with the
patch of Melaleuca lasiandra shrubland is classified as between 50 and 70% GDV probability.
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Figure 19 SN170 at 5-10 m DTWG; Melaleuca lasiandra low shrubland over Triodia
schinzii, equivocal GDV categorised as 50-70% GDV probability by the
NDVI model

4.3

Alluvial landform

The alluvial landscape in particular is very difficult to assess for potential GDV vegetation
compared to the sandplain landform because of the effects of re-distribution of rainfall runoff,
both along drainage systems and more locally on the heavier higher clay content soils.
Differences between inflow-dependent vegetation (IDV) and GDV may often be blurred (Figure
20), but are most likely evident at times of peak dry conditions.
Sandy channels of the major creek systems originating in the Davenport Ranges, such as
Sutherland Creek, Wycliffe Creek, and the upper section of Hurst Creek are all high probability
GDV in the NDVI model, despite sections of the latter two occurring at DTGW >15 m. These
coarse sandy channels are characteristically lined with river red gums (Eucalyptus
camaldulensis)(Figure 21), which are likely tapping into a perched aquifer rather than the
regional water table as has been observed in the Ti-Tree Basin (Villeneuve et al. 2015).
Because of this, survey sites were not included in this vegetation type. Interestingly though, river
red gums along the sandy channels were in good condition at the time of the survey, including
where DTGW exceeded 15 m, with no evidence of obviously reduced crowns.
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Figure 20 SN097 Ephemeral swamp north-east of Wycliffe Well at 5-10 m DTGW;
regularly inundated retaining surface moisture with large Eucalyptus

victrix over green groundcover (Pseudoraphis spinescens, Marsilea hirsuta
and Myriocephalus rudallii) on heavy clay soils; classified as high
probability GDV by the NDVI model, but impossible to disentangle
groundwater from run-on effects on the vegetation
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Figure 21 Eucalyptus camaldulensis lined channel in the Thring Swamp area northeast of Wycliffe Well at 5-10 m DTGW, classified as high probability GDV
by the NDVI model.

There were significant sections of alluvial plain where our observations were in conflict with
model predictions of likely GDV (Section 3.3). These included run-on areas with relatively thick
mulga (mostly Acacia aptaneura) and Senna (Senna artemisioides subspp.)(Figure 22; SN133,
Figure 23; and SN055, Figure 24). Acacia aptaneura and other members of the mulga group are
well known to be capable of extracting soil moisture and maintaining some level of
photosynthesis in extremely dry soil conditions (O’Grady et al. 2009; Santini et al. 2016; Nolan
et al. 2017; Nolan et al. 2018). Wet periods may allow for mass establishment of seedlings,
while the physiology of adults allows survival through dry conditions without any reliance on
permanent sources of water like a shallow water table.
Floodout sites near Singleton Station homestead showing high Eucalypt canopy stress
indicated a lack of available soil moisture (Figure 25). Despite this, they were still indicated as
likely GDV by the NDVI model. This suggests that the relatively short period of very dry
conditions peaking at the end of 2019 may not have been sufficient to alter the vegetation
indices used in creating the NDVI model. Stem death and canopy reduction were likely greatest
during the summer of 2019/20 when low soil moisture coincided with extreme temperatures
because of the large role of temperature in determining atmospheric vapour pressure deficit
(VPD) which is, along with solar radiation, the major driver of evapotranspiration. Plant hydraulic
failure leading to canopy loss and potentially mortality is most likely to be severe during periods
of especially high VPD (Breshears et al. 2013).
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In both of the above situations where the NDVI model is perceived to incorrectly suggest the
occurrence of GDV (i.e. in dense mulga and in Eucalypts on floodouts), vegetation moisture
indices (NDWI and NDMI) derived from Sentinel 2A satellite imagery captured at the end of
December 2019 show these areas as very dry compared with likely GDV elsewhere. This
reinforces the idea that large reductions in canopy condition occurred after the last Landsat 8
image (November 2019) used in creating the NDVI model.

Figure 22 Edge of the Sutherland Creek floodplain at 5-10 m DTGW, classified by the
NDVI model as highly likely GDV; dense Acacia aptaneura and scattered
small Eucalyptus victrix
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Figure 23 SN133, Sutherland Creek floodplain at 5-10 m DTGW; scrubby mulga and
Senna with Eucalyptus victrix, classified as likely GDV by the model.

