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Executive summary 

This product details the development of qualitative mathematical models and receptor impact 

models for the Namoi subregion. Receptor impact models enable the Bioregional Assessment 

team to assess how changes in hydrology due to additional coal resource development may result 

in changes in ecosystems.  

A receptor impact model describes the relationship between:  

¶ one or more hydrological response variables, which represent characteristics of surface 

water and groundwater that potentially change due to coal resource development (for 

example, drawdown or annual flow volume) and 

¶ a receptor impact variable, which is a characteristic of the system (for example, projected 

foliage cover) that, according to the conceptual modelling, is potentially sensitive to changes 

in the hydrological response variables. 

The outputs of the receptor impact models will help identify ecosystem responses to coal resource 

development and the need for further local-level studies of ecosystems and their response to coal 

resource development.  

Coal resource developments 

Receptor impact modelling for the Namoi subregion applies the two potential coal resource 

development futures considered in the bioregional assessments: 

¶ baseline coal resource development (baseline): a future that includes all coal mines and coal 

seam gas (CSG) fields that are commercially producing as at December 2012 

- in the Namoi subregion there are five open-cut coal mines: Boggabri Coal Mine, Rocglen 

Mine, Sunnyside Mine, Tarrawonga Mine and Werris Creek Mine; and one longwall mine: 

Narrabri North. 

¶ coal resource development pathway (CRDP): a future that includes all coal mines and CSG 

fields that are in the baseline as well as those that are expected to begin commercial 

production after December 2012  

- in the Namoi subregion there are ten additional coal resource developments: Boggabri 

Coal Expansion Project, Caroona Coal Project, Gunnedah Precinct, Maules Creek Project, 

Narrabri South, Tarrawonga Coal Expansion Project, Vickery Coal Project, Vickery South 

Coal Project, Watermark and the Narrabri Gas Project. Eight of these additional coal 

resource developments are modelled for the Namoi subregion, with the remaining two 

mines, Vickery South Coal Project (open-cut coal mine) and the Gunnedah Precinct (open-

cut and underground), not being modelled due to insufficient information. Analysis of 

the impacts of these two developments will be restricted to commentary in product 3-4 

(impact and risk analysis). 
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The difference in results between CRDP and baseline is the change that is primarily reported in 

a bioregional assessment. This change is due to additional coal resource development.  

Potential hydrological changes have been presented in companion product 2.6.1 (surface water 

modelling) and companion product 2.6.2 (groundwater modelling) for the Namoi subregion. This 

product outlines the development and description of the qualitative mathematical models and 

receptor impact models for the Namoi subregion that will be applied to determining risk to, and 

potential impacts on, ecosystems in product 3-4 (impact and risk analysis). 

Methods 

Receptor impact model development is both qualitative and quantitative due to the complexity 

and uncertainty associated with describing relationships between hydrological change and 

ecological components of the system. The absence of directly relevant theory and ecological 

response data of potential impacts due to the hydrological changes that may occur in the future 

requires expert judgement or elicitation to be used in: i) mapping ecological processes and key 

components (as signed digraphs); ii) constructing qualitative models that predict ς as an increase, 

decrease or no change ς landscape class response to hydrological change; and iii) selection of 

ecological indicators (receptor impact variables) from the ecological components or processes 

and the hydrological regimes (hydrological response variables) that support them. The resulting 

statistical models quantify how changes in hydrological response variables due to coal resource 

development may potentially impact the receptor impact variables in a short-term (2013 to 2042) 

and long-term (2073 to 2102) period within a landscape class.  

Ecosystems 

The Namoi subregion supports a variety of ecosystems and in this bioregional assessment they 

are classified into 29 landscape classes and allocated to ƻƴŜ ƻŦ ǎƛȄ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇǎΥ ΨCƭƻƻŘǇƭŀƛƴ 

or ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩΣ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩΣ Ψ5ǊȅƭŀƴŘ ǊŜƳƴŀƴǘ ǾŜƎŜǘŀǘƛƻƴΩΣ 

ΨwŀƛƴŦƻǊŜǎǘΩΣ ΨIǳƳŀƴ-ƳƻŘƛŦƛŜŘΩ ŀƴŘ Ψ{ǇǊƛƴƎǎΩΦ 

Qualitative mathematical models and receptor impact models use these classifications to 

investigate how changes in hydrology may affect ecosystems. Results that apply the receptor 

impact models and the potential impact of hydrological changes spatially are reported in 

Sections 3.4.3.3, 3.4.4.3 and 3.4.5.3 of the impact and risk analysis in companion product 

3-4 for the Namoi subregion. 

Two modelling workshops were held to build the qualitative mathematical models and receptor 

impact models and required input from experts in these landscapes and/or the Namoi subregion. 

Receptor impact models were developed for landscape classes that experts considered more 

likely to be at risk from hydrological changes due to additional coal resource development, and 

for which they had the expertise to inform model development. Commentary on those landscape 

groups and classes that were not included in the ecosystem modelling is provided in 

Sections 2.7.3, 2.7.4, 2.7.5, 2.7.6 and 2.7.7. 
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ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

The floodplain and lowland riverine landscape classes contain a collection of landscape and 

ecological elements exposed to inundation or flooding along a river system including: riparian 

forests, wetlands and grassy woodlands. The floodplain and lowland riverine qualitative model 

was developed to capture most of the key linkages within and between the riverine and floodplain 

habitats. This model informed the receptor impact variables (in bold) and hydrological response 

variables for the following landscape classes: 

¶ Floodplain riparian forests (groundwater-dependent ecosystem (GDE) and non-GDE) 

landscape classes: change in projected foliage cover in response to change in groundwater 

drawdown and change in the frequency of overbank flows 

¶ Floodplain wetland (GDE and non-GDE) landscape classes: probability of presence of 

tadpoles from Limnodynastes genus in pools and riffles in response to change in the 

frequency of overbank flows 

¶ Permanent and temporary lowland streams (GDE and non-GDE) landscape classes: average 

number of families of aquatic macroinvertebrates in edge habitat in response to changes in 

cease-to-flow attributes of the surface water regime. 

Results from these three separate receptor impact models were used to evaluate the combined 

impact of changes in one or more of these receptor impact variables across the extent of the 

ΨCƭƻƻŘǇƭŀƛƴ or ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ group (Section 2.7.3.1.4). 

The floodplain riparian forests receptor impact model predicts that, in relation to groundwater 

changes, the mean of the average percent projected foliage cover will drop from just under 

15% with no change in groundwater level to about 10% if levels decrease by 20 m relative to the 

reference level in 2012 due to additional coal resource development. A change in drawdown 

over the longer term will have a larger effect on mean projected foliage cover than a change in 

drawdown over the short term, indicating that potential impacts from changes in hydrology may 

not be immediate.  

In relation to surface water changes, the mean of the average percent foliage cover will increase 

from just under 12% with no change in the frequency of overbank events to about 18% if the 

frequency changes to 0.7 (event per year) (relative to the reference level of 0.33 (event per year) 

in 2012).  

The floodplain wetlands receptor impact model ǎǳǇǇƻǊǘǎ ǘƘŜ ŜȄǇŜǊǘǎΩ ŜƭƛŎƛǘŜŘ ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ ŀƴ 

increase in overbank flows will have a positive effect on the probability of presence of tadpoles. 

The model predicts that the probability of presence of tadpoles is fairly uncertain across the 

floodplain wetland landscape classes with values between 0.35 to 0.80 under historical conditions, 

and as the number of overbank flow events increases the probability of presence of tadpoles 

would increase to between 1 and 0.60.  

The lowland riverine receptor impact model ǎǳǇǇƻǊǘǎ ǘƘŜ ŜȄǇŜǊǘǎΩ ŜƭƛŎƛǘŜŘ ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ ŀƴ 

increase in the frequency of zero-flow days due to additional coal resource development will 

have a negative effect on the number of families of macroinvertebrates. As the number of zero-
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flow days increases, the number of families would drop steeply, with values of less than 0.5 under 

intermittent flow conditions.  

Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

¢ƘŜ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ŎƻƳǇǊƛǎŜǎ ŜŎƻsystems that tend to be 

in elevated portions of the catchment and include a diverse range of aquatic and terrestrial 

ecosystems. The upland riverine qualitative mathematical model included all upland riverine 

classes and the adjacent riparian vegetation, and was developed to accommodate the general lack 

of hydrological and spatial connectivity between the landscape classes across the zone of potential 

hydrological change. Receptor impact variables (in bold) and hydrological response variables were 

identified for the following landscape classes: 

¶ Upland riparian forest GDE: change in projected foliage cover in response to changes in 

groundwater drawdown and overbank flow events  

¶ Permanent and temporary upland streams (GDE and non-GDE) landscape classes: average 

number of families of aquatic macroinvertebrates in instream pool habitat in response to 

changes in cease-to-flow attributes of the surface water regime 

¶ Upland riverine landscape classes: probability of presence of tadpoles from Limnodynastes 

genus in pools and riffles in response to changes in cease-to-flow attributes of the surface 

water regime. 

Results from these three separate receptor impact models were used to evaluate the combined 

impact of changes in one or more of these receptor impact variables ŀŎǊƻǎǎ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ǘƘŜ ΨNon-

floodplain ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ landscape group (Section 2.7.4.1.4).  

The upland riparian forest receptor impact model predicts that the mean of the average projected 

foliage cover will decrease with the maximum difference in additional drawdown relative to the 

reference level in 2012. However, there is considerable uncertainty in these predictions as there is 

an 80% chance that the average foliage cover will lie somewhere between approximately 15% and 

30% in the short-assessment period, and somewhere between roughly 10% and 30% in the long-

assessment period, with a 6-m drop in groundwater level. The model interpretation also indicates 

that long-term drawdown will have more effect on projected foliage cover than short-term 

drawdown.  

In relation to change in overbank flows, the upland riparian forest model predicts that the mean 

of the average of projected foliage cover will increase from just under 24% with no change to 

about 30% if the frequency increases to 0.8 (event per year) (relative to the reference level of 

0.33 (event per year) in 2012.  

¢ƘŜ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜ ǊŜŎŜǇǘƻǊ ƛƳǇŀŎǘ ƳƻŘŜƭ ǎǳǇǇƻǊǘǎ ǘƘŜ ŜȄǇŜǊǘǎΩ ŜƭƛŎƛǘŜŘ ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ ŀƴ 

increase in the frequency of zero-flow days due to additional coal resource development will have 

a negative effect on the number of families of macroinvertebrates. However, there is substantial 

variability across the landscape class. Under conditions of constant flow the number of families 

of macroinvertebrates can range from less than 5 (families) to almost 20. As the number of zero-

flow days increases, experts were of the opinion that the number of families would drop quite 

dramatically to less than 0.5. 
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The upland riverine receptor impact model predicts that the probability of presence of 

tadpoles will respond to changes in frequency of zero-flow days due to additional coal resource 

development. Under conditions of constant flow the probability of presence of tadpoles is 

predicted to be almost 1 and as the number of zero-flow days increases this may decrease to 

less than 0.1. 

In addition to the upland riverine system, a qualitative model was developed for the non-

floodplain wetlands in this landscape group and focused on internally draining lakes in the Namoi 

assessment extent, with the Lake Goran ecosystem being the primary focus, but also including 

¸ŀǊǊƛŜ [ŀƪŜ όōƻǘƘ ŘŜŦƛƴŜŘ ŀǎ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘΩ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎύΦ ! ǊŜŎŜǇǘƻǊ ƛƳǇŀŎǘ ƳƻŘŜƭ 

was not developed for this landscape group. Qualitative analyses generally indicate a negative or 

ambiguous response prediction for most biological variables within the non-permanent wetland 

ecosystem in response to hydrological changes. Tree and shrub groups were predicted to decline, 

which leads to negative impacts to habitats for birds, frogs and terrestrial invertebrates. A 

predicted decrease in wading birds and piscivorous and insectivorous birds leads to a release, 

or increase, in their prey populations. The potential impact of decreased sheet flow is predicted 

to lead to a decrease in all forms of aquatic macrophytes and herbivorous birds. 

Pilliga (upland and lowland) region 

The Pilliga and Pilliga Outwash represent a unique set of ecological systems within the Namoi 

subregion. It was considered appropriate to develop a set of separate ecological models for 

the Pilliga to improve the assessment of potential ecological impacts. The zone of potential 

hydrological change for the Pilliga region included riverine landscape classes (9.8% of upland 

ǎǘǊŜŀƳǎ ŀƴŘ моΦм҈ ƻŦ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳǎύΣ ǘƘŜ ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω landscape class (8% of the 

zone), and the non-floodplain wetlands landscape classes (<0.2% of the zone). Key ecological 

processes in both upland and lowland riverine landscape classes were captured together in the 

Pilliga riverine qualitative mathematical ƳƻŘŜƭΦ ! ǉǳŀƭƛǘŀǘƛǾŜ ƳƻŘŜƭ ŦƻǊ ǘƘŜ ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ 

D59Ω landscape class was also formulated, but no quantitative modelling was developed as it is 

considered less sensitive to hydrological change given its reduced reliance on groundwater and 

surface water (see Section 2.7.3). 

The riverine classes in the Pilliga region have a unique set of conditions such as: sandy beds, 

temporary flow with some permanent pools above highly stratified sandstone, and channels that 

often form shallow and poorly defined ephemeral wetlands. Receptor impact variables (in bold) 

and hydrological response variables were identified for the following ecosystems: 

¶ Pilliga riverine (upland and lowland): change in projected foliage cover in response to 

changes in cease-to-flow attributes and groundwater drawdown 

¶ Pilliga riverine (upland and lowland): average number of families of slow-water 

macroinvertebrates in instream pool habitat in response to changes in cease-to-flow 

attributes and groundwater drawdown.  

The receptor impact modelling for the Pilliga region defines impacts on riverine landscape classes 

based on changes in these receptors according to defined thresholds (see Table 37 and Table 38).  
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The Pilliga riverine receptor impact model predicts that percent foliage cover will decrease as 

groundwater drawdown increases due to additional coal resource development. The mean of 

the average percent projected foliage cover will decrease from just below 25% with no change 

in groundwater level, to about 20% if the levels decrease by 150 m relative to the reference level 

in 2012. In relation to surface water changes due to additional coal resource development, the 

model predicts that the mean of the average percent projected foliage cover will decrease from 

just under 25% under constant flow to about 10% if the number of zero-flow days increases to 

180 (days per year).  

In relation to number of families of aquatic macroinvertebrates, the Pilliga riverine receptor 

impact model predicts that an increase in zero-flow days and/or cease-to-flow days will have 

a slightly negative effect but will vary across landscape classes. Under conditions of constant 

flow, the number of families of macroinvertebrates will range from 15 (families) to 20 and as the 

number of zero-flow days increases the number of families would decrease with values between 

13 and less than 10 for very intermittent flow conditions (zero-flow days of greater than 150). 

The model predicts that the number of families of macroinvertebrates will decrease as 

groundwater drawdown increases due to additional coal resource development. Under 

conditions of no change in groundwater level, the number of families is predicted to be just 

under 12, decreasing to about 6 if levels decrease by 55 m relative to the reference level in 2012. 

ΨwŀƛƴŦƻǊŜǎǘΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

¢ƘŜ ΨwŀƛƴŦƻǊŜǎǘΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ƛǎ ŘƛǎǘƛƴƎǳƛǎƘŜŘ ǇǊƛƳŀǊƛƭȅ ōȅ ƛǘǎ ǾŜƎŜǘŀǘƛƻƴ ǎǘǊǳŎǘǳǊŜ ŀƴŘ 

composition and ƛǎ ǇǊŜŘƻƳƛƴŀǘŜƭȅ Ψ5Ǌȅ wŀƛƴŦƻǊŜǎǘΩ ƻǊ Ψ²ŜǎǘŜǊƴ ±ƛƴŜ ¢ƘƛŎƪŜǘǎΩ όōƻǘƘ ǘƘǊŜŀǘŜƴŜŘ 

vegetation classes in NSW). 4 km2 of the ΨwŀƛƴŦƻǊŜǎǘΩ ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ ŀƴŘ лΦо ƪƳ2 ƻŦ ǘƘŜ ΨwŀƛƴŦƻǊŜǎǘ 

D59Ω ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ are within the zone of potential hydrological change. A qualitative model 

was developed for this landscape group given the conservation values surrounding the vegetation 

types common to this group. This model identified groundwater as being critical to supporting 

many biophysical components of the ecosystem (Section 2.7.6.2). Given the limited resources 

and the limited extent of this landscape group in the zone, a receptor impact model was not 

formulated. Thus, potential ecological impacts are not quantified, but can be inferred from 

modelled changes in groundwater drawdown across this landscape group.  

Ψ{ǇǊƛƴƎǎΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

¢ƘŜ Ψ{ǇǊƛƴƎǎΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ƛǎ ŎƻƳǇǊƛǎŜŘ ƻŦ ǘǿƻ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎΥ ΨDǊŜŀǘ !ǊǘŜǎƛŀƴ .ŀǎƛƴ 

(GAB) ǎǇǊƛƴƎǎΩ ŀƴŘ Ψbƻƴ-D!. ǎǇǊƛƴƎǎΩ denoting the hydrological connectivity of the spring to 

the underlying aquifer. The ΨD!. ǎǇǊƛƴƎǎΩ ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ is associated with sedimentary 

sequences of the GAB and can be cƘŀǊŀŎǘŜǊƛǎŜŘ ŀǎ ΨŘƛǎŎƘŀǊƎŜΩ ƻǊ ΨǊŜŎƘŀǊƎŜΩ ǎǇǊƛƴƎǎΦ  

¢ǿƻ ƻŦ ǘƘŜ ǎŜǾŜƴ ΨD!. ǎǇǊƛƴƎǎΩ ƛƴ ǘƘŜ bŀƳƻƛ ŀǎǎŜǎǎƳŜƴǘ ŜȄǘŜƴǘ ŀǊŜ ƭƻŎŀǘŜŘ ǿƛǘƘƛƴ ǘƘŜ ȊƻƴŜ ƻŦ 

potential hydrological change. Given their location on the eastern edge of the Pilliga region, these 

springs were considered ǘƻ ōŜ ΨǊŜŎƘŀǊƎŜΩ ǎǇǊƛƴƎǎ; that is, their source of water is from localised 

recharge from nearby sandstone outcrop areas. A qualitative mathematical model was formulated 

for a typical recharge GAB spring that included the associated terrestrial and aquatic ecosystems. 

This model identified groundwater drawdown as the critical variable driving ecological function in 
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this system (Section 2.7.7.2). Given the nature of these springs and their limited extent in the zone 

of potential hydrological change, a receptor impact model was not formulated for this group. Any 

changes in groundwater drawdown across the extent of these springs can be used to infer 

potential ecological impacts, however these cannot be quantified. 

Limitations and gaps 

The limitations and gaps surrounding evaluation of ecosystem responses to changes in surface 

water and groundwater regimes are discussed. It emphasises that the degree to which ecological 

modelling can inform impacts across the extent of a particular landscape class is limited by the 

available expertise, the evidence base that informs the model, and the coverage of hydrological 

modelling, particularly with respect to the surface water. Some specific limitations include: 

¶ a limited understanding of the nature of groundwater interactions between riverine and 

terrestrial ecosystems for the Pilliga region; a more complete picture of the hydrological 

connections among the Pilliga riverine, vegetation and wetland elements is considered a 

key priority for future work 

¶ a paucity of surface water hydrological response information for the upland riverine reaches 

and very little coverage of the entire stream network in the Pilliga region  

¶ the ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ǎǇŜŎƛŜǎ ǿƛǘƘƛƴ ǘƘŜ ΨwŀƛƴŦƻǊŜǎǘΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ŀŎŎŜǎǎ ƎǊƻǳƴŘǿŀǘŜǊ 

given that this habitat occurs in elevated parts of the Namoi subregion. 

The receptor impact modelling described in this product culminates with the creation of receptor 

impact models (functions) that are subsequently applied in product 3-4 (impact and risk analysis) 

for the Namoi subregion, and result in risk predictions that translate the potential hydrological 

change to indicators of potential ecosystem change. 
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Introduction 

The Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining 

Development (IESC) was established to provide advice to the federal Minister for the Environment 

on potential water-related impacts of coal seam gas (CSG) and large coal mining developments 

(IESC, 2015). 

Bioregional assessments (BAs) are one of the key mechanisms to assist the IESC in developing 

this advice so that it is based on best available science and independent expert knowledge. 

Importantly, technical products from BAs are also expected to be made available to the public, 

providing the opportunity for all other interested parties, including government regulators, 

industry, community and the general public, to draw from a single set of accessible information. 

A BA is a scientific analysis, providing a baseline level of information on the ecology, hydrology, 

geology and hydrogeology of a bioregion with explicit assessment of the potential impacts of CSG 

and coal mining development on water resources. 

The IESC has been involved in the development of Methodology for bioregional assessments of the 

impacts of coal seam gas and coal mining development on water resources (the BA methodology; 

Barrett et al., 2013) and has endorsed it. The BA methodology specifies how BAs should be 

undertaken. Broadly, a BA comprises five components of activity, as illustrated in Figure 1. Each 

BA is different, due in part to regional differences, but also in response to the availability of data, 

information and fit-for-purpose models. Where differences occur, these are recorded, judgments 

exercised on what can be achieved, and an explicit record is made of the confidence in the 

scientific advice produced from the BA. 

The Bioregional Assessment Programme 

The Bioregional Assessment Programme is a collaboration between the Department of the 

Environment and Energy, the Bureau of Meteorology, CSIRO and Geoscience Australia. Other 

technical expertise, such as from state governments or universities, is also drawn on as required. 

For example, natural resource management groups and catchment management authorities 

identify assets that the community values by providing the list of water-dependent assets, a key 

input. 

The Technical Programme, part of the Bioregional Assessment Programme, has undertaken BAs 

for the following bioregions and subregions (see 

http://www.bioregionalassessments.gov.au/assessments for a map and further information): 

¶ the Galilee, Cooper, Pedirka and Arckaringa subregions, within the Lake Eyre Basin bioregion  

¶ the Maranoa-Balonne-Condamine, Gwydir, Namoi and Central West subregions, within the 

Northern Inland Catchments bioregion  

¶ the Clarence-Moreton bioregion 

¶ the Hunter and Gloucester subregions, within the Northern Sydney Basin bioregion  

http://www.bioregionalassessments.gov.au/assessments
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¶ the Sydney Basin bioregion 

¶ the Gippsland Basin bioregion.  

Technical products (described in a later section) will progressively be delivered throughout the 

Programme. 

 

Figure 1 Schematic diagram of the bioregional assessment methodology 

The methodology comprises five components, each delivering information into the bioregional assessment and building on prior 
components, thereby contributing to the accumulation of scientific knowledge. The small grey circles indicate activities external to 
the bioregional assessment. Risk identification and risk likelihoods are conducted within a bioregional assessment (as part of 
Component 4) and may contribute activities undertaken externally, such as risk evaluation, risk assessment and risk treatment. 
Source: Figure 1 in Barrett et al. (2013), © Commonwealth of Australia 
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Methodologies 

The overall scientific and intellectual basis of the BAs is provided in the BA methodology (Barrett 

et al., 2013). Additional guidance is required, however, about how to apply the BA methodology to 

a range of subregions and bioregions. To this end, the teams undertaking the BAs have developed 

and documented detailed scientific submethodologies (Table 1), in the first instance, to support 

the consistency of their work across the BAs and, secondly, to open the approach to scrutiny, 

criticism and improvement through review and publication. In some instances, methodologies 

applied in a particular BA may differ from what is documented in the submethodologies.  

The relationship of the submethodologies to BA components and technical products is illustrated 

in Figure 2. While much scientific attention is given to assembling and transforming information, 

particularly through the development of the numerical, conceptual and receptor impact models, 

integration of the overall assessment is critical to achieving the aim of the BAs. To this end, each 

submethodology explains how it is related to other submethodologies and what inputs and 

outputs are required. They also define the technical products and provide guidance on the content 

to be included. When this full suite of submethodologies is implemented, a BA will result in a 

substantial body of collated and integrated information for a subregion or bioregion, including 

new information about the potential impacts of coal resource development on water and water-

dependent assets.  
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Table 1 Methodologies 

Each submethodology is available online at http://data.bioregionalassessments.gov.au/submethodology/XXXΣ ǿƘŜǊŜ Ψ···Ω ƛǎ 
replaced by the code in the first column. For example, the BA methodology is available at 
http://data.bioregionalassessments.gov.au/submethodology/bioregional-assessment-methodology and submethodology M02 is 
available at http://data.bioregionalassessments.gov.au/submethodology/M02. Submethodologies might be added in the future. 

Code Proposed title  Summary of content 

bioregional-
assessment-
methodology 

Methodology for bioregional 
assessments of the impacts of coal 
seam gas and coal mining 
development on water resources 

A high-level description of the scientific and intellectual 
basis for a consistent approach to all bioregional 
assessments 

M02 Compiling water-dependent assets Describes the approach for determining water-dependent 
assets 

M03 Assigning receptors to water-
dependent assets 

Describes the approach for determining receptors 
associated with water-dependent assets 

M04 Developing a coal resource 
development pathway 

Specifies the information that needs to be collected and 
reported about known coal and coal seam gas resources as 
well as current and potential resource developments 

M05 Developing the conceptual model 
of causal pathways 

Describes the development of the conceptual model of 
Ŏŀǳǎŀƭ ǇŀǘƘǿŀȅǎΣ ǿƘƛŎƘ ǎǳƳƳŀǊƛǎŜǎ Ƙƻǿ ǘƘŜ ΨǎȅǎǘŜƳΩ 
operates and articulates the potential links between coal 
resource development and changes to surface water or 
groundwater 

M06 Surface water modelling Describes the approach taken for surface water modelling 

M07 Groundwater modelling Describes the approach taken for groundwater modelling  

M08 Receptor impact modelling Describes how to develop receptor impact models for 
assessing potential impact to assets due to hydrological 
changes that might arise from coal resource development 

M09 Propagating uncertainty through 
models 

Describes the approach to sensitivity analysis and 
quantification of uncertainty in the modelled hydrological 
changes that might occur in response to coal resource 
development 

M10 Impacts and risks Describes the logical basis for analysing impact and risk 

M11 Systematic analysis of water-
related hazards associated with 
coal resource development 

Describes the process to identify potential water-related 
hazards from coal resource development 

  

http://data.bioregionalassessments.gov.au/submethodology/XXX
http://data.bioregionalassessments.gov.au/submethodology/bioregional-assessment-methodology
http://data.bioregionalassessments.gov.au/submethodology/M02
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Technical products 

The outputs of the BAs include a suite of technical products presenting information about the 

ecology, hydrology, hydrogeology and geology of a bioregion and the potential impacts of CSG and 

coal mining developments on water resources, both above and below ground. Importantly, these 

technical products are available to the public, providing the opportunity for all interested parties, 

including community, industry and government regulators, to draw from a single set of accessible 

information when considering CSG and large coal mining developments in a particular area. 

The information included in the technical products is specified in the BA methodology. Figure 2 

shows the relationship of the technical products to BA components and submethodologies. 

Table 2 lists the content provided in the technical products, with cross-references to the part of 

the BA methodology that specifies it. The red outlines in both Figure 2 and Table 2 indicate the 

information included in this technical product. 

Technical products are delivered as reports (PDFs). Additional material is also provided, as 

specified by the BA methodology: 

¶ unencumbered data syntheses and databases  

¶ unencumbered tools, model code, procedures, routines and algorithms 

¶ unencumbered forcing, boundary condition, parameter and initial condition datasets 

¶ lineage of datasets (the origin of datasets and how they are changed as the BA progresses) 

¶ gaps in data and modelling capability. 

In this context, unencumbered material is material that can be published according to conditions 

in the licences or any applicable legislation. All reasonable efforts were made to provide all 

material under a Creative Commons Attribution 3.0 Australia Licence. 

Technical products, and the additional material, are available online at 

http://www.bioregionalassessments.gov.au. 

The Bureau of Meteorology archives a copy of all datasets used in the BAs. This archive includes 

datasets that are too large to be stored online and datasets that are encumbered. The community 

can request a copy of these archived data at http://www.bioregionalassessments.gov.au. 

http://www.bioregionalassessments.gov.au/
http://www.bioregionalassessments.gov.au/
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Figure 2 Technical products and submethodologies associated with each component of a bioregional assessment 

In each component (Figure 1) of a bioregional assessment, a number of technical products (coloured boxes, see also Table 2) are 
potentially created, depending on the availability of data and models. The light grey boxes indicate submethodologies (Table 1) that 
specify the approach used for each technical product. The red outline indicates this technical product. The BA methodology (Barrett 
et al., 2013) specifies the overall approach. 
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Table 2 Technical products delivered for the Namoi subregion 

For each subregion in the Northern Inland Catchments Bioregional Assessment, technical products are delivered online at 
http://www.bioregionalassessments.gov.auΣ ŀǎ ƛƴŘƛŎŀǘŜŘ ƛƴ ǘƘŜ Ψ¢ȅǇŜΩ ŎƻƭǳƳƴa. Other products ς such as datasets, metadata, data 
visualisation and factsheets ς are provided online. There is no product 1.4. Originally this product was going to describe the 
receptor register and application of landscape classes as per Section 3.5 of the BA methodology, but this information is now 
included in product 2.3 (conceptual modelling) and used in product 2.6.1 (surface water numerical modelling) and product 2.6.2 
(groundwater numerical modelling). There is no product 2.4. Originally this product was going to include two- and three-
dimensional representations as per Section 4.2 of the BA methodology, but these are instead included in products such as product 
2.3 (conceptual modelling), product 2.6.1 (surface water numerical modelling) and product 2.6.2 (groundwater numerical 
modelling). 

