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LAKE WAY GDE ASSESSMENT 

Background 

Lake Way is located in the Goldfields region of Western Australia, less than 25km from Wiluna. It is a dry saline 

lake for the majority of the time except during infrequent flooding events that occur every few years. Salt Lake 

Potash Limited (SO4) have put forward a proposal to extract Sulphate of Potash (SOP) rich brines from the lake 

to produce a SOP product. As part of this proposal they have commissioned a desktop assessment to use multi-

spectral satellite data to determine if there are any potentially groundwater dependant ecosystems (GDEs) 

within the vicinity of the proposed operation.  

GDEs refers to natural ecosystems that require access to groundwater to meet all or some of their water 

requirements on a permanent or intermittent basis, so as to maintain their communities of plants and animals, 

ecosystem processes and ecosystem services (Geoscience Australia, 2020; Doody et al. 2019). The BoM Atlas of 

Groundwater Dependent Ecosystems database (BoM, 2020), indicates a high potential that Lake Way supports 

GDE based on national assessment data sources. According to the BoM, high potential means that “there is a 

strong possibility that ecosystems are interacting with groundwater” (Australian Government, 2012). It is 

important to note that BoM Atlas does not convey the confidence of this GDE prediction. The Atlas also 

indicated that it is highly likely that Lake Way is an inflow dependent ecosystem (IDE) with a likelihood rating of 

10 (likelihood is expressed as a range of values between 1 and 10, where 10 indicates landscapes that are most 

likely to access additional water sources i.e. surface water, groundwater, soil water). 

Vegetation indices are obtained using a technique called spectral rationing in which a raster pixel from one 

spectral band is divided by the corresponding value in another band. The two types of spectral rationing used 

for this project are Normalised Difference Vegetation Index (NDVI) and Normalised Difference Wetness Index 

(NDWI). NDVI uses the near-infrared (NIR) and the red visible bands and provides a reliable measure of 

chlorophyll content or “greenness” of the vegetation. It is hypothesised that higher NDVI values are expressed in 

vegetation that has access to more water. In the dry season when surface water is absent this water may be 

made available from groundwater and hence this vegetation may be groundwater dependant (Barron et al. 

2012). 

NDWI uses the NIR and short-wave infrared (SWIR) bands and provides a measure of the water content in the 

vegetation. Wetness indices reflect the soil moisture status across the entire root zone (Nagler et al. 2013; Eamus 

et al. 2015). Like NDVI, when NDWI values are higher, then it is assumed that the water status of the plant is 

higher, hence it is hypothesised that vegetation displaying a higher NDWI value (particularly at the end of the 

dry season when surface water is not available) has access to groundwater.  
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The years 2006, 2008 and 2009 were chosen for analysis of Landsat 4-5 imagery (NDVI and NDWI) based on 

suitable dry season conditions and availability of high-quality, cloud-free imagery. NDVI provides a reliable 

measure of chlorophyll content or greenness of the vegetation. It is suggested that low seasonal variance in 

NDVI values is typically a signature of vegetation that has access to groundwater, and this relationship can often 

be more apparent at the end of the dry season when water is limited (Barron et al. 2012). 

An assessment was also conducted of Evapotranspiration (ET) for the same years, 2006, 2008 and 2009, using 

the CSIRO MODIS reflectance-based scaling evapotranspiration (CMRSET) data set. GDEs are commonly 

associated with higher rates of ET; hence by calculating ET it may be possible to identify potential GDEs, 

especially when taken in concert with NDVI and NDWI measures (Guerschman et al. 2009). 

The use of remote sensing to assess vegetation function has recently become an established technique. 

“Remote sensing provides a robust and spatially explicit means to assess not only vegetation structure and 

function, but also relationships amongst these and climate variables” (Eamus et al. 2015). 

Brief Methods 

NDVI and NDWI Method 

The general approach to identification of potential groundwater dependent ecosystems (GDEs) followed Barron 

et. al (2012) – “Mapping groundwater-dependent ecosystems using remote sensing measures of vegetation and 

moisture dynamics”. This involved using multi-spectral imagery to derive Normalised Difference Vegetation 

Index (NDVI) and Normalised Difference Wetness Index (NDWI) parameters using the red, near infrared and 

short-wave infrared bands (as described in Barron et al. 2012).  