Figure 24 SN055 Wycliffe Creek floodplain at 5-10 m DTGW; classified as likely GDV
by the model
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Figure 25 SN096, Hurst Creek near Singleton Station Homestead, nearly 15 m
DTGW; dead and dying Eucalyptus spp. in an area indicated as likely GDV
by the NDVI model.

Thick but young (small stemmed) growth of Eucalyptus victrix appeared to show a strong
indication of GDV in the NDVI model (Figure 26), despite possibly being more related to the
occurrence and frequency of flooding events. This pattern was observed frequently in the Thring
Swamp area in particular. In contrast to Corymbia spp., Eucalyptus victrix appears to be a very
hardy species with a highly opportunistic water use strategy (Pfautsch et al. 2015). However,
knowing that Eucalyptus victrix can access groundwater to at least 6-7 m depth (Cook and
Eamus 2018a), it is best to apply a cautionary approach in retaining these areas as likely GDV
where DTGW is shallow, e.g. in the <5 m DTGW area of Thring Swamp.
Whilst most errors observed with the NDVI model tended to be when the model indicated GDV
as likely, occasionally there was an indication of possible GDV where the NDVI model indicated
unlikely GDV. At SN108 near Stockwell Bore (Figure 27), common Hakea arborescens, a
northern species which was only found at <5 m DTGW, co-occurred with Acacia sericophylla
with excellent crown condition as well as scattered Corymbia aparrerinja, altogether suggesting
a possible groundwater influence. Here the mid layer vegetation was very open and would have
provided little input into the spectral signatures of this site. This was the only alluvial site at
DTGW <5 m where our assessment was in disagreement with the NDVI model.
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Figure 26 SN104 Hurst Creek floodplain at 10-15 m DTGW; open Eucalyptus victrix
woodland over Triodia pungens, classified as high probability GDV by NDVI
model. High indication could be partly due to this site being long unburnt.
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Figure 27 SN108, Wycliffe Creek floodplain near Stockwell Bore, <5 m DTGW;
classified as unlikely GDV by the NDVI model, but with common Hakea

arborescens, a northern species which was only found at <5 m DTGW, and
with Acacia sericophylla with excellent crown condition, suggesting a
possible groundwater influence.

GHD | Report for Fortune Agribusiness Funds Management Pty Ltd - Singleton Horticulture Project, 12525955 | 41