Component Product 
code 

Title Section in the 
BA 
methodologyb 

Typea 

Component 1: Contextual 
information for the Namoi 
subregion 

1.1 Context statement 2.5.1.1, 3.2 PDF, HTML 

1.2 
Coal and coal seam gas resource 
assessment 

2.5.1.2, 3.3 PDF, HTML 

1.3 
Description of the water-dependent 
asset register 

2.5.1.3, 3.4 PDF, HTML, register 

1.5 
Current water accounts and water 
quality 

2.5.1.5 PDF, HTML 

1.6 Data register 2.5.1.6 Register 

Component 2: Model-data 
analysis for the Namoi 
subregion 

2.1-2.2 
Observations analysis, statistical 
analysis and interpolation 

2.5.2.1, 2.5.2.2 PDF, HTML 

2.3 Conceptual modelling 2.5.2.3, 4.3 PDF, HTML 

2.5 Water balance assessment 2.5.2.4 PDF, HTML 

2.6.1 Surface water numerical modelling 4.4 PDF, HTML 

2.6.2 Groundwater numerical modelling 4.4 PDF, HTML 

2.7 Receptor impact modelling 2.5.2.6, 4.5 PDF, HTML 

Component 3 and 
Component 4: Impact and 
risk analysis for the Namoi 
subregion 

3-4 Impact and risk analysis 5.2.1, 2.5.4, 5.3 PDF, HTML 

Component 5: Outcome 
synthesis for the Namoi 
subregion 

5 Outcome synthesis 2.5.5 PDF, HTML 

aThe types of products are as follows: 
 Ψt5CΩ ƛƴŘƛŎŀǘŜǎ ŀ t5C ŘƻŎǳƳŜƴǘ ǘƘŀǘ ƛǎ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ Northern Inland Catchments Bioregional Assessment using the structure, 

standards and format specified by the Programme. 
 ΨI¢a[Ω ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǎŀƳŜ ŎƻƴǘŜƴǘ ŀǎ ƛƴ ǘƘŜ t5C ŘƻŎǳƳŜƴǘΣ ōǳǘ ŘŜƭƛǾŜǊŜŘ ŀǎ ǿŜōǇŀƎŜǎΦ  
 ΨwŜƎƛǎǘŜǊΩ ƛƴŘƛŎŀǘŜǎ ŎƻƴǘǊƻƭƭŜŘ ƭƛǎǘǎ ǘƘŀǘ ŀǊŜ ŘŜƭƛǾŜǊŜŘ ǳǎƛƴƎ ŀ ǾŀǊƛŜǘȅ ƻŦ ŦƻǊƳŀǘǎ ŀǎ ŀǇǇǊƻǇǊƛŀǘŜΦ  

bMethodology for bioregional assessments of the impacts of coal seam gas and coal mining development on water resources 
(Barrett et al., 2013)  
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About this technical product 

The following notes are relevant only for this technical product. 

¶ All reasonable efforts were made to provide all material under a Creative Commons 

Attribution 3.0 Australia Licence.  

¶ All maps created as part of this BA for inclusion in this product used the Albers equal area 

projection with a central meridian of 151.0° East for the Northern Inland Catchments 

bioregion and two standard parallels of ς18.0° and ς36.0°.  

¶ Visit http://www.bioregionalassessments.gov.au to access metadata (including copyright, 

attribution and licensing information) for datasets cited or used to make figures in this 

product.  

¶ In addition, the datasets are published online if they are unencumbered (able to be 

published according to conditions in the licence or any applicable legislation). The Bureau of 

Meteorology archives a copy of all datasets used in the BAs. This archive includes datasets 

that are too large to be stored online and datasets that are encumbered. The community can 

request a copy of these archived data at http://www.bioregionalassessments.gov.au. 

¶ The citation details of datasets are correct to the best of the knowledge of the Bioregional 

Assessment Programme at the publication date of this product. Readers should use the 

hyperlinks provided to access the most up-to-date information about these data; where 

there are discrepancies, the information provided online should be considered correct. The 

dates used to identify Bioregional Assessment Source Datasets are the ŘŀǘŀǎŜǘΩǎ published 

date. Where the published date is not available, the last updated date or created date is 

used. For Bioregional Assessment Derived Datasets, the created date is used. 
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2.7 Receptor impact modelling 
for the Namoi subregion 

This product presents receptor impact modelling for the Namoi subregion using results from the 

model-data analysis (Component 2). Receptor impact models translate predicted changes in 

hydrology into the distribution of ecological outcomes that may arise from those changes. They 

perform an essential role in quantifying the potential impact on and risk to water-dependent 

ecosystems and assets due to coal resource development. 

A receptor impact model predicts the relationship between: 

¶ one or more hydrological response variables (hydrological characteristics of the system that 

potentially change due to coal resource development ς for example, maximum groundwater 

drawdown due to additional coal resource development), and 

¶ a receptor impact variable (a characteristic of the system that, according to the conceptual 

modelling, potentially changes due to changes in hydrological response variables ς for 

example, annual mean percent canopy cover of woody riparian vegetation). 

Receptor impact models in a bioregion or subregion are developed for a landscape class, which 

is defined for bioregional assessment (BA) purposes as an ecosystem with characteristics that 

are expected to respond similarly to changes in groundwater and/or surface water due to coal 

resource development. Only those landscape classes that fall within the zone of potential 

hydrological change are candidates for receptor impact models. Receptor impact variables are 

chosen as indicators of potential ecosystem change for landscape classes to simplify the analysis 

for a large number of assets and complexity of ecosystems across the subregion. An assessment 

of potential impact for a water-dependent asset, which is reported in the impact and risk analysis 

(product 3-4), considers the intersection of that asset with landscape classes, and the predictions 

of changes in receptor impact variables for those landscape classes, amongst other lines of 

evidence. 
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In receptor impact modelling the critical change is the difference between average groundwater 

and surface water conditions in the reference period (1983 to 2012), and their predicted average 

conditions under the baseline future and under the coal resource development pathway (CRDP) 

future. 

BAs also consider impact on, and risk to, economic and sociocultural water-dependent assets; 

however, receptor impact models are not constructed for these assets. Potential impacts on 

water-dependent economic assets are assessed through availability of groundwater or surface 

water and against specific management thresholds, such as cease-to-pump flow rates and 

drawdown depths at which 'make good' provisions might apply. The assessment of potential 

impacts on sociocultural assets is limited to characterising the hydrological changes that may 

be experienced by those assets in the impact and risk analysis (product 3-4). 

It is important to recognise that receptor impact model interpretation is often presented as 

statements that are a simple summary of the (often more complicated) relationship between 

a receptor impact variable and hydrological response variables. They are not impact or risk 

predictions for the Namoi subregion, which are presented in product 3-4 (impact and risk 

analysis), and should always be considered alongside other indicators of potential change. 
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2.7.1 Methods 

Summary 

This section details the specific application to the Namoi subregion of methods described in 

companion submethodology M08 (as listed in Table 1) for receptor impact modelling (Hosack 

et al., 2018). 

In bioregional assessments (BAs), receptor impact models are intended to characterise 

potential ecosystem changes that may result from hydrological changes predicted in response 

to coal resource development. A receptor impact model is constructed for one or more 

landscape classes. A landscape class represents ecosystems with similar water dependencies 

that are expected to respond similarly to changes in groundwater and/or surface water. Only 

landscape classes that intersect the zone of potential hydrological change are considered to 

be candidates for receptor impact models. Outside the zone, hydrological changes are 

considered too unlikely to result in adverse impacts to water-dependent ecosystems. 

The potential impacts of coal resource development on ecological assets are initially assessed 

using qualitative mathematical models. These models are elicited from independent experts 

and contain key components and processes of the landscape class ecosystems, and the 

hydrological variables that support them. They are then used to qualitatively predict 

(reported as increase, decrease or no change) how the landscape class ecosystem will 

respond to changes in hydrology that may occur as a result of coal resource development. 

The receptor impact modelling process continues with selection of receptor impact variables 

from the ecological components or processes identified in the qualitative mathematical 

model and hydrological response variables to represent the hydrological regimes that 

support these components or processes. Thus the landscape classification and qualitative 

mathematical models form the bases for elicitations to quantify potential changes in receptor 

impact variables in response to changes in hydrological response variables. 

The elicitation allows the BA team to construct a statistical model that predicts how changes 

in the hydrological response variables due to coal resource development will impact the 

receptor impact variables. Within a landscape class, this statistical model enables the BA 

team to quantify the risk to ecological assets of coal resource development using predicted 

changes in hydrological response variables in a short-term (2013 to 2042) and long-term 

(2073 to 2102) period. 

The receptor impact models predict the distribution function of the receptor impact variables 

for different futures (baseline and coal resource development pathway) and at specific 

assessment years (2042 and 2102). The distribution functions are summarised in BAs by 

a limited series of percentiles (or quantiles), nominally 5% increments between the 5th 

and 95th percentiles. 
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2.7.1.1 Background and context 

Receptor impact modelling attempts to capture the direct, indirect and cumulative impacts of coal 

seam gas (CSG) and coal mining development on the ecosystems within the defined landscape 

classes. The aim of receptor impact modelling is to convert the potentially abstract information 

about hydrological changes into quantities (risk assessment endpoints) that stakeholders care 

about and can more readily understand and interpret. In particular, the model outcomes are 

ŀƴǘƛŎƛǇŀǘŜŘ ǘƻ ǊŜƭŀǘŜ ƳƻǊŜ ŎƭƻǎŜƭȅ ǘƻ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ǾŀƭǳŜǎ ŀƴŘ ōŜƭƛŜŦǎ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǎǳǇǇƻǊǘ 

community discussion and decision making about acceptable levels of development. 

The causal pathways that describe how coal resource development can potentially lead to 

changes in hydrology are identified in companion product 2.3 for the Namoi subregion (Herr 

et al., 2018b). The receptor impact models represent the subsequent pathways, which relate 

changes in hydrological response variables to potential impacts on water-dependent landscape 

classes and assets within the zone of potential hydrological change. 

To better understand the potential impacts of coal resource development on water resources and 

water-dependent assets such as wetlands and groundwater bores, receptor impact modelling for 

BAs deals with two potential futures:  

¶ baseline coal resource development (baseline), a future that includes all coal mines and 

CSG fields that are commercially producing as of December 2012 

¶ coal resource development pathway (CRDP), a future that includes all coal mines and CSG 

fields that are in the baseline as well as those that are expected to begin commercial 

production after December 2012.  

The difference in results between CRDP and baseline is the change that is primarily reported in a 

BA. This change is due to the additional coal resource development ς all coal mines and CSG fields, 

including expansions of baseline operations that are expected to begin commercial production 

after December 2012. In receptor impact modelling, however, the critical change is the difference 

between average groundwater and surface water conditions in the reference period (1983 to 

2012), and their predicted average conditions under the baseline and the CRDP in the short term 

(2013 to 2042) and longer term (2073 to 2102). 

This product presents the receptor impact modelling for the Namoi subregion. The modelling is 

described in detail in the companion submethodology M08 (as listed in Table 1) for receptor 

impact modelling (Hosack et al., 2018). Section 2.7.1.2 of this document describes how this 

methodology is applied to the Namoi subregion. 

The following terms are used throughout the receptor impact model products to describe the 

modelling process and its results: 

¶ hydrological response variable ς a hydrological characteristic of the system (for example, 

drawdown or the annual flow volume) that potentially changes due to coal resource 

development (see companion submethodology M07 (as listed in Table 1) on groundwater 

modelling (Crosbie et al., 2016) and companion submethodology M06 (as listed in Table 1) 

on surface water modelling (Viney, 2016)) 
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¶ receptor impact variable ς a characteristic of the system that, according to the conceptual 

modelling, potentially changes due to changes in hydrological response variables (for 

example, condition of the breeding habitat for a given species, or biomass of river red gums) 

¶ receptor impact model ς a receptor impact model predicts a relationship between a 

receptor impact variable (for example, annual mean percent canopy cover of woody riparian 

vegetation), and one or more hydrological response variables (for example, dmax, maximum 

groundwater drawdown due to additional coal resource development).  

2.7.1.2 Receptor impact modelling for ecological water-dependent assets 

In BA, receptor impact models for ecological water-dependent assets are conditioned upon, 

and therefore depend on, landscape classes. A landscape class is defined as an ecosystem with 

characteristics that are expected to respond similarly to changes in groundwater and/or surface 

water due to coal resource development. Each bioregion or subregion has multiple landscape 

classes grouped into landscape groups.  

The workflow for ecological receptor impact modelling is outlined in Figure 3. Input from 

independent external ecology experts contributes to the workflow at three separate stages (2, 3 

and 5 in Figure 3), along with output from hydrological modelling (companion product 2.6.1 (Aryal 

et al., 2018) and companion product 2.6.2 (Janardhanan et al., 2018) for the Namoi subregion) 

and the expertise of the hydrology modellers. External experts, hydrologists and risk analysts 

contribute to the selection of hydrological response variables that are ecologically meaningful 

and also accessible to hydrological modelling. The expert elicitation data are available as a 

downloadable dataset from data.gov.au. 

https://data.gov.au/
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Figure 3 Outline of the ecological receptor impact workflow identifying (by stage) the contributions of external 

independent ecology experts, groundwater hydrology modelling and surface water hydrology modelling for the 

Namoi subregion 

In this figure the green boxes represent specific stages undertaken by the Assessment team in the overall receptor impact 
modelling process, the red boxes are the two external workshops and the blue boxes are external expert or modelling inputs. 
HRV = hydrological response variable, RIM = receptor impact model, RIV = receptor impact variable  

The workflow shown in Figure 3 leads to the construction of a receptor impact model that predicts 

the response of a receptor impact variable to changes in hydrological response variables. The 

receptor impact models propagate the uncertainty in: (i) the effect of coal resource development 

on the hydrological response variables under the baseline and CRDP; and, (ii) the uncertainty in 

the receptor impact variable response to these hydrological changes across a landscape class.  



2.7.1 Methods 

Receptor impact modelling for the Namoi subregion | 15 

C
o

m
p

o
n

e
n

t 2
: M

o
d

e
l-da

ta
 a

n
a

ly
sis

 fo
r th

e N
a

m
o

i su
b

re
g

io
n 

2.7.1.2.1 Identification of landscape classes that are potentially impacted 

BAs identify landscape classes (Stage 1 in Figure 3) that could be impacted by coal resource 

development as those landscape classes that lie wholly or partially within the zone of potential 

hydrological change. The zone of potential hydrological change is defined as the union of the 

groundwater and surface water zones of potential hydrological change. The groundwater zone 

of potential hydrological change is defined as the area with a greater than 5% chance of exceeding 

0.2 m of drawdown in the relevant aquifers (see companion submethodology M10 (as listed in 

Table 1) for analysing impacts and risks (Henderson et al., 2018)). In the BA for the Namoi 

subregion, the relevant aquifer is the regional watertable. 

The surface water zone of potential hydrological change is defined in a similar manner. The area 

contains those river reaches where a change in at least one of nine surface water hydrological 

response variables exceeds its specified threshold. For the four flux-based hydrological response 

variables ς annual flow (AF), daily flow rate at the 99th percentile (P99), interquartile range (IQR) 

and daily flow rate at the 1st percentile (P01) ς the threshold is a 5% chance of a 1% change in the 

variable, with an additional threshold specified for P01 (see Table 4 in companion product 3-4 for 

the Namoi subregion (Herr et al., 2018a)). That is, if 5% or more of model runs show a maximum 

change in results under CRDP of 1% relative to baseline. For four of the frequency-based 

hydrological response variables ς high-flow days (FD), low-flow days (LFD), length of low-flow 

spell (LLFS) and zero-flow days (ZFD) ς the threshold is a 5% chance of a change of three days 

per year. For the final frequency-based hydrological response variable (low-flow spells, LFS), the 

threshold is a 5% chance that the maximum difference in the number of low flow spells between 

the baseline and CRDP futures is at least two spells per year (companion submethodology M06 

(as listed in Table 1) for surface water modelling (Viney, 2016)). 

It is important to recognise that the zone of potential hydrological change identifies those parts of 

the landscape where there is at least a 5% chance of a small (as defined by hydrological thresholds 

used) hydrological change attributable to coal resource development. The zone serves only to 

identify those landscape classes that should be taken to the next step of the receptor impact 

methodology from those landscape classes that should not, on the grounds that the latter are 

predicted to experience negligible (or insignificant) exposure to hydrological change due to coal 

resource development. 

2.7.1.2.2 Qualitative mathematical modelling of landscape classes 

BAs use qualitative mathematical models to describe landscape class ecosystems, and to predict 

(qualitatively) how coal resource development will directly and indirectly affect these ecosystems. 

Qualitative mathematical models were constructed in dedicated workshops, attended by experts 

familiar with these landscapes and/or the Namoi subregion (Table 3; Stage 2 in Figure 3). In the 

workshop, ecological and hydrological experts were asked to describe how the key species and/or 

functional groups within the landscape class ecosystem interact with each other, and to identify 

the principal physical processes that mediate or otherwise influence these interactions. During 

this process the experts were also asked to identify how key hydrological processes support the 

ecological componenǘǎ ŀƴŘ ǇǊƻŎŜǎǎŜǎ ƻŦ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎΦ ¢ƘŜ ŜȄǇŜǊǘǎΩ ǊŜǎǇƻƴǎŜǎ ǿŜǊŜ ŦƻǊƳŀƭƭȅ 

translated into qualitative mathematical models which enable the BA team to identify critical 

relationships and variables that will become the focus of the quantitative receptor impact models.  
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Table 3 List of organisations with experts participating in the Namoi subregion qualitative mathematical modelling 

(QMM) and receptor impact modelling (RIM) workshops 

Organisation Number of experts 

Consultant ecologist 3 

Department of the Environment and Energy 1 

Eco Logical Australia 3 

Macquarie University 3 

NSW Department of Primary Industries 2 

NSW Office of Environment and Heritage 1 

University of New England 2 

University of Newcastle 1 

Qualitative modelling proceeds from the construction and analysis of sign-directed graphs, or 

signed digraphs, which are depictions of the variables and interactions of a system. These digraphs 

are only concerned with the sign (+, ς, 0) of the direct effects that link variables. For instance, 

the signed digraph in Figure 4 depicts a straight-chain system with a basal resource (R), consumer 

(C) and predator (P). There are two predator-prey relationships, where the predator receives a 

positive direct effect (i.e. nutrition, shown as a link ending in an arrow (­)), and the prey receives 

a negative direct effect (i.e. mortality, shown as a link ending in a filled circle (¶)). The signed 

digraph also depicts self-effects, such as density-dependent growth, as links that start and end in 

the same variable. In the example in Figure 4 these self-effects are negative. 

 

Figure 4 Signed digraph depicting a straight-chain system with a basal resource (R), consumer (C) and predator (P) 

The structure of a signed digraph provides a basis to predict the stability of the system that it 

ǇƻǊǘǊŀȅǎΣ ŀƴŘ ŀƭǎƻ ŀƭƭƻǿǎ ǘƘŜ ŀƴŀƭȅǎǘ ǘƻ ǇǊŜŘƛŎǘ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ŎƘŀƴƎŜ ƻŦ ŀƭƭ ǘƘŜ ƳƻŘŜƭΩǎ ǾŀǊƛŀōƭŜǎ 

(i.e. increase, decrease, no change) following a sustained change to one (or more) of its variables. 

The signed digraph in Figure 4, for example, is stable because: (i) it only has negative feedback 

cycles, (ii) the paths leading from the predators to their prey and back to the predator are negative 

feedback cycles of length two, and (iii) there are no positive (destabilising) cycles in the system. 

This model therefore predicts that if this system were to experience a sudden disturbance it would 

be expected to return relatively quickly to its previous state or equilibrium. 

The predicted direction of change of the variables within a signed digraph to a sustained change in 

one or more of its variables is determined by the balance of positive and negative effects through 

all paths in the model that are perturbed. Consider, for example, a pressure to the system 

depicted in Figure 4 that somehow supplements the food available to the predator P causing it 

to increase its reproductive capacity. The predicted response of C is determined by the sign of 

the link leading from P to C, which is negative (denoted as P ¶ C). The predicted response of R 

will be positive because there are two negative links in the path from P to R (P ¶ C ¶ R), and 

ǘƘŜƛǊ ǎƛƎƴ ǇǊƻŘǳŎǘ ƛǎ ǇƻǎƛǘƛǾŜ όƛΦŜΦ ҍ Ȅ ҍ = +).  
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In the system depicted in Figure 4, the response of the model variables (P, C, R) to a sustained 

pressure will always be unambiguous ς the predictions are said to be completely sign determined. 

This occurs in this model because there are no multiple pathways between variables with 

opposite signs. 

By way of contrast, the signed digraph depicted in Figure 5 is more complex because it includes 

an additional consumer and a predator that feeds on more than one trophic level. This added 

complexity creates multiple pathways with opposite signs between P and R. 

 

Figure 5 Signed digraph depicting a more complex system containing an additional consumer and a predator that 

feeds on more than one tropic level 

Here the predicted response of R due to an increase in P will be ambiguous, because there are 

now three paths leading from P to R, two positive (P ¶ C1 ¶ R, P ¶ C2 ¶ R) and one negative 

(P ¶ R). The abundance of the resource may therefore increase or decrease. This ambiguity 

can be approached in two ways. One is to apply knowledge of the relative strength of the links 

connecting P to R. If P was only a minor consumer of R then the R would be predicted to increase. 

!ƭǘŜǊƴŀǘƛǾŜƭȅΣ ƛŦ w ǿŀǎ ǘƘŜ Ƴŀƛƴ ǇǊŜȅ ƻŦ tΣ ŀƴŘ /м ŀƴŘ /н ŀƳƻǳƴǘŜŘ ǘƻ ƻƴƭȅ ŀ ƳƛƴƻǊ ǇƻǊǘƛƻƴ ƻŦ tΩǎ 

diet, then R would be predicted to decrease in abundance. 

In many cases, however, there is insufficient knowledge of the strength of the links involved 

in a response prediction. In these instances, Dambacher et al. (2003) and Hosack et al. (2008) 

described a statistical approach that estimates the probability of sign determinacy for each 

response prediction. In the Figure 5 example, with two positively signed paths and one negatively 

signed path, there is a net of one positive path (i.e. it is considered that a negatively signed path 

cancels a positively signed path) out of a total of three paths. According to this approach, in the 

system depicted in Figure 5, R is predicted to increase 77% of the time because of the ratio of the 

net to the total number of paths.  

The ratio of the net to the total number of paths in a response prediction has been determined 

to be a robust means of assigning probability of sign determinacy to response predictions. These 

probabilities of sign determinacy can then be used to assess cumulative impacts that result from 

a perturbation to the system. 

2.7.1.2.3 Choice of hydrological response variables and receptor impact variables 

In BAs, qualitative mathematical models are used to represent how ecosystems will respond 

qualitatively (increase, decrease, no change) to changes in the hydrological variables that support 

them. The models also provide a basis for identifying receptor impact variables and hydrological 
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response variables that are the subject of the quantitative receptor impact models (Stage 3 in 

Figure 3).  

The qualitative mathematical models identify a suite of ecologically important water requirements 

that support the landscape class ecosystem. These variables are sometimes expressed as 

hydrological regimes, for example an overbank flow regime premised on an average recurrence 

interval of once every three years. The hydrological components in these models are linked to the 

hazard analysis (companion submethodology M11 (as listed in Table 1) for hazard analysis (Ford 

et al., 2016)) and provide the mechanism via which the coal resource development can adversely 

affect groundwater and surface water dependent ecosystems.  

Hydrological response variables are derived from the numerical surface water and groundwater 

model results to represent these ecologically important water requirements. The surface water 

hydrological response variables in the receptor impact models are defined in terms of mean 

annual values for two 30-year periods: 2013 to 2042 and 2073 to 2102 (e.g. mean number of zero-

flow days per year between 2013 and 2042). The hydrological response variables are generalised 

for the assessment extent and thus serve as indicators of change in ecologically important flows, 

rather than accurate characterisation of flow regimes at local scales. They differ from the 

hydrological response variables defined in companion product 2.6.1 for surface water modelling 

in the Namoi subregion (Aryal et al., 2018), which represent the maximum difference between the 

CRDP and baseline simulations over the 90-year simulation period (e.g. the maximum difference 

in zero-flow days per year between 2013 and 2102). 

Receptor impact variables are selected according to the following criteria:  

¶ Is it directly affected by changes in hydrology? These variables typically have a lower trophic 

level. 

¶ Is it representative of the broader landscape class? Variables (or nodes) within the 

qualitative model that other components of that ecosystem or landscape class depend on 

will speak more broadly to potential impacts.  

¶ Is it something that expertise available can provide opinion on? There is a need to be 

pragmatic and make a choice of receptor impact variable that plays to the strengths of the 

experts available.  

¶ Is it something that is potentially measurable? This may be important for validation of the 

impact and risk analysis.  

¶ Will the choices of receptor impact variable for a landscape class resonate with the 

community? This speaks to the communication value of the receptor impact variable.  

Receptor impact variables are chosen as indicators about the response of a landscape class. 

Changes in the receptor impact variables (e.g. foliage cover, taxa richness) imply changes to the 

ecology of the landscape class. A decrease in projected cover of woody riparian vegetation implies 

a reduction in the abundance and/or health of trees along river banks. A receptor impact variable 

may coincide with an ecological asset. For example, the abundance of a species listed under the 

/ƻƳƳƻƴǿŜŀƭǘƘΩǎ Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act), 

ǿƘƻǎŜ ƳƻŘŜƭƭŜŘ ΨIŀōƛǘŀǘ όǇƻǘŜƴǘƛŀƭ ǎǇŜŎƛŜǎ ŘƛǎǘǊƛōǳǘƛƻƴύΩ ƛǎ ŀƴ ŀǎǎŜǘΣ ƳƛƎƘǘ ōŜ ǎŜƭŜŎǘŜŘ ŀǎ ŀƴ 

indicator of overall ecosystem condition if experts thought its abundance were highly sensitive 
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to hydrological change. Alternatively, a receptor impact variable that is not an asset, but which is 

highly sensitive to hydrological change, may be a useful indicator of the overall response of a given 

asset or landscape class. 

The goal of the receptor impact modelling workshop (Stage 5 in Figure 3) is to predict how a given 

receptor impact variable will respond at future time points to changes in the values of hydrological 

response variables, whilst acknowledging that this response may be influenced by the status and 

condition of the receptor impact variable in the reference year (2012). Response variables to 

represent changes in water quality that might be expected to accompany changes in the relative 

contributions of surface runoff and groundwater to streamflow are not included in the models or 

the elicitations.  

The elicitation generates subjective probability distributions for the expected value of the receptor 

impact variable under a set of hydrological scenarios that represent possible combinations of 

changes to hydrological response variables. These scenarios are the elicitation equivalent of 

a sampling design for an experiment where the aim is to maximise the information gain and 

minimise the cost. The same design principles therefore apply (Stage 4 in Figure 3). 

It is essential to have an efficient design to collect the expert information, given the large number 

of receptor impact models, landscape classes, and bioregions and subregions to address within 

the operational constraints of the programme. The design must also respect, as much as possible, 

the predicted hydrological regimes as summarised by hydrological modelling outputs. Without 

this information, design points may present hydrological scenarios that are unrealistically beyond 

bounds suggested by the landscape class definition. Alternatively, insufficiently wide bounds 

on hydrological regimes lead to an over-extrapolation problem when receptor impact model 

predictions are made conditional on hydrological simulations at the risk-estimation stage (Stage 

6 in Figure 3). The design must further respect the feasibility of the design space, which may be 

constrained by mathematical relationships between related hydrological response variables. The 

design must accommodate the requirement to predict to past and future assessment years. The 

design must also allow for the estimation of potentially important interactions and nonlinear 

impacts of hydrological response variables on the receptor impact variable.  

2.7.1.2.4 Construction and estimation of receptor impact models 

BAs address the qǳŜǎǘƛƻƴ ΨIƻǿ ƳƛƎƘǘ ǎŜƭŜŎǘŜŘ ǊŜŎŜǇǘƻǊ ƛƳǇŀŎǘ ǾŀǊƛŀōƭŜǎ ŎƘŀƴƎŜ ǳƴŘŜǊ ǾŀǊƛƻǳǎ 

ǎŎŜƴŀǊƛƻǎ ƻŦ ŎƘŀƴƎŜ ŦƻǊ ǘƘŜ ƘȅŘǊƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎŜ ǾŀǊƛŀōƭŜǎΚΩ ǘƘǊƻǳƎƘ ŦƻǊƳŀƭ ŜƭƛŎƛǘŀǘƛƻƴ ƻŦ ŜȄǇŜǊǘ 

opinion. This is a difficult question to tackle and presents a challenging elicitation task. BAs 

implement a number of processes that are designed to help meet this challenge: (i) persons 

invited to the receptor impact modelling workshops are selected based on the relevance of their 

domain expertise; (ii) all experts are provided with pre-workshop documents that outline the 

approach, the expectations on the group and the landscape classes and descriptions, and 

subsequently the finalised qualitative models; and (iii) experts are given some training on 

subjective probability, common heuristics and biases, together with a practice elicitation. 

The elicitation proper follows a five-step procedure (described in detail in companion 

submethodology M08 (as listed in Table 1) for receptor impact modelling (Hosack et al., 

2018)) that initially elicits fractiles, fits and plots a probability density function to these fractiles, 
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and then checks with the experts if fractiles predicted by the fitted density are sufficiently close to 

their elicited values. This process is re-iterated until the experts confirm that the elicited and fitted 

fractiles, and the fitted lower (10th) and upper (90th) fractiles, provide an adequate summary of 

their opinions for the elicitation scenario concerned. 

¢ƘŜ ŜȄǇŜǊǘǎΩ ǊŜǎǇƻƴǎŜǎ ǘƻ ǘƘŜ ŜƭƛŎƛǘŀǘƛƻƴǎ ŀǊŜ ǘǊŜŀǘŜŘ ŀǎ Řŀǘŀ ƛƴǇǳǘs into a Bayesian generalised 

linear model (Stage 6 in Figure 3; see submethodology M08 (as listed in Table 1) for receptor 

impact modelling (Hosack et al., 2018)). The model estimation procedure allows for a wide variety 

of possible model structures that can accommodate quadratic responses of receptor impact 

variables to changes in hydrological response variables, and interactive (synergistic or antagonist) 

effects between hydrological response variables. The procedure uses a common model selection 

criterion (the Bayesian Information Criterion) to select the model that most parsimoniously fits the 

ŜȄǇŜǊǘǎΩ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ elicitation scenarios. 

2.7.1.2.5 Receptor impact model prediction 

This stage (Stage 7 in Figure 3) applies the receptor impact model methodology to predict 

the response of the receptor impact variables. The general framework allows for the receptor 

impact model to be applied either at single or multiple receptor locations (assessment units). 

The receptor impact model can therefore be applied at multiple receptor locations that are 

representative of a landscape class within a bioregion or subregion. The primary endpoint 

considered, however, is predicting receptor impact variable response to the BA future across 

an entire landscape class, which is accomplished by including all locations (assessment units) 

that represent the hydrological characteristics of the landscape class. The uncertainty from the 

hydrology modelling is propagated through the receptor impact model at each location to give 

the predicted distribution of the receptor impact variable at different time points for the two 

futures considered by BA (baseline and CRDP). The uncertainties are then aggregated to give 

the response across the entire landscape class. Companion submethodology M09 (as listed in 

Table 1; Peeters et al., 2016) provides further details on how uncertainty is propagated through 

the hydrological models. Integrating across these receptors produces the overall predicted 

response of the receptor impact variable for the landscape class given the choice of the BA future. 

These landscape class results are summarised in product 3-4 (impacts and risks) for the Namoi 

subregion (Herr et al., 2018a). The results do not replace the need for detailed site or project 

specific studies, nor should they be used to pre-empt the results of detailed studies that may 

be required under state and Commonwealth legislation. Detailed site studies may give differing 

results due to the scale of modelling used. 