Landsat imagery at a spatial resolution of 30 m × 30 m was obtained from the USGS Earth Explorer web service 

for the Lake Way study area (Figure 1). Images from the end of the wet season (Feb-April) until the end of the 

dry season (Sept-Nov) were obtained for three years: 2006, 2008 and 2009, capturing both the wet and dry 

seasons (see Table 2). These years were specifically chosen as they had a significant amount of rain during the 

wet season followed by an extended dry spell of several months. This overt wet/dry pattern is essential to show 

any potential differences between the wet and dry seasons i.e. did vegetation dry out during the dry season as 

expected or did some vegetation units retain their greenness or moisture suggesting that they were accessing 

alternative water sources (groundwater). Care was taken to select cloud-free imagery for the whole study area. 

Rainfall data was sourced from the nearest Bureau of Meteorology meteorological station: the Wiluna met 

station, located approximately 20 km north of Lake Way. 

Satellite imagery from the Landsat 4-5 archive was determined to be the most appropriate for this analysis as it 

contained a suitable temporal and spatial coverage. The Landsat 7 imagery (which covers years 2009 to 2013) 

contains a sensor error that may have made comparison with the older Landsat 4-5 imagery erroneous. The 

current Landsat 8 imagery is only processed for the study area from 2016 to present, however these years did 

not display an overt wet-dry pattern required to observe vegetation drying that is essential to this method. 

Sentinel 2 imagery was only available from 2015 to present and again these years were not suitable for the 

analysis. 

Raw imagery in GeoTIFF format was downloaded from the USGS website. Bands 3, 4 and 5 (Table 1) were 

imported into QGIS software package for further processing. Each image was clipped to a standard coverage 

area and NDVI and NDWI values were calculated using Python scripting within QGIS resulting in an NDVI and 

NDWI value for every pixel.  

NDVI values range from -1 to +1. Areas of barren rock, sand and salt show very low values close to zero (-0.1 to 

0.1). Low positive values typically represent shrubs and grassland or senescing vegetation (0.2 to 0.4), while high 

values (0.6-1) correspond to dense vegetation such as that found in temperate and tropical forests or crops at 

their peak growth stage (USGS, 2020) 
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A vegetation community (Floristic community) map was provided by Botanica Consulting (see Figure 1), this 

map has zone (polygons) for each vegetation type. Using these polygons, descriptive statistic were generated 

(within QGIS) for each vegetation type creating a median NDVI and NDWI value for each vegetation unit for 

several time periods throughout 2006, 2008 and 2009. It is important to note that these median values are 

obtained over several thousand pixels per image (each pixel with an NDVI and NDWI value). Median values were 

used rather than mean as it is robust to both skewness and outliers and gives a good measure of central 

tendency. Table 2 shows the number of images processed per year. 

Distances to the 1:1 line analysis was used as a tool to predict potential GDE. The 1:1 line is used to measure the 

magnitude of change between wet to dry season NDVI values for each vegetation unit. For the purposes of this 

analysis two images were selected for each year; one for the end of the dry season and one for the end of the 

wet season. These images capture the vegetation at its driest and wettest. The median NDVI for each vegetation 

unit is graphed with the dry season on the y-axis and the wet on the x-axis, effectively comparing them, if a 

point falls on (or close) the 1:1 then it implies that there is no change in the NDVI values between the wet and 

dry season, hence that vegetation unit may be a GDEs. Each point on the graph is the difference between the 

wet and dry season, there are 3 points for each vegetation unit corresponding to the three years of analysis. The 

distance to the 1:1 line was generated within Manifold GIS using SQL scripting. Descriptive graphs were 

generated by exporting the NDVI and NDWI values into Excel. Table 4 provides background information on the 

vegetation communities analysed.  