4.4

Overall NDVI Model Performance Summary

The NDVI model captured the most significant areas of GDV, but also contained significant
errors in incorrectly predicting GDV in areas that were assessed, in the field, as unlikely GDV.
These anomalies occurred both on the sandplain and the alluvial landforms.
There is not currently enough information about the methodology used in the creating of the
NDVI model to know how the vegetation indices used may affect the model performance. It was
evident throughout the survey, and in examining results post-survey, that significant areas
mapped as GDV by the model (even at the 70% probability level) were very dry at the end of
2019 as indicated by NDWI and NDMI values derived from Sentinel 2A imagery.
Notably consistent areas of model error were the categorisation of many areas of relatively
dense Acacia shrubs on the sandplain country west of the Alice Springs to Darwin railway line,
and run-on areas of floodouts (e.g. on Hurst Creek near Singleton Station) and floodplain
margins (e.g. Thring Swamp area of Wycliffe Creek and Sutherland Creek), i.e. dense areas of
persistent woody vegetation inconsistently mapped as likely GDV by the model.
However, there were some differences in what was observed in terms of mid-layer shrubs that
provided a strong signal to the model compared to those that did not. For example, large areas
of sandplain on Singleton Station are characterised by dense growth of 2 – 3 m high Acacia
stipuligera, sometimes in conjunction with Acacia adsurgens. The former species, in particular,
still appeared to be quite drought stressed at the time of the survey with a good proportion of
dead shrubs also present. Areas of dense Acacia stipuligera alone did not appear to provide a
signal in the model in support of GDV occurrence. In contrast, patches of relatively dense
Acacia kempeana, members of the Acacia aneura group (most commonly Acacia aptaneura)
and Acacia lysiphloia, and Acacia bivenosa often were classified as likely GDV by the NDVI
model, exceeding the 70% probability level.
While there is no information available on the hydraulic functioning of Acacia lysiphloia as it
does not occur in the Ti-Tree basin, the other three Acacia species mentioned above all fall
closely together in terms of highly cavitation resistant xylem (giving tolerance of dry soils), small
conductive area and high wood density (Santini et al. 2016; Nolan et al. 2017). Acacia lysiphloia
is also likely quite drought tolerant, as it if frequently found as dense thickets on laterite and
rocky areas where soil is shallow and root growth likely restricted. The distribution of Acacia
lysiphloia on Singleton Station, across both alluvial and sandplain landforms, appears to be
prima facie correlated with underlying heavier clay soils which are likely co-correlated with
shallow DTGW in the northwest of Singleton Station. A more thorough multivariate analysis of
our survey site floristics including soil texture data would help to confirm this.
Underlying soil hardpans may restrict root access to the water table even where it is shallow
(Grigg et al 2008), and it is possible that such restrictions could include heavy clay layers.
Unfortunately, there are no bore drill log records including lithological data in the relevant north
western part of Singleton Station to confirm what is happening below the soil surface. In some
of these areas at shallow DTGW there may be some minor components of the vegetation that
are accessing groundwater, but which have little influence on the vegetation indices used in the
model, for example Hakea chordophylla at site SN126 . Certain species have a greater ability to
penetrate restrictive soil layers such as heavy gravels and hardpans, and these are known to
include species of Hakea elsewhere (Poot and Lambers 2003).
Although the number of times the model did not capture potential GDV where the vegetation
was assessed as likely GDV on the ground were few, it is evident that the model is poor at
capturing very open woodland vegetation where there is a low density of mid-layer vegetation.
While the NDVI model used for the Western Davenports Mapping the Future project uses a
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different methodology to the “green island mapping” approach, it is still limited by the same
constraints of large pixel size (30 m for Landsat 8 for all bands used in creating the vegetation
indices used in the NDVI model) relative to tree crown sizes (Cook and Eamus 2018b;.
Therefore, areas of widely spaced trees accessing groundwater will not be captured by the
model unless there is a significant signal from the mid-layer which differentiates GDV from nonGDV vegetation. As has been argued above, there are many situations where the mid layer
density and hence the remote sensing signal is affected by factors other than DTGW.
In addition, there is no reason why the NDVI model should be able to identify GDV at depths
greater than 10 m DTGW at all, with little response of vegetation besides deep rooted trees
expected below 8 m DTGW (Cook and Eamus suggested that in the Ti-Tree basin many
species may access the water table at around 6 m DTGW). However, high probability of GDV is
indicated by the model across a range of DTGW exceeding 15 m and even extending to hills.
One example was the observation of dense Acacia hilliana and scattered Corymbia aparrerinja
on a low sandstone ridge on the boundary with Murray Downs on the far southeast of Singleton
Station. Here the high GDV signal must have been provided primarily by the low-growing Acacia
which is typically found on stony ground and on hard laterite. Because factors causing an
indication of GDV at deeper DTGW than where GDV should occur are likely spread across the
DTGW gradient, it is not a valid approach to simply remove all areas indicated as GDV in areas
deeper than 10 m DTWG and retain the remainder as GDV.
On the whole, it seems possible that the NDVI model may be capturing GDV largely through the
co-correlation of other environmental factors with the occurrence of GDV. As noted earlier, the
most obvious areas of Corymbia open woodland GDV vegetation on sandplain are highly
correlated with underlying calcrete. As for patches of mulga tall shrubland which occur over a
shallow sub-surface hardpan within a matrix of open hummock grassland savannah in the Ti
Tree basin (Cleverly et al. 2013), other shrubby vegetation may be occurring over a calcrete
hardpan or heavier clay layers in the Western Davenport region. While this does not discount a
direct response of mid-layer vegetation to shallow groundwater, it does make the interpretation
of remote sensing spectral signals difficult.
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5.