2.7.1.2.6 Receptor impact modelling assumptions and implications 

The receptor impact modelling methodology (companion submethodology M08 (as listed 

in Table 1; Hosack et al., 2018)) and its implementation was affected by design choices that 

have been made within BA. Some of these broader choices are described in companion 

submethodology M10 (as listed in Table 1) for analysing impacts and risks (Henderson et al., 

2018). Table 4 summarises some of the assumptions made for the receptor impact modelling, 

the implications of those assumptions for the results, and how those implications are 

acknowledged through the BA products. 
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Table 4 Summary of the receptor impact modelling assumptions, their potential implications, and their 

acknowledgement through BA products 

Assumptions of receptor impact 
modelling  

Implications Acknowledgement 

Discretisation of continuous 
landscape surface 

Provided a defined spatial scope for 
experts to address. Connections 
between landscape classes broken. 
Changes in one landscape class may 
have implications for adjacent 
landscape classes 

Identify potential connections between 
landscape classes where possible in 
the impact and risk product. Some 
qualitative mathematical models do 
include links to nearby landscape 
classes 

Data underpinning landscape 
classes is sufficient and correct  

Landscape class definition required data 
input from pre-existing data sources. 
Prioritisation for qualitative 
mathematical models and receptor 
impact models may be affected. 
Minimal effect on model development 
for receptor impact models 

Acknowledge issues with data in the 
impact and risk product (also done in 
the conceptual modelling product). 
In companion product 3-4 for the 
Namoi subregion (Herr et al., 2018a) 
acknowledge that mapped results 
reflect the mapped inputs 

Areas of landscape classes are 
constant over modelling period 

Provides a defined spatial scope for 
expert assessment of change. BA is 
about identifying existing areas that are 
at risk from coal resource development 
as opposed to predicting the changes in 
areal extent or transition to different 
landscape classes. Some potential for 
changes in the area of the landscape 
class to affect its sensitivity to 
hydrological change but would need to 
be assessed on an asset-by-asset basis  

Acknowledge in Methods  

Other developments and users 
of water (e.g. agriculture) are 
constant over time 

Provided a defined context for experts 
to consider. BA is about identifying 
existing areas that are at risk from coal 
resource development as opposed to 
predicting the changes due to other 
developments or the relative attribution 

Acknowledge in Methods  

Landscape characteristics other 
than hydrological variables are 
not represented in quantitative 
receptor impact models 

Limits hydrological response variables 
used in receptor impact models to 
those that may be derived from 
hydrological models developed by BA. 
The absence of water quality variables 
is a noted limitation. Loss of within-
landscape class predictive performance 
from the receptor impact models 

Identify as knowledge gap when the 
hydrological response variables used 
in the model represent a subset of 
the key dependencies. Acknowledge 
importance of local (vs regional) 
analyses where the concern is over 
particular parts of a landscape class 

Experts available adequately 
represent the state of 
knowledge for relevant 
landscape classes 

Experts provided domain expertise and 
experience that informed both model 
structure and also provided quantifiable 
predictions of receptor impact variable 
response to novel hydrological 
scenarios. Expert availability affected 
the quality/utility of the qualitative 
mathematical model; identification of 
receptor impact variables that reflect 
expertise of those in the room 

Acknowledge that the receptor impact 
variable ƛǎ ŀƴ ΨƛƴŘƛŎŀǘƻǊΩ ƻŦ ǘƘŜ ǇƻǘŜƴǘƛŀƭ 
ecosystem response. Identify as 
knowledge gap where part of the 
landscape class is not represented  
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Assumptions of receptor impact 
modelling  

Implications Acknowledgement 

The simplification of complex 
systems is appropriate for the 
task 

Provided formal approach to model 
identification and selection of candidate 
receptor impact variables. Not all 
components and relationships are 
represented by receptor impact models 

Acknowledge that one or two receptor 
impact variables can underestimate 
complex ecosystem function. Make 
assumptions clear. High-level 
interpretation of results. Emphasise 
importance of interpreting the 
hydrological change 

A common set of modelled 
hydrological response variables 
is appropriate across different 
landscape classes 

Limits hydrological response variables 
used in receptor impact models to 
those that may be derived from 
hydrological models developed by BA. 
Enables some simplification of complex 
systems. Loss of local specificity in 
predictions of receptor impact variables 

The need for local-scale information 
is identified (in multiple places) 

Receptor impact variables are 
good indicators of ecosystem 
response 

The qualitative models informed the 
selection of receptor impact variables 
within the additional constraints 
imposed by expert availability given 
project timelines. Focus of the 
quantified relationships within the 
landscape class 

The need for local-scale information 
is identified (in multiple places) 

Extrapolation of predictions 
beyond elicitation scenarios 

The ranges of hydrological scenarios to 
be considered at the expert elicitation 
sessions were informed by preliminary 
hydrological modelling output and 
hydrological expert advice within BA. 
However, final model results sometimes 
extended beyond this preliminary range 
due to necessary changes in underlying 
hydrological modelling assumptions and 
assimilation of data. Extrapolation 
beyond the range of hydrological 
response variables considered by the 
expert elicitation increases uncertainty 
in receptor impact variable predictions 

Identify as a limitation for the 
appropriate landscape class in the 
impact and risk product where this 
occurs 

Qualitative mathematical 
models focus on impacts of 
long-term sustained 
hydrological changes (press 
perturbations) to ecosystems. 
The quantitative receptor 
impact models can and do 
account for pulse perturbations 
and associated responses, 
where experts were free to 
include direct and indirect 
effects as well as pulse and 
press perturbations within their 
assessments 

Qualitative models may not accurately 
represent impacts of shorter-term 
hydrological changes (pulse 
perturbations) on ecosystems and 
landscape classes 

Describe rationale for the focus on 
press perturbations in companion 
submethodology M08 (as listed in 
Table 1) for receptor impact modelling 
(Hosack et al., 2018). Note that many 
potential pulse perturbations are 
caused by accidents and managed by 
site-based processes. Identify as a 
limitation /  knowledge gap. Note that 
quantitative receptor impact models 
do account for pulse perturbations 

BA = bioregional assessment 
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2.7.2 Prioritising landscape classes for receptor impact modelling 

Summary 

The purpose of this section is to provide the rationale for the choice of landscape groups 

that have been selected for the impact and risk analysis, and to describe the modelling 

undertaken for each of these groups. The landscape classification for the assessment extent 

of the Namoi subregion identified 29 landscape classes that were aggregated into 6 broad 

landscape groups. 

The zone of potential hydrological change developed for the Namoi subregion was used to: 

(i) identify ecological landscape classes that intersect it and are potentially impacted by the 

modelled hydrological changes due to additional coal resource development, and (ii) rule 

out landscape classes that do not intersect the zone and are therefore considered very 

unlikely (less than 5% chance) to be impacted by changes in hydrology. Qualitative and/or 

receptor impact models are only needed for those ecological landscape classes that are 

potentially impacted.  

A total of 21 landscape classes, comprising 4 landscape groups that intersect the 7014 km2 

zone of potential hydrological change, are considered dependent on groundwater or surface 

water regimes. These landscape groups, therefore, are potentially impacted due to additional 

coal resource development and are considered further in this product and through the 

remainder of the impact and risk analysis of the bioregional assessment (BA) for the Namoi 

ǎǳōǊŜƎƛƻƴΦ ¢ƘŜ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇǎ ŀǊŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩΣ Ψbƻƴ-floodplain or 

ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩΣ Ψ{ǇǊƛƴƎǎΩ ŀƴŘ ΨwŀƛƴŦƻǊŜǎǘΩΦ  

The Pilliga and Pilliga Outwash Interim Biogeographic Regionalisation of Australia (IBRA) 

ǎǳōǊŜƎƛƻƴǎΣ ƻǊ ǎƛƳǇƭȅ ǘŜǊƳŜŘ ǘƘŜ ΨtƛƭƭƛƎŀ ǊŜƎƛƻƴΩ ƘŜǊŜΣ ǊŜǇǊŜǎŜƴǘ ŀ ǳƴƛǉǳŜ ǎŜǘ ƻŦ ƭŀƴŘǎŎŀǇŜǎ 

within the Namoi subregion. Based on agreement with experts in this region, separate 

modelling was undertaken for the Pilliga that included riverine landscape classes (upland 

and ƭƻǿƭŀƴŘύ ŀƴŘ ǘƘŜ ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ ƎǊƻǳƴŘǿŀǘŜǊ-ŘŜǇŜƴŘŜƴǘ ŜŎƻǎȅǎǘŜƳ όD59ύΩ ƭŀƴŘǎŎŀǇŜ 

class that is mostly contained within this region. 

The next four sections in this product (Section 2.7.3 to Section 2.7.6, inclusive) focus on the 

four landscape groups that are considered during subsequent stages of the BA for the Namoi 

subregion. The purpose of the current section is to provide the rationale for the choice of 

landscape groups that have been selected for the impact and risk analysis, and to describe 

the modelling undertaken for each of these groups. 

2.7.2.1 Potentially impacted landscape classes 

The landscape classification for the assessment extent of the Namoi subregion identified 

29 landscape classes that were aggregated into 6 broad landscape groups (see Section 2.3.3 

of companion product 2.3 for the Namoi subregion (Herr et al., 2018b)). Once the zone of 

potential hydrological change was developed for the Namoi subregion (as outlined in companion 

product 3-4 for the Namoi subregion (Herr et al., 2018a)) it was used to: (i) identify ecological 
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landscape classes that intersect it and are potentially impacted by the modelled hydrological 

changes due to additional coal resource development, and (ii) rule out landscape classes that 

do not intersect the zone and are therefore considered very unlikely (less than 5% chance) to be 

impacted by changes in hydrology. Qualitative and/or receptor impact models are only needed 

for those ecological landscape classes that are potentially impacted.  

There are two landscape groups that are automatically ruled out of this component of BA 

regardless of their extent within the zone oŦ ǇƻǘŜƴǘƛŀƭ ƘȅŘǊƻƭƻƎƛŎŀƭ ŎƘŀƴƎŜΦ CƛǊǎǘƭȅΣ ǘƘŜ Ψ5ǊȅƭŀƴŘ 

ǊŜƳƴŀƴǘ ǾŜƎŜǘŀǘƛƻƴΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ƛǎ ǊǳƭŜŘ ƻǳǘ ŦǊƻƳ ǇƻǘŜƴǘƛŀƭ ƛƳǇŀŎǘǎ ōŜŎŀǳǎŜ ƛǘ ŎƻƳǇǊƛǎŜǎ 

vegetation communities that are deemed to be reliant on incident rainfall and local runoff and 

do not include features in the landscape that have potential hydrological connectivity to surface 

water or groundwater features (for further information, see Section 2.3.3 of companion 

product 2.3 for the Namoi subregion (IŜǊǊ Ŝǘ ŀƭΦΣ нлмуōύύΦ {ŜŎƻƴŘƭȅΣ ǘƘŜ ΨIǳƳŀƴ-modiŦƛŜŘΩ 

landscape group (comprising six landscape classes) is excluded from this analysis because it 

primarily comprises agricultural and urban landscapes that are highly modified by human activity, 

and contains a set of ecohydrological attributes distinct from the other landscape groups (for 

further information, see Section 2.3.3 of companion product 2.3 for the Namoi subregion (Herr 

et al., 2018b)). Attributes of the water-dependency of some aspects of these landscapes are 

considered elsewhere (see Section 3.5 of companion product 3-4 for the Namoi subregion (Herr 

et al., 2018a)), that is, the potential impact of coal resource development on economic assets such 

as groundwater bores.  

None of the 15 springs of the Ψbƻƴ-D!. ǎǇǊƛƴƎǎΩ landscape class found in the assessment extent 

are located within the zone of potential hydrological change. Therefore, this landscape class can 

be ruled out as it is very unlikely to be impacted due to additional coal resource development. 

The remaining 21 landscape classes, comprising 4 landscape groups that intersect the 7014 km2 

zone of potential hydrological change, are considered dependent on groundwater or surface 

water regimes. These landscape groups, therefore, are potentially impacted due to additional coal 

resource development and are considered further in this product and through the remainder of 

the impact and risk analysis of the BA for the Namoi subregion (i.e. as presented in companion 

product 3-п όIŜǊǊ Ŝǘ ŀƭΦΣ нлмуŀύύΦ ¢ƘŜ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇǎ ŀǊŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩΣ 

Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩΣ Ψ{ǇǊƛƴƎǎΩ ŀƴŘ ΨwŀƛƴŦƻǊŜǎǘΩΦ 

When developing ecological models for the Namoi subregion it was deemed necessary to develop 

a separate model for defining potential ecological impacts for the Pilliga and Pilliga Outwash IBRA 

subregions (SEWPaC, 2012). The Pilliga and Pilliga Outwash IBRA subregions, or simply termed 

the ΨtƛƭƭƛƎŀ ǊŜƎƛƻƴΩ ƘŜǊŜΣ ǊŜǇǊŜǎŜƴǘ ŀ ǳƴƛǉǳŜ ǎŜǘ ƻŦ ƭŀƴŘǎŎŀǇŜǎ ǿƛǘƘƛƴ ǘƘŜ bŀƳƻƛ ǎǳōǊŜƎƛƻƴΦ .ȅ 

comparison to the other landscapes across the Namoi subregion, the Pilliga region has many 

unique attributes in terms of its ecology, geomorphology, underlying hydrogeology, soils and 

ecohydrology. Consistent with the structuring of the ecological models, outlined further in this 

product (see Section 2.7.5), the potential hydrological changes and ecosystem impacts are 

presented for both a separate Pilliga region of the zone of potential hydrological change and 

the ǊŜƳŀƛƴƛƴƎ Ψƴƻƴ-tƛƭƭƛƎŀΩ ŀǊŜŀǎ ƻǊ ǊŜǇƻǊǘƛƴƎ ǊŜƎƛƻƴǎ ŦƻǊ ǘƘŜ ǊŜƭŜǾŀƴǘ ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎes (see 

Section 3.3.2.2 of companion product 3-4 for the Namoi subregion (Herr et al., 2018a) for details 

on reporting regions). 
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2.7.2.1.1 ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

The zone of potential hydrological change contains all four riverine landscape classes within the 

ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ŀƴŘ ƛƴŎƭǳŘŜǎ см҈ ƻŦ ǘƘŜ ŜƴǘƛǊŜ ŜȄǘŜƴǘ ƻŦ ǘƘƛǎ 

group within the assessment extent (Table 5). Among these four riverine classes, the largest 

ŎƻƴǘǊƛōǳǘƛƻƴ ƛǎ ŦǊƻƳ ǘƘŜ Ψ¢ŜƳǇƻǊŀǊȅ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩ όнлснΦн ƪƳύ ŀƴŘ ΨtŜǊƳŀƴŜƴǘ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩ 

(979.6 km) landscape classes (Table 5). All six of the non-riverine classes occur within the zone of 

potential hydrological change (Table 5). The largest non-ǊƛǾŜǊƛƴŜ Ŏƭŀǎǎ ōȅ ŀǊŜŀ ƛǎ ǘƘŜ ΨCƭƻƻŘǇlain 

ƎǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω όпнмΦт km2ύ ŀƴŘ ΨCƭƻƻŘǇƭŀƛƴ ƎǊŀǎǎȅ ǿƻƻŘƭŀƴŘΩ όмнмΦо km2) (Table 5). Almost 

ƘŀƭŦ ƻŦ ŀƭƭ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ D59Ω ƛƴ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ extent (148.7 km2) is included in 

the zone of potential hydrological change (Table 5ύΦ aƻǎǘ ƻŦ ǘƘŜ ŀǊŜŀǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨCƭƻƻŘǇƭŀƛƴ 

ǿŜǘƭŀƴŘΩ ŀƴŘ ΨCƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘ D59Ω ƛƴ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ŜȄǘŜƴǘ όолΦм km2and 151.8 km2 

respectively) form part of the zone of potential hydrological change (Table 5).  

! ǎƛƴƎƭŜ ǎƛƎƴŜŘ ŘƛƎǊŀǇƘ ƳƻŘŜƭ ǿŀǎ ŎǊŜŀǘŜŘ ŦƻǊ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

that captured most of the key linkages within and between the riverine and floodplain habitats. 

From this model, key hydrological response variables were selected for a subset of the landscape 

classes. Given the expertise and resources available at the qualitative modelling workshop for 

the Namoi subregion, it was decided that receptor impact models be developed for a subset of 

landscape classes of this group (Table 5). ¢ƘŜǊŜ ŀǊŜ ǘǿƻ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎ ƛƴ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ 

ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ (non-Pilliga region) where groundwater drawdown was assigned 

ŀǎ ŀ ƘȅŘǊƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎŜ ǾŀǊƛŀōƭŜΥ ΨCƭƻƻŘǇƭŀƛƴ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘΩ ŀƴŘ ΨCƭƻƻŘǇƭŀƛƴ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ 

D59ΩΦ ¢ƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǊŜŎŜǇǘƻǊ ƛƳǇŀŎǘ ǾŀǊƛŀōƭŜ ŦƻǊ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘǎ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ŎƘŀƴƎŜ ƛn 

projected foliage cover. The frequency of overbank flows was identified as being an important 

ŘǊƛǾŜǊ ƻŦ ǘƘŜ ǊƛǇŀǊƛŀƴ ŜŎƻǎȅǎǘŜƳ όΨCƭƻƻŘǇƭŀƛƴ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘΩ ŀƴŘ ΨCƭƻƻŘǇƭŀƛƴ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ D59Ω 

landscape classes) as well as the off-channel water bodies oǊ ŦƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘǎ όΨCƭƻƻŘǇƭŀƛƴ 

ǿŜǘƭŀƴŘΩ ŀƴŘ ΨCƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘ D59Ω landscape classes). The experts at the qualitative modelling 

workshop considered the presence of tadpoles from the Limnodynastes genus as the key receptor 

impact variable for floodplain wetlands. The cease-to-flow attributes of the surface water regime 

were considered as critical hydrological response variables for the riverine landscape classes 

and were assigned: annual number of zero-flow days and annual maximum zero-flow spells. 

Assemblages of macroinvertebrates in the edge habitat were deemed to be appropriate receptor 

impact variables for gauging impacts on these cease-to-flow attributes of the flow regime. 

wŜŎŜǇǘƻǊ ƛƳǇŀŎǘ ƳƻŘŜƭǎ ǿŜǊŜ ƴƻǘ ŎƻƴǎǘǊǳŎǘŜŘ ŦƻǊ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƎǊŀǎǎȅ ǿƻƻŘƭŀƴŘΩ ŀƴŘ 

ΨCƭƻƻŘǇƭŀƛƴ ƎǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎΦ ²ƘƛƭŜ ǘƘŜǎŜ ŎƭŀǎǎŜǎ ƻŎŎǳǇȅ ŀ ƭŀǊƎŜ ǇǊƻǇƻǊǘƛƻƴ 

of this landscape group within the zone of potential hydrological change, they are considered less 

sensitive to hydrological change given their reduced reliance on groundwater and surface water 

(see Section 2.7.3 for more details).  
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Table 5 Extent of all landscape classes in the assessment extent and zone of potential hydrological change for the Namoi subregion 

Landscape class names as shown in companion product 2.3 for the Namoi subregion (Herr et al., 2018b). The relevant reporting region, qualitative model and receptor impact model is given for each 
landscape class. 

Landscape group Landscape class  Extenta in 
assessment extentb 

Extent in the zone Reporting region Qualitative model Receptor impact model 

Floodplain or lowland 
riverine  

Floodplain riparian forest 
(km2) 

1.5 na 0.2 na Upper Namoi, 
Mid Namoi, 
Lower Namoi 

Floodplain or 
lowland riverine 

1. Floodplain riparian forests ς 
projected foliage cover 

Floodplain riparian forest 
GDE (km2) 

148.7 na 72 na 

Floodplain wetland (km2) 30.1 na 21.6 na Upper Namoi, 
Mid Namoi, 
Lower Namoi 

Floodplain or 
lowland riverine 

2. Floodplain wetland (GDE and 
non-GDE) ς probability of 
presence of tadpoles from the 
Limnodynastes genus (L. dumerilii, 
L. salmini, L. interioris and L. 
terraereginae) in pools and riffles 

Floodplain wetland GDE 
(km2) 

151.8 na 88 na 

Permanent lowland 
stream (km2/km) 

17.3 1,688.6 na 979.6 Upper Namoi, 
Mid Namoi, 
Lower Namoi 

Floodplain or 
lowland riverine 

3. Permanent and temporary 
lowland streams (GDE and non-
GDE) ς average number of 
families of aquatic 
macroinvertebrate in edge habitat 

Permanent lowland 
stream GDE (km2/km) 

na 456.8 na 240.8 

Temporary lowland 
stream (km2/km) 

1.5 8,053.3 na 2062.2 

Temporary lowland 
stream GDE (km2/km) 

8.3 509.3 na 84.3 

Floodplain grassy 
woodland (km2) 

400.2 na 121.3 na Upper Namoi, 
Mid Namoi, 
Lower Namoi 

Floodplain or 
lowland riverine 

No 

Floodplain grassy 
woodland GDE (km2) 

1,445.4 na 421.7 na Upper Namoi, 
Mid Namoi, 
Lower Namoi 

Floodplain or 
lowland riverine 

No 

Permanent lowland 
stream (km2/km) 

17.3 1,688.6 na 14.3 Pilliga and Pilliga 
Outwash 

Pilliga riverine 
(upland and lowland) 

1. Pilliga riverine ς projected 
foliage cover  
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Landscape group Landscape class  Extenta in 
assessment extentb 

Extent in the zone Reporting region Qualitative model Receptor impact model 

Permanent lowland 
stream GDE (km2/km) 

na 456.8 na <0.1 2. Pilliga riverine ς average 
number of families of aquatic 
macroinvertebrates in instream 
pool habitat sampled using the 
NSW AUSRIVAS method for pools 

Temporary lowland 
stream (km2/km) 

1.5 8,053.3 na 624.6 

Temporary lowland 
stream GDE (km2/km) 

8.3 509.3 2.4 86.9 

Floodplain riparian forest 
(km2) 

1.5 na <0.1 na Pilliga and Pilliga 
Outwash 

No No 

Floodplain riparian forest 
GDE (km2) 

148.7 na 0.2 na 

Floodplain wetland (km2) 30.1 na 0.5 na 

Floodplain wetland GDE 
(km2) 

151.8 na 1.6 na 

Floodplain grassy 
woodland (km2) 

400.2 na 2.9 na 

Floodplain grassy 
woodland GDE (km2) 

1,445.4 na 0.2 na 

Total area  2,204.8 na 752.2 na    

 Total length  na 10,708 na 4092.7    

Non-floodplain or 
upland riverine  

Upland riparian forest 
GDE (km2) 

87.4 na 2.9 na Upper Namoi, 
Mid Namoi, 
Lower Namoi 

Upland riverine 1. Upland riparian forest ς 
projected foliage cover 

Permanent upland stream 
(km2/km) 

0.1 1,646.1 na 92.6 Upper Namoi, 
Mid Namoi, 
Lower Namoi 

Upland riverine 1. Permanent and temporary 
upland streams (GDE and non-
GDE) ς average number of 
families of aquatic 
macroinvertebrates in instream 
pool habitat sampled using the 
NSW AUSRIVAS method for pools  

Permanent upland stream 
GDE (km2/km) 

1.1 227.4 0.1 14.2 

Temporary upland stream 
(km2/km) 

na 16,512.8 na 745.1 
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Landscape group Landscape class  Extenta in 
assessment extentb 

Extent in the zone Reporting region Qualitative model Receptor impact model 

Temporary upland stream 
GDE (km2/km) 

0.1 464 na 34.7 2. Upland riverine ς probability of 
presence of tadpoles from the 
Limnodynastes genus (L. dumerilii, 
L. salmini, L. interioris and L. 
terraereginae) 

Permanent upland stream 
(km2/km) 

na 1,646.1 na <0.1 Pilliga and Pilliga 
Outwash 

Pilliga riverine 
(upland and lowland) 

1. Pilliga riverine ς projected 
foliage cover 

Permanent upland stream 
GDE (km2/km) 

na 227.4 na <0.1 

Temporary upland stream 
(km2/km) 

na 16,512.8 na 530.4 

Temporary upland stream 
GDE (km2/km) 

na 464 na 11.5 

Grassy woodland GDE 
(km2) 

3,247.6 na 

 

561.7 na Pilliga Grassy woodland 
GDE 

No 

72.8 na Upper Namoi, 
Mid Namoi, 
Lower Namoi 

Non-floodplain wetland 
(km2) 

130.3 na 13.1 na All Non-floodplain 
wetland (GDE and 
non-GDE) 

No 

Non-floodplain wetland 
GDE (km2) 

23.5 na 8.1 na 

Total area 3,490.1 na 663 na    

 Total length na 18,850.3 na 1428.5    
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Landscape group Landscape class  Extenta in 
assessment extentb 

Extent in the zone Reporting region Qualitative model Receptor impact model 

Rainforest  Rainforest (km2) na 153.1 na 4.0 All Rainforests (GDE and 
non-GDE) 

No 

Rainforest GDE (km2) na 43.5 na 0.3 

Total area na 196.6 na 4.3    

Springs  GAB springs (number) 7 na 2 na All GAB springs No 

Non-GAB springs 
(number) 

15 na 0 na 

Total number 22 na 2 na    

Dryland remnant 
vegetation  

Grassy woodland (km2) 8,623.7 na 1177.5 na All Not considered Not considered 

Total area 8,623.7 na 1177.5 na    

Human-modified  Conservation and natural 
environments (km2) 

400.7 na 111.2 na All Not considered Not considered 

Intensive uses (km2) 276 na 91.5 na 

Production from dryland 
agriculture and 
plantations (km2) 

16,075.3 na 2814.5 na 

Production from irrigated 
agriculture and 
plantations (km2) 

1,854.1 na 594.2 na 

Production from relatively 
natural environments 
(km2) 

2,356.2 na 739 na 

Water (km2) 182.1 na 66.5 na 

 Total area 21,144.4 na 4416.9 na    

aExtent of each landscape class is either an area of vegetation (km2), length of stream network (km) or number of springs (number). 

bValues for the extent in assessment extent are the same regardless of reporting region.  
GAB = Great Artesian Basin; GDE = groundwater-dependent ecosystem 
Data: Bioregional Assessment Programme (Dataset 1) 
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2.7.2.1.2  Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

For the areas outside the Pilliga region in the zone of potential hydrological change (i.e. Upper 

Namoi, Mid Namoi and Lower Namoi reporting regions), the most common riverine landscape 

Ŏƭŀǎǎ ǿƛǘƘƛƴ ǘƘŜ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ƛn the zone of potential 

ƘȅŘǊƻƭƻƎƛŎŀƭ ŎƘŀƴƎŜ ƛǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ Ψ¢ŜƳǇƻǊŀǊȅ ǳǇƭŀƴŘ ǎǘǊŜŀƳΩ όтпрΦм km) reflecting the 

intermittent or ephemeral nature of many of the stream segments (Table 5). The remainder 

of the ǎǘǊŜŀƳ ƴŜǘǿƻǊƪ ƛǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨtŜǊƳŀƴŜƴǘ ǳǇƭŀƴŘ ǎǘǊŜŀƳΩ όфнΦс ƪƳύΣ Ψ¢ŜƳǇƻǊŀǊȅ ǳǇƭŀƴŘ 

ǎǘǊŜŀƳ D59Ω όопΦт ƪƳύ ŀƴŘ ΨtŜǊƳŀƴŜƴǘ ǳǇƭŀƴŘ ǎǘǊŜŀƳ D59Ω όмпΦн km) (Table 5). Most non-riverine 

ƭŀƴŘǎŎŀǇŜǎ ƛƴ ǘƘŜ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ƛƴ ǘƘŜ ȊƻƴŜ ƻŦ ǇƻǘŜƴǘƛŀƭ 

ƘȅŘǊƻƭƻƎƛŎŀƭ ŎƘŀƴƎŜ ŀǊŜ ƛƴ ǘƘŜ ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ όтнΦу km2ύΦ ¢ƘŜ Ψ¦ǇƭŀƴŘ 

ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ D59Ω ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ ƳŀƪŜǎ ǳǇ ŀ ǾŜǊȅ ǎƳŀƭƭ ŀǊŜŀ ƻŦ ǘƘŜ ȊƻƴŜ ƻŦ ǇƻǘŜƴǘƛŀƭ 

hydrological change (2.9 km2ύ ŀƭƻƴƎ ǿƛǘƘ ŀ ǎƳŀƭƭ ŀǊŜŀ ƻŦ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘΩ όмоΦм km2) 

and Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘ D59Ω ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎ όуΦм km2) (Table 5).  

Three different components of this landscape group were considered for the qualitative modelling 

given the general lack of hydrological and spatial connectivity between the landscape classes 

across the zone of potential hydrological change. The level of fragmentation and lack of spatial 

ƻǾŜǊƭŀǇ ōŜǘǿŜŜƴ ǘƘŜ Ψ¦ǇƭŀƴŘ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ D59ΩΣ ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω ŀƴŘ ǘƘŜ Ψbƻƴ-floodplain 

ǿŜǘƭŀƴŘΩκΨbƻƴ-floodplaƛƴ ǿŜǘƭŀƴŘ D59Ω ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎ ǎǳƎƎŜǎǘŜŘ ƭƛƳƛǘŜŘ ǇƻǘŜƴǘƛŀƭ ŦƻǊ 

hydrological and ecological connectivity. The upland riverine qualitative model included all upland 

ǊƛǾŜǊƛƴŜ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎ ŀƴŘ ǘƘŜ ŀŘƧŀŎŜƴǘ ǊƛǇŀǊƛŀƴ ǾŜƎŜǘŀǘƛƻƴ όΨ¦ǇƭŀƴŘ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ D59Ωύ 

landscape class. Three receptor impact models were formulated based on this qualitative model: 

upland riverine (two separate models) and upland riparian forest (Table 5). Cease-to-flow 

attributes (zero-flow days and zero-flow spells) of the surface water regime were assigned as 

hydrological response variables for the upland riverine model. The corresponding receptor impact 

variables included changes in macroinvertebrate assemblages and the probability of the presence 

of tadpoles from the Limnodynastes genus (Table 5). For upland riparian forest, groundwater 

drawdown and overbank flow events were considered the key hydrological response variables. 

The potential ecosystem impacts on this landscape class were quantified using projected foliage 

cover (Table 5).  

In addition to the upland riverine system, a qualitative model was developed for the non-

floodplain wetlands in this landscape group (Table 5). However, no elicitation or quantitative 

modelling was conducted because these wetland systems were considered a low priority given 

their unknown levels of groundwater dependence. A qualitative model was also developed for 

the ΨDǊŀǎǎȅ ²ƻƻŘƭŀƴŘ D59Ω ƭŀƴŘǎŎŀǇe class and this is discussed below in Section 2.7.2.1.4. 