Table 1 Landsat 4-5 Thematic mapper band information 

Bands 
Wavelength 

(micrometers) 
Resolution 

(meters) 

Band 3 - Red 0.63-0.69 30 

Band 4 - Near Infrared (NIR) 0.76-0.90 30 

Band 5 - Shortwave Infrared (SWIR) 1 1.55-1.75 30 

Table 2 Number of images processed by year 

Year Number of NDVI images Number of Wetness images Total 

2006 7 7 14 

2008 6 6 12 

2009 6 6 14 

TOTAL 19 19 40 

 

Evapotranspiration Method 

Estimates of actual evapotranspiration (AET) were calculated for the study area using satellite imagery from the 

‘CSIRO MODIS reflectance-based scaling evapotranspiration (CMRSET) data set (250 m resolution). This data set 

was developed by Guerschman et al. (2009) and it provides an estimate of AET across Australia (based on 

MODIS reflectance and short-wave infrared data), and gridded meteorological surfaces. 
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In brief, the CMRSET algorithm uses reflectance data from the MODIS satellite to calculate ET across the 

Australian continent. AET is calculated from potential ET (PET) by applying a ‘crop factor’ which incorporates the 

enhanced vegetation index (EVI) and global vegetation moisture index (GVMI). The algorithm was calibrated by 

comparing estimated AET with measured AET from seven eddy covariance towers around Australia covering a 

variety of landscapes (forest, savannah, grassland, floodplain and lake). CMRSET was further validated by 

comparing estimated AET with ‘surrogate AET’ (precipitation minus streamflow) in 227 unimpaired catchments 

around Australia (Guerschman et al. 2009). 

A cautious approach is required when attempting to make inferences about the presence of GDEs from AET for 

several reasons. The first being that the amount of ET for a given vegetation type can be influenced by other 

factors, such as vegetation health, leaf area index and the drought tolerance level of each vegetation type 

(Gonzalez 2015, Woods et al. 2016). Secondly, the CMRSET dataset was calibrated and validated across a large 

number of catchments across Australia, all of these were from humid zones with rainfall of greater than 250 mm, 

none were located in the arid or semi-arid regions of inland Australia. Mohammadi et al. 2015 evaluated the use 

of the CMRSET in an arid environment and found that it tended to overestimate AET values. Thirdly, van Dijk et 

al. 2015 found that this method has a tendency to overestimate ET from salt lakes. Since Lake Way is a salt lake 

located in the arid zone there is the potential that ET values could be over-estimated using this method. This is 

important since elevated levels of ET predicts the presence of GDEs (as discussed in the following section). 

Raw imagery in ‘.nc’ format was downloaded from the NCI (National Computational Infrastructure) website and 

imported into QGIS software package for processing. A vegetation community (Floristic community) map 

provided by Botanica Consulting was used to generate statistics by vegetation type for 2006, 2008 and 2009 

(Table 3). Descriptive statistics were generated by exporting the ET values for each vegetation type, for each 

image, into Excel.  

Table 3 Number of ET images processed by year 

Year Number of ET images 

2006 8 

2008 8 

2009 7 

TOTAL 23 

 

Calculation of Groundwater Evapotranspiration 

Groundwater evapotranspiration (ETg) refers to the water losses from groundwater due to transpiration, direct 

water uptake through roots from GDEs, and direct evaporation (e.g., from any wet surface including soil or land 

surface). GDEs are commonly associated with a comparatively higher rates of evapotranspiration (ETg), hence by 

identifying areas where ETg exceeds rainfall on an annual basis it is possible to predict potential GDEs (O’Grady 

et al. 2011). It is important to know that this method is a simplification of the system and does not include a 

direct measure of evaporation and assumes that 100% of the ETg comes from transpiration. Eamus et al. 2015 

estimated that the average error associated with this method was about 12%, however it is likely to be much 

greater in environments where groundwater is expressed at the surface and or moist soil (i.e., salt lakes and 

wetlands). In these types of environments there will be greater groundwater expression and hence higher ETs, 

and it is highly likely that these high ET values are not due to the presence of GDE but due to limitations of the 

method. Hence caution needs to be applied when making inferences about GDEs associated with groundwater 

expressed at the surface. The rainfall data used for this calculation came from the nearest Bureau of 
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Meteorology meteorological station: the Wiluna met station, located approximately 20 Km north of Lake Way. 

This data was used because it is the closest and most complete data set available.  

The spatial resolution of the ET data allows for a pixel size of 250 m2. The vegetation in this area can be highly 

patchy and may not completely fill a pixel; hence other components may be incorporated into the calculations 

(e.g., bare salt lake surface, or open ground). This limitation needs to be considered when interpreting the ET 

results. 