Conclusions
FAFM is applying for a 40,000 ML/annum groundwater extraction licence from the Western
Davenport Water Control District. As part of its licence application, FAFM is required to
demonstrate that impacts on groundwater dependent vegetation (GDV) from groundwater
extraction remain below the ‘limits of acceptable change’ (DENR 2020a). In order to conduct
this impact assessment, it has been necessary to understand the quantity and distribution of
GDV across Singleton Station.
DENR has provided the NDVI model to FAFM which indicates where GDV is likely or unlikely to
occur, i.e. a model of the probable occurrence of GDV in the broader landscape (Brim Box et al.
2019). In addition, FAFM commissioned CloudGMS to develop a suitable groundwater model to
facilitate the local, site-specific borefield planning and assess the local scale performance and
regional impacts of the borefield on groundwater levels due to groundwater extraction.
GHD used the NDVI model and the groundwater model to assess the likely negative impact of
the proposed use of groundwater on the GDV, and specifically what percentage of GDV may be
impacted by the project during the Stage 1 assessment. FAFM has worked with CloudGMS and
GHD to determine a borefield configuration that minimises the extent to which the groundwater
extraction for the project is likely to impact negatively on the GDE values across Singleton
station. (GHD 2020).
GHD has now conducted an extensive GDV field survey to ground-truth the NDVI model and
the desktop landform mapping and has found that in most cases the model was reasonably
successful in identifying areas of GDV.
Overall, the results suggest that the NDVI model is over estimating GDV within sandplain and
alluvial landscapes. Sandplain sites classified as likely GDV by the field studies were
characterised as such primarily by the size and density of Corymbia aparrerinja and Corymbia
opaca. Most of these likely GDV Corymbia sp. woodlands, especially at the property scale, tend
to be well identified by the NDVI model. Areas on sandplain which are thought to be wrongly
identified by the NDVI model as likely GDV, were associated with thicker shrub growth, mainly
of Acacia species.
Agreement with the model for alluvial sites was strongest where DTGW was shallowest
i.e. <5 m DTGW. The model most notably overestimated GDV in run-on areas of floodouts (e.g.
on Hurst Creek near Singleton Station) and floodplain margins (e.g. Thring Swamp area of
Wycliffe Creek and Sutherland Creek). These dense areas of persistent woody vegetation were
wrongly identified as likely GDV by the model.
There have been 39 sites surveyed for GDV by DENR on Singleton Station, and a further 6
within around 6 km of the southern boundary. The data from this GHD survey provides data for
an additional 109 sites, giving a potential combined dataset of around 150 sites. A multivariate
analysis of this dataset could provide greater insights into how shallow DTGW sites are
floristically and structurally separated from deeper groundwater sites and may result in a better
understanding of how to recognise GDV in the western Davenport region. For the current
project, this may be useful in helping clarify those sites which were classified as equivocal GDV.
The field survey confirmed four broad areas of GDV in the sandplain, as indicated by the NDVI
model, although overestimated the quantity of GDV. The field survey also confirmed the
modelled prediction of GDV sites on alluvial landforms but, as noted above, also overestimated
the GDV in these areas where the model did not differentiate some vegetation that is dependent
on surface or shallow water sources.
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Appendix A – Field Datasheet
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DATE:

SURVEY:

GHD/Fortune Singleton GDV

SITE No.:

DIMENSIONS:

0.25 Ha (radius = 28.2m)

OBSERVERS:

COORDS/Wpt:

GDA94

SITE DESCRIPTION:

LANDFORM:

Sandplain

Alluvial

Model DGW:

LANDFORM SUB-TYPE (circle most appropriate):
Sandplain Sandy rise Swamp/plain interface
Alluvial plains

Seasonally flooded swamps

0-5

Calcrete present

5-10
Yes

Calcrete rise

Flood-out

Channel

10-15

>15

No

Prior streams and floodways
Young alluvial sandsheets

LANDFORM/SOIL COMMENTS: e.g termitaria, non-red soils

RUN-ON GROUNDCOVER INDICATORS Dominant (> 10%) Frequent (5-10%) Rare (<5%) Absent
e.g. Eulalia, Bothriochloa, Eragrostis setifolia, Marsilea, sedges, Alternanthera, Peplidium , Bergia

TIME-SINCE-FIRE:

< 12 months

1-2 years

3-5 years

5-10 years

> 10 years

Weed invasion severity is the level of infestation within the part of the site affected
None = no plants; Low = isolated plants; Moderate = 3-20 % cover; High = > 20% cover

BUFFEL INVASION SEVERITY:

None

Low

BUFFEL SPATIAL EXTENT (% site affected):

<5%

Moderate
5-10%

High

10-29%

30-69%

70-100%

OTHER WEED SPECIES (list): include special notes for Parkinsonia , Calotropis

OTHER INVASION SEVERITY:

None

Low

Moderate

High

OTHER WEEDS SPATIAL EXTENT (% site affected):
GRAZING IMPACT:

None

Low

Moderate

High

Canopy condition (CC) of below trees is for large trees only, mean % of healthy canopy at the population level
Excellent = all/most trees 100%canopy; ; Good = all/most trees 75-100% canopy
Fair = frequent trees 50-75% canopy; Poor = most trees 30-50%; Very Poor = all trees < 30%

TREE PLOT SIZE

1 Ha (radius 56.4m)

TREES/Ha

Large > 30 cm bdh

CC

Medium > 15 cm dbh

CC

C. opaca
C. aparrerinja
TREES/Ha Large > 30 cm bdh
E. victrix

CC

Medium > 15 cm dbh

CC

Small >7cm dbh

CC

DATE:

SITE NO.:

VEGETATION STRUCTURE
STRATUM

DOMINANT TAXA

% Cover

Mean HGT strat (m)

(record in order of dominance)

Mean % COVER
Nearest 5 %

UPPER

Trees
TALL SHRUB

Shrubs 2-3 m

LOW SHRUB

Shrubs 1-2 m

GROUND

OTHER TREES AND SHRUBS
Crown cover categories 1 = < 5%, 1-5 individuals; 2 = 1 = < 5%, 6-50 individuals; 3 = 1 = < 5%, >50 individuals
4 = 5-9%; 5 = 10-29%; 6 = 30-69%; 7 = 70-100% cover
Other tree/shrub condition score (population level): Excellent = all lush and healthy; Good = all/most without canopy
death; Fair = some canopy death and reduced crowns; Poor = many dead crowns/heavily reduced canopy; Very Poor =
nearly all dead/dying

SPECIES

Cover cat. (1-7)

Condition

SPECIES

Cover cat. (1-7)

Condition

TREES & SHRUBS LIST (recorded on NTG surveys)
TREES
Acacia estrophiolata
Atalaya hemiglauca
Corymbia aparrerinja
Corymbia opaca
Corymbia sphaerica
Erythrina vespertilio
Eucalyptus camaldulensis
Eucalyptus victrix
Grevillea striata
Hakea arborescens
Hakea chrodophylla
Ventilago viminalis
SHRUBS
Acacia adsurgens
Acacia ancistrocarpa
Acacia aptaneura
Acacia bivenosa
Acacia colei var. colei
Acacia elachantha
Acacia hemignosta
Acacia inaequilatera
Acacia kempeana
Acacia lysiphloia
Acacia maitlandii
Acacia melleodora
Acacia pteraneura
Acacia sericophylla
Acacia sibirica
Acacia stipuligera
Acacia tenuissima
Acacia torulosa
Anthobolus leptomeroides
Calotropis procera

SHRUBS (continued)
Capparis lasiantha
Capparis umbonata
Carissa spinarium
Clerodendrum floribundum
Croton aridus
Eremophila lat. subsp. glabra
Eremophila longifolia
Eucalyptus pachyphylla
Gossypium australe
Gyrostemon ramulosus
Hakea macrocarpa
Ipomoea costata
Jasminum calcareum
Marsdenia australis (V)
Melaleuca glomerata
Melaleuca lasiandra
Pandorea doratoxylon
Petalostigma pubescens
Petalostylis cassioides
Psydrax attenuata
Psydrax latifolia
Rhagodia eremaea
Santalum lanceolatum
Scaevola spinescens
Senna art. subsp. art.
Senna art. subsp. filifolia
Senna art. subsp. helmsii
Senna art. subsp. oligophylla
Senna art. subsp. oligophylla x helmsii
Senna art. subsp. sturtii
Senna glutinosa subsp. glutinosa
Stylobasium spathulatum
Tinospora smilacina

GHD
Level 7
24 Mitchell Street
T: 61 8 8982 0100 F: 61 8 8981 1075 E: drwmail@ghd.com
© GHD 2022
This document is and shall remain the property of GHD. The document may only be used for the
purpose for which it was commissioned and in accordance with the Terms of Engagement for the
commission. Unauthorised use of this document in any form whatsoever is prohibited.
12525955-8346545/https://projectsportal.ghd.com/sites/pp11_02/fortuneagribusinesss/ProjectDocs/12525955REP_GDV Model Validation.docx
Document Status
Revision
Rev 0

Author
Andrew
Schubert
Heather
North

Reviewer
Name
N. Conroy

Signature

Approved for Issue
Name
Signature
N. Conroy

Date
03/11/2020

www.ghd.com