2.7.2.1.3 Pilliga riverine landscape classes 

The Pilliga region within the zone of potential hydrological change contains both upland and 

ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜ ǊŜŀŎƘŜǎΦ Ψ¢ŜƳǇƻǊŀǊȅ ǳǇƭŀƴŘ ǎǘǊŜŀƳΩ όролΦп ƪƳύ ŀƴŘ Ψ¢ŜƳǇƻǊŀǊȅ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩ 

(624.6 km) landscape classes make up the majority of the riverine networks, reflecting the highly 

ephemeral and/or intermittent nature of the drainage network (Table 5). A small fraction of the 

ΨtŜǊƳŀƴŜƴǘ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩ ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ όмпΦо km) intersects with the Pilliga region in the zone 

of potential hydrological change (Table 5). 
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DƛǾŜƴ ǘƘŜ ǳƴƛǉǳŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ tƛƭƭƛƎŀΩǎ ǎǘǊŜŀƳ ƴŜǘǿƻǊƪ όƛΦŜΦ ƭƻǿ ǊŜƭƛŜŦΣ ƛƴǘŜǊƳƛǘǘŜƴǘ Ŧƭƻǿ 

patterns), a qualitative model, in consultation with the local experts, was developed for both 

upland and lowland riverine classes ς Pilliga riverine (Table 5). This meant that both lowland 

and upland riverine landscape classes share a similar model that encompasses both the riverine 

and riparian systems. From this model, key hydrological response variables were identified: 

groundwater drawdown, change in annual zero-flow days and maximum zero-flow spells. The 

receptor impact modelling workshop used two different receptor impact variables to indicate 

potential ecological impacts in this system: projected foliage cover of riparian trees and number 

of ŦŀƳƛƭƛŜǎ ƻŦ ŀǉǳŀǘƛŎ ƳŀŎǊƻƛƴǾŜǊǘŜōǊŀǘŜǎΦ ! ǉǳŀƭƛǘŀǘƛǾŜ ƳƻŘŜƭ ŦƻǊ ǘƘŜ ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω 

landscape class was also formulated, but no quantitative modelling was developed. 

2.7.2.1.4 ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ 

¢ƘŜ ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ ƳŀƪŜǎ ǳǇ Ƴƻǎǘ ƻŦ ǘƘŜ ƴƻƴ-riverine landscapes 

in the Pilliga region (561.7 km2) and a small portion (72.8 km2) of the total 634.5 km2 of this 

landscape class across the entire zone of potential hydrological change is located outside of 

the Pilliga region (Table 5). This landscape class includes a collection of different vegetation 

communities and habitats, however, given the concentration of this landscape class in the Pilliga 

region of the zone of potential hydrological change, a qualitative model was developed by the 

workshop participants with a focus on the ecology of this region (Table 5). Given the limitations 

on resources at the receptor impact modelling workshop and the uncertainty surrounding the 

nature of groundwater dependency of vegetation in the Pilliga region, a receptor impact model 

was not formulated for this landscape class. 

2.7.2.1.5 ΨwŀƛƴŦƻǊŜǎǘΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

¢ƘŜ ΨwŀƛƴŦƻǊŜǎǘΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ƻŎŎǳǇƛŜǎ ŀ ƭƛƳƛǘŜŘ ŀǊŜŀ ǿƛǘƘƛƴ ǘƘŜ ȊƻƴŜ ƻŦ ǇƻǘŜƴǘƛŀƭ ƘȅŘǊƻƭƻƎƛŎŀƭ 

change, with thŜ ΨwŀƛƴŦƻǊŜǎǘΩ ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ ƛƴǘŜǊǎŜŎǘƛƴƎ пΦл km2 ƻŦ ǘƘŜ ȊƻƴŜ ŀƴŘ ǘƘŜ ΨwŀƛƴŦƻǊŜǎǘ 

D59Ω ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ ƛƴǘŜǊǎŜŎǘƛƴƎ лΦо km2 (Table 5). A qualitative model was developed for this 

landscape group that emphasises the relationship of key ecological components and groundwater 

dynamics. Given the limited extent of this landscape class within the landscape group and the 

large degree of uncertainty associated with its groundwater dependency it was decided not to 

formulate a quantitative receptor impact model for this group. 

2.7.2.1.6 Ψ{ǇǊƛƴƎǎΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

Two springs are known to occur within the zone of potential hydrological change, which are 

ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨD!. ǎǇǊƛƴƎǎΩ ōŀǎŜŘ ƻƴ ǘƘŜƛǊ ŀǎǎƻŎƛŀǘƛƻƴ ǿƛǘƘ ǳƴŘŜǊƭȅƛƴƎ ǎŀƴŘǎǘƻƴŜ ŦƻǊƳŀǘƛƻƴǎΦ 

These two springs are located on the eastern edge of the Pilliga Basin and are thought to be 

primarily recharge springs, given their location on the eastern fringes of the Great Artesian Basin 

(GAB) (Fensham and Fairfax, 2003). A qualitative model was formulated for a typical recharge 

GAB spring (Table 5). However, it was decided by experts that given the nature of the flow paths 

associated with these springs, impacts from additional resource development would be difficult 

to quantify and it was not pursued further. 
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2.7.3 ΨCloodplain or lowland riverineΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

Summary 

¢ƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ƻŎŎǳǇƛŜǎ ŀ ƭŀƴŘ ŀǊŜŀ ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ 

6% of the Namoi subregion assessment extent and makes up around a quarter of the entire 

length of the stream network across the assessment extent. There are four lowland riverine 

landscape classes that capture differences in surface water (temporary/permanent) and 

groundwater (groundwater-dependent ecosystem (GDE)/non-GDE) regimes across the 

assessment extent. The floodplain landscape classes contain a collection of landscape and 

ecological elements exposed to inundation or flooding along a river system including riparian 

forests, wetlands and grassy woodlands. 

The zone of potential hydrological change for the Namoi subregion contains all four of the 

ǊƛǾŜǊƛƴŜ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎΣ ǿƛǘƘ ǘƘŜ ƭŀǊƎŜǎǘ ōȅ ƭŜƴƎǘƘ ōŜƛƴƎ ǘƘŜ Ψ¢ŜƳǇƻǊŀǊȅ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩ 

όнлснΦн ƪƳύ ŀƴŘ ΨtŜǊƳŀƴŜƴǘ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩ όфтфΦс km) classes. All six of the non-riverine 

landscape classes occur within the zone of potential hydrological change with the largest 

ŎƭŀǎǎŜǎ ōȅ ŀǊŜŀ ōŜƛƴƎ ΨCƭƻƻŘǇƭŀƛƴ ƎǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω όпнмΦт ƪƳ2 or 6% of the zone) and 

ΨCƭƻƻŘǇƭŀƛƴ ƎǊŀǎǎȅ ǿƻƻŘƭŀƴŘΩ όмнмΦо ƪƳ2 or 1.7% of the zone). There is approximately 1% 

of ΨCƭƻƻŘǇƭŀƛƴ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ D59Ω ŀƴŘ мΦс҈ ƻŦ ΨCƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘΩ ŀƴŘ ΨCƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘ 

D59Ω ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎ ǿƛǘƘƛƴ ǘƘŜ ȊƻƴŜ ƻŦ ǇƻǘŜƴǘƛŀƭ ƘȅŘǊƻƭƻƎƛŎŀƭ ŎƘŀƴƎŜΦ !ƴ overview of 

those aspects of riverine, groundwater and floodplain ecohydrology relevant to the Namoi 

subregion is presented to provide context to the ecological modelling presented thereafter. 

A qualitative model was developed for this landscape group that captured some of the 

key linkages within and between the riverine and floodplain habitats. From this model, key 

hydrological response variables were selected for a subset of the landscape classes. There 

are ǘǿƻ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎ ƛƴ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘscape group (non-Pilliga 

region) where groundwater drawdown was assigned as a hydrological response variable: 

ΨCƭƻƻŘǇƭŀƛƴ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘΩ ŀƴŘ ΨCƭƻƻŘǇƭŀƛƴ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ D59ΩΦ ¢ƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǊŜŎŜǇǘƻǊ 

impact variable for riparian forests was identified as change in projected foliage cover. The 

frequency of overbank flows was identified as being an important driver of the riparian 

ŜŎƻǎȅǎǘŜƳ όΨCƭƻƻŘǇƭŀƛƴ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘΩ ŀƴŘ ΨCƭƻƻŘǇƭŀƛƴ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ D59Ω ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎύ 

as well as the off-channel watŜǊ ōƻŘƛŜǎ ƻǊ ŦƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘǎ όΨCƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘΩ ŀƴŘ 

ΨCƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘ D59Ω ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎύΦ ¢ƘŜ ŜȄǇŜǊǘǎ ŀǘ ǘƘŜ ǉǳŀƴǘƛǘŀǘƛǾŜ ƳƻŘŜƭƭƛƴƎ 

workshop considered the presence of tadpoles from the Limnodynastes genus as the 

appropriate receptor impact variable for floodplain wetlands.  

The cease-to-flow attributes of the surface water regime were considered as critical 

hydrological response variables for the lowland riverine landscape classes and were 

assigned: annual number of zero-flow days (averaged over 30 years) and annual maximum 

zero-flow spells. Assemblages of macroinvertebrates in the edge habitat were deemed 

to be appropriate receptor impact variables for gauging impacts on these cease-to-flow 

attributes of the flow regime. 
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2.7.3.1 ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

2.7.3.1.1 Description 

¢ƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ƻŎŎǳǇƛŜǎ ŀ ƭŀƴŘ ŀǊŜŀ ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ с҈ ƻŦ 

the assessment extent and makes up around a quarter of the entire length of the stream network 

across the assessment extent. The landscape classification used by the bioregional assessment 

ό.!ύ ǘŜŀƳ ŘŜŦƛƴŜŘ ŦƻǳǊ ΨƭƻǿƭŀƴŘΩ ǊƛǾŜǊƛƴŜ ŎƭŀǎǎŜǎ ōŀǎŜŘ ƻƴ ǘƻǇƻƎǊŀǇƘƛŎŀƭ ŀƴŘ ƎŜƻƳƻǊǇƘƻƭƻƎƛŎŀƭ 

features (i.e. lowland), water regime (i.e. permanent or temporary) and the likelihood of 

intersecting with known surface expression GDEs (see Section 2.3.3 of companion product 2.3 

for the Namoi subregion (Herr et al., 2018) for further details). The classification also captures 

a range of non-riverine features such as wetlands and vegetation types across the riparianς

floodplain transition.  

Floodplains can be defined broadly as a collection of landscape and ecological elements exposed 

to inundation or flooding along a river system (Rogers, 2011). The floodplain landscapes of the 

Namoi subregion assessment extent are predominantly lowlandςdryland systems incorporating 

a range of wetland types such as riparian forests, marshes, billabongs, tree swamps, anabranches 

and overflows (Rogers, 2011). Riparian forest landscape classes are located within or directly 

adjacent to the stream channel and are inundated when the channel is full. They are generally 

classified as being dependent on groundwater in the alluvium. Floodplain grassy woodlands 

occupy the floodplain further away from the stream channel and are flooded intermittently 

and may or may not rely on groundwater. Off-channel water bodies or wetlands are interspersed 

along the floodplain and are typically inundated during overbank flow events (see Section 2.3.3 

of companion product 2.3 for the Namoi subregion (Herr et al., 2018) for further details). Figure 

6 is an example of the distribution of landscapes along typical floodplain areas, such as along the 

Namoi River.  
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Figure 6 Pictorial conceptual model of a landscape typical of ǘƘŜ ΨFloodplain or lowland riverineΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

within the zone of potential hydrological change of the Namoi subregion  

The model depicts a river system that is losing water to the underlying alluvial aquifer. Some of the hydrological processes relevant 
to this landscape are also shown.  
GDE = groundwater-dependent ecosystem 
Source: Symbols courtesy of the Integration and Application Network, University of Maryland Center for Environmental Science 
(ian.umces.edu/symbols/). 

The Namoi subregion zone of potential hydrological change contains all four riverine landscape 

ŎƭŀǎǎŜǎ ǿƛǘƘƛƴ ǘƘƛǎ ƎǊƻǳǇΣ ǿƛǘƘ ǘƘŜ ƭŀǊƎŜǎǘ ōȅ ƭŜƴƎǘƘ ōŜƛƴƎ ǘƘŜ Ψ¢ŜƳǇƻǊŀǊȅ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩ 

(2062.2 ƪƳύ ŀƴŘ ΨtŜǊƳŀƴŜƴǘ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩ όфтфΦс ƪƳύ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎ όTable 6, Figure 7). 

All six of the non-riverine landscape classes occur within the zone of potential hydrological change 

(Table 6ύΦ ¢ƘŜ ƭŀǊƎŜǎǘ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎ ōȅ ŀǊŜŀ ŀǊŜ ΨCƭƻƻŘǇƭŀƛƴ ƎǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω όпнмΦт ƪƳ2 

ƻǊ с҈ ƻŦ ǘƘŜ ȊƻƴŜύ ŀƴŘ ΨCƭƻƻŘǇƭŀƛƴ ƎǊŀǎǎȅ ǿƻƻŘƭŀƴŘΩ όмнмΦо ƪƳ2 or 1.7% of the zone) (Table 6). 
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Table 6 Areas and/or lengths ƻŦ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎ ǿƛǘƘƛƴ ǘƘŜ ŜƴǘƛǊŜ bŀƳƻƛ ǎǳōǊŜƎƛƻƴ ŀǎǎŜǎǎƳŜƴǘ ŜȄǘŜƴǘ ŀƴŘ ǘƘŜ ƴƻƴ-Pilliga region of the 

zone of potential hydrological change 

Landscape class Area in assessment 
extent  
(km2) 

Area in the zone of 
potential 

hydrological change  
(km2) 

Percentage of total 
area in the zone of 

potential 
hydrological change  

(%) 

Length in 
assessment extent  

(km) 

Length in the zone 
of potential 

hydrological change  
(km) 

Percentage of total 
length in the zone of 

potential 
hydrological change  

(%) 

Floodplain grassy woodland 400.2 121.3 1.7% na na na 

Floodplain grassy woodland GDE 1,445.4 421.7 6% na na na 

Floodplain riparian forest 1.5 0.2 <0.1% na na na 

Floodplain riparian forest GDE 148.7 72 1% na na na 

Floodplain wetland 30.1 21.6 0.3% na na na 

Floodplain wetland GDE 151.8 88 1.3% na na na 

Permanent lowland stream 17.3 13.4 0.2% 1,688.6 979.6 17.7% 

Permanent lowland stream GDE 0 0 0% 456.8 240.8 4.4% 

Temporary lowland stream 1.5 1.5 <0.1% 8,053.3 2062.2 37.4% 

Temporary lowland stream GDE 8.3 4.7 <0.1% 509.3 84.3 1.5% 

Total ς ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ 
landscape classes 2,204.8 744.4 10.6% 10,708 3366.9 61% 

Total ς all landscape classes 35,659.6 7013.9 100% 29,558.3 5521.2 100% 

na = not applicable 
GDE = groundwater-dependent ecosystem 
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Figure 7 [ƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ǿƛǘƘƛƴ ǘƘŜ ȊƻƴŜ ƻŦ ǇƻǘŜƴǘƛŀƭ ƘȅŘǊƻƭƻƎƛŎŀƭ 

change in the Namoi assessment extent 

Data: Bioregional Assessment Programme (Dataset 2, Dataset 4); Bureau of Meteorology (Dataset 3) 

Riverine environment 

Lowland streams in the assessment extent include the Namoi River and its tributaries and are 

low-gradient channels typically incised into alluvium with silt or sandy beds (Figure 8). There are 

limited riffles and fast-water habitat in these streams, and in those stream reaches with more 

temporary water regimes, habitat is mostly in pools. In streams such as Maules Creek, the 

channel is incised into sands and sandy gravels with some riffles and cobble-bottomed stretches.  
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Figure 8 Namoi River 20 km north of Gunnedah on the Liverpool Plains 

Credit: Bioregional Assessment Programme, Patrick Mitchell (CSIRO), January 2016 

Lowland stream systems in the Namoi subregion encompass a range of flow regimes (Table 7). 

wƛǾŜǊƛƴŜ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨǇŜǊƳŀƴŜƴǘΩ ƘŀǾŜ ǎǳǊŦŀŎŜ Ŧƭƻǿǎ ƎǊŜŀǘŜǊ ǘƘŀƴ ул҈ ƻŦ ǘƘŜ 

time and are mostly found along the Namoi River and the lower reaches of Mooki Creek and 

the tŜŜƭ wƛǾŜǊΦ {ǘǊŜŀƳǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨǘŜƳǇƻǊŀǊȅΩ ƘŀǾŜ surface flows less than 80% of the time 

and cover a large collection of small tributaries to the Namoi River on the Liverpool Plains and 

Castlereagh-Barwon regions (Bioregional Assessment Programme, Dataset 1). These landscape 

classes broadly relate to the classification of Kennard et al. (2010)Φ ¢ƘŜ ΨǇŜǊƳŀƴŜƴǘΩ ǎǘǊŜŀƳǎ 

ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ΨǎǘŀōƭŜ ōŀǎŜŦƭƻǿΩ ŎƭŀǎǎŜǎ ό/ƭŀǎǎŜǎ мΣ н ŀƴŘ оύ (Kennard et al., 2010) and have 

flow at least 80% of the year, and a baseflow index of 0.15 to 0.40. The riverine landscape classes 

ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨǘŜƳǇƻǊŀǊȅΩ ŎƻǊǊŜǎǇƻƴŘ ōǊƻŀŘƭȅ ǘƻ ǘƘŜ ΨǳƴǇǊŜŘƛŎǘŀōƭŜ ōŀǎŜŦƭƻǿΩ ŀƴŘ ΨƛƴǘŜǊƳƛǘǘŜƴǘΩ 

classes (Classes 4 and 5 to 8) (Kennard et al., 2010). Rarely to highly intermittent streams are 



2.7.3 ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

Receptor impact modelling for the Namoi subregion | 41 

C
o

m
p

o
n

e
n

t 2
: M

o
d

e
l-da

ta
 a

n
a

ly
sis

 fo
r th

e N
a

m
o

i su
b

re
g

io
n 

characterised by streams that cease flowing more often than perennial streams and have a lower 

(0.10 to 0.35) baseflow contribution (Kennard et al., 2010). Highly intermittent or ephemeral 

streams are characterised by small baseflow contributions (<0.15) and large numbers of zero-flow 

days (>50) (Kennard et al., 2010). 

Table 7 Maximum, median, 10th, 25th, 75th and 90th percentile flows (ML/d) for the three streamflow gauging 

stations along lowland streams in the Namoi assessment extent 

Gauge # Gauge name (latitude 
and longitude) 

Landscape class Maximum 10th 25th Median 75th 90th 

419012 Namoi River ς Boggabri 
(ς30.67S, 150.06E) 

Permanent 
lowland stream 

314,402 18 127 410 1302 2733 

419051 Maules Creek (ς30.49S, 
150.08E) 

Permanent 
lowland stream 

30,239 1 3 8 16 45 

419084 Mooki River ς Ruvigne 
(ς31.04S, 150.33E) 

Temporary 
lowland stream 

132,556 0 0 1 19 122 

Water resource development along the Namoi River has affected the water regime of the riverine 

and floodplain environments and their ecological character. For example, there has been an 

increase in the average and maximum period between flooding of off-channel water bodies (e.g. 

palustrine wetlands) (CSIRO, 2007) of 27% and 50%, respectively. These changes in frequency 

have been accompanied by a reduction in annual flooding volume (28% less) (CSIRO, 2007). 

Despite these changes, the hydrologic condition based on the Hydrology Index score (HI) was 

deemed to be good across most of the catchment (OEH, 2010). However, the fish condition in 

terms of both ΨƴŀǘƛǾŜƴŜǎǎΩ (the proportion of the fish assemblage that is native versus introduced) 

and ΨexpectednessΩ (the proportion of species collected during sampling that were expected to 

have occurred in each basin zone before European colonisation) was reported as being poor in the 

NSW State of the Catchments 2010 report in the Namoi region (OEH, 2010). Macroinvertebrate 

condition was poor to moderate. The pressures from alien fish species, changes in water 

temperature from dam releases (Lake Keepit), artificial barriers to movement and other land 

use and climate change effects were seen as important for these results. 

The following section provides a summary of the current state of knowledge of the linkages 

between surface water and groundwater hydrological regimes in lowland streams and floodplains 

to ecological function and composition. It helps to inform the discussion on the nature of the 

ecological modelling and choice of hydrological response variables associated with this landscape 

group as discussed in subsequent sections of this report. 

Surface water flow regimes are defined by the timing, frequency, duration, magnitude, discharge 

volume and rates of the rise and fall of flow events (Boulton et al., 2014; Poff et al., 2010). 

Connectivity between the floodplain and stream channel riverine environments arises from 

longitudinal, lateral and vertical exchange of water. This connectivity can be described by surface 

water hydrological response variables that span the flow regime captured by the flow duration 

curve. Ecologically important components of the surface water regime can be broadly summarised 

(Dollar, 2004) as cease-to-flow periods, periods of low flows and base flows (or those intermediate 

of low flows and freshes), freshes, and periods of high flow (including overbench and overbank 

flows). These are illustrated in Figure 9. 
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Figure 9 The spectrum of flow types in a river or stream segment 

Source: Symbols courtesy of the Integration and Application Network, University of Maryland Center for Environmental Science 
(ian.umces.edu/symbols/). 

Larger pulses of river flow increase lateral connectivity within the streambed and provide access 

to new habitats, including river benches (Robson et al., 2009) (Figure 9). An increase in localised 

velocity profiles, especially around snags and along river banks creates new habitat for fish and 

stimulates downstream drift in macroinvertebrates (Boulton et al., 2014). Greater exchange in 

surface water and groundwater through the hyporheic zone also tends to occur, promoting 

improved water quality of the alluvial aquifers and increasing recharge to groundwater. 

Connectivity between the river channel and the floodplain is essential for ecosystem health and 

is dependent on the timing, duration and frequency of overbank flows (Watts et al., 2009). These 

flows are capable of inundating the adjacent floodplain and filling off-channel water bodies and 

provide opportunities for the migration and exchange of riparian and floodplain biota and 

nutrients (Boulton et al., 2014). The presence of off-channel water bodies is a distinguishing 
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feature of lowland systems compared to upland streams in the Namoi subregion assessment 

extent. Overbank flows also modify channel and floodplain geomorphology. Overbank flooding 

leads to deposition of nutrients and sediments on floodplains (Watts et al., 2009) and provides 

important wetland habitat for fish (NSW DPI, 2014) and frogs (Watts et al., 2009). Floodplain 

vegetation growth and life cycles are highly dependent on the depth, duration, frequency and 

timing of inundation (Roberts and Marston, 2011; Rogers, 2011). For example, regeneration of 

river red gum (Eucalyptus camaldulensis) is intimately linked to patterns of inundation along the 

riparian and floodplain zones, with regular flooding events required for seedling establishment 

(Roberts and Marston, 2011). The understorey composition in these forests is also closely linked 

to the flooding regime, with more regularly flooded sites having a sedge (Carex, Eleocharis spp.) 

dominated community and sites flooded less frequently containing native grasses (Bren and Gibbs, 

1986). Overbank flooding maintains the health of floodplain vegetation through provision of 

freshwater, leaching of soil salinity and regeneration of floodplain species (Doble et al., 2012; 

Roberts and Marston, 2011). However, there is considerable uncertainty associated with the 

degree of connection between floodplains and alluvial aquifers at local and regional scales.  

Freshes or pulse flows, characterised by moderate increases in streamflow, increase within-stream 

flow variability and play an important role in the regulation of water quality through the input 

of freshwater and flushing of deeper pools (Robson et al., 2009). Two main types of pulse flows 

are identified by the review of Watts et al. (2009): small and large pulses. Small pulses exceed 

baseflow and inundate some or all of the streambed (Figure 9) for time periods ranging from hours 

to days. Large pulses can reach flows up to bankfull stage and typically occur over periods of days 

to weeks (Figure 9). Flow pulses reset several key processes in the stream environment through 

active bedload transport, maintaining channel dimensions and scouring streambeds and banks 

(Watts et al., 2009). Larger stream pulses can represent important spawning triggers (King et al., 

2009; NSW DPI, 2014) or inundate benches, anabranches and snags increasing habitat availability 

(Watts et al., 2009). 

Mackay et al. (2014) outline 35 metrics that address the magnitude, frequency, duration and 

timing of low flows. Dominant low-flow metrics for ephemeral streams based on the analysis 

of Mackay et al. (2014) include: 

¶ number of zero-flow days  

¶ low-flow discharge (where the probability of exceedance is greater than 75% or 90%) 

¶ coefficient of variation in these metrics 

¶ variation in the seasonality of minimum flows. 

Low flows and the cessation of flow play a critical role in maintaining longitudinal connectivity and 

linking of instream habitats. Cease-to-flow events dry out shallow habitats and can create chains 

of pools, isolated pools or completely dry riverbeds, depending on riverbed morphology (Robson 

et al., 2009). Rolls et al. (2012) propose four key principles outlining the mechanistic links between 

the flow-related attributes at the low end of the hydrograph and the attendant ecosystem 

processes. Low-flow and zero-flow attributes affect the composition, abundance and structure 

of aquatic biota by influencing the: 

¶ physical extent of the habitat 
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¶ habitat conditions of water quality 

¶ sources and exchange of material and energy 

¶ restriction of habitat diversity and connectivity.  

The ecologically relevant low-flow attributes are related to antecedent conditions, duration, 

magnitude, timing and seasonality, rate of change, and frequency that operate within a temporal 

hierarchy of the flow regime (Rolls et al., 2012).  

The response of aquatic biota to declines in streamflow can be linear while longitudinal 

connectivity is maintained; but if flow ceases, a more severe threshold response is likely, 

corresponding to an abrupt loss of specific habitat, change in physicochemical conditions and 

ecosystem fragmentation (Boulton, 2003)Φ ¢ƘŜ ŎƻƴŎŜǇǘ ƻŦ ΨǊŀƳǇŜŘΩ ŀƴŘ ΨǎǘŜǇǇŜŘΩ ŎƘŀƴƎŜǎ ƛƴ 

biota in response to declining flows was proposed for macroinvertebrate assemblages by Boulton 

(2003). The drying river system moves through several discharge thresholds, involving firstly the 

isolation of riparian habitat, the cessation of flow and the eventual disappearance of surface water 

(Boulton, 2003). Flow intermittence, the temporary loss of surface water (Datry et al., 2014), 

prevents the transport of nutrients, biota and organic material downstream, and creates pool 

environments along the river channel, the quality of which may vary considerably depending on 

geomorphic condition, health of the extant riparian vegetation, length of the dry period and input 

of organic matter (Bond and Cottingham, 2008). Extended periods of no flow or an increase in 

the frequency of no-flow periods is likely to increase the levels of stress in the system through 

deteriorating water quality (e.g. increases in turbidity, reduced dissolved oxygen and increased 

temperatures), crowding of biota and reduced hydrological connectivity (Bond and Cottingham, 

2008; Marsh et al., 2012) . These no-flow periods can affect seasonal habitat for some species 

and remove important refugia for other species (Dollar, 2004). Diversity of macroinvertebrates 

is closely linked to river drying, with the largest drops in species richness occurring in the early 

stages of drying (Leigh and Datry, 2017). The decline in taxon richness often results in invertebrate 

communities becoming dominated by ubiquitous taxa (Datry et al., 2014). Chessman et al. (2012) 

reported that macroinvertebrate assemblages in riffle habitats with fast, flowing water were 

dominated by aerophilic and rheophilic species, while riffle habitats exposed to severe flow 

reductions or cessation were dominated by thermophilic species. Marsh et al. (2012) also 

concluded that communities in streams that are usually perennial but cease to flow for short 

periods (weeks) will mostly recover the following season but that the community will decline 

if cease-to-flow periods recur over consecutive years. Alterations to flow intermittence has 

potentially cascading effects on adjacent ecosystems such as riparian and hyporheic zones 

(Datry et al., 2007; McCluney and Sabo, 2012).  

Mackay et al. (2012) detail a low-flow classification based on 35 low-flow metrics calculated for 

830 stream gauge records. Their work concluded that four low-flow metrics provided meaningful 

biological information in most situations:  

¶ P90, the flow exceeded 90% of the time 

¶ baseflow index  

¶ average number of zero-flow or cease-to-flow days per year  
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¶ specific mean annual minimum flow (the average of the annual minimum flow divided by 

the catchment area).  

Their recommendations include the caveat that these are general guidelines and the broad 

generalisations associated with refining this subset should only be used as a general guide to 

ecological conditions (Mackay et al., 2012). 

Groundwater and river system interactions 

While the interconnections between groundwater and river systems are poorly understood in 

many catchments globally (Ivkovic, 2009), the Namoi river basin has had several detailed studies 

that have investigated these relations. In general, the contribution of groundwater to baseflow has 

declined in the lower sections of the Namoi River because of groundwater abstraction from the 

surrounding alluvium (Giambastiani et al., 2012). The decrease in hydraulic head in recent decades 

has reversed the flow of groundwater, shifting the ƻƴŎŜ ΨƎŀƛƴƛƴƎΩ ŎƻƴŘƛǘƛƻƴ ƻŦ ǘƘŜ ǊƛǾŜǊ ǘƻ ŀ ΨƭƻǎƛƴƎΩ 

one (CSIRO, 2007; Giambastiani et al., 2012). These trends in surface water ς groundwater 

interactions may have significant implications for the riverine environment, particularly during 

low-flow periods. This section focuses on ecohydrological processes relevant to the ecological 

outcomes and complements the discussion of surface and groundwater interactions in Section 

2.1.5 in the companion product 2.1-2.2 for the Namoi subregion (Aryal et al., 2018).  