Groundwater evapotranspiration (ETg) can be calculated from satellite imagery using NDVI and rainfall using the 

formula below in which NDVI* is the peak season normalised NDVI. It is important to note that these ETg figures 

are estimates and to obtain more accurate results it is suggested that the model is calibrated using sites with in-

situ ET measurements.  

𝐸𝑇𝑔 = (𝐸𝑇 − 𝐴𝑛𝑛𝑢𝑎𝑙 𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙) × 𝑁𝐷𝑉𝐼∗ 

NDVI* was calculated by subtracting the NDVI for the area that had either the lowest amount of vegetation or 

no vegetation (NDVIz,  i.e. Playa) from the peak seasonal NDVI (wet) for each vegetation unit (NDVIp) and 

dividing this by NDVI at saturation (NDVIm, the maximum value obtained by any vegetation unit), minus the 

NDVIz (Eamus et al. 2015). 

𝑁𝐷𝑉𝐼 ∗=
𝑁𝐷𝑉𝐼𝑃 − 𝑁𝐷𝑉𝐼𝑧

𝑁𝐷𝑉𝐼𝑚 − 𝑁𝐷𝑉𝐼𝑧
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Figure 1 Map of vegetation communities used in the NDVI/Wetness analysis 

 

Table 4 Vegetation community descriptions 

Landform 

Major 

Vegetation 

Group 

Vegetation 

Code 
Vegetation Unit 

Area  

(ha) 

Area 

(%) 

Playa 

N/A PLAYA Lake Way bare playa 16,893 21.5 

Chenopod 

Shrublands, 

Samphire 

Shrublands and 

Forblands (MVG 

22) 

TECT Tecticornia spp. low mixed shrubland 8,636 11.0 

Fringing 

Vegetation 
 

Acacia 

Shrublands (MVG 

16) 

F Acacia victoriae and/or Melaleuca interioris 

tall shrubland, over Eremophila glabra, 
266 0.3 
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Landform 

Major 

Vegetation 

Group 

Vegetation 

Code 
Vegetation Unit 

Area  

(ha) 

Area 

(%) 

Scaevola spinescens, Rhagodia eremaea and 

Lycium australe low shrubland 

Chenopod 

Shrublands, 

Samphire 

Shrublands and 

Forblands (MVG 

22) 

I 

Acacia aneura/ A. aptaneura isolated low 

trees over Lycium australe, Rhagodia 

drummondii, Frankenia pauciflora and 

Lawrencia squamata low shrubland 

204 0.3 

Acacia Forests 

and Woodlands 

(MVG 6) 

N 

Acacia ayersiana/ A. caesaneura low 

woodland (+/-Acacia aneura/aptaneura and 

Eucalyptus eremicola subsp. peeneri) low 

woodland over +/-Melaleuca interioris tall 

shrubland, over Triodia basedowii hummock 

grassland and Eragrostis eriopoda tussock 

grassland 

3,036 3.9 

Melaleuca Forests 

and Woodlands  

(MVG 9) 

R 

Melaleuca xerophila tall shrubland over 

Muellerolimon salicorniaceum low shrubland, 

over Eragrostis eriopoda tussock grassland 

1,692 2.2 

Mallee 

Woodlands and 

Shrublands  

(MVG 14) 

X 

Eucalyptus gypsophila mallee woodland over 

Senna artemisioides mid shrubland and 

Atriplex vesicaria low chenopod shrubland 

4,315 5.5 

Claypan 

Chenopod 

Shrublands, 

Samphire 

Shrublands and 

Forblands (MVG 

22) 

BA 

Acacia aneura/ A. aptaneura/ A. 

tetragonophylla (+/- Melaleuca hamata) 

isolated trees over Senna artemisioides, 

Scaevola spinescens and Rhagodia 

drummondii mid shrubland, over Ptilotus 

obovatus, Maireana villosa, Sclerolaena 

diacantha and Cratystylis subspinescens low 

shrubland 

1,360 1.7 

Calcrete 

Platform 
 

Acacia Forests 

and Woodlands 

(MVG 6) 

