
 

7 CMA region potential GDE map 
results 

This section presents an overview of the potential terrestrial GDE mapping results and some brief examples of areas of 
possible interest within each CMA region.  It should be emphasized that the interpretation is not based on detailed evaluation 
of the remote sensing response or field checking.  Site specific investigation would be needed to establish groundwater 
dependency.  It is hoped this section illustrates the strengths and limitations of the results for initial state-wide management 
considerations. 

7.1 Mallee CMA 
The major areas of potential GDE shown in the Mallee CMA region are associated with the mallee vegetation in the west-
central part of the CMA region (Figure 11 B).  The consistent photosynthetic response of these ecosystems, the lack of surface 
water, and the presence of shallow groundwater in at least some areas suggests that groundwater may be a significant 
contributor to ecosystem health.  Further east (Figure 11 C) the mapped areas are sparse and, interestingly not strongly 
associated with defined wetland or surface water bodies, perhaps due to salinity impacts.  It is possible that some sparse 
vegetation between the water bodies/salinas is accessing groundwater but does not sufficiently exhibit the spectral response 
of green vegetation to be included in the maps.  Groundwater levels are known to be high across much of this area, 
particularly the Raak Plains, west of Hattah (western part of Figure 15 C), which is a regional groundwater discharge zone 
(Macumber 1980, 1991). 

7.2 Wimmera CMA 
The Wimmera region presents a transition from the forested Grampian mountains through extensive dryland farming areas to 
the Mallee in the north.  Although the major identified areas of potential GDE are associated with forests and woodlands, more 
detailed examination shows the greatest presence is associated with water bodies and wetlands within each general area.  Of 
particular note is the association of potential GDEs with the lakes and ponds near Edenhope (Figure 12 B).  Groundwater 
contribution to maintaining those surface water bodies has been established by Fawcett and Huggins (2005).  Areas of 
potential GDE are also found in the Little Desert in the west-central Wimmera.  Figure 12 C shows an increasing signature as 
the Wimmera River is approached near Dimboola.  This could be due to increased shallow groundwater occurrence 
associated with regionally high groundwater pressures near the river. 

7.3 Glenelg Hopkins CMA 
The Glenelg Hopkins CMA region includes areas of limestone karst with solution enhanced permeability and karst springs 
ranging to forested upland clastic sediments of the southern Grampians.  The greatest extent of potential GDE is found in the 
west and near the southern Grampians (Figure 13).  The major areas correlate well with groundwater interactive landscape 
areas of generally shallow water table depth.  Interpretation of the Grampian landscape is complicated by the effect of the 
slope-aspect on the remote sensing response.  However, the major mapped areas appear along river valleys and at the 
periphery of the highlands where groundwater discharge may be expected (Figure 13B).  Figure 13C shows the correlation of 
potential GDEs with shallow water table near Portland. 

A series of saline wetlands, the Cockajemmy Lakes (Figure 14), was used to test the remote sensing methodology and, with 
the benefit of good groundwater data, serves to illustrate the potential for application of the mapping to smaller areas.  The 
Cockajemmy Lakes form along the southern margin of a Quaternary age basalt flow (Newer Volcanics).  Groundwater 
pressures measured in piezometers are shallow (<2 m below natural surface) and are artesian around the lake perimeters.  
Land use around the lakes is dominated by cropping and the region is mostly devoid of trees.  The map of potential GDEs 
within the Cockajemmy Lakes region centres on vegetation growing in association with wetlands.  It is therefore very likely the 
vegetation has a high degree of interaction with groundwater. 
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Figure 11.  Potential terrestrial GDEs in the Mallee CMA. A. Overview. B. GDEs mapped in area of extensive mallee 
vegetation. C. Sparse association of mapped GDEs with lakes, salinas and areas of shallow water table 
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Figure 12.  Potential terrestrial GDEs in the Wimmera CMA.  A. Overview.  B. Area of known groundwater-surface water 
interaction near Edenhope.  C. Area of potential GDEs near the Wimmera River at Dimboola 
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Figure 13.  Potential terrestrial GDEs in the Glenelg Hopkins CMA. A. Overview. B.  Detail of GDEs shown around the 
southern Grampians. C. Potential GDEs and spring locations northwest of Portland. 
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Figure 14.  Map of the Cockajemmi Lakes region showing potential GDEs and the extent of the Quaternary age basalt flow 

7.4 North Central CMA 
The potential terrestrial GDEs within the North Central CMA region are shown in Figure 15.  The major areas of identified 
potential GDEs are along the Murray River and Kerang Lakes area in the north, and in upland forested areas in the south and 
central parts of the CMA region.  Additional areas are found along other rivers and ephemeral streams.   