Andersen and Acworth (2009) studied the nature of surface water and groundwater exchange 

along a section of the Namoi River and a zone of perennial pools along Maules Creek (see Figure 

10). This study detected zones of groundwater discharge along Maules Creek (reaches classified as 

Ψ¢ŜƳǇƻǊŀǊȅ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩ ƻǊ ΨtŜǊƳŀƴŜƴǘ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩ ǳƴŘŜǊ ǘƘŜ .! ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴΤ 

Bioregional Assessment Programme, Dataset 1) that flow between pools in the streambed 

sediments (sand and coarse gravel) (Andersen and Acworth, 2009). Further downstream, stream 

water appears to be recharging the aquifer when it comes into contact with highly permeable 

paleochannels (Andersen and Acworth, 2009). In a recent report concerning the assessment of 

ecohydrological responses to coal seam gas and coal mining (Andersen et al., 2016), much of 

Maules Creek (excluding the most downstream ~2 km) was characterised as predominantly a 

ΨƭƻǎƛƴƎ ǘǊŀƴǎƛǘƛƻƴΩ ǎǘǊŜŀƳ ǿƛǘƘ ƛƴǘŜǊƳƛǘǘŜƴǘ surface flow (Brunner et al., 2009). This definition 

implies that the capillary fringe of the watertable remains in contact with the stream and that 

floodplain and riparian vegetation can access this groundwater. However, lowering of the 

watertable can make this groundwater unavailable to vegetation (Andersen et al., 2016).  
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Figure 10 wƛŦŦƭŜ Ƙŀōƛǘŀǘ ŀƭƻƴƎ aŀǳƭŜǎ /ǊŜŜƪ όΨ¢ŜƳǇƻǊŀǊȅ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎΣ Ϥмр ƪƳ ǳǇǎǘǊŜŀƳ ŦǊƻƳ ƛǘǎ 

junction with the Namoi River) 

Credit: Bioregional Assessment Programme, Patrick Mitchell (CSIRO), January 2016 

Stygofauna live in groundwater systems and are particularly sensitive to groundwater 

environmental disturbance because they are adapted to near steady-state environmental 

conditions and have very narrow spatial distributions (Hose et al., 2015). The shallow aquifers of 

the Namoi River and Peel River alluvium support diverse invertebrate and microbial assemblages 

(Korbel et al., 2013; Tomlinson, 2008). The most important factors influencing the community 

composition of stygofauna in the region were land use, soil type and carbon availability (Korbel 

et al., 2013). The microbial assemblages were more affected by ionic water quality and season 

of sampling (Korbel et al., 2013). Studies of stygofauna in the nearby Gwydir River alluvial aquifer 

concluded that human impacts on streamflow and aquifer conditions had a large influence on 

stygofauna community structure, with those bores exhibiting minimal riverine influence having 

higher richness and abundance (Menció et al., 2014). Experimental studies of drawdown in the 

Peel Valley alluvium found different responses among stygofauna to changes in the watertable, 

with copepods showing vertical movement to changing water availability in contrast to amphipods 

that did not increase their movement (Tomlinson, 2008). 

Floodplain environment 

The floodplain environment extends from the riparian zone adjacent to the stream channel back 

across the alluvial plain that receives flood waters at various intervals. The riparian environment is 
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ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘΩ ŀƴŘ ΨCƭƻƻŘǇƭŀƛƴ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ D59Ω ƭŀƴŘǎŎŀǇŜ 

classes and is dominated by tree species such as river red gum (Eucalyptus camaldulensis) and 

river sheoak (Casuarina cunninghamiana) (Benson et al., 2010). These are represented by the 

Ψ9ŀǎǘŜǊƴ wƛǾŜǊƛƴŜ CƻǊŜǎǘǎΩ ŀƴŘ ΨLƴƭŀƴŘ wƛǾŜǊƛƴŜ CƻǊŜǎǘǎΩ ŎƭŀǎǎŜǎ ƛƴ ǘƘŜ YŜƛǘƘ ǾŜƎŜǘŀǘƛƻƴ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ 

system (Keith, 2004).  

Adjacent to the riparian zone is the floodplain environment, representing the transition between 

the frequently flooded river channel and the upland environment. Landscape classes occurring in 

the floodǇƭŀƛƴ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴŎƭǳŘŜ ΨCƭƻƻŘǇƭŀƛƴ ƎǊŀǎǎȅ ǿƻƻŘƭŀƴŘΩ ŀƴŘ ΨCloodplain grassy woodland 

D59Ω. This floodplain environment contains woodlands and various types of off-channel water 

bodies or wetlands with varying degrees of groundwater dependency (Holloway et al., 2013). 

The back plain environment tends to be dominated by woodland species such as poplar box 

(Eucalyptus populnea), black box (E. largiflorens), coolibah (E. coolabah), river coobah (Acacia 

stenophylla) and other Eucalyptus spp., shrubs and grasses (most commonly plains grass ς 

Austrostipa aristiglumis) (Eco Logical, 2009). Off-channel water bodies are also interspersed 

along the floodplain and iƴŎƭǳŘŜ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘΩ ŀƴŘ ΨCƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘ D59Ω ƭŀƴŘǎŎŀǇŜ 

classes. These tend to be palustrine wetlands, typically described as swamps, bogs, marshes and 

prairies (Aquatic Ecosystems Task Group, 2012). Flooding frequency, duration and depth tend to 

be reduced for the floodplain wetland landscape classes that tend to have a temporary water 

regime. Several listed ecological communities are found in the floodplain landscape group areas 

including ǘƘŜ ΨCoolibah - Black Box Woodlands of the Darling Riverine Plains and the Brigalow Belt 

South BioregionsΩΣ ƭƛǎǘŜŘ ǳƴŘŜǊ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ Environment Protection and Biodiversity 

Conservation Act 1999 (EPBC Act).  

Alluvial aquifers form in deposited sediments such as gravel, sand, silt and/or clay within 

paleochannels, stream channels and the adjacent floodplain. Water is stored and transmitted 

to varying degrees through inter-granular voids, meaning that aquifers are generally unconfined, 

shallow and have localised flow systems (DSITIA, 2012). Groundwater expressed at the surface 

supports ecosystems occupying drainage lines, riverine water bodies, and lacustrine and palustrine 

wetlands. The riparian forests along much of the lowland streams in the assessment extent were 

mapped as being groundwater dependent under the NSW DPI GDE mapping approach (NSW 

Office of Water, Dataset 5). This is consistent with observations of E. camaldulensis that show 

clear dependency on groundwater (Kath et al., 2014; Thorburn and Walker, 1994). Groundwater 

uptake in the dominant tree species of floodplain woodland environments along the Liverpool 

tƭŀƛƴǎ όƛΦŜΦ ΨCƭƻƻŘǇƭŀƛƴ ǿƻƻŘƭŀƴŘΩ ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎύ ǎǳŎƘ ŀǎ E. populnea has not been as intensely 

studied. One study of E. populnea inferred likely groundwater uptake by comparing the water 

status of these trees compared to co-occurring shrubs and grasses (Anderson and Hodgkinson, 

1997). Other woodland species, more widespread on the Castlereagh-Barwon floodplain, such 

as black box, have been studied in detail (Jolly and Walker, 1996), where groundwater uptake on 

the Chowilla anabranch region was closely related to groundwater salinity (Thorburn et al., 1993). 

When floodplain soils are flooded or receive significant rainfall, E. largiflorens switches its water 

uptake to shallower soil water sources, emphasising its ability to take advantage of the most 

energetically available soil water (Jolly and Walker, 1996). A study of water use by E. populnea in 

the Namoi Valley made similar findings in regard to water use patterns (Kalaitzis et al., 2000). 
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The nature of groundwater dependency in these floodplain tree species will determine how these 

species respond to potential drawdown of the watertable. Previous research has revealed links 

between groundwater depth and tree condition, but the nature of the response in terms of being 

ΨǊŀƳǇŜŘΩ όƛΦŜΦ ƭƛƴŜŀǊ ŎƘŀƴƎŜǎ ƛƴ ŎƻƴŘƛǘƛƻƴ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŘǊŀǿŘƻǿƴύ versus ΨǎǘŜǇǇŜŘΩ όƛΦŜΦ ǘǊŜŜ 

condition rapidly changes across critical thresholds) is not clearly defined for most floodplain 

species. Eucalyptus spp. are capable of exploiting large soil volumes, and rooting depths of some 

species such as E. marginata are capable of achieving depths of greater than 20 m (Dell et al., 

1983). It is likely that roots are capable of tracking available soil water from deep alluvial aquifers 

where shallow sources are limited (Thorburn et al., 1993). Kath et al. (2014) used data from two 

dominant floodplain species, river red gum and poplar box, at 118 sites in the Condamine river 

basin to present evidence for a critical drawdown threshold in the range from 12.1 to 22.6 m 

for river red gum and 12.6 to 26.6 m for poplar box, beyond which canopy condition declined 

abruptly. Another study in a water-limited riparian environment found that transpiration 

decreased in response to a 9-m decline in groundwater levels, but that changes to foliage density 

were more influenced by variability between seasons and site conditions (Pfautsch et al., 2015). 

Tree water uptake of groundwater when growing over deeper watertables is generally less than 

where the watertable is shallower (e.g. O'Grady et al., 2006; Zencich et al., 2002). The rate of 

drawdown can also be critical to vegetation survival. Plant roots can remain in contact with a 

declining watertable if the rate of decline does not exceed the potential root growth rate; 3 to 

15 mm/day for arid shrub and grass species (Naumburg et al., 2005).  

Floodplain wetlands or off-channel water bodies are perhaps most affected by water resource 

ŘŜǾŜƭƻǇƳŜƴǘ ŀƭƻƴƎ !ǳǎǘǊŀƭƛŀΩǎ ƛƴǘŜƴǎƛǾŜƭȅ ƳŀƴŀƎŜŘ ǊƛǾŜr basins (Kingsford, 2000). These 

ecosystems are sustained by flood sequences that drive booms in their productivity (Leigh et 

al., 2010) and therefore any reduction in flows, particularly overbank flow events, will diminish 

the source of water and nutrients for these habitats. Despite being important sites of high 

biodiversity and providing key habitat for waterbirds (Kingsford, 1995), native fish (Closs et al., 

2005), invertebrate species (Boulton and Lloyd, 1991) and microbes (Boon et al., 1996), their 

ecohydrological interactions are not as well understood as the riverine system (Kingsford, 2000). 

Flooding events provide water and organic matter that trigger a cascade of biological processes 

driven by the activity of microbes (Boon et al., 1996), zooplankton (Boulton and Lloyd, 1992) 

and plants (Bunn and Boon, 1993). Colonisers such as fish larvae and insects are brought into the 

wetland habitats when water conditions are suitable. Frogs (burrowing and non-burrowing) utilise 

the open-water habitats and produce tadpoles in the newly established water bodies (Jansen and 

Healey, 2003; Ocock et al., 2014). Waterbirds attracted to the abundant food sources move in to 

the temporary wetland habitats from more permanent water bodies elsewhere (Kingsford, 1995). 

Lignum (Muehlenbeckia florulenta) is an important element in these off-channel water bodies 

and can quickly respond to flooding or heavy rainfall through rapid leaf growth and/or flowering 

(Capon et al., 2009). The germination of aquatic macrophytes may also occur in response to 

inundation (Britton and Brock, 1994). Fringing floodplain trees also respond to flooding events 

through increased growth and recruitment with some species such as E. camaldulensis requiring 

a flooding sequence to ensure seedling survival (Roberts and Marston, 2011).  
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2.7.3.1.2 Qualitative mathematical model 

A model for the floodplain or lowland riverine ecosystem (Figure 11) was developed based on 

the model ŦƻǊ ǘƘŜ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ όƴƻƴ-Pilliga) landscape classes (see Section 

2.7.4.1.2) with additional components and processes associated with the floodplain system. The 

low-gradient stream channels in this floodplain landscape class lack significant amounts of fast-

water habitats; therefore fast-water habitat variables, such as associated populations of fast-water 

invertebrates, tadpoles and native fishes (which are part of the model in Section 2.7.4.1.2) are 

omitted from the model here. 

The major feature of the floodplain is the existence of off-channel water bodies, which are filled 

by connections to overbank floods and groundwater. These water bodies provide habitat for 

plankton (Boon et al., 1996), macrophytes (Bunn and Boon, 1993) and populations of fish (Closs 

et al., 2005), off-channel frogs (Ocock et al., 2014), and still-water invertebrates such as shrimps 

and snails (Boulton and Lloyd, 1991). Slow-water native fishes and some waterbird species are 

major predators of the off-channel frogs. Floodplain grasses, shrubs and trees provide inputs of 

coarse particulate organic matter to the stream system, and habitat for mammals, reptiles, frogs 

and birds (Bunn and Boon, 1993). 

The volume of overbank flow (VOBF) determines the magnitude of flood events. VOBF was 

defined as the maximum daily streamflow during, or cumulative volume of, an overbank event. 

These flood events facilitate the transport of organic matter from the floodplain into the stream 

channel. Hypoxic blackwater events (so-called because high concentrations of dissolved organic 

matter leached from inundated detritus darkens the water) occur when the first flush of a flood 

event coincides with a peak in accumulated floodplain organic matter (Whitworth et al., 2012). 

Blackwater events severely lower pH and dissolved oxygen in floodwaters, adversely affecting 

many fish and aquatic invertebrates such as crayfish (Hladyz et al., 2011; McCarthy et al., 2014). 

The inundation period of the floodplain is an important determinant of populations of long-lived 

ǘŀŘǇƻƭŜǎΣ ǘƘŜ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ŀƴŘ ŜƳŜǊƎŜƴŎŜ ŦǊƻƳ ǘƘŜ ƳƛŎǊƻƛƴǾŜǊǘŜōǊŀǘŜ ΨŜƎƎ ōŀƴƪΩ (Jenkins and 

Boulton, 2007), and the proportions of families of aquatic invertebrate communities (e.g. the 

richness of Ephemeroptera, Plecoptera and Trichoptera relative to Odonata, Coleoptera and 

Hemiptera; EPT/OCH ratio). Flood events can increase the relative dominance of hyporheic 

fauna over phreatic fauna (obligate stygobites) in aquifers alongside stream channels. 

Riparian trees in this landscape (e.g. river red gum) access groundwater in the alluvium and are 

heavily dependent on overbank flows for their recruitment success (Roberts and Marston, 2011). 

Floodplain trees (i.e. trees outside of the riparian zone on top of river terraces such as black box) 

were described as being dependent on groundwater for their growth and survival, but their 

recruitment was not dependent on any specific overbank flow regime. A hydrologic flow regime 

(HR2) related to overbank flood flows was considered to be key in maintaining the soil moisture 

of floodplain soils for riparian trees. 
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Figure 11 {ƛƎƴŜŘ ŘƛƎǊŀǇƘ ƳƻŘŜƭ ƻŦ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

Model variables are: algal bloom (AB), biological oxygen demand (BOD), bank stability (BS), blackwater flood event (BWFE), 
cyanobacteria (Cyan), coarse particulate organic matter and biofilm (COM BF), catchment vegetation (CV), dissolved oxygen 
(DO), Ephemeroptera, Plecoptera and Trichoptera richness relative to Odonata, Coleoptera and Hemiptera richness (EPT/OC), 
fine particulate and dissolved organic matter (F&DOM), flood event (FE), floodplain grasses (FPG), floodplain trees (FPT), fine 
sediments (FS), flood velocity (FV), groundwater connectivity (GWC), hyporheic biota (HB), hyporheic fauna relative to phreatic 
fauna (HF/PF), inundation period (IP), land clearing and grazing (LC&G), long-lived tadpoles, shrimps, crayfish, Odonata and snails 
(LLTSS), mammals, reptiles, frogs and birds (MRFB), off-channel frogs (OCF), off-channel water body (OCWB), acidity or basicity 
of water (pH), phosphorous runoff (PRO), riparian habitat structure (RHS), riparian trees (RT), riparian vegetation (e.g. sedges & 
rushes) (RV), salinity (Sal), stream habitat structure (SHS), submerged macrophytes (SMP), suspended sediment (SS), slow-water 
invertebrates and tadpoles (SW I&T), surface water connectivity (SWC), slow-water habitat (SWH), still-water invertebrates, 
plankton and macrophytes (SWIPM), slow-water native fishes (SWNF), volume of overbank flow (VOBF), water temperature (WT), 
maximum difference in drawdown (Dmax), low-flow days (LFD), zero-flow days (ZFD), hydrological regime 2 (HR2). 
Data: Bioregional Assessment Programme (Dataset 6) 

Surface water and groundwater modelling predict significant potential impacts to hydrological 

regime 2, low-flow days, zero-flow days, and maximum depth to groundwater level. Combinations 

of these impacts were considered in seven scenarios (Table 8). 
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Table 8 SumƳŀǊȅ ƻŦ ǘƘŜ όŎǳƳǳƭŀǘƛǾŜύ ƛƳǇŀŎǘ ǎŎŜƴŀǊƛƻǎ ό/L{ǎύ ŦƻǊ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ 

group  

CIS HR2 LFD ZFD Dmax 

C1 ς 0 0 + 

C2 ς + 0 0 

C3 ς + + 0 

C4 0 + 0 + 

C5 0 + + + 

C6 ς + 0 + 

C7 ς + + + 

Pressure scenarios are determined by combinations of no-change (0), increase (+) or a decrease (ς) in the following signed digraph 
variables: hydrological regime 2 (HR2), low-flow days (LFD), zero-flow days (ZFD), and maximum difference in drawdown (Dmax). 
Data: Bioregional Assessment Programme (Dataset 6) 

Qualitative analyses of the signed digraph model (Figure 11) generally indicate a negative, neutral 

(zero) or ambiguous response prediction for biological variables within the floodplain or lowland 

riverine ecosystem (Table 9). The only biological variables that were predicted to respond 

positively to any of the cumulative impact scenarios was cyanobacteria (to six of the seven 

cumulative impact scenarios), algal blooms (to the first and seventh scenarios), and also off-

channel frogs (OCF), the latter of which can be attributed, in part, to a predicted decline in their 

native fish predators. Riparian trees were predicted to decrease across all of the seven cumulative 

impact scenarios, while riparian vegetation (sedges and rushes) was predicted to decrease only 

in response to an increase in zero-flow days. Hyporheic fauna were predicted to decrease in 

proportion to phreatic fauna in cumulative impact scenarios that included a decrease in 

hydrological regime 2. Note that some variables in the signed digraph were isolated from any 

impacts due to the four scenarios, as there was no interaction pathway leading to them from 

the input variables of HR2, LFD, ZFD or Dmax (e.g., EPT/OC, pH, GWC). In all cases their predicted 

response was zero or no change, but for brevity these zero predictions were not included in 

Table 9 below. 

Physical and habitat variables were also predicted to change in the cumulative impact scenarios, 

and with a decrease in riparian trees there as an associated increase in flood velocity, decline in 

bank stability and increase in fine sediments. Fine particulate and dissolved organic matter was 

generally predicted to increase, and coarse particulate organic matter and biofilm to decrease.



2.7.3 ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

52 | Receptor impact modelling for the Namoi subregion 

C
o

m
p

o
n

e
n

t 
2

: 
M

o
d

e
l-d
a

ta
 a

n
a

ly
si

s
 f
o

r 
th

e N
a

m
o

i s
u
b

re
g

io
n 

Table 9 Predicted response of the signed digraph variables in the floodplain or lowland riverine ecosystem to 

(cumulative) changes in hydrological response variables 

Signed digraph variable  
(full name) 

Signed digraph 
variable  
(shortened form) 

C1 C2 C3 C4 C5 C6 C7 

Slow-water invertebrates 
and tadpoles 

SW I&T (ς) ? ? ? ? (ς) (ς) 

Fine particulate and 
dissolved organic matter 

F&DOM ? ? (+) (+) (+) (+) (+) 

Coarse particulate organic 
matter and biofilm 

COM BF (ς) (ς) (ς) (ς) (ς) (ς) (ς) 

Fine sediments FS (+) (+) (+) (+) (+) (+) (+) 

Bank stability BS (ς) (ς) (ς) (ς) (ς) (ς) (ς) 

Stream habitat structure SHS (ς) (ς) (ς) (ς) (ς) (ς) (ς) 

Flood velocity FV (+) (+) (+) (+) (+) (+) (+) 

Riparian trees RT (ς) (ς) (ς) (ς) (ς) (ς) (ς) 

Riparian vegetation (e.g. 
sedges and rushes) 

RV 0 0 (ς) 0 (ς) 0 (ς) 

Biological oxygen demand BOD ? ? ? ? (+) ? (+) 

Algal bloom AB (+) ? ? ? ? ? (+) 

Hyporheic biota HB ? (ς) (ς) (ς) (ς) (ς) (ς) 

Riparian habitat structure RHS (ς) (ς) (ς) (ς) (ς) (ς) (ς) 

Mammals, reptiles, frogs and 
birds 

MRFB (ς) (ς) (ς) (ς) (ς) (ς) (ς) 

Slow-water native fishes SWNF (ς) (ς) ς (ς) (ς) (ς) ς 

Dissolved oxygen DO ? (ς) (ς) (ς) (ς) ? (ς) 

Water temperature WT (ς) ? ? ? ? ? ? 

Salinity Sal 0 (+) (+) (+) (+) (+) (+) 

Phosphorous runoff PRO (+) (+) (+) (+) (+) (+) (+) 

Cyanobacteria Cyan ? (+) (+) (+) (+) (+) (+) 

Slow-water habitat SWH (ς) (ς) (ς) (ς) (ς) (ς) (ς) 

Off-channel water body OCWB (ς) (ς) (ς) 0 0 (ς) (ς) 

Off-channel frogs OCF ? (+) (+) (+) (+) (+) (+) 

Still-water invertebrates, 
plankton and macrophytes 

SWIPM (ς) (ς) (ς) 0 0 (ς) (ς) 

Submerged macrophytes SMP (ς) (ς) (ς) 0 0 (ς) (ς) 

Surface water connectivity SWC (ς) (ς) (ς) 0 0 (ς) (ς) 

Floodplain trees FPT (ς) 0 0 (ς) (ς) (ς) (ς) 

Flood event FE (ς) (ς) (ς) 0 0 (ς) (ς) 

Volume of overbank flow VOBF (ς) (ς) (ς) 0 0 (ς) (ς) 
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Signed digraph variable  
(full name) 

Signed digraph 
variable  
(shortened form) 

C1 C2 C3 C4 C5 C6 C7 

Long-lived tadpoles, shrimps, 
crayfish, Odonata and snails 

LLTSS (ς) (ς) (ς) 0 0 (ς) (ς) 

Hyporheic fauna relative to 
phreatic fauna 

HF/PF (ς) (ς) (ς) 0 0 (ς) (ς) 

Suspended sediment SS (+) (+) (+) (+) (+) (+) (+) 

Qualitative model predictions that are completely determined are shown without parentheses. Predictions that are ambiguous but 
with a high probability (0.80 or greater) of sign determinancy are shown with parentheses. Predictions with a low probability (less 
than 0.80) of sign determinancy are denoted by a question mark. Zero denotes completely determined predictions of no change. 
Data: Bioregional Assessment Programme (Dataset 6) 

2.7.3.1.3 Choice of hydrological response variables and receptor impact variables 

In BAs, the potential ecological impacts of coal resource development are assessed in two 

simulation periods ς 2013 to 2042 and 2073 to 2102. These are labelled as the short- and long-

assessment years, respectively. Potential ecological changes are quantified in BAs by predicting 

the state of a select number of receptor impact variables in the two simulation periods. These 

predictions are made conditional on the values of certain groundwater and surface water statistics 

that summarise the outputs of numerical model predictions in that landscape class in an interval 

of time that precedes the assessment year. In all cases these predictions also allow for the 

possibility that changes in the future may depend on the state of the receptor impact variable in 

the reference year 2012, and consequently this is also quantified by conditioning on the predicted 

hydrological conditions in a reference interval that precedes 2012 (companion submethodology 

M08 (as listed in Table 1) for receptor impact modelling (Hosack et al., 2018)).  

For surface water and groundwater variables in the Namoi subregion, the reference assessment 

interval is defined as the 30 years preceding and including 2012 (i.e. 1983 to 2012). For surface 

water variables in the Namoi subregion, the short-assessment interval is defined as the 30 years 

preceding the short-assessment year (i.e. 2013 to 2042), and the long-assessment interval 

is defined as the 30 years that precede the long-assessment year (i.e. 2073 to 2102). For 

groundwater, maximum drawdown (metres) and time to maximum drawdown are considered 

across the full 90-year window (i.e. 2013 to 2102).  

Lƴ .!ǎΣ ŎƘƻƛŎŜǎ ƻŦ ǊŜŎŜǇǘƻǊ ƛƳǇŀŎǘ ǾŀǊƛŀōƭŜǎ Ƴǳǎǘ ōŀƭŀƴŎŜ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǘƛƳŜ ŀƴŘ ǊŜǎƻǳǊŎŜ 

constraints with the objectives of the assessment and the expectations of the community 

(companion submethodology M10 (as listed in Table 1) for analysing impacts and risks (Henderson 

et al., 2018)). This choice is guided by selection criteria that acknowledge the potential for 

complex direct and indirect effects within perturbed ecosystems, and the need to keep the expert 

elicitation of receptor impact models tractable and achievable (companion submethodology 

M08 (as listed in Table 1) for receptor impact modelling (Hosack et al., 2018)).  

For a subset of landscape classes within the ΨCƭƻƻŘǇƭŀƛƴ ƻǊ lowland riverineΩ ƎǊƻǳǇΣ ǘƘŜ ǉǳŀƭƛǘŀǘƛǾŜ 

modelling workshop identified five hydrological response variables as key drivers of the surface 

water and groundwater regimes that were thought to (i) be instrumental in maintaining and 

shaping the ecosystem, and (ii) have the potential to change due to coal resource development. 

All of the ecological components and processes represented in the qualitative model are potential 
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receptor impact variables and all of these are predicted to vary as the hydrological factors vary 

either individually or in combination (Table 10).  

Following advice received from participants during (and after) the qualitative modelling workshop, 

and guided by the availability of experts for the receptor impact modelling workshop, the scope 

of the BA numerical modelling and the receptor impact variable selection criteria, the receptor 

impact models focused on the following relationships:  

1. the response of the floodplain riparian trees to changes in hydrological regime 2 

(EventsR3.0) and maximum groundwater drawdown (dmaxRef)  

2. the response of tadpoles from the Limnodynastes genus to changes in hydrological regime 

2 (EventsR3.0) 

3. the response of aquatic macroinvertebrates to changes in the cease-to-flow components 

of the surface water regime (ZQD and ZME). 

The hydrological factors identified by the participants in the qualitative modelling workshops have 

been interpreted as a set of hydrological response variables. The hydrological response variables 

are summary statistics that: (i) reflect these hydrological factors, and (ii) can be extracted from 

.!Ωǎ ƴǳƳŜǊƛŎŀƭ ǎǳǊŦŀce water and groundwater models during the reference, short- and long-

assessment intervals defined previously. The hydrological factors and associated hydrological 

ǊŜǎǇƻƴǎŜ ǾŀǊƛŀōƭŜǎ ŦƻǊ ǘƘŜ ǊŜƭŜǾŀƴǘ ŎƭŀǎǎŜǎ ƛƴ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇe group 

are summarised in Table 10. The precise definition of each receptor impact variable, typically a 

species or group of species represented by a qualitative model node, was determined during the 

receptor impact modelling workshop.  

Using this interpretation of the hydrological response variables, and the receptor impact variable 

definitions derived during the receptor impact modelling workshop, the relationships identified in 

the qualitative modelling workshop were formalised into three receptor impact models (Table 11).  
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Table 10 Summary of the hydrological response variables used in the receptor impact models for the floodplain or 

lowland riverine landscape classes, together with the signed digraph variables that they correspond to 

Signed 
digraph 
variable 

Hydrological 
response 
variable 

Definition 

GW dmaxRef Maximum difference in drawdown under the baseline future or under the coal 
resource development pathway future relative to the reference period (1983 to 
2012)  

GW tmaxRef The year that the maximum difference in drawdown relative to the reference 
period (1983 to 2012) (dmaxRef) occurs 

HR2 EventsR3.0 The mean annual number of events with a peak daily flow exceeding the threshold 
(the peak daily flow in flood events with a return period of 3.0 years as defined 
from modelled baseline flow in the reference period (1983 to 2012)). This metric is 
designed to be approximately representative of the number of overbank flow 
events in future 30-year periods. This is typically reported as the maximum change 
due to additional coal resource development. 

ZFD ZQD The number of zero-flow days per year, averaged over a 30-year period. This is 
typically reported as the maximum change due to additional coal resource 
development.  

ZFD ZME The maximum length of spells (in days per year) with zero flow, averaged over a 30-
year period. This is typically reported as the maximum change due to additional 
coal resource development.  

Table 11 Summary of the three receptor impact models developed for the floodplain or lowland riverine landscape 

classes in the Namoi subregion 

Relationship being 
modelled 

Receptor impact variable (with associated sample units) Hydrological response 
variable 

Response of the 
floodplain riparian 
forests to changes in 
hydrological regime 2 
and groundwater 

Annual mean projected foliage cover of forests dominated by 
river red gum (E. camaldulensis) 

EventsR3.0 

dmaxRef 

tmaxRef 

Response of tadpoles to 
changes in hydrological 
regime 2 

Probability of presence of tadpoles from Limnodynastes 
genus (species dumerilii, salmini, interioris and 
terraereginae), sampled using standard 30 cm dip net  

EventsR3.0 

Response of aquatic 
macroinvertebrates to 
changes in zero-flow 
regime  

Average number of families of aquatic macroinvertebrates in 
edge habitat sampled using the NSW AUSRIVAS method for 
edges  

ZQD 

ZME  

Hydrological response variables are as defined in Table 10. 

2.7.3.1.4 Receptor impact models 

Floodplain riparian forests  

Table 12 summarises the elicitation design matrix for the projected foliage cover of riparian trees 

ƛƴ ǘƘŜ ΨFloodplain riparian forestΩ and ΨCƭƻƻŘǇƭŀƛƴ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ D59Ω landscape classes. The 

design point identifiers are simply index variables that identify the row of the elicitation design 

matrix. They are included here to maintain an auditable path between analysis and reporting.  
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The first design point provides for an estimate of the uncertainty in mean projected foliage cover 

across the landscape class in the reference year 2012 (Yref). The remaining design points 

represent hydrological scenarios that span the uncertainty in the values of the hydrological 

response variables in the relevant time period of hydrological history associated with the short- 

(2042) and long- (2102) assessment years. 