E 

Acacia aneura/ A. aptaneura/ A. ayersiana/ 

A. caesaneura (+/-Eucalyptus gypsophila) low 

woodland, over Acacia nyssophylla, 

Eremophila arachnoides subsp. arachnoides 

and Acacia victoriae mid to tall shrubland, 

over Ptilotus obovatus, Sclerolaena 

obliquicuspis and Rhagodia eremaea low 

1,102 1.4 
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Landform 

Major 

Vegetation 

Group 

Vegetation 

Code 
Vegetation Unit 

Area  

(ha) 

Area 

(%) 

shrubland, over Eragrostis eriopoda tussock 

grassland 

Eucalypt 

Woodlands (MVG 

5) 

H 

Eucalyptus striaticalyx/ E. gypsophila and 

Acacia aneura/ A. aptaneura low woodland, 

over Eremophila glabra and Senna 

artemisioides mid shrubland, over 

Dissocarpus paradoxus, Eremophila 

oppositifolia and Sclerolaena bicornis low 

shrubland 

5 0.01 

Casuarina Forests 

and Woodlands  

(MVG 8) 

J 

Casuarina pauper low woodland over 

Atriplex bunburyana, Lycium australe, 

Lawrencia squamata and Ptilotus obovatus 

low to mid shrubland, over Eragrostis 

setifolia tussock grassland 

241 0.3 

Drainage 

Line 

Acacia 

Shrublands (MVG 

16) 

AA 

Acacia tetragonophylla tall shrubland, over 

Senna artemisioides and Ptilotus obovatus 

low shrubland 

2,537 3.2 

Eucalypt 

Woodlands (MVG 

5) 

AC 

Eucalyptus camaldulensis subsp. obtusa low 

woodland over Acacia aptaneura and Acacia 

tetragonophylla tall shrubland, over 

Eremophila longifolia, Senna artemisioides 

and Scaevola spinescens mid shrubland 

2,393 3.1 

Drainage 

Line/ 

Plains 

Acacia Forests 

and Woodlands 

(MVG 6) 

Z 

Acacia ayersiana/ A. incurvaneura low 

woodland over Acacia sibirica tall shrubland 

and Ptilotus obovatus low shrubland/ 

Eragrostis eriopoda tussock grassland 

8,209 10.5 

Sandplain/ 

Dunes 

Acacia Forests 

and Woodlands 

(MVG 6) 

O 

Acacia ayersiana/ A. caesaneura (+/-

Eucalyptus eremicola subsp. peeneri) low 

woodland, over Triodia melvillei hummock 

grassland 

11,409 14.5 

Callitris Forests 

and Woodlands 

(MVG 7) 

Q 
Callitris columellaris tall shrubland over 

Triodia melvillei hummock grassland 
2,466 3.1 

http://www.hydrobiology.biz/


 

Lake Way GDE Assessment www.hydrobiology.biz     p9 

 

Landform 

Major 

Vegetation 

Group 

Vegetation 

Code 
Vegetation Unit 

Area  

(ha) 

Area 

(%) 

Sandplains 

Acacia Forests 

and Woodlands 

(MVG 6) 

D 

Acacia aneura/ A. aptaneura and Acacia 

ayersiana/ A. caesaneura low woodland (+/- 

Acacia tetragonophylla and Acacia 

pruinocarpa), over Eremophila forrestii, 

Eremophila latrobei and Eremophila 

foliosissima mid shrubland, over Eragrostis 

eriopoda tussock grassland and Triodia 

melvillei hummock grassland 

8,250 10.5 

Hummock 

Grasslands (MVG 

20) 

L 

Acacia aneura/ A. aptaneura and Hakea 

lorea subsp. lorea isolated low trees over 

Alyogyne pinoniana, Androcalva loxophylla, 

Solanum coactiliferum and Leptosema 

chambersii low shrubland, over Triodia 

basedowii hummock grassland and 

Eragrostis eriopoda tussock grassland 

67 0.1 

Plains 

Acacia Forests 

and Woodlands 

(MVG 6) 

AB 
Acacia tetragonophylla, Acacia victoriae and 

Ptilotus obovatus low shrubland 
4,732 6.5 

Hillslope 

Acacia Forests 

and Woodlands 

(MVG 6) 

