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The combined WPES ranked outputs (Figure 3) revealed highest values for the headwaters in the northwest 
and the Barrington Tops National park central region between Muswellbrook and Gloucester. An overlay of 
the coal measures geological layer, which describes areas where future mining may take place, shows that the 

Figure 2. a) Biodiversity priorities based on Zonation. b) Water provisioning services based on flow length, 
runoff and presence/absence of vegetation. White regions represent cleared land. 

  

Figure 3. WPES ranked (normalized) based on importance for downstream biodiversity and runoff. White 
regions represent cleared land. 
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majority of vegetation in this area is already cleared and fragmented. The addition of the generally lower runoff 
generation capacity in this area, and the lower downstream flow length, leads to a lower WPES values.  

5. DISCUSSION 

Tools for regional land use planning need appropriate generalizations and simplifications to enable assessment 
of broad scale priorities. In the case of strategic environmental assessments that are undertaken for approving 
and planning multiple developments in a region (Noble et al., 2012), such as in the Hunter (NSW Department 
of Planning, 2005), a range of GIS modelling methods are often used. Our approach represents one method for 
conducting a robust assessment by integrating regional scale data and methods across disciplines, in this case 
biodiversity and hydrology. The potential biodiversity service provided by an area of land was based on a 
sophisticated spatial prioritization tool that can be considered leading practice, Zonation; and the potential 
hydrological service provided by an area of land was based on its downstream contribution to flows and riparian 
biodiversity. 

Justifying a particular method of quantifying ecosystem services is problematic especially when different 
(perhaps equally good) approaches and assumptions give results that are favourable for different stakeholders; 
and this may be a particular challenge when addressing complex system interactions (water and biodiversity in 
our case). It is not necessary that the most complex approach be used in every case - it may not be the most 
scientifically justified given the uncertainties involved, or the most practical for running scenarios and testing 
sensitivity to assumptions. Our modelling method utilized a normative, simple approach for proposing areas 
that are a priority for protection from mining through overlaying future mining areas with WPES priorities. 
These normative (high versus low) values can form the basis for a stakeholder-based, explicit quantification of 
trade-offs between values (Mendoza and Prabhu, 2005) through converting rankings to stakeholder 
preferences. 

The current modelling methods presented in this paper should be further improved, and the sensitivity of the 
parameterisation, model choice and the impact of spatial data uncertainty need to be assessed (Lechner et al., 
2012). Further refinement would include: i) investigating other available datasets and improving stream 
definition through more robust techniques (e.g. Tarboton, 1997); ii) including a buffer zone around streams; 
iii) addressing the limitations to runoff modelling such as coarse spatial scale, large temporal time-step, simple 
water balance model developed for the entire country; iv) considering groundwater recharge and groundwater 
flow pathways; v) incorporating soil, geology and the influence of land use on water quality; and vi) ranking 
biodiversity conservation value downstream based on potential impact of changes in water values.  

While recognizing the need to refine the metrics used, some results of interest were found. Little overlap was 
noted between high WPES values and potential future mining due to the existing relatively low contribution 
of these areas to quantity and quality of downstream flows. In contrast, when examining the location of 
biodiversity priorities only, the central region of fragmented flood plains where mining occurs is made of 
mostly high value biodiversity pixels found in small patches (Figure 2a). So, while there is limited apparent 
conflict between WPES values and mining values, there does appear to be a greater conflict between 
biodiversity values and mining values. 

6. CONCLUSION 

Numerous models and tools can be drawn upon to assess impacts from mining at the regional scale. These 
methods need to consider the cumulative, social and environmental impacts of mining and the trade-offs with 
competing land use values. The aim in this paper was not to present an end-point for a planning tool but to 
demonstrate the value of and ways forward for incorporating system interactions. While tools and techniques 
can be drawn from the multiple disciplines that are required for any assessment of mining impacts - from 
geochemistry to landscape ecology - there are few examples of integration.  Trade-offs between the range of 
landscape values impacted by mining and positive non-spatial impacts (e.g., economic benefits) can be 
addressed through interdisciplinary modelling approaches such as presented in this paper.  
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