Table 12 9ƭƛŎƛǘŀǘƛƻƴ ŘŜǎƛƎƴ ƳŀǘǊƛȄ ŦƻǊ ŀƴƴǳŀƭ ƳŜŀƴ ǇǊƻƧŜŎǘŜŘ ŦƻƭƛŀƎŜ ŎƻǾŜǊ ƻŦ ǊƛǾŜǊ ǊŜŘ ƎǳƳ ƛƴ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ 

ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ƛƴ ǘƘŜ bŀƳƻƛ ǎǳōǊŜƎƛƻƴ ȊƻƴŜ ƻŦ ǇƻǘŜƴǘƛŀƭ ƘȅŘǊƻƭƻƎƛŎŀƭ ŎƘŀƴƎŜ 

Identifier EventsR3.0 dmaxRef Yref Year tmaxRef 

1 0.33 0.00 na 2012 0 

26 0.38 20.20 0.07 2042 2103 

28 0.10 0.20 0.22 2042 2001 

48 0.67 0.20 0.22 2042 2103 

15 0.67 4.46 0.07 2042 2052 

36 0.67 20.20 0.22 2042 2001 

52 0.10 20.20 0.22 2042 2103 

86 0.38 4.46 0.22 2102 2001 

61 0.10 20.20 0.07 2102 2001 

73 0.10 0.20 0.07 2102 2103 

57 0.67 0.20 0.07 2102 2001 

92 0.38 0.20 0.22 2102 2052 

108 0.67 20.20 0.22 2102 2103 

Receptor impact modelling elicitation design matrix for annual mean projected foliage cover, over a 100 m x 100 m transect in 
floodplain riparian forests. Design points for Yref in the future (short- and long-assessment periods) were calculated during the 
receptor impact modelling elicitation workshop using elicited values for the receptor impact variable in the reference period. All 
other design points (with identifiers) are either default values or values determined by groundwater and surface water modelling. 
Hydrological response variables are as defined in Table 10. na = not applicable 
Data: Bioregional Assessment Programme (Dataset 6) 

Design point identifiers 15 through to 108 (as listed in Table 12) represent combinations of the 

three hydrological response variables (dmaxRef, tmaxRef, EventsR3.0), together with high 

and low values of Yref (see companion submethodology M08 (as listed in Table 1) for receptor 

impact modelling (Hosack et al., 2018)). The high and low values for Yref were calculated during 

ǘƘŜ ǊŜŎŜǇǘƻǊ ƛƳǇŀŎǘ ƳƻŘŜƭƭƛƴƎ ǿƻǊƪǎƘƻǇ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ŜȄǇŜǊǘǎΩ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ first design 

point, and then automatically included within the design for the elicitations at the subsequent 

design points.  
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The receptor impact modelling methodology allows for a very flexible class of statistical models 

to be fitted to the values of the receptor impact variables elicited from the experts at each of 

the design points (companion submethodology M08 (as listed in Table 1) for receptor impact 

modelling (Hosack et al., 2018)). The model fitted to the elicited values of mean foliage projected 

cover for the floodplain riparian forest landscape classes is summarised in Figure 12 and Table 13. 

The fitted model takes the form:  

– Ὤώ ‍ὼ ‍ὼ ‍ὼ ‍ὼ

‍ ὼ  

(1) 

where ὼ is an intercept term (a vector of ones), ὼ is a binary indicator variable scored 1 for 

the case of an assessment in the short- or long-assessment year, ὼ is a binary indicator variable 

scored 1 for the case of an assessment in the long-assessment year, ὼ is a continuous variable 

that represents the value of the receptor impact variable in the reference year (Yref, set to zero 

for the case of an assessment in the reference year), ὼ ȟὮ ρȣσ are the (continuous or integer) 

values of the three hydrological response variables (dmaxRef, tmaxRef and EventsR3.0), – is the 

linear predictor, h is an invertible link function and y is the expected response (Hosack et al., 

2018). Note that the modelling framework provides for more complex models, including quadratic 

value of, and in interactions between, the hydrological response variables but in this instance the 

simple linear model (Equation 1) was identified as the most parsimonious representation of the 

ŜȄǇŜǊǘǎΩ ǊŜǎǇƻƴǎŜǎΦ 

The model estimation procedure adopts a Bayesian approach. The model coefficients 

‍ȟ‍ȟ‍ȟ‍ȟ‍  are assumed to follow a multivariate normal distribution. The Bayesian 

estimation procedure quantifies how compatible different values of the parameters of this 

distribution are with the data (the elicited expert opinion) under the model. The (marginal) 

mean and 80% central credible intervals1 of the three hydrological response variable coefficients 

are summarised in partial regression plots in Figure 12, whilst Table 13 summarises the same 

information for all seven model coefficients. 

¢ƘŜ ƳƻŘŜƭ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŜȄǇŜǊǘǎΩ ƻǇƛƴƛƻƴ ǇǊƻǾƛŘŜǎ ǎǘǊƻƴƎ ŜǾƛŘŜƴŎŜ ŦƻǊ ¸ǊŜŦ ƘŀǾƛƴƎ ŀ ǇƻǎƛǘƛǾŜ 

effect on average projected foliage cover (Figure 12, Table 13). This suggests that given a set of 

hydrological response variable values in the future, a site with a higher projected foliage cover 

at the 2012 reference point is more likely to have a higher projected foliage cover in the future 

than a site with a lower projected foliage cover value at this time point. This reflects the lag in the 

response of projected foliage cover to changes in hydrological response variables that would be 

expected of mature trees with long life spans.  

                                                      

1 A central credible interval is the region in the centre of a posterior or prior distribution that contains a specified amount of the probability of the 
distribution, such that there is equal probability above and below the interval. Hence, an 80% central credible interval is defined as the range of 
values with posterior (or prior) probability (1 ς 0.8)/2 above and below the interval. 
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¢ƘŜ ƳƻŘŜƭ ŀƭǎƻ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŜȄǇŜǊǘǎΩ ƻǇƛƴƛƻƴ ǇǊƻǾƛŘŜǎ ǎǘǊƻƴƎ ŜǾƛŘŜƴŎŜ ŦƻǊ ŘƳŀȄwŜŦ ƘŀǾƛƴƎ ŀ 

negative effect on average percent projected foliage cover (Figure 12). This suggests that percent 

projected foliage cover will decrease as groundwater drawdown increases due to coal resource 

development. The model predicts that (holding all other hydrological response variables constant 

at the midpoint of their elicitation range) the mean of the average percent projected foliage 

cover will drop from just under 15% without any change in groundwater level, to about 10% if 

the levels decrease by 20 m relative to the reference level in 2012 (Figure 12). There is, however, 

considerable uncertainty in these predictions, with an 80% chance that the projected foliage cover 

will lie somewhere between approximately 5% and 30% on the short-assessment period, and 

somewhere between roughly 2% and 20% in the long-assessment period. In relation to dmaxRef, 

Yrs2tmax is also found significant (Figure 12). The interpretation is that long-term drawdown will 

cause a larger decrease in projected foliage cover than short-term drawdown. 

¢ƘŜ ƳƻŘŜƭ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŜȄǇŜǊǘǎΩ ƻǇƛƴƛƻƴ ǇǊƻǾƛŘŜǎ ǎǘǊƻƴƎ ŜǾƛŘŜƴŎŜ ŦƻǊ 9ǾŜƴǘǎwоΦл ƘŀǾƛƴƎ ŀ 

positive effect on average percent projected foliage cover (Figure 12). The model predicts that 

(holding all other hydrological response variables constant at the midpoint of their elicitation 

range) the mean of the average percent foliage cover will increase from just under 12% without 

any change in overbank events frequency, to about 18% if the frequency increases to 0.7 (relative 

to the reference level of 0.33 in 2012). 

Finally, the model also indicates some diverging influence between short-term and long-term 

influence (Figure 12). For the short-assessment period, experts believe in a relative increase 

of projected foliage cover, while they expect a decrease in the long-term assessment. An 

interpretation is that the effects of changes in hydrology are not immediate on projected 

foliage cover, and a worsening of the conditions starting today will only be observed by 2102.  
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Figure 12 (Top row) Predicted mean (black dot) and 80% central credible interval (grey line) of annual mean 

projected foliage cover, over a 100 m x 100 m transect in floodplain riparian forest landscape classes under 

reference hydrological conditions. (Middle and bottom rows) Predicted future effect (mean = black line, 80% central 

credible interval = grey polygon) of each hydrological response variable on annual mean projected foliage cover, 

holding all other hydrological response variables constant at the midpoint of their elicitation range (during risk 

estimation all vary hydrological response variables simultaneously) 

Dashed vertical lines show hydrological response variable range used in the elicitation. EventsR3.0 and dmaxRef are as defined in 
Table 10. Yrs2tmaxRef is the difference between tmaxRef and the assessment year that is relevant for the prediction (2012, 2042 
or 2102). The numbers on the y-axis range from 0 to 1 as the receptor impact model was constructed using the proportion for the 
statistical modelling. They should be interpreted as a percent foliage cover ranging from 0 to 100%. 
Data: Bioregional Assessment Programme (Dataset 6) 
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Table 13 Mean, 10th and 90th percentile of the coefficients of the receptor impact model for annual mean 

projected foliage cover in floodplain riparian forest landscape classes 

 Mean q10 q90 

(Intercept) ς2.38 ς3.56 ς1.19 

future1 1.99 0.711 3.28 

long1 ς0.531 ς0.94 ς0.123 

Yref 0.98 0.656 1.3 

EventsR3.0 1.1 0.486 1.72 

dmaxRef ς0.0188 ς0.0368 ς0.000716 

Yrs2tmaxRef ς0.00397 ς0.00735 ς0.000586 

Future1 is the indicator variable for the short-assessment year (2042). Long1 is the indicator variable for the long-assessment year 
(2102). Yref quantifies the value of the receptor impact variable during the reference period. Hydrological response variables 
EventsR3.0 and dmaxRef are as defined in Table 10. Yrs2tmaxRef is the difference between tmaxRef and the assessment year that 
is relevant for the prediction (2012, 2042 or 2102). 
Data: Bioregional Assessment Programme (Dataset 6) 

Floodplain wetlands 

Table 14 summarises the elicitation matrix for the probability of the presence of tadpoles for the 

floodplain wetland landscape classes. The first design point ς design point identifier 1 ς addresses 

the predicted variability (across the landscape class in the reference interval) in overbank flows 

(EventsR3.0), capturing the lowest and highest predicted values together with two intermediate 

values (Table 14). This design point provides for an estimate of the uncertainty in probability of 

presence of tadpoles across the floodplain wetland landscape classes in the reference year 2012 

(Yref; Table 14). 

Table 14 Elicitation design matrix for probability of the presence of tadpoles from Limnodynastes genus (dumerilii, 

salmini, interioris and terraereginaeύ ƛƴ Ǉƻƻƭǎ ŀƴŘ ǊƛŦŦƭŜǎ ƛƴ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ƛƴ 

the Namoi subregion zone of potential hydrological change 

Identifier EventsR3.0 Yref Year 

1 0.33 na 2012 

2 0.38 0.5 2042 

6 0.67 0.8 2042 

10 0.10 0.8 2102 

9 0.67 0.5 2102 

11 0.38 0.8 2102 

61 0.10 0.5 2042 

7 0.17 0.5 2042 

Receptor impact modelling elicitation design matrix for probability of presence of tadpoles in pools and riffles habitat in floodplain 
wetlands, sampled using standard 30 cm dip net. Design points for Yref in the future (short- and long-assessment periods) were 
calculated during the receptor impact modelling elicitation workshop using elicited values for the receptor impact variable in the 
reference period. All other design points (with identifiers) are either default values or values determined by groundwater and 
surface water modelling. Hydrological response variable EventsR3.0 is as defined in Table 10. na = not applicable 
Data: Bioregional Assessment Programme (Dataset 6) 
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Design points 2 to 61 inclusive (as listed in Table 14) represent scenarios that span the uncertainty 

in the predicted values of overbank flood events in the relevant time period of hydrological history 

associated with the short- (2042) and long- (2102) assessment years, combined with high and low 

values of Yref. Again, the high and low values for Yref were calculated during the receptor impact 

modelling workshop. 

The fitted model for probability of the presence of tadpoles takes the form: 

– Ὤώ ‍ὼ ‍ὼ ‍ὼ ‍ὼ

‍ ὼ  ‍ ὼ   (2) 

where the terms ὼȟὼȟὼ and ὼ are as before and ὼ  is the value of EventsR3.0 (ὼ  relates to 

the quadratic term). The (marginal) mean and 80% central credible interval of the coefficient for 

this hydrological response variable are summarised in the partial regression plots in Figure 13, 

whilst Table 15 summarises the same information for all five model coefficients. 

The hydrological response variable in the tadpole model varies during the reference interval 

and ǘƘŜ ŦǳǘǳǊŜ ƛƴǘŜǊǾŀƭΦ ¢ƘŜ ƳƻŘŜƭ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŜȄǇŜǊǘǎΩ ŜƭƛŎƛǘŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ǎǳǇǇƻǊǘǎ ǘƘŜ 

hypothesis that an increase in EventsR3.0 will have a positive effect on the probability of the 

presence of tadpoles (with a quadratic term suggesting a plateau past a number of overbank flood 

events, then a decrease). The model suggests that the probability of tadpoles is fairly uncertain 

across the floodplain wetland landscape classes with values between 0.35 to 0.80 under historical 

conditions (EventsR3.0 = 0.33), holding all other covariates at their mid-values. As the number 

of overbank flow events increases, however, experts were of the opinion that the probability 

of tadpoles would increase with values 1 and 0.60 falling within the 80% credible interval under 

highly flooded conditions (EventsR3.0 >0.6 day) (Figure 13). 

There was very little evidence in the elicited data to suggest that this effect would be substantially 

different in the future assessment years. Again, this is indicated by the almost identical partial 

regression plots in the reference, short- and long-assessment years (Figure 13), and the relatively 

large negative 10th and positive 90th percentiles for the long and future coefficients in Table 15. 

¢ƘŜ ƳƻŘŜƭ ŘƻŜǎΣ ƘƻǿŜǾŜǊΣ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ ŜȄǇŜǊǘǎΩ ǳƴŎŜǊǘŀƛƴǘȅ ƛƴŎǊŜŀǎŜŘ ŦƻǊ ǇǊŜŘƛŎǘƛƻƴǎ ƛƴ ǘƘŜ 

future assessment years relative to the reference year. 

The best-fitting model in this case is unable to eliminate the possibility that the probability of 

tadpoles in the reference years has no influence on the probability of tadpoles in the future years. 

This is indicated by the fact that the model automatically dropped this variable from the model. 

This suggestion is consistent with the hypothesis that there is likely to be very little lag in the 

response of this short-lived group to changes in the hydrological response variables. 
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Figure 13 (Top row) Predicted mean (black dot) and 80% central credible interval (grey line) of probability of 

the presence of tadpoles in pools and riffle habitat in floodplain wetland landscape classes under reference 

hydrological conditions. (Middle and bottom panels) Predicted future effect (mean = black line, 80% central 

credible interval = grey polygon) of hydrological response variable EventsR3.0 on probability of the presence 

of tadpoles in pools and riffle habitat in floodplain wetlands  

Dashed vertical lines show hydrological response variable range used in the elicitation. EventsR3.0 is as defined in Table 10. 
Data: Bioregional Assessment Programme (Dataset 6) 
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Table 15 Mean, 10th and 90th percentile of the coefficients of the receptor impact model for probability of the 

presence of tadpoles in pools and riffle habitat in floodplain wetlands 

 Mean q10 q90 

(Intercept) ς4.17 ς6.3 ς2.03 

future1 ς0.0208 ς1.04 1.0 

long1 ς0.228 ς0.921 0.464 

EventsR3.0 18.7 9.33 28.1 

I(EventsR3.0^2) ς17.7 ς28.4 ς7.13 

Future1 is the indicator variable for the short-assessment year (2042). Long1 is the indicator variable for the long-assessment year 
(2102). Yref quantifies the value of the receptor impact variable during the reference period. EventsR3.0 is as defined in Table 10. 
I(EventsR3.0^2) quantifies the quadratic effect of EventsR3.0. 
Data: Bioregional Assessment Programme (Dataset 6) 

Lowland riverine landscape classes 

Table 16 summarises the elicitation matrix for the average number of families of aquatic 

macroinvertebrates in edge habitat sampled using the NSW AUSRIVAS method or referred to here 

as simply the average number of families of aquatic macroinvertebrates. The first six design points 

ς design points 1 to 7 as shown in the table ς address the predicted variability (across the lowland 

riverine landscape class in the reference interval) in ZQD (zero-flow days (averaged over 30 years) 

subsequently referred to in this sectioƴ ŀǎ ΨȊŜǊƻ-Ŧƭƻǿ ŘŀȅǎΩ) and ZME (maximum length of spells 

with zero flow, averaged over a 30-year period), capturing the lowest and highest predicted 

values together with two intermediate values. These design points provide for an estimate of 

the uncertainty in aquatic macroinvertebrate family abundance across the landscape classes 

in the reference year 2012 (Yref). 

Design points 10 to 27 inclusive (as listed in Table 16) represent scenarios that span the 

uncertainty in the predicted values of ZQD and ZME in the relevant time period of hydrological 

history associated with the short- (2042) and long- (2102) assessment years, combined with high 

and low values of Yref. Again, the high and low values for Yref were calculated during the receptor 

impact modelling workshop. 

The fitted model for number of families of macroinvertebrates takes the form: 

– Ὤώ ‍ὼ ‍ὼ ‍ὼ ‍ὼ

‍ ὼ ‍ ὼ  (3) 

where the terms ὼȟὼȟὼ and ὼ are as before and ὼ  is the integer value of ZQD and ὼ  is the 

integer value of ZME. The (marginal) mean and 80% central credible interval of the coefficient for 

these hydrological response variables are summarised in the partial regression plots in Figure 14, 

whilst Table 17 summarises the same information for all six model coefficients. 
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Table 16 Elicitation design matrix for average number of families of aquatic macroinvertebrate in edge habitat 

ǎŀƳǇƭŜŘ ǳǎƛƴƎ ǘƘŜ b{² !¦{wL±!{ ƳŜǘƘƻŘ ŦƻǊ ŜŘƎŜǎ ƛƴ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ƛƴ ǘƘŜ 

Namoi subregion zone of potential hydrological change 

Identifier ZQD ZME Yref Year 

4 164.85 79.13 na 2012 

5 327.44 8.72 na 2012 

3 164.85 39.57 na 2012 

2 164.84 0.82 na 2012 

7 329.70 79.13 na 2012 

1 0.00 0.00 na 2012 

14 347.00 153.00 11.0 2042 

10 339.51 13.32 11.0 2042 

8 0.00 0.00 11.0 2042 

11 173.00 67.10 11.0 2042 

26 173.00 153.00 4.9 2042 

27 173.00 153.00 11.0 2102 

16 172.99 0.90 4.9 2102 

19 347.00 67.10 4.9 2102 

Receptor impact model elicitation design matrix for average number of families of aquatic macroinvertebrate in edge habitat in 
permanent and temporary lowland streams. Design points for Yref in the future (short- and long-assessment periods) were 
calculated during the receptor impact modelling elicitation workshop using elicited values for the receptor impact variable in the 
reference period. All other design points (with identifiers) are either default values or values determined by groundwater and 
surface water modelling. Hydrological response variables ZQD and ZME are as defined in Table 10. na = not applicable 
Data: Bioregional Assessment Programme (Dataset 6) 

The hydrological response variable in the macroinvertebrates model varies during the reference 

ƛƴǘŜǊǾŀƭ ŀƴŘ ǘƘŜ ŦǳǘǳǊŜ ƛƴǘŜǊǾŀƭΦ ¢ƘŜ ƳƻŘŜƭ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŜȄǇŜǊǘǎΩ ŜƭƛŎƛǘŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ǎǘǊƻƴƎƭȅ 

supports the hypothesis that an increase in ZQD and/or ZME will have a negative effect on the 

number of families of macroinvertebrates. The model suggests that it can vary substantially across 

the landscape class from less than 5 to almost 20 when ZQD >0, holding all other covariates at 

their mid-values. As the number of zero-flow days increases, however, experts were of the opinion 

that the number of families would drop quite dramatically with values less than 0.5 falling within 

the 80% credible interval under very intermittent flow conditions (ZFD >300 days) (Figure 14). 

There was very little evidence in the elicited data to suggest that this effect would be substantially 

different in the future assessment years. Again, this is indicated by the almost identical partial 

regression plots in the reference, short- and long-assessment years (Figure 14), and the relatively 

large negative 10th and positive 90th percentiles for the long and future coefficients in Table 17. 

¢ƘŜ ƳƻŘŜƭ ŘƻŜǎΣ ƘƻǿŜǾŜǊΣ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ ŜȄǇŜǊǘǎΩ ǳƴŎŜǊǘŀƛƴǘȅ ƛƴŎǊŜŀǎŜŘ ŦƻǊ ǇǊŜŘƛŎǘƛƻƴǎ ƛƴ ǘƘŜ 

future assessment years relative to the reference year. 

The best-fitting model is unable to eliminate the possibility that the average number of families 

of macroinvertebrates in the reference years has no influence on its number in the future years. 

This is indicated by the fact that the model automatically dropped this variable from the model. 

This suggestion is consistent with the hypothesis that there is likely to be very little lag in the 
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response of this measure of aquatic macroinvertebrate family richness in response to changes in 

the hydrological response variables. 

 

Figure 14 (Top row) Predicted mean (black dot) and 80% central credible interval (grey polygon) of average number 

of families of aquatic macroinvertebrate in edge habitat in lowland riverine landscape classes under reference 

hydrological conditions. (Middle and bottom rows) Predicted future effect (mean = black line, 80% central credible 

interval = grey polygon) of each hydrological response variable on average number of families of aquatic 

macroinvertebrate in edge habitat in lowland riverine landscape classes, holding all other hydrological response 

variables constant at the midpoint of their elicitation range (during risk estimation all hydrological response 

variables vary simultaneously)  

Dashed vertical lines show hydrological response variable range used in the elicitation. ZQD and ZME are as defined in Table 10. 
Data: Bioregional Assessment Programme (Dataset 6) 
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Table 17 Mean, 10th and 90th percentile of the coefficients of the receptor impact model for average number of 

families of aquatic macroinvertebrates in edge habitat in lowland riverine landscape classes 

 Mean q10 q90 

(Intercept) 2.41 1.83 2.99 

future1 0.0724 ς0.495 0.64 

long1 0.0462 ς0.734 0.826 

ZQD 0.00884 0.00188 0.0158 

ZME ς0.00419 ς0.0107 0.00233 

I(ZQD^2) ς5.55e-05 ς7.36e-05 ς3.75e-05 

Future1 is the indicator variable for the short-assessment year (2042). Long1 is the indicator variable for the long-assessment year 
(2102). ZQD and ZMA are as defined in Table 10. I(ZQD^2) quantifies the quadratic effect of ZQD. 
Data: Bioregional Assessment Programme (Dataset 6) 

References 

Andersen M, Barron O, Bond N, Burrows R, Eberhard S, Emelyanova I, Fensham R, Froend R, 

Kennard M, Marsh N, Pettit N, Rossini R, Rutlidge R, Valdez D and Ward D (2016) Research 

to inform the assessment of ecohydrological responses to coal seam gas extraction and 

coal mining. Department of the Environment and Energy, Commonwealth of Australia. 

Andersen MS and Acworth RI (2009) Stream-aquifer interactions in the Maules Creek catchment, 

Namoi Valley, New South Wales, Australia. Hydrogeology Journal 17(8), 2005ς2021. DOI: 

10.1007/s10040-009-0500-9. 

Anderson VJ and Hodgkinson KC (1997) Grass-mediated capture of resource flows and the 

maintenance of banded mulga in a semi-arid woodland. Australian Journal of Botany 45(2), 

331ς342.  

Aquatic Ecosystems Task Group (2012) Aquatic Ecosystems Toolkit. Module 2. Interim Australian 

National Aquatic Ecosystem Classification Framework. Australian Government Department 

of Sustainability, Environment, Water, Population and Communities Canberra. 

Aryal SK, Northey J, Slatter E, Ivkovic K, Crosbie R, Janardhanan S, Peña-Arancibia J and Bell J 

(2018) Observations analysis, statistical analysis and interpolation for the Namoi subregion. 

Product 2.1-2.2 for the Namoi subregion from the Northern Inland Catchments Bioregional 

Assessment. Department of the Environment and Energy, Bureau of Meteorology, CSIRO and 

Geoscience Australia, Australia. 

http://data.bioregionalassessments.gov.au/product/NIC/NAM/2.1-2.2. 

Benson JS, Richards PG, Waller S and Allen CB (2010) New South Wales vegetation classification 

and assessment: part 3 plant communities of the NSW Brigalow Belt South, Nandewar and 

west New England Tablelands bioregions and update of NSW Western Plains and South-

western Slopes plant communities, Version 3 of the NSWVCA database. Cunninghamia 11(4), 

457ς579.  



2.7.3 ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

Receptor impact modelling for the Namoi subregion | 67 

C
o

m
p

o
n

e
n

t 2
: M

o
d

e
l-da

ta
 a

n
a

ly
sis

 fo
r th

e N
a

m
o

i su
b

re
g

io
n 

Bond N and Cottingham P (2008) Ecology and hydrology of temporary streams: implications for 

sustainable water management. eWater Technical Report, Canberra. Viewed 2 March 2018, 

https://ewater.org.au/uploads/files/Bond_Cottingham-2008-Temporary_Streams.pdf 

Boon P, Virtue P and Nichols P (1996) Microbial consortia in wetland sediments: a biomarker 

analysis of the effect of hydrological regime, vegetation and season on benthic microbes. 

Marine and Freshwater Research 47(1), 27ς41. DOI: 10.1071/MF9960027. 

Boulton AJ, Brock MA, Robson BJ, Ryder DS, Chambers JM and Davis JA (2014) Australian 

freshwater ecology: processes and management. John Wiley & Sons. 

Boulton AJ (2003) Parallels and contrasts in the effects of drought on stream macroinvertebrate 

assemblages. Freshwater Biology 48(7), 1173ς1185.  

Boulton AJ and Lloyd LN (1991) Macroinvertebrate assemblages in floodplain habitats of the lower 

River Murray, South Australia. Regulated Rivers: Research & Management 6(3), 183ς201. 

DOI: 10.1002/rrr.3450060304. 

Boulton AJ and Lloyd LN (1992) Flooding frequency and invertebrate emergence from dry 

floodplain sediments of the River Murray, Australia. Regulated Rivers: Research & 

Management 7(2), 137ς151. DOI: 10.1002/rrr.3450070203. 

Bren L and Gibbs N (1986) Relationships between flood frequency, vegetation and topography 

in a river red gum forest. Australian Forest Research (Australia).  

Britton D and Brock M (1994) Seasonal germination from wetland seed banks. Marine and 

Freshwater Research 45(8), 1445ς1457. DOI: 10.1071/MF9941445. 

Brunner P, Simmons CT and Cook PG (2009) Spatial and temporal aspects of the transition from 

connection to disconnection between rivers, lakes and groundwater. Journal of Hydrology 

376(1), 159-169. DOI: 10.1016/j.jhydrol.2009.07.023. 

Bunn SE and Boon PI (1993) What sources of organic carbon drive food webs in billabongs? A 

study based on stable isotope analysis. Oecologia 96(1), 85ς94. DOI: 10.1007/bf00318034. 

Capon S, James C, Williams L and Quinn G (2009) Responses to flooding and drying in seedlings 

of a common Australian desert floodplain shrub: Muehlenbeckia florulenta Meisn. (tangled 

lignum). Environmental and Experimental Botany 66(2), 178ς185.  

Chessman B, Hausler T and Brooks A (2012) Macroinvertebrate responses to low-flow conditions 

in New South Wales rivers. National Water Commission, Canberra. 

Closs GP, Balcombe SR, Driver P, McNeil DG and Shirley MJ (2005) The importance of floodplain 

wetlands to MurrayςDarling fish: What's there? What do we know? What do we need to 

know? Native fish and wetlands of the MurrayςDarling Basin: action plan, knowledge gaps 

and supporting papers. Proceedings of a workshop held in Canberra ACT. Viewed 2 March 

2018, https://www.mdba.gov.au/sites/default/...fish/The-Importance-of-floodplain-

wetlands.pdf. 

https://ewater.org.au/uploads/files/Bond_Cottingham-2008-Temporary_Streams.pdf
https://doi.org/10.1071/MF9960027
https://doi.org/10.1071/MF9941445
http://dx.doi.org/10.1016/j.jhydrol.2009.07.023
https://www.mdba.gov.au/sites/default/...fish/The-Importance-of-floodplain-wetlands.pdf
https://www.mdba.gov.au/sites/default/...fish/The-Importance-of-floodplain-wetlands.pdf


2.7.3 ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

68 | Receptor impact modelling for the Namoi subregion 

C
o

m
p

o
n

e
n

t 
2

: 
M

o
d

e
l-d
a

ta
 a

n
a

ly
si

s
 f
o

r 
th

e N
a

m
o

i s
u
b

re
g

io
n 

CSIRO (2007) Water availability in the Namoi. Summary of a report to the Australian Government 

from the CSIRO Murray-Darling Basin Sustainable Yields Project. CSIRO, Canberra. Viewed 2 

March 2018, www.clw.csiro.au/publications/waterforahealthycountry/mdbsy/pdf/Namoi-

Report.pdf. 

Datry T, Larned ST, Fritz KM, Bogan MT, Wood PJ, Meyer EI and Santos AN (2014) Broad-scale 

patterns of invertebrate richness and community composition in temporary rivers: effects of 

flow intermittence. Ecography 37(1), 94ς104. DOI: 10.1111/j.1600-0587.2013.00287.x. 

Datry T, Larned ST and Scarsbrook MR (2007) Responses of hyporheic invertebrate assemblages to 

large-scale variation in flow permanence and surfaceςsubsurface exchange. Freshwater 

Biology 52(8), 1452ς1462. DOI: 10.1111/j.1365-2427.2007.01775.x. 

Dell B, Bartle J and Tacey W (1983) Root occupation and root channels of jarrah forest subsoils. 

Australian Journal of Botany 31(6), 615ς627.  

Doble RC, Crosbie RS, Smerdon BD, Peeters L and Cook FJ (2012) Groundwater recharge from 

overbank floods. Water Resources Research 48(9).  

Dollar ES (2004) Fluvial geomorphology. Progress in Physical Geography 28(3), 405ς450.  

DSITIA (2012) Groundwater Dependent Ecosystem Mapping and Classification Method: a method 

for providing baseline mapping and classification of groundwater dependent ecosystems in 

Queensland. Department of Science, Information Technology, Innovation and the Arts, 

Queensland Government, Brisbane. 

Eco Logical (2009) Riverine vegetation in the Namoi Catchment: an assessment of type and 

condition. Final report prepared for Cotton Catchment Communities CRC and Namoi 

Catchment Management Authority. Eco Logical Australia Pty Ltd.  

Giambastiani BMS, McCallum AM, Andersen MS, Kelly BFJ and Acworth RI (2012) Understanding 

groundwater processes by representing aquifer heterogeneity in the Maules Creek 

Catchment, Namoi Valley (New South Wales, Australia). Hydrogeology Journal 20(6), 1027ς

1044. DOI: 10.1007/s10040-012-0866-y. 

Henderson BL, Barry S, Hayes KR, Hosack G, Holland K, Herron N, Mount R, Schmidt RK, 

Dambacher J, Ickowicz A, Lewis S, Post DA and Mitchell PJ (2018) Impacts and risks. 

Submethodology M10 from the Bioregional Assessment Technical Programme. Department 

of the Environment and Energy, Bureau of Meteorology, CSIRO and Geoscience Australia, 

Australia. http://data.bioregionalassessments.gov.au/submethodology/M10. 

Herr A, Northey J, Mitchell PJ, Aryal SK, Merrin LE and Slatter E (2018) Conceptual modelling 

for the Namoi subregion. Product 2.3 for the Namoi subregion from the Northern Inland 

Catchments Bioregional Assessment. Department of the Environment and Energy, Bureau 

of Meteorology, CSIRO and Geoscience Australia, Australia. 

http://data.bioregionalassessments.gov.au/product/NIC/NAM/2.3. 