Y 

Acacia mulganeura/ A. incurvaneura low 

woodland over Eremophila conglomerata, 

Ptilotus obovatus and Ptilotus schwartzii low 

shrubland over Eragrostis 

eriopoda/Monachather paradoxus low 

tussock grassland 

337 0.4 

N/A N/A CV Cleared Vegetation 273^ 0.3 

TOTAL 78,423 100 

   ^ Excludes minor access tracks 

While the present study has used methods consistent with Barron et al. (2012), it should be noted that the NDVI 

values returned between the two studies will not be consistent due to vastly different vegetation communities 

and seasonal conditions. Figure 2 provides an example of NDVI maps for Lake Way and the Barron et al. (2012) 

study areas for August 2004, showing considerably “greener” conditions for the Swan Coastal Plain area. 
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Figure 2 Comparison of NDVI values for Lake Way on 12/04/2006 (right) and Swan Coastal Plain on 12/05/2006 (left) 

 

Results 

NDVI and NDWI 

Barron et al. (2012) assessed the presence of potential GDEs by plotting changes in NDVI values over the dry 

season, hypothesizing that those vegetation communities with the least change in greenness are most likely to 

be supplemented by water sources other than rainfall (i.e., groundwater or perched surface water). Following this 

method, Figure 3 provides a plot of the late wet season NDVI values (x-axis) against the late dry season NDVI 

values (y-axis) for each floristic community identified in the study area for years 2006, 2008 and 2009.  

• Vegetation units that deviate most from the 1:1 line (i.e. the points furthest below the line) are classified 

as ‘fast-drying vegetation’ (Barron et al, 2012), and are very unlikely to be groundwater dependent.  

• Vegetation units with relatively high and unvarying NDVI values, which closely follow the 1:1 plot line 

are inferred to have a continuing source of water (i.e., are considered to be more likely to be 

groundwater dependent).  

• Units with consistently low and unvarying NDVI may represent permanent water or wetland surfaces (if 

they also show high and unvarying NDWI signatures and high ET), or may correspond to sparse 

vegetation or bare soil (if they have lower NDWI and low cumulative ET).  

By ranking the ratio of NDVI values from late wet to end of dry season based on their distance to the 1:1 line, we 

can identify which vegetation unit has the least variable NDVI value. Table 5 ranks the vegetation units based on 

their distance to the 1:1 line (no-change over the dry season) and Figure 4 shows this ranking in a graphical 

form. This method has identified CV (cleared vegetation), PLAYA (lakebed), X (Mallee Woodlands and 

Shrublands) and the TECT (Tecticornia) vegetation units as changing least over the wet/dry cycle. The CV and 

PLAYA units are not GDE but simply represent areas with little or no vegetation and therefore little or no change 

in vegetation indices.  

Both Tecticornia (TECT) and Mallee Woodlands and Shrublands (X) displayed notable “greening” during the 

2006 wet season (see Figure 6) in comparison to other years, indicating that they both responded to changes in 

inter-annual rainfall rather than permanent groundwater. Based on this they may not represent GDEs, however 

further botanical investigation is required to confirm. 

While this method did not show vegetation unit H (Eucalypt Woodlands) as being particularly likely to be a 

GDEs, it was identified as potential GDEs using evapotranspiration assessment methods (see sections below; 

Figure 19; Table 6). 
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There is a distinct possibility that the sparseness of vegetation, particularly in the TECT community, (and possibly 

Mallee Woodlands and Shrublands) is lowering the NDVI response over the dry season. The NDVI pixels are an 

average of 30 m × 30 m, which includes any bare ground between plants. The PLAYA signature showed the least 

NDVI variability as it represented bare ground with a complete lack of vegetation (Figure 3). Sparse vegetation 

would comprise a greater degree of non-variable substrate in the form of bare ground and/or dead litter 

material. Therefore, the Barron et al. (2012) method is likely to require greater botanic interpretation when 

applied to the Lake Way study area. 

Histograms of NDVI relative frequency (Figure 12, Figure 13, Figure 14) were produced for each vegetation class 

for 2006. This allowed for a comparison of NDVI values between the wet (blue) and dry (red) seasons for each 

vegetation type. A wider range of NDVI values indicate that frequencies are variable for that season while a 

narrow range of values indicate a smaller spread of NDVI values. The vast majority of the vegetation units 

displayed a large degree of variability in NDVI values ranging from 0-0.5 creating a visually spread-out graph. 