The detail in Figure 15B  (Kerang Lakes area) shows the occurrence of potential GDEs in areas mapped as groundwater 
interactive along sections of drainage lines and surrounding water bodies.  This area is well documented as a regional 
groundwater discharge zone (e.g. Macumber 1980, 1991, 2004).  Although much of the area is designated wetland or subject 
to inundation, the mapped GDEs are restricted to relatively small parts of the overall wetland area, targeting locations for more 
detailed evaluation. 
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It is felt that much of the upland forest area identified as potential GDE is the result of over-classification due to the consistent 
green response of the canopy.  However Figure 15 C shows the prevalence of mapped springs (Shugg and Brumley 2003, 
Shugg 2009) in the southern part of the CMA region near Daylesford.  These springs tend to occur at the periphery of the 
mapped GDE areas and indicate the potential for near-surface groundwater sources that could be used by surrounding 
vegetation or important groundwater contribution to the local surface water. 

 
Figure 15.  Potential GDE map for the North Central CMA region. A. Overview of the CMA region.  B. Area between Swan Hill 
and Kerang showing the association of potential GDEs in areas where surface water drainages or wetlands intersect 
groundwater interactive landscapes.  C.  Relation of GDEs to spring locations in the vicinity of Daylesford. 
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The Tarpaulin Creek region, south of St. Arnaud, was evaluated in detail during development of the GDE mapping process 
(Figure 16). Interpreting the Tarpaulin Creek region GDE map and accuracy is somewhat problematic as the interaction of 
groundwater with vegetation is not very evident or well understood due to little groundwater data and the absence of previous 
research. 

Based on the limited groundwater level data and known incidences of salinity in this area (Clark and Harvey 2008), it is 
reasonable to assume that vegetation around the ephemeral streams will have some connection with groundwater. These 
areas have been highlighted as potential GDEs that could contain shallow rooted species (Figure 16, cyan).  However, 
landscapes highlighted in yellow are potential GDEs that fall outside the GIM landscapes and are assumed to contain deep 
rooted vegetation; determining the validity of this assumption requires site specific field assessments. 

 

 
Figure 16.  Map of potential GDEs for the Tarpaulin Creek area, showing landscapes that may contain GDEs with shallow 
rooted vegetation (cyan) and landscapes which might include deep rooted vegetation and fall outside the indicative 
groundwater interaction map (yellow) 

7.5 Corangamite CMA 
The Corangamite CMA region spans a variety of landscapes from forested uplands near Ballarat and in the Otway Ranges to 
coastal areas (Figure 17).  The largest areas of potential terrestrial GDE are found in forested areas near the coast.  Water 
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tables are generally shallow in this area but interpretation is complicated by the coastal effects of increased precipitation and 
mitigation of seasonal temperature changes.  The areas mapped in the north tend to be associated with upland forests (Figure 
17B) but the presence of mapped springs and potential GDEs associated with areas of shallow water table (Nicholson et al. 
2006) suggest some further investigation may be warranted.  A number of potential terrestrial GDEs are seen in the area of 
lakes near Colac (Figure 17C), where groundwater-lake interaction and salinity are known to occur (Dahlhaus et al. 2002; 
Nicholson et al. 2006).  It is reasonable to suspect that the vegetation in these areas accesses groundwater and may be of 
interest for resource management. 

 
Figure 17. Potential terrestrial GDEs in the Corangamite CMA. A. Overview. B.  Detail showing areas of potential groundwater 
dependency east and south of Ballarat. C. Potential terrestrial GDEs around lakes near Colac, including Lake Corangamite 
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7.6 Port Phillip and Westernport CMA 
The results for the Port Phillip and Westernport CMA region are complicated by the extensive areas of urban development and 
intensive land use and agriculture. Most of the potential GDEs area is associated with upland forest.  Significant area of 
potential GDEs is identified in Mornington Peninsula and outer suburbs of Melbourne. A few locations of interest along 
drainages and rivers can also be seen.  Little indication of significant area of terrestrial GDEs is seen in the areas with 
intensive land use and agriculture in the region (e.g. Koo-Wee- Rup area). This probably reflects negative impact of intensive 
agriculture on the health of GDEs.  One example of potential terrestrial GDE is in the area to the south and west of Bacchus 
Marsh where the mapped potential GDEs are associated with areas of shallow water table near forested uplands (Figure 18B).  
A second example is along the Yarra River (Figure 18C) near Healesville, where the potential GDEs are associated with cut off 
river meanders (Figure 19). 