Hladyz S, Watkins SC, Whitworth KL and Baldwin DS (2011) Flows and hypoxic blackwater events in 

managed ephemeral river channels. Journal of Hydrology 401(1), 117ς125.  

http://www.clw.csiro.au/publications/waterforahealthycountry/mdbsy/pdf/Namoi-Report.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/mdbsy/pdf/Namoi-Report.pdf
http://data.bioregionalassessments.gov.au/submethodology/M10
http://data.bioregionalassessments.gov.au/product/NIC/NAM/2.3


2.7.3 ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

Receptor impact modelling for the Namoi subregion | 69 

C
o

m
p

o
n

e
n

t 2
: M

o
d

e
l-da

ta
 a

n
a

ly
sis

 fo
r th

e N
a

m
o

i su
b

re
g

io
n 

Holloway D, Biggs A, Marshall JC and McGregor GB (2013) Watering requirements of floodplain 

vegetation asset species of the Lower Balonne River Floodplain: review of scientific 

understanding and identification of knowledge gaps for asset species of the northern 

aǳǊǊŀȅҍ5ŀǊƭƛƴƎ .ŀǎƛƴΦ 5ŜǇŀǊǘƳŜƴǘ ƻŦ {ŎƛŜƴŎŜΣ LƴŦƻǊƳŀǘƛƻƴ ¢ŜŎƘƴƻƭƻƎȅΣ LƴƴƻǾŀǘƛƻƴ ŀƴŘ 

the Arts, Brisbane. 

Hosack GR, Ickowicz A, Hayes KR, Dambacher JM, Barry SA and Henderson BL (2018) Receptor 

impact modelling. Submethodology M08 from the Bioregional Assessment Technical 

Programme. Department of the Environment and Energy, Bureau of Meteorology, CSIRO 

and Geoscience Australia, Australia. 

http://data.bioregionalassessments.gov.au/submethodology/M08. 

Hose G, Sreekanth J, Barron O and Pollino C (2015) Stygofauna in Australian groundwater systems: 

extent of knowledge. CSIRO. Viewed 2 March 2018, 

https://publications.csiro.au/rpr/download?pid=csiro:EP158350&dsid=DS4. 

Ivkovic KM (2009) A topςdown approach to characterise aquiferςriver interaction processes. 

Journal of Hydrology 365(3), 145ς155. DOI: 10.1016/j.jhydrol.2008.11.021. 

Jansen A and Healey M (2003) Frog communities and wetland condition: relationships with grazing 

by domestic livestock along an Australian floodplain river. Biological Conservation 109(2), 

207ς219. DOI: 10.1016/S0006-3207(02)00148-9. 

Jenkins KM and Boulton AJ όнллтύ 5ŜǘŜŎǘƛƴƎ ƛƳǇŀŎǘǎ ŀƴŘ ǎŜǘǘƛƴƎ ǊŜǎǘƻǊŀǘƛƻƴ ǘŀǊƎŜǘǎ ƛƴ ŀǊƛŘπȊƻƴŜ 

ǊƛǾŜǊǎΥ ŀǉǳŀǘƛŎ ƳƛŎǊƻπƛƴǾŜǊǘŜōǊŀǘŜ ǊŜǎǇƻƴǎŜǎ ǘƻ ǊŜŘǳŎŜŘ ŦƭƻƻŘǇƭŀƛƴ inundation. Journal of 

Applied Ecology 44(4), 823ς832.  

Jolly ID and Walker GR (1996) Is the field water use of Eucalyptus largiflorens F. Muell. affected by 

short-term flooding? Australian Journal of Ecology 21(2), 173ς183. DOI: 10.1111/j.1442-

9993.1996.tb00598.x. 

Kalaitzis P, Banks R, Banks V and Merrick N (2000) Optimising ground water usage to mitigate 

native vegetation decline in the Namoi Valley, NSW. Phase 1 eco-physiological 

investigations. DLWC, Gunnedah. 

Kath J, Reardon-Smith K, Le Brocque AF, Dyer FJ, Dafny E, Fritz L and Batterham M (2014) 

Groundwater decline and tree change in floodplain landscapes: identifying non-linear 

threshold responses in canopy condition. Global Ecology and Conservation 2, 148ς160. DOI: 

10.1016/j.gecco.2014.09.002. 

Keith D (2004) Ocean shores to desert dunes: the native vegetation of NSW and the ACT (selected 

extracts). Department of Environment and Conservation (NSW). 

Kennard MJ, Pusey BJ, Olden JD, Mackay SJ, Stein JL and Marsh N (2010) Classification of natural 

flow regimes in Australia to support environmental flow management. Freshwater Biology 

55(1), 171ς193. DOI: 10.1111/j.1365-2427.2009.02307.x. 

http://data.bioregionalassessments.gov.au/submethodology/M08
https://publications.csiro.au/rpr/download?pid=csiro:EP158350&dsid=DS4
http://dx.doi.org/10.1016/j.jhydrol.2008.11.021
http://dx.doi.org/10.1016/S0006-3207(02)00148-9
http://dx.doi.org/10.1016/j.gecco.2014.09.002


2.7.3 ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

70 | Receptor impact modelling for the Namoi subregion 

C
o

m
p

o
n

e
n

t 
2

: 
M

o
d

e
l-d
a

ta
 a

n
a

ly
si

s
 f
o

r 
th

e N
a

m
o

i s
u
b

re
g

io
n 

King A, Tonkin Z and Mahoney J (2009) Environmental flow enhances native fish spawning and 

recruitment in the Murray River, Australia. River Research and Applications 25(10), 1205ς

1218.  

Kingsford RT (1995) Occurrence of high concentrations of waterbirds in arid Australia. Journal of 

Arid Environments 29(3), 421ς425. DOI: 10.1016/S0140-1963(05)80120-X. 

Kingsford RT (2000) Ecological impacts of dams, water diversions and river management on 

floodplain wetlands in Australia. Austral Ecology 25(2), 109ς127. DOI: 10.1046/j.1442-

9993.2000.01036.x. 

Korbel KL, Lim RP and Hose GC (2013) An inter-catchment comparison of groundwater biota in the 

cotton-growing region of north-western New South Wales. Crop and Pasture Science 64(12), 

1195ς1208. DOI: 10.1071/CP13176. 

Leigh C and Datry T (2017) Drying as a primary hydrological determinant of biodiversity in river 

systems: a ōǊƻŀŘπǎŎŀƭŜ ŀƴŀƭȅǎƛǎΦ 9ŎƻƎǊŀǇƘȅ плόпύΣ путς499.  

Leigh C, Sheldon F, Kingsford RT and Arthington AH (2010) Sequential floods drive booms and 

wetland persistence in dryland rivers: a synthesis. Marine and Freshwater Research 61(8), 

896ς908. DOI: 10.1071/MF10106. 

Mackay S, Marsh N, Sheldon F and Kennard M (2012) Low-flow hydrological classification of 

Australia. National Water Commission, Canberra. 

Mackay SJ, Arthington AH and James CS (2014) Classification and comparison of natural and 

altered flow regimes to support an Australian trial of the Ecological Limits of Hydrologic 

Alteration framework. Ecohydrology 7(6), 1485ς1507. DOI: 10.1002/eco.1473. 

Marsh N, Sheldon F and Rolls R (2012) Synthesis of case studies quantifying ecological responses 

to low flows. National Water Commission, Canberra. 

McCarthy B, Zukowski S, Whiterod N, Vilizzi L, Beesley L and King A (2014) Hypoxic blackwater 

event severely impacts Murray crayfish (Euastacus armatus) populations in the Murray 

River, Australia. Austral Ecology 39(5), 491ς500.  

McCluney KE and Sabo JL (2012) River drying lowers the diversity and alters the composition of 

an assemblage of desert riparian arthropods. Freshwater Biology 57(1), 91ς103. DOI: 

10.1111/j.1365-2427.2011.02698.x. 

Menció A, Korbel KL and Hose GC (2014) Riverςaquifer interactions and their relationship to 

stygofauna assemblages: a case study of the Gwydir River alluvial aquifer (New South Wales, 

Australia). Science of the Total Environment 479, 292ς305. DOI: 

10.1016/j.scitotenv.2014.02.009. 

Naumburg E, Mata-Gonzalez R, Hunter RG, Mclendon T and Martin DW (2005) Phreatophytic 

vegetation and groundwater fluctuations: a review of current research and application of 

ecosystem response modeling with an emphasis on Great Basin vegetation. Environmental 

Management 35(6), 726ς740.  

http://dx.doi.org/10.1016/S0140-1963(05)80120-X
https://doi.org/10.1071/CP13176
https://doi.org/10.1071/MF10106
http://dx.doi.org/10.1016/j.scitotenv.2014.02.009


2.7.3 ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

Receptor impact modelling for the Namoi subregion | 71 

C
o

m
p

o
n

e
n

t 2
: M

o
d

e
l-da

ta
 a

n
a

ly
sis

 fo
r th

e N
a

m
o

i su
b

re
g

io
n 

NSW DPI (2014) Fish and flows in the Northern Basin: responses of fish to changes in flow in the 

northern Murray-Darling Basin ς literature review. NSW Department of Primary Industries, 

Tamworth. 

O'Grady AP, Eamus D, Cook PG and Lamontagne S (2006) Groundwater use by riparian vegetation 

in the wet-dry tropics of northern Australia. Australian Journal of Botany 54(2), 145ς154. 

DOI: 10.1071/BT04164. 

Ocock JF, Kingsford RT, Penman TD and Rowley JJL (2014) Frogs during the flood: differential 

behaviours of two amphibian species in a dryland floodplain wetland. Austral Ecology 39(8), 

929ς940. DOI: 10.1111/aec.12158. 

OEH (2010) State of the catchments 2010: riverine ecosystems ς Namoi region. Office of 

Environment and Heritage, NSW Government. Viewed 2 March 2018, 

http://www.environment.nsw.gov.au/resources/soc/namoi/10352NAMriver.pdf. 

tŦŀǳǘǎŎƘ {Σ 5ƻŘǎƻƴ ²Σ aŀŘŘŜƴ { ŀƴŘ !ŘŀƳǎ a! όнлмрύ !ǎǎŜǎǎƛƴƎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ƭŀǊƎŜπǎŎŀƭŜ 

water table modifications on riparian trees: a case study from Australia. Ecohydrology 8(4), 

642ς651.  

Poff NL, Richter BD, Arthington AH, Bunn SE, Naiman RJ, Kendy E, Acreman M, Apse C, Bledsoe BP, 

CǊŜŜƳŀƴ a/Σ IŜƴǊƛƪǎŜƴ WΣ WŀŎƻōǎƻƴ w.Σ YŜƴƴŜƴ WDΣ aŜǊǊƛǘǘ 5aΣ hΩYŜŜŦŦŜ WIΣ hƭŘŜƴ W5Σ 

Rogers K, Tharme RE and Warner A (2010) The ecological limits of hydrologic alteration 

(ELOHA): a new framework for developing regional environmental flow standards. 

Freshwater Biology 55(1), 147ς170. DOI: 10.1111/j.1365-2427.2009.02204.x. 

Roberts J and Marston F (2011) Water regime for wetland and floodplain plants. A source book for 

the MurrayςDarling Basin. National Water Commission, Canberra. 

Robson B, Mitchell B and Chester E (2009) Recovery pathways after flow restoration in rivers. 

National Water Commission, Canberra. Viewed 2 March 2018, 

http://content.webarchive.nla.gov.au/gov/wayback/20110602014158/http:/www.nwc.gov.

au/resources/documents/Waterlines_15_-_Flow_restoration_in_rivers_COMPLETE.pdf. 

Rogers K (2011) Vegetation. In: Rogers K and Ralph TJ (eds) Floodplain wetland biota in the 

Murray-Darling Basin: water and habitat requirements. CSIRO Publishing, Collingwood,  

17ς73. 

Rolls RJ, Leigh C and Sheldon F (2012) Mechanistic effects of low-flow hydrology on riverine 

ecosystems: ecological principles and consequences of alteration. Freshwater Science 31(4), 

1163ς1186.  

Thorburn PJ, Hatton TJ and Walker GR (1993) Combining measurements of transpiration and 

stable isotopes of water to determine groundwater discharge from forests. Journal of 

Hydrology 150(2), 563ς587. DOI: 10.1016/0022-1694(93)90126-T. 

Thorburn PJ and Walker GR (1994) Variations in stream water uptake by Eucalyptus camaldulensis 

with differing access to stream water. Oecologia 100, 293-301.  

https://doi.org/10.1071/BT04164
http://www.environment.nsw.gov.au/resources/soc/namoi/10352NAMriver.pdf
http://content.webarchive.nla.gov.au/gov/wayback/20110602014158/http:/www.nwc.gov.au/resources/documents/Waterlines_15_-_Flow_restoration_in_rivers_COMPLETE.pdf
http://content.webarchive.nla.gov.au/gov/wayback/20110602014158/http:/www.nwc.gov.au/resources/documents/Waterlines_15_-_Flow_restoration_in_rivers_COMPLETE.pdf


2.7.3 ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀpe group 

72 | Receptor impact modelling for the Namoi subregion 

C
o

m
p

o
n

e
n

t 
2

: 
M

o
d

e
l-d
a

ta
 a

n
a

ly
si

s
 f
o

r 
th

e N
a

m
o

i s
u
b

re
g

io
n 

Tomlinson M (2008) A framework for determining environmental water requirements for alluvial 

aquifer ecosystems. University of New England, Armidale. 

Watts RJ, Allan C, Bowmer KH, Page KJ, Ryder DS and Wilson AL (2009) Pulsed flows: a review of 

environmental costs and benefits and best practice. Waterlines report (16).  

Whitworth KL, Baldwin DS and Kerr JL (2012) Drought, floods and water quality: drivers of a severe 

hypoxic blackwater event in a major river system (the southern MurrayςDarling Basin, 

Australia). Journal of Hydrology 450, 190ς198. DOI: 10.1016/j.jhydrol.2012.04.057. 

Zencich SJ, Froend RH, Turner JV and Gailitis V (2002) Influence of groundwater depth on the 

seasonal sources of water accessed by Banksia tree species on a shallow, sandy coastal 

aquifer. Oecologia 131, 8ς19.  

Datasets 

Dataset 1 Bioregional Assessment Programme (2017) Landscape classification of the Namoi 

preliminary assessment extent. Bioregional Assessment Derived Dataset. Viewed 25 August 

2017, http://data.bioregionalassessments.gov.au/dataset/360c39e5-1225-401d-930b-

f5462fdb8005. 

Dataset 2 Bioregional Assessment Programme (2017) Impact and Risk Analysis Database for NAM 

v01. Bioregional Assessment Derived Dataset. Viewed 30 June 2017, 

http://d ata.bioregionalassessments.gov.au/dataset/1549c88d-927b-4cb5-b531-

1d584d59be58. 

Dataset 3 Bureau of Meteorology (2011) Geofabric Hydrology Reporting Regions - V2.1. 

Bioregional Assessment Source Dataset. Viewed 29 January 2016, 

http://data.bioregionalassessments.gov.au/dataset/3d482415-233f-4ffd-9dd1-

20d37b85229f. 

Dataset 4 Bioregional Assessment Programme (2014) Preliminary Assessment Extent (PAE) for the 

Namoi subregion - v04. Bioregional Assessment Derived Dataset. Viewed 09 October 2017, 

http://data.bioregionalassessments.gov.au/dataset/6b8e415f-03f8-4b2d-a022-

f6ef1e9e73a8. 

Dataset 5 NSW Office of Water (2015) Namoi CMA Groundwater Dependent Ecosystems. 

Bioregional Assessment Source Dataset. Viewed 01 April 2016, 

http://data.bioregionalassessments.gov.au/dataset/a3e21ec4-ae53-4222-b06c-

0dc2ad9838a8. 

Dataset 6 Bioregional Assessment Programme (2018) Namoi Ecological expert elicitation and 

receptor impact models v01. Bioregional Assessment Derived Dataset. Viewed 28 February 

2018, http://data.bioregionalassessments.gov.au/dataset/487a471c-7fa3-4313-871d-

e048b4f4c2b4.

http://dx.doi.org/10.1016/j.jhydrol.2012.04.057
http://data.bioregionalassessments.gov.au/dataset/360c39e5-1225-401d-930b-f5462fdb8005
http://data.bioregionalassessments.gov.au/dataset/360c39e5-1225-401d-930b-f5462fdb8005
http://data.bioregionalassessments.gov.au/dataset/1549c88d-927b-4cb5-b531-1d584d59be58
http://data.bioregionalassessments.gov.au/dataset/1549c88d-927b-4cb5-b531-1d584d59be58
http://data.bioregionalassessments.gov.au/dataset/3d482415-233f-4ffd-9dd1-20d37b85229f
http://data.bioregionalassessments.gov.au/dataset/3d482415-233f-4ffd-9dd1-20d37b85229f
http://data.bioregionalassessments.gov.au/dataset/6b8e415f-03f8-4b2d-a022-f6ef1e9e73a8
http://data.bioregionalassessments.gov.au/dataset/6b8e415f-03f8-4b2d-a022-f6ef1e9e73a8
http://data.bioregionalassessments.gov.au/dataset/a3e21ec4-ae53-4222-b06c-0dc2ad9838a8
http://data.bioregionalassessments.gov.au/dataset/a3e21ec4-ae53-4222-b06c-0dc2ad9838a8
http://data.bioregionalassessments.gov.au/dataset/487a471c-7fa3-4313-871d-e048b4f4c2b4
http://data.bioregionalassessments.gov.au/dataset/487a471c-7fa3-4313-871d-e048b4f4c2b4


2.7.4 Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

Receptor impact modelling for the Namoi subregion | 73 

C
o

m
p

o
n

e
n

t 2
: M

o
d

e
l-da

ta
 a

n
a

ly
sis

 fo
r th

e N
a

m
o

i su
b

re
g

io
n 

2.7.4 Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

Summary 

¢ƘŜ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ŎƻƳǇǊƛǎŜǎ ŜŎƻǎȅǎǘŜƳǎ ǘƘŀǘ ǘŜƴŘ 

to be in elevated portions of the catchment and includes a diverse range of aquatic and 

terrestrial ecosystems. The upland riverine landscape classes make up approximately 64% 

of riverine classes in the Namoi assessment extent, while the upland terrestrial landscape 

classes make up approximately 10% of this extent.  

The majority of the riverine classeǎ ǿƛǘƘƛƴ ǘƘŜ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƎǊƻǳǇ 

in the ȊƻƴŜ ƻŦ ǇƻǘŜƴǘƛŀƭ ƘȅŘǊƻƭƻƎƛŎŀƭ ŎƘŀƴƎŜ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ Ψ¢ŜƳǇƻǊŀǊȅ ǳǇƭŀƴŘ ǎǘǊŜŀƳΩ 

(745.1 km), reflecting the intermittent or ephemeral nature of many of the stream segments. 

The remainder of the ǎǘǊŜŀƳ ƴŜǘǿƻǊƪ ƛǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨtŜǊƳŀƴŜƴǘ ǳǇƭŀƴŘ ǎǘǊŜŀƳΩ όфнΦс ƪƳύΣ 

Ψ¢ŜƳǇƻǊŀǊȅ ǳǇƭŀƴŘ ǎǘǊŜŀƳ ƎǊƻǳƴŘǿŀǘŜǊ-ŘŜǇŜƴŘŜƴǘ ŜŎƻǎȅǎǘŜƳ όD59ύΩ όопΦт ƪƳύ ŀƴŘ 

ΨtŜǊƳŀƴŜƴǘ ǳǇƭŀƴŘ ǎǘǊŜŀƳ D59Ω όмпΦн ƪƳύΦ ¢ƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ƴƻƴ-riverine landscape in 

the Ψbƻƴ-floodplain oǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ƛƴ ǘƘŜ ȊƻƴŜ ƻŦ ǇƻǘŜƴǘƛŀƭ ƘȅŘǊƻƭƻƎƛŎŀƭ 

ŎƘŀƴƎŜ ƛǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω όтнΦу ƪƳ2). This landscape class represents 

a relatively diverse set of vegetation communities that occupy several different landforms 

with groundwater contributions from potentially different flow paths and hydrogeology. The 

Ψ¦ǇƭŀƴŘ ǊƛǇŀǊƛŀƴ D59Ω Ŏƭŀǎǎ ƳŀƪŜǎ ǳǇ ŀ ǾŜǊȅ ǎƳŀƭƭ ŀǊŜŀ ƻŦ ǘƘŜ ȊƻƴŜ ƻŦ ǇƻǘŜƴǘƛŀƭ ƘȅŘǊƻƭƻƎƛŎŀƭ 

change (2.9 km2ύ ŀƭƻƴƎ ǿƛǘƘ ŀ ǎƳŀƭƭ ŀǊŜŀ ƻŦ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘΩ όмо.1 km2) and 

Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘ D59Ω όуΦм ƪƳ2) landscape classes. 

¢ƘǊŜŜ ŘƛŦŦŜǊŜƴǘ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

were considered for the qualitative modelling. The upland riverine model included all upland 

riverinŜ ŎƭŀǎǎŜǎ ŀƴŘ ǘƘŜ ŀŘƧŀŎŜƴǘ ǊƛǇŀǊƛŀƴ ǾŜƎŜǘŀǘƛƻƴ όΨ¦ǇƭŀƴŘ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ D59Ω ƭŀƴŘǎŎŀǇŜ 

class). Three receptor impact models were formulated based on this qualitative model: 

upland riverine (two separate models) and upland riparian forest. Cease-to-flow attributes 

of the surface water regime were assigned as hydrological response variables for the upland 

riverine model and the receptor impact variables included changes in macroinvertebrate 

assemblages and the probability of the presence of tadpoles. For upland riparian forest, 

groundwater drawdown and overbank flow events were considered the key hydrological 

response variables. The potential ecosystem impacts on this landscape class were quantified 

using projected foliage cover. In addition to the upland riverine system, a qualitative model 

was developed for the non-floodplain wetlands in this landscape group.  

Receptor impact modelling indicates that foliage cover during the reference period is an 

important predictor of foliage cover in the future, and that tƘŜ ŜȄǇŜǊǘǎΩ ƻǇƛƴƛƻƴ ǇǊƻǾƛŘŜǎ 

strong evidence for maximum additional drawdown having a negative effect, and the number 

of events having a positive effect on average projected foliage cover. Receptor impact 

modelling also strongly supports the hypothesis that an increase in the mean number of 

zero-flow days and/or the mean maximum length of zero-flow spells will have a negative 

effect on probability of the presence of tadpoles and on the number of families of 

macroinvertebrates, despite the experts being quite uncertain about average values. 
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2.7.4.1 Non-floodplain or upland riverine  

2.7.4.1.1 Description 

¢Ƙƛǎ ǎŜŎǘƛƻƴ ŘŜǎŎǊƛōŜǎ ŀƴŘ ǇǊŜǎŜƴǘǎ ŜŎƻƭƻƎƛŎŀƭ ƳƻŘŜƭƭƛƴƎ ŦƻǊ ǘƘŜ Ψbƻƴ-floodplain or upland 

ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ŦƻǊ ǘƘŜ ƴƻƴ-Pilliga regions in the zone of potential hydrological change 

of the Namoi subregion. This landscape group encompasses the riverine habitat, adjacent riparian 

areas and remnant patches of vegetation across different positions in the landscape classed as 

ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω όFigure 15). The upland environment includes the following riverine 

classes: 

¶ ΨtŜǊƳŀƴŜƴǘ ǳǇƭŀƴŘ ǎǘǊŜŀƳΩ 

¶ ΨtŜǊƳŀƴŜƴǘ ǳǇƭŀƴŘ ǎǘǊŜŀƳ D59Ω 

¶ Ψ¢ŜƳǇƻǊŀǊȅ ǳǇƭŀƴŘ ǎǘǊŜŀƳΩ 

¶ Ψ¢ŜƳǇƻǊŀǊȅ ǳǇƭŀƴŘ ǎǘǊŜŀƳ D59Ω. 

 

Figure 15 Conceptual model of the hydrological connectivity and flow paths of a typical upland riverine 

environment that has a gaining connection to the underlying watertable  

Some key landscape classes are labelled includƛƴƎΥ Ψ¢ŜƳǇƻǊŀǊȅ ǳǇƭŀƴŘ ǎǘǊŜŀƳ D59ΩΣ Ψ¦ǇƭŀƴŘ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ D59Ω ŀƴŘ ΨDǊŀǎǎȅ 
ǿƻƻŘƭŀƴŘΩ όƴƻƴ- water-dependent).  
GDE = groundwater-dependent ecosystem 
Source: Symbols courtesy of the Integration and Application Network (ian.umces.edu/symbols/) 

The majority (84%) of the riverine environment non-Pilliga portion of the zone of potential 

ƘȅŘǊƻƭƻƎƛŎŀƭ ŎƘŀƴƎŜ ƛƴ ǘƘŜ bŀƳƻƛ ǎǳōǊŜƎƛƻƴ ƛǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ Ψ¢ŜƳǇƻǊŀǊȅ ǳǇƭŀƴŘ ǎǘǊŜŀƳΩ όтпрΦм ƪƳ 

or 13.5% of the zone), reflecting the intermittent or ephemeral nature of many of the stream 

segments (Table 6ύΦ ¢ƘŜ ǊŜƳŀƛƴŘŜǊ ƻŦ ǘƘŜ ǎǘǊŜŀƳ ƴŜǘǿƻǊƪ ƛǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨtŜǊƳŀƴŜƴǘ ǳǇƭŀƴŘ 

http://ian.umces.edu/symbols/
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ǎǘǊŜŀƳΩ όфнΦс ƪƳ ƻǊ мΦт҈ύΣ Ψ¢ŜƳǇƻǊŀǊȅ ǳǇƭŀƴŘ ǎǘǊŜŀƳ D59Ω όопΦт ƪƳ ƻǊ лΦс҈ύ ŀƴŘ ΨtŜǊƳŀƴŜƴǘ 

ǳǇƭŀƴŘ ǎǘǊŜŀƳ D59Ω όмпΦн ƪƳ ƻǊ лΦо҈ύ όTable 6). Most of these riverine landscape classes are 

located in the Kaputar and Liverpool Plains Interim Biogeographic Regionalisation for Australia 

(IBRA) subregions (Department of Sustainability, Environment, Water, Population and 

Communities, Dataset 1) and form the upper reaches and tributaries of Coxs Creek, Mooki River, 

Maules Creek and the Namoi River (Figure 16). There are small segments of the upland riverine 

system classified as GDE, reflecting the gaining nature of some reaches across the zone 

of potential hydrological change. The hydrological connectivity within a typical upland riverine 

environment where the streambed is receiving water from the watertable is detailed in Figure 15. 

The majority of the non-ǊƛǾŜǊƛƴŜ ƭŀƴŘǎŎŀǇŜ ƛƴ ǘƘŜ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƎǊƻǳǇ ƛƴ ǘƘŜ 

ȊƻƴŜ ƻŦ ǇƻǘŜƴǘƛŀƭ ƘȅŘǊƻƭƻƎƛŎŀƭ ŎƘŀƴƎŜ ƛǎ ǘƘŜ ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω Ŏƭŀǎǎ όтнΦу ƪƳ2 or 1% of the 

zone of change; Table 6ύΦ ¢ƘŜ Ψ¦ǇƭŀƴŘ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ D59Ω ƳŀƪŜǎ ǳǇ ŀ ǾŜǊȅ ǎƳŀƭƭ ŀǊŜŀ ƻŦ ǘƘŜ ȊƻƴŜ 

(2.9 km2 ƻǊ ғлΦм҈ ƻŦ ǘƘŜ ȊƻƴŜύ ŀƭƻƴƎ ǿƛǘƘ ŀ ǎƳŀƭƭ ŀǊŜŀ ƻŦ Ψbƻƴ-flooŘǇƭŀƛƴ ǿŜǘƭŀƴŘΩ όмоΦм ƪƳ2 or 

лΦн҈ ƻŦ ǘƘŜ ȊƻƴŜύ ŀƴŘ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘ D59Ω ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎ όуΦм ƪƳ2 or 0.1% of the 

ȊƻƴŜύΦ ¢ƘŜǎŜ ǿŜǘƭŀƴŘ ŎƭŀǎǎŜǎ ŀǊŜ Ƴƻǎǘƭȅ ŦƻǳƴŘ ŀƭƻƴƎ ǘƘŜ ǿŜǎǘŜǊƴ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ΨƳƛŘ-bŀƳƻƛΩ 

reporting region of the zone of potential hydrological change and in the southern region of the 

ΨǳǇǇŜǊ-bŀƳƻƛΩ ǊŜǇƻǊǘƛƴƎ ǊŜƎƛƻƴ ŀƴŘ ƛƴǘŜǊǎŜŎǘǎ ǿƛǘƘ ǇŀǊǘ ƻŦ DƻǊŀƴ [ŀƪŜΦ 
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Table 18 !ǊŜŀǎ ŀƴŘκƻǊ ƭŜƴƎǘƘǎ ƻŦ ǘƘŜ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎ ǿƛǘƘƛƴ ǘƘŜ ŜƴǘƛǊŜ ŀǎǎŜǎǎƳŜƴǘ ŜȄǘŜƴǘ ŀƴŘ ǘƘŜ ƴƻƴ-Pilliga region of the zone of 

potential hydrological change of the Namoi subregion 

Landscape class Area in assessment 
extent  
(km2) 

Area in the zone of 
potential 

hydrological change  
(km2) 

Percentage of total 
area in zone of 

potential 
hydrological change  

(%) 

Length in 
assessment extent  

(km) 

Length in the zone 
of potential 

hydrological change  
(km) 

Percentage of total 
length in zone of 

potential 
hydrological change  

(%) 

Grassy woodland GDE 3,247.6 72.8 1% na na na 

Non-floodplain wetland 130.3 13.1 0.2% na na na 

Non-floodplain wetland GDE 23.5 8.1 0.1% na na na 

Upland riparian forest GDE 87.4 2.9 <0.1% na na na 

Permanent upland stream 0.1 0 0% 1,646.1 92.6 1.7% 

Permanent upland stream GDE 1.1 0.1 <0.1% 227.4 14.2 0.3% 

Temporary upland stream 0 0 0% 16,512.8 745.1 13.5% 

Temporary upland stream GDE 0.1 0 0% 464 34.7 0.6% 

Total ς Ψbƻƴ-floodplain or upland 
ǊƛǾŜǊƛƴŜΩ ŎƭŀǎǎŜǎ 

3,490.1 97 1.4% 18,850.3 886.6 16.1% 

Total ς all landscape classes 35,659.6 7013.9 100% 29,558.3 5521.2 100% 

GDE = groundwater-dependent ecosystem, na = not applicable 
Data: Bioregional Assessment Programme (Dataset 2) 



2.7.4 Ψbƻƴ-floodplain or uǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

Receptor impact modelling for the Namoi subregion | 77 

C
o

m
p

o
n

e
n

t 2
: M

o
d

e
l-da

ta
 a

n
a

ly
sis

 fo
r th

e N
a

m
o

i su
b

re
g

io
n 

 

Figure 16 [ƻŎŀǘƛƻƴ ƻŦ ǘƘŜ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ǿƛǘƘƛƴ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǊŜǇƻǊǘƛƴƎ ŀǊŜŀǎ ƻŦ 

the zone of potential hydrological change 

IBRA = Interim Biogeographic Regionalisation for Australia 
Data: Bioregional Assessment Programme (Dataset 2, Dataset 3); Bureau of Meteorology (Dataset 4) 

Surface water flow regimes in upland riverine systems tend to be more intermittent than in 

lowland riverine systems for many of the streams in the Namoi region. The extent of flooding 

from overbank flows is reduced compared to lowland riverine systems and alluvial development 

tends to be confined (Figure 15).  