This suggests that NDVI values vary a great deal across the wet and dry seasons, which is to be expected in an 

arid environment with flood events.  Vegetation unit H (Eucalypt Woodland) displayed a more contained spread 

with NDVI values contained between 0.1-0.35. This may suggest that they are less susceptible to large changes 

in NDVI over the dry or that they are accessing groundwater which supports the evapotranspiration assessment 

(see section below). 

The vegetation units that displayed the most pronounced overlap were PLAYA and CV which indicates that the 

NDVI values for the dry and the wet are similar, this is to be expected due to the lack of vegetation in these 

areas. Each vegetation type shows overlap between the two seasons and while this probably doesn’t suggest 
that they are accessing groundwater it may be explained by the drought tolerance of these vegetation units or 
a lag in the response in NDVI values corresponding to rainfall events. 
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Figure 3 Change rate for NDVI values from late wet to end of dry season (using methods from Barron et al. 2012) 

Note: Each point on the graph is the difference between the median NDVI value for the wet and dry season (for each vegetation unit), there are 

3 points for each vegetation unit corresponding to the three years of analysis. Median values were obtained by calculating the median value 

across every pixel within each vegetation unit polygon. Each image contains several thousand pixels which gives significant power to the analysis. 
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Table 5 Change rate for NDVI values from late wet to end of dry season – distance from 1:1 (no change) 

Floristic Community Sum Median St. Dev. Rank (closest to 1:1) 

CV 0.019 0.006 0.005 1 

PLAYA 0.033 0.011 0.011 2 

X 0.036 0.012 0.007 3 

TECT 0.037 0.012 0.011 4 

BA 0.067 0.022 0.021 5 

Y 0.077 0.026 0.018 6 

H 0.077 0.026 0.015 7 

R 0.080 0.027 0.017 8 

J 0.081 0.027 0.025 9 

I 0.081 0.027 0.022 10 

L 0.084 0.028 0.030 11 

AB 0.090 0.030 0.028 12 

F 0.094 0.031 0.027 13 

D 0.094 0.031 0.015 14 

E 0.099 0.033 0.028 15 

Z 0.101 0.034 0.026 16 

AA 0.107 0.036 0.030 17 

N 0.108 0.036 0.021 18 

O 0.109 0.036 0.018 19 

Q 0.123 0.041 0.019 20 

AC 0.172 0.057 0.037 21 
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Figure 4 Ranking of “distance” values from 1:1 (no-change over dry season) for all floristic communities for 2006, 2008 and 2009  

 

 

Figure 5 Average rainfall by month for Wiluna 
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Figure 6 2006 NDVI – average values over the wet to dry season by vegetation type 
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Figure 7 2006 Moisture Index – average values over the wet to dry season by vegetation type 
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Figure 8 2008 NDVI – average values over the wet to dry season by vegetation type 
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Figure 9 2008 Moisture Index – average values over the wet to dry season by vegetation type 
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Figure 10 2009 NDVI – average values over the wet to dry season by vegetation type 
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Figure 11  2009 Moisture Index – average values over the wet to dry season by vegetation type 
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Figure 12 Histograms of NDVI relative frequency (0.05 unit bins) for 2006 wet and dry seasons (1 of 3) 
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Figure 13 Histograms of NDVI relative frequency (0.05 unit bins) for 2006 wet and dry seasons (2 of 3) 
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Figure 14 Histograms of NDVI relative frequency (0.05 unit bins) for 2006 wet and dry seasons (3 of 3) 

 

 

Evapotranspiration 

Cumulative ET 

Cumulative ET was plotted for each year (2007, 2008 and 2009) to compare how ET differed over a year for each 

of the vegetation types. According to O’Grady et al. (2011) GDE-related vegetation classes are likely to have 

greater ET losses over the dry period than non-GDE-related classes. Other than the PLAYA (lakebed) and CV 

(cleared vegetation) classes, the only class that potentially showed an increased ET relative to other units was H 

(Eucalypt Woodlands – MVG 5). Class H occupied a very small area (0.05 km2) approximately 2.5 km to the north 

of Lake Way.  