7.7 Goulburn Broken CMA 
The overall pattern seen in the location of potential terrestrial GDEs within the Goulburn Broken CMA region is similar to that of 
the North Central CMA region (Figure 20).  The largest patches are associated with forested areas in the uplands or along the 
Murray River.  In particular, most of the Barmah Forest shows up as potential terrestrial GDE (Figure 20B).  This is reasonable 
given that (i) it occupies a large effluent floodplain of the Murray River on the downthrown side of a major fault (Cadell Fault), 
(ii) it is known to have good quality groundwater at shallow to moderate depths, and (iii) there is recent, good scientific 
evidence of groundwater use by the dominant red gum tree species during a dry climate period with limited flooding (Shaun 
Cunningham, Monash University, pers. comm. 2009).  Notable additional areas of potential GDE are seen along the riparian 
corridors of the Goulburn River and Broken River. 

7.8 West Gippsland CMA 
Large areas of potential terrestrial GDEs are mapped in the West Gippsland CMA region (Figure 21).  However, much of the 
area is associated with upland or low forest and thus the groundwater usage by vegetation is quite uncertain.  Some areas of 
potential terrestrial GDE are found along waterways and thus may be ecosystems of interest accessing shallow groundwater 
(e.g. Figure 21B and C).  More detailed work is needed to optimize the GDE mapping for this area before making definitive 
statements regarding groundwater use. 

7.9 North East CMA 
Some results for the North East CMA region were presented during description of the method development, above.  Extensive 
areas of high elevation forests with high precipitation are present in the North East and East Gippsland CMA regions.  These 
areas are not as subject to limitations of precipitation and surface water as others so they tend to appear similar to potential 
GDEs.  In addition to areas with response in only one of the data sets, areas with response in only the consistent 
photosynthetic activity (low standard deviation of EVI) and contrasting photosynthetic activity (high midsummer NDVI) were 
excluded from the potential GDE map in the North East and East Gippsland CMA regions.  Those areas correspond to value 
011 in Table 4.  An additional issue is that the varying slope/aspect in the hilly areas affects the Landsat spectral response 
used in the unsupervised classification.  This leads to differences in classification depending on the direction and steepness of 
the slope.  It would likely be possible to mitigate this effect through stratification of the data according to slope and aspect or 
illumination angle prior to classification. 

Figure 22 shows that large upland areas in the North East CMA region are classified as potential terrestrial GDEs but are 
thought most likely to be only recording the high rainfall forest cover.  However, mapped potential GDEs in the Ovens and 
Murray River floodplains (e.g. Figure 23 B) are considered to have a greater likelihood of being at least partially dependent on 
groundwater. 
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Figure 18.  Potential terrestrial GDEs in the Port Phillip and Westernport CMA. A. Overview. B.  Detail showing areas of 
potential groundwater dependency along streams near Bacchus Marsh. C. Potential GDEs in the Yarra River riparian zone 
near Healesville 
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Figure 19.  Satellite image showing potential terrestrial GDEs along Yarra River 
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Figure 20.  Potential terrestrial GDEs in the Goulburn Broken CMA. A. Overview. B.  Detail of GDEs in the Murray 
Riverfloodplain (large green area is the Barmah Forest), along the lower Goulburn River (lower left) and along other streams 
including the Broken Creek 
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Figure 21.  Potential terrestrial GDEs in the West Gippsland CMA. A. Overview. B&C.  Detail showing areas of potential 
groundwater dependency along streams and waterways in the Latrobe Valley (B) and north of Lake Wellington (C) 
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Figure 22.  Potential terrestrial GDEs in the North East CMA. A. Overview. B.  Detail showing areas of potential groundwater 
dependency along the Murray and Ovens River floodplains 

7.10 East Gippsland CMA 
The East Gippsland CMA region has similar issues with respect to higher precipitation and forested mountain areas as the 
North East CMA region.  Thus, more restrictive criteria were also applied in the integration of the remote sensing data sets.  In 
addition to areas with response in only one of the data sets, areas with response in only the consistent photosynthetic activity 
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(low standard deviation of EVI) and contrasting photosynthetic activity (high midsummer NDVI) were excluded from the 
potential GDE map in the North East and East Gippsland CMA regions.  Those areas correspond to value 011 in Table 4.  Still, 
large areas show scattered response due to the slope/aspect effect on the unsupervised classification as discussed for North 
East CMA region.  The lowland/coastal areas generally show scattered areas of potential GDE that often correspond to open 
water or more heavily treed areas.  However a few areas of potential GDE are seen in areas at the periphery of of drainage 
lines and water bodies/wetlands (e.g. Figure 23B).  Inspection of satellite imagery shows that these are more open vegetation, 
not forest or woodland.  It is reasonable to consider the possibility that they are areas of groundwater use given the setting and 
commonly shallow water tables. 
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Figure 23.  Potential terrestrial GDEs in the East Gippsland CMA. A. Overview. B.  Detail showing potential groundwater 
dependency in areas surrounding drainage lines and water bodies and other scattered areas.  The large blocks are responding 
to open water