It is important to note that evaporation from groundwater is dependent on the water table depth and hence ET 

is expected to be greater where the water table is shallower. O’Grady et al. (2006) showed that more 
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groundwater is taken up by vegetation that is located where the water table is shallower. The vegetation class H 

(Eucalypt Woodlands) appears to sit in a small circular depression (Figure 18) which may express groundwater or 

be over perched calcrete aquifer structure, so caution needs to be taken when making assumptions that this 

vegetation unit is groundwater dependant or at least dependent on the regional groundwater level associated 

with the lake bed. To determine conclusively that the class is a GDE further botanic interpretation should be 

applied to the study area. 

 

 

Figure 15 Cumulative ET for each vegetation unit type for 2007 
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Figure 16 Cumulative ET for each vegetation unit type for 2008 
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Figure 17 Cumulative ET for each vegetation unit type for 2009 
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Figure 18 Satellite imagery of vegetation class H – showing area of higher ET 

Groundwater Evapotranspiration 

Groundwater evapotranspiration (ETg) refers to the water losses from groundwater due to transpiration, direct 

water uptake through roots from GDEs, and direct evaporation. Groundwater-dependent vegetation is 

commonly associated with a higher rate of evapotranspiration (ETg), hence by calculating areas where ETg 

exceeds rainfall on an annual basis we are able to predict potential GDEs (O’Grady et al. 2011).  

The results of the assessment shown in Figure 19 indicate that there is one vegetation unit where ETg exceeds 

rainfall and hence may indicate that this vegetation may be utilising groundwater resources, this vegetation unit 

is H (Eucalypt Woodlands: MVG 5). It is important to note that the average error associated with this method was 

estimated to be about 12% (Eamus et al. 2015), which in the absence of field assessments is a very valuable 

estimate of groundwater use, but requires further botanic interpretation. 

An extension of this method was devised recently by Doody et al. 2017 in which they calculated the probability 

of a vegetation unit using groundwater during dry seasons, which was derived from a ratio of ET to rainfall and 

is referred to as the Probability of Inflow Dependent Ecosystem (pIDE). Table 6 shows the ratio and probability of 

inflow dependence of each vegetation unit, which indicates that H (Eucalypt Woodlands: MVG 5) has a high 

probability of having some form of inflow dependence on groundwater. 
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Figure 19 Groundwater evapotranspiration for 2006 
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Table 6 The probability of inflow dependence according to Doody et al. 2017. 

Floristic Community ET/Rainfall Ratio pIDE (%) 

BA 0.70 7 

Y 0.76 9 

L 0.76 9 

AB 0.82 11 

N 0.87 13 

Z 0.90 20 

O 0.91 21 

Q 0.92 22 

D 0.93 23 

TECT 0.94 23 

I 0.94 23 

X 0.94 24 

AA 0.95 24 

J 0.97 34 

E 0.97 34 

R 0.97 35 

AC 0.99 38 

F 1.01 44 

CV 1.27 89 

H 1.34 99 

PLAYA 4.77 100 

 

 

 

 

 

 

http://www.hydrobiology.biz/


 

Lake Way GDE Assessment www.hydrobiology.biz     p30 

 

Summary and conclusions 

Hydrobiology has conducted a desktop assessment of vegetation at and near Lake Way using multi-spectral 

satellite data to identify spectral signatures corresponding to groundwater dependent vegetation units.  

Published, peer-reviewed literature (Mohammadi et al. 2015, van Dijk et al. 2015, Eamus et al, 2015 ) has 

established that there are some limitations to the use of spectral data in areas of sparse vegetation, arid 

landscapes and on salt lakes, and these limitations must be considered in using the data generated by this 

study.  Within the methodological limits of this study, Hydrobiology concludes that there is no clear evidence of 

groundwater dependency in any of the vegetation units mapped by Botanica at Lake Way, with the possible 

exception of vegetation unit H (Eucalypt woodland - Eucalyptus striaticalyx and Acacia aneura/ A. aptaneura low 

woodland, over Eremophila glabra and Senna artemisioides mid shrubland), which was mapped in a small area 

underlain by calcrete, approximately 2.5 km north of Lake Way.  Estimated groundwater evapotranspiration for 

vegetation unit H, relative to rainfall, indicated a strong potential for inflow dependent vegetation.  This is a 

matter that warrants further consideration using conventional botanical methods. 
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