The major stream segments of the bŀƳƻƛ ŎŀǘŎƘƳŜƴǘ ǿŜǊŜ ŎƭŀǎǎƛŦƛŜŘ ƛƴǘƻ ǎŜǾŜƴ ǊƛǾŜǊ ΨȊƻƴŜǎΩ ōȅ 

Thoms (1998), each with its own set of physical characteristics. The location and extent of the 

zones reflect the geomorphological influences on the control of flow of water and sediment. The 

uplaƴŘ ǊƛǾŜǊƛƴŜ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎ ŘƛǎŎǳǎǎŜŘ ƘŜǊŜ Ŧŀƭƭ ƭŀǊƎŜƭȅ ƛƴǘƻ ȊƻƴŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ΨǇƻƻƭΩ ŀƴŘ 

ΨŎƻƴǎǘǊŀƛƴŜŘΩ ȊƻƴŜǎ ǿƛǘƘ ǎǘŀōƭŜ ŎƘŀƴƴŜƭǎ ŀƴŘ Ǉƻƻƭ ŀƴŘκƻǊ Ǌǳƴ Ƙŀōƛǘŀǘǎ (Thoms et al., 1999). The 

ΨŀǊƳƻǳǊΩΣ ΨƳƻōƛƭŜΩ ŀƴŘ ΨƳŜŀƴŘŜǊΩ ȊƻƴŜǎ ǘȅǇƛŎŀƭƭȅ ƘŀǾŜ ƳƻǊŜ ŀŎǘƛǾe sediment movement from 

ŎƘŀƴƴŜƭ ŀƴŘ ōŜŘ ǎǘƻǊŜǎ ŀƴŘ ǎƻƳŜ ŦƭƻƻŘǇƭŀƛƴ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǘƘŜ ΨƳŜŀƴŘŜǊΩ ȊƻƴŜ (Thoms et al., 
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1999). Thoms et al. (1999) also investigated riverine health in these upland streams noting that 

these parts of the river systems were generally in better physical condition than those lowland 

parts of the Namoi river basin. Some exceptions of upland river systems with poor physical 

condition were the Mooki River and Coxs Creek with a lack of riparian vegetation and bank 

instability (Thoms et al., 1999). 

Ecologically important components of the surface water regime for upland streams can be broadly 

summarised (Dollar, 2004) as: cease-to-flow periods, periods of low flow, freshes, and periods of 

high flow (including overbench and overbank flows) as illustrated in Figure 9. Further background 

information on the linkages between these flow components and riverine ecosystems is covered 

in the preceding section on lowland riverine systems (Section 2.7.3). 

¢ƘŜ ǊƛǇŀǊƛŀƴ ǾŜƎŜǘŀǘƛƻƴ ƻŎŎǳǊǊƛƴƎ ŀƭƻƴƎ ǘƘŜ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜ ǎǘǊŜŀƳ ƴŜǘǿƻǊƪ ƛǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨDǊŀǎǎȅ 

ǿƻƻŘƭŀƴŘ D59Ω όтнΦу ƪƳ2ύ ƻǊ Ψ¦ǇƭŀƴŘ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ D59Ω όнΦф ƪƳ2ύΦ ¢ƘŜ ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω 

ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ ƛǎ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ŎƻƳǇǊƛǎŜŘ ƻŦ ǾŜƎŜǘŀǘƛƻƴ ōŜƭƻƴƎƛƴƎ ǘƻ ǘƘŜ Ψ²ŜǎǘŜǊƴ {ƭƻǇŜǎ 

DǊŀǎǎƭŀƴŘǎΩ ŀƴŘ Ψ²ŜǎǘŜǊƴ {ƭƻǇŜǎ 5Ǌȅ {ŎƭŜǊƻǇƘȅƭƭ CƻǊŜǎǘǎΩ ŀƴŘ Ψ.ǊƛƎŀƭƻǿ /ƭŀȅ tƭŀƛƴ ²ƻƻŘƭŀƴŘǎΩ 

classes defined by Keith (2004). Thus, this landscape group represents a relatively diverse set of 

vegetation communities that occupy several different landforms with groundwater contributions 

from potentially different flow paths and hydrogeological units. In the eastern portion of the 

zone of potential hydrological change (i.e. mid-Namoi basin) the upland riverine and associated 

terrestrial classes (e.g. ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω) are associated with basalt or permeable rock 

types. In these systems, groundwater is stored and transmitted through fractures, inter-granular 

spaces or weathered zones, and is typically discharged to the surface at contact zones between 

two rock types (DSITI, 2015). ¢ƘŜ Ψ¦ǇƭŀƴŘ ǊƛǇŀǊƛŀƴ ŦƻǊŜǎǘ D59Ω Ŏƭŀǎǎ ŎƻƳǇǊƛǎŜǎ ǘƘŜ Ψ9ŀǎǘŜǊƴ 

wƛǾŜǊƛƴŜ CƻǊŜǎǘǎΩ YŜƛǘƘ Ŏƭŀǎǎ ŀƴŘ ƛǎ ŘƻƳƛƴŀǘŜŘ ōȅ Casuarina cunninghamiana (river sheoak).  
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Figure 17 ! ǘȅǇƛŎŀƭ ǎǘǊŜŀƳ ǊŜŀŎƘ ŎƭŀǎǎƛŦƛŜŘ ŀǎ Ψ¢ŜƳǇƻǊŀǊȅ ǳǇƭŀƴŘ ǎǘǊŜŀƳΩ ƭƛƴŜŘ ǿƛǘƘ Casuarina cunninghamiana 

(10 km north or Quirindi) 

Credit: Bioregional Assessment Programme, Patrick Mitchell (CSIRO), January 2016 

Riparian vegetation performs important functions for upland riverine ecosystems including: 

stabilising stream banks, filtering sediment, acting as habitat and corridors for terrestrial biota, 

regulating nutrient and pollutants and modifying stream microclimate (Gregory et al., 1991; 

Naiman and Decamps, 1997). Upland streams typical of the Namoi subregion, where the riparian 

vegetation is relatively intact (Figure 17), have a larger proportion of the stream that is shaded 

thus regulating stream conditions and limiting algal growth (Bunn, 1986). The riparian vegetation 

provides a large proportion of the organic carbon and other energy inputs to the surrounding 

catchment (Briggs and Maher, 1983; Thomas et al., 1992). The allochthonous detritus enters the 

stream either directly or after spending some time breaking down along the stream bank or 

floodplain (Reid et al., 2008). Both leaf and woody material provide important habitat structures 

within the stream and potential sources of carbon for some animals such as stream invertebrates 
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and tadpoles (McKie and Cranston, 2001). These inputs of organic matter help to sustain the 

underlying hyporheic biota via interstitial flow through the streambed (Boulton et al., 2010). 

2.7.4.1.2 Qualitative model 

Upland riverine 

A discussion of landscape classes for streams at the qualitative modelling workshop determined 

that the streams could be divided into two general groups based on their landscape classification ς 

upland riverine and lowland riverine. The riparian vegetation and floodplain (which is only relevant 

for the lowland riverine group) were also included as components of the model. As described 

above, the upland riverine systems have intermittent flow characteristics across much of the 

stream network in the Namoi assessment extent. The qualitative modelling had an initial focus 

on populations of stream invertebrates and tadpoles inhabiting the streams in periods of flow 

with ecological preferences for fast- or slow-water habitats (Figure 18). These habitats are defined 

and enhanced by structure provided by riparian trees and other riparian vegetation, such as 

sedges and rushes. Riparian trees (the most common being river sheoak) provide a critical role 

in reducing water velocity of floods and stabilising stream banks, thereby reducing erosion and 

the entry of fine and suspended sediments into the stream channel (Bunn, 1986). Riparian trees 

are dependent on soil moisture which is replenished by overbank flows, the frequency of which 

was described as a specific hydrological regime (HR1). Riparian trees, sedges and rushes contribute 

to the structure of riparian stream habitat which benefits stream and semi-aquatic invertebrate 

populations, as well as mammals, reptiles, frogs and birds (Figure 18). They also contribute to 

stores of coarse particulate organic matter, which, when submerged, has an associated biofilm 

community (Figure 18). The breakdown of coarse particulate organic matter contributes to stores 

of fine particulate organic matter and dissolved organic matter (Figure 18). These stores of organic 

matter are the primary carbon (energy) source for populations of stream invertebrates and 

tadpoles in both slow- and fast-water habitats (Figure 18). Hyporheic biota living in subsurface 

sediments are sustained by the supply of particulate organic matter, dissolved organic matter and 

high levels of dissolved oxygen through the streambed via interstitial flow (Hose et al., 2015). 

Concentrations of dissolved oxygen within the stream and streambed are influenced by flow 

volume (e.g. may decline during low flows and high water temperatures), and are reduced by 

biological oxygen demand, which depends on levels of submerged and dissolved organic matter 

in the stream (Reid et al., 2008) (Figure 18). Phosphorus adsorbed onto particles of suspended 

sediment and in runoff from cleared lands increases the growth of cyanobacteria and the 

likelihood of algal blooms (Figure 18). Cyanobacteria and algal photosynthesis can increase levels 

of dissolved oxygen during the day, and algae are an important food resource for populations 

of some invertebrates and tadpoles; both contribute to stores of organic matter that lead to 

increased levels of biological oxygen demand (Reid et al., 2008). Water temperature is regulated 

by the volume of streamflow, the amount of shade from riparian trees, and the proportional 

contribution of groundwater and water turbidity (Naiman and Decamps, 1997). High water 

temperatures promote cyanobacteria and reduce dissolved oxygen in stream water (Bowling and 

Baker, 1996). Top aquatic predators in the system include native fishes with preferences for slow- 

or fast-water habitats. Many species of native fishes are sensitive to the concentration of dissolved 
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oxygen and are suppressed by high salinity and the toxic effects of cyanobacteria (Bowling and 

Baker, 1996). 

Riparian trees in the upland riverine landscape class were described as being dependent on 

groundwater, such that the changes to the maximum depth of the watertable would be an 

important hydrologic response variable (Figure 18). River sheoaks were described as requiring 

periodic overbank flows for successful regeneration (Roberts and Marston, 2011). The frequency 

and duration of zero- and low-flow days were considered as important in maintaining slow- and 

fast-water habitats, riparian vegetation, and water quality (Bond et al., 2008). 

 

Figure 18 Signed digraph model of upland riverine landscape classes 

Model variables are: algal bloom (AB), biological oxygen demand (BOD), bank stability (BS), cyanobacteria (Cyan), coarse particulate 
organic matter and biofilm (COM BF), catchment vegetation (CV), maximum decrease in watertable (Dmax), dissolved oxygen (DO), 
fine particulate and dissolved organic matter (F&DOM), fine sediments (FS), flood velocity (FV), fast-water invertebrates and 
tadpoles (FW I&T), fast-water habitat (FWH), fast-water native fishes (FWNF), hyporheic biota (HB), land clearing and grazing 
(LC&G), mammals, reptiles, frogs and birds (MRFB), phosphorous runoff (PRO), riparian habitat structure (RHS), riparian trees (RT), 
riparian vegetation (e.g. sedges & rushes) (RV), salinity (Sal), stream habitat structure (SHS), suspended sediment (SS), slow-water 
invertebrates and tadpoles (SW I&T), slow-water habitat (SWH), slow-water native fishes (SWNF), water temperature (WT), zero-
flow days (ZFD), low-flow days (LFD), hydrological regime 1 (HR1). 
Data: Bioregional Assessment Programme (Dataset 5) 

Surface water and groundwater modelling predict significant potential impacts to hydrological 

regime 1 (overbank flows), low-flow days, zero-flow days, and maximum depth to groundwater 

level. Combinations of these impacts were considered in seven scenarios (Table 19). 



2.7.4 Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

82 | Receptor impact modelling for the Namoi subregion 

C
o

m
p

o
n

e
n

t 
2

: 
M

o
d

e
l-d
a

ta
 a

n
a

ly
si

s
 f
o

r 
th

e N
a

m
o

i s
u
b

re
g

io
n 

Table 19 Summary of the (cumulative) impact scenarios (CISs) for upland riverine landscape classes 

CIS HR1 LFD ZFD Dmax 

C1 ς 0 0 + 

C2 ς + 0 0 

C3 ς + + 0 

C4 0 + 0 + 

C5 0 + + + 

C6 ς + 0 + 

C7 ς + + + 

Pressure scenarios are determined by combinations of no-change (0), increase (+) or a decrease (ς) in the following signed digraph 
variables: hydrological regime 1 (HR1, i.e. overbank flow), low-flow days (LFD), zero-flow days (ZFD), and maximum decrease in 
watertable (Dmax). 
Data: Bioregional Assessment Programme (Dataset 5) 

Qualitative analyses of the signed digraph model (Figure 18) generally indicate a negative or 

ambiguous response prediction for all biological variables within the upland riverine ecosystem 

(Table 20). Riparian trees were predicted to decrease across all of the seven cumulative impact 

scenarios, as were both groups of native fishes. Similarly, hyporheic fauna were predicted to 

decrease in all cumulative impact scenarios, while riparian vegetation (sedges and rushes) 

were predicted to decrease only in response to an increase in zero-flow days (i.e. C3, C5, C7).  
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Table 20 Predicted response of the signed digraph variables in the upland riverine landscape classes to (cumulative) 

changes in hydrological response variables 

Signed digraph variable (full name) Signed digraph 
variable 
(shortened form) 

C1 C2 C3 C4 C5 C6 C7 

Slow-water invertebrates and tadpoles SW I&T (ς) ? ? ? ? ? ? 

Fine particulate and dissolved organic matter F&DOM (+) (+) (+) (+) (+) (+) + 

Coarse particulate organic matter and 
biofilm 

COM BF (ς) ς ς ς ς ς ς 

Fine sediments FS + (+) (+) (+) (+) + + 

Bank stability BS ς (ς) (ς) (ς) (ς) ς ς 

Stream habitat structure SHS (ς) (ς) (ς) (ς) (ς) (ς) (ς) 

Flood velocity FV (+) (+) (+) (+) (+) (+) (+) 

Riparian trees RT (ς) (ς) (ς) (ς) (ς) (ς) (ς) 

Riparian vegetation (e.g. sedges and rushes) RV 0 0 (ς) 0 (ς) 0 (ς) 

Biological oxygen demand BOD ? ? ? ? ? ? (+) 

Algal bloom AB (+) ? ? ? ? ? (+) 

Fast-water invertebrates and tadpoles FW I&T (ς) ? ? ? ? ? ? 

Hyporheic biota HB (ς) ς ς ς ς ς ς 

Riparian habitat structure RHS (ς) (ς) (ς) (ς) (ς) (ς) (ς) 

Mammals, reptiles, frogs and birds MRFB (ς) (ς) (ς) (ς) (ς) (ς) (ς) 

Slow-water native fishes SWNF ς ς ς ς ς ς ς 

Fast-water native fishes FWNF ς ς ς ς ς ς ς 

Dissolved oxygen DO (ς) (ς) ς (ς) ς  ς  ς  

Water temperature WT (ς) ? ? ? ? ? ? 

Salinity Sal 0 (+) (+) (+) (+) (+) (+) 

Phosphorous runoff PRO + (+) (+) (+) (+) + + 

Cyanobacteria Cyan ? (+) (+) (+) (+) (+) (+) 

Fast-water habitat FWH (ς) (ς) ς (ς) ς (ς) ς 

Slow-water habitat SWH (ς) (ς) (ς) (ς) (ς) (ς) ς 

Qualitative model predictions that are completely determined are shown without parentheses. Predictions that are ambiguous but 
with a high probability (0.80 or greater) of sign determinancy are shown with parentheses. Predictions with a low probability (less 
than 0.80) of sign determinancy are denoted by a question mark. Zero denotes completely determined predictions of no change. 
Data: Bioregional Assessment Programme (Dataset 5) 

Non-floodplain wetland  

The non-floodplain wetland qualitative model focused on internally draining lakes in the Namoi 

assessment extent, with the Lake Goran ecosystem being the primary focus, but also including 

¸ŀǊǊƛŜ [ŀƪŜ όōƻǘƘ ŘŜŦƛƴŜŘ ŀǎ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘΩ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎύΦ ¢ƘŜ ƳŀƧƻǊƛǘȅ ƻŦ [ŀƪŜ 

DƻǊŀƴΩǎ ōŜŘ ƛǎ ŦǊŜǉǳŜƴǘƭȅ ŘǊȅΣ ŀƴŘ ǿƘŜƴ ƭŀƪŜ ƭŜǾŜƭǎ ŀǊŜ ŀǘ ŀ Ƴƛnimum many areas of the exposed 

bed are used for agriculture (Environment Australia, 2001). When the lake fills from flood events 
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the lake water is used for irrigation. In a filled state, the lake has a number of isolated islands that 

provide significant roosting and nesting habitat for migratory birds. By comparison, Yarrie Lake is 

more permanent, smaller than Lake Goran and has no islands (Environment Australia, 2001). 

The modelling exercise initially focused on the wetted area of the lake, which is increased during 

flood events in its catchments via local sheet flow over nearby valley slopes or channel flow in 

tributary streams. When the wetted area of the lake increases, it provides a surge of growth in 

populations of algae, macrophytes, aquatic invertebrates and fish, which are capitalised on by bird 

populations, including the functional groups of herbivorous, insectivorous, piscivorous and wading 

birds (Driver et al., 2012) (Figure 19). An increase in the wetted area of the lake favours the growth 

of river red gum, poplar box and lignum shrubs, with river red gum and poplar box providing 

critical habitat and resources for koalas, and roosting and nesting sites for populations of 

piscivorous, insectivorous and wading birds (Figure 19). Additionally, an increase in the wetted 

area provides feeding opportunities for wading birds and also contributes to roosting and nesting 

opportunities in predator-free areas by the isolation of islands within the lake perimeter. Lignum 

shrubs, and other fringing vegetation, provide habitat and resources for reptiles, frogs and 

terrestrial invertebrates, and populations of insectivorous birds (Figure 19). 

Lignum shrubs, river red gum and poplar box depend on groundwater (Roberts and Marston, 

2011). Potential impacts to this ecosystem from coal resource development includes local 

interception of rainfall from open-cut mines that can reduce recharge of groundwater and 

diminish the magnitude of sheet flow during high rainfall events (Figure 19), where this effect 

is localised into lowland channels adjacent to the coal mine and not tributary channels in general. 

Coal seam gas and open-cut coal mine development was depicted as having the potential to 

reduce the level of the watertable. 
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Figure 19 {ƛƎƴŜŘ ŘƛƎǊŀǇƘ ƳƻŘŜƭ ƻŦ ǘƘŜ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘΩ ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ 

Model variables are: algae (Alg), coal mine interception (CMI), channel flow (CQ), coal seam gas development (CSG), emergent 
macrophytes (EM), fish (Fish), floods (Floods), groundwater table (GWT), herbivorous birds (HB), habitat structure (HS), 
insectivorous birds (IB), invertebrates (Inv), koalas (Koa), lignum shrubs (LS), piscivorous birds (PB), roosting and nesting habitat 
(R&NH), reptiles, frogs and terrestrial invertebrates(RF&TI), river red gum (and poplar box) (RG), submerged and floating 
macrophytes (S&FM), sheet flow (SQ), wetted area (WA), wading birds (WB). 
Data: Bioregional Assessment Programme (Dataset 5) 

Surface water and groundwater modelling predict significant potential impacts to the watertable 

and to overland sheet flow. These potential impacts were considered in two cumulative impact 

scenarios that were developed for qualitative analysis of response predictions (Table 21). 

Table 21 Summary of the (cumulative) impact sceƴŀǊƛƻǎ ό/L{ǎύ ŦƻǊ ǘƘŜ Ωbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘΩ ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ  

CIS GWT SQ 

C1 ς 0 

C2 ς ς 

Pressure scenarios are determined by combinations of no-change (0) or a decrease (ς) in the following signed digraph variables: 
groundwater table (GWT) and sheet flow (SQ). 
Data: Bioregional Assessment Programme (Dataset 5) 
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Qualitative analyses of the signed digraph model (Figure 19) generally indicate a negative or 

ambiguous response prediction for most biological variables within the non-permanent wetland 

ecosystem (Table 22). Tree and shrub groups were predicted to decline in both impact scenarios, 

which lead to negative impacts to habitats for birds, frogs and terrestrial invertebrates. A 

predicted decrease in wading birds and piscivorous and insectivorous birds leads to a release, 

or increase, in their prey populations (i.e. fish, reptiles, frogs and terrestrial invertebrates). The 

potential impact of decreased sheet flow in the second cumulative impact scenario is predicted 

to lead to a decrease in all forms of aquatic macrophytes and herbivorous birds. 

Table 22 PǊŜŘƛŎǘŜŘ ǊŜǎǇƻƴǎŜ ƻŦ ǘƘŜ ǎƛƎƴŜŘ ŘƛƎǊŀǇƘ ǾŀǊƛŀōƭŜǎ ƛƴ ǘƘŜ Ωbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘΩ ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ ǘƻ 

(cumulative) changes in hydrological response variables 

Signed digraph variable (full name) Signed digraph 
variable 
(shortened 
form) 

C1 C2 

Roosting and nesting habitat R&NH (ς) (ς) 

Wetted area WA 0 (ς) 

Wading birds WB ? (ς) 

Fish Fish (+) (+) 

Invertebrates Inv ? ? 

Insectivorous birds IB (ς) (ς) 

Reptiles, frogs and terrestrial 
invertebrates 

RF&TI ? (+) 

Habitat structure HS (ς) (ς) 

Lignum shrubs LS (ς) (ς) 

Piscivorous birds PB ? (ς) 

Algae Alg ? ? 

Emergent macrophytes EM 0 (ς) 

Submerged and floating macrophytes S&FM 0 (ς) 

Herbivorous birds HB 0 (ς) 

Floods Floods 0 (ς) 

River red gum (and poplar box) RG (ς) (ς) 

Koalas Koa (ς) (ς) 

Qualitative model predictions that are completely determined are shown without parentheses. Predictions that are ambiguous but 
with a high probability (0.80 or greater) of sign determinancy are shown with parentheses. Predictions with a low probability (less 
than 0.80) of sign determinancy are denoted by a question mark. Zero denotes completely determined predictions of no change. 
Data: Bioregional Assessment Programme (Dataset 5) 

2.7.4.1.3 Choice of hydrological response variables and receptor impact variables 

In bioregional assessments (BAs), the potential ecological impacts of coal resource development 

are assessed in two future years ς 2042 and 2102. These are labelled as the short- and long-

assessment years, respectively. Potential ecological changes are quantified in BAs by predicting 

the state of a select number of receptor impact variables in the short- and long-assessment years. 
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These predictions are made conditional on the values of certain groundwater and surface water 

statistics that summarise the outputs of numerical model predictions in that landscape class in an 

interval of time that precedes the assessment year. In all cases these predictions also allow for the 

possibility that changes in the future may depend on the state of the receptor impact variable in 

the reference year 2012, and consequently this is also quantified by conditioning on the predicted 

hydrological conditions in a reference interval that precedes 2012 (companion submethodology 

M08 (as listed in Table 1) for receptor impact modelling (Hosack et al., 2018)).  

For surface water and groundwater variables in the Namoi subregion, the reference assessment 

interval is defined as the 30 years preceding and including 2012 (i.e. 1983 to 2012). For surface 

water variables in the Namoi subregion, the short-assessment interval is defined as the 30 years 

preceding the short-assessment year (i.e. 2013 to 2042), and the long-assessment interval is 

defined as the 30 years that precede the long-assessment year (i.e. 2073 to 2102). For 

groundwater, maximum drawdown (metres) and time to maximum drawdown are considered 

across the full 90-year modelling window: 2013 to 2102.  

Lƴ .!ǎΣ ŎƘƻƛŎŜǎ ŀōƻǳǘ ǊŜŎŜǇǘƻǊ ƛƳǇŀŎǘ ǾŀǊƛŀōƭŜǎ Ƴǳǎǘ ōŀƭŀƴŎŜ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǘƛƳŜ ŀƴŘ ǊŜǎƻǳǊŎŜ 

constraints with the objectives of the assessment and the expectations of the community 

(companion submethodology M10 (as listed in Table 1) for analysing impacts and risks (Henderson 

et al., 2018)). This choice is guided by selection criteria that acknowledge the potential for 

complex direct and indirect effects within perturbed ecosystems, and the need to keep the expert 

elicitation of receptor impact models tractable and achievable (companion submethodology M08 

(as listed in Table 1) for receptor impact modelling (Hosack et al., 2018)).  

For upland riverine landscape classes, the qualitative modelling workshop identified three 

hydrological response variables thought to: (i) be instrumental in maintaining and shaping the 

ecosystem and, (ii) have the potential to change due to coal resource development. All of the 

ecological components and processes represented in the qualitative model are potential receptor 

impact variables and all of these are predicted to vary as the hydrological response variables vary 

either individually or in combination (Table 22).  

Following advice received from participants during (and after) the qualitative modelling workshop, 

and guided by the availability of experts for the receptor impact modelling workshop, the scope 

of the BA numerical modelling and the receptor impact variable selection criteria, the receptor 

impact models focused on the following relationships:  

1. The response of the upland riparian trees (RT) to changes in hydrological regime 1 

(EventsR3.0) and groundwater (dmaxRef) 

2. The response of fast-water macroinvertebrates (FW I & T) to changes in number of zero-

flow days (ZQD) and maximum length of spells with zero flow (ZME) 

3. The response of tadpoles (FW I & T) to changes in ZQD and ZME. 

The hydrological factors identified by the participants in the qualitative modelling workshops have 

been interpreted as a set of hydrological response variables. The hydrological response variables 

are summary statistics that: (i) reflect these hydrological factors, and (ii) can be extracted from 

the .!Ωǎ ƴǳƳŜǊƛŎŀƭ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ŀƴŘ ƎǊƻǳƴŘǿŀǘŜǊ ƳƻŘŜƭǎ ŘǳǊƛƴƎ ǘƘŜ ǊŜŦŜǊŜƴŎŜΣ ǎƘƻǊǘ- and long-

assessment intervals defined previously. The hydrological factors and associated hydrological 
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response variables for the upland riverine landscape class are summarised in Table 23. The precise 

definition of each receptor impact variable, typically a species or group of species represented by 

a qualitative model node, was determined during the receptor impact modelling workshop.  

Using this interpretation of the hydrological response variables, and the receptor impact variable 

definitions derived during the receptor impact modelling workshop, the relationships identified in 

the qualitative modelling workshop were formalised into three receptor impact models (Table 24).  

Table 23 Summary of the hydrological response variables used in the receptor impact models for landscape classes 

ƛƴ ǘƘŜ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǘƘŜ ǎƛƎƴŜŘ ŘƛƎǊŀǇƘ ǾŀǊƛŀōƭŜǎ ǘƘŀǘ ǘƘŜȅ 

correspond to 

Signed digraph 
variable 

Hydrological 
response 
variable 

Definition 

GW dmaxRef Maximum difference in drawdown under the baseline future or under the coal 
resource development pathway future relative to the reference period (1983 to 
2012)  

GW tmaxRef The year that the maximum difference in drawdown relative to the reference 
period (1983 to 2012) (dmaxRef) occurs 

HR1 EventsR3.0 The mean annual number of events with a peak daily flow exceeding the 
threshold (the peak daily flow in flood events with a return period of 3.0 years as 
defined from modelled baseline flow in the reference period (1983 to 2012)). This 
metric is designed to be approximately representative of the number of overbank 
flow events in future 30-year periods. This is typically reported as the maximum 
change due to additional coal resource development.  

ZFD ZQD The number of zero-flow days per year, averaged over a 30-year period. This is 
typically reported as the maximum change due to additional coal resource 
development.  

ZFD ZME The maximum length of spells (in days per year) with zero flow, averaged over a 
30-year period. This is typically reported as the maximum change due to 
additional coal resource development.  

Table 24 Summary of the three receptor impact models developed ŦƻǊ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎ ƛƴ ǘƘŜ Ψbƻƴ-floodplain or 

ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ƛƴ ǘƘŜ bŀƳƻƛ ǎǳōǊŜƎƛƻƴ 

Relationship being modelled Receptor impact variable (with associated sample units) Hydrological 
response variable 

Response of the upland riparian 
forest to changes in hydrological 
regime 1 and groundwater 

Annual mean projected foliage cover of species group that 
includes: Casuarina, yellow box, Blakely's red gum, Acacia 
salicina, Angophora floribunda, grey box. Transect of 50 m 
length and 20 m width that extends from first bench (ΨtoeΩ) 
on both sides of stream 

EventsR3.0 

dmaxRef 

tmaxRef 

Response of fast-water 
macroinvertebrates to changes 
in number of zero-flow days and 
maximum zero-flow event 

Average number of families of aquatic macroinvertebrates in 
riffle habitat sampled using the NSW AUSRIVAS method for 
riffles 

ZQD 

ZME 

Response of tadpoles to changes 
in number of zero-flow days and 
maximum zero-flow event 

Probability of presence of tadpoles from Limnodynastes 
genus (species dumerilii, salmini, interioris and 
terraereginae), sampled using standard 30 cm dip net 

ZQD 

ZME 

Hydrological response variables are as defined in Table 23. 
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2.7.4.1.4 Receptor impact model 

Upland riparian forest 

Table 25 summarises the elicitation design matrix for the projected foliage cover of riparian 

trees in the upland riverine landscape classes. The first design point ς design point identifier 1 ς 

addresses the predicted variability (across the streams in the landscape class during the reference 

interval) in the overbank (EventsR3.0) flows that define floods with a return interval of 0.33 events 

per year. Note that the design point identifiers are simply index variables that identify the row of 

the elicitation design matrix. They are included here to maintain an auditable path between 

analysis and reporting.  

The first design point provides for an estimate of the uncertainty in mean foliage cover across 

the landscape class in the reference year 2012 (Yref). The remaining design points represent 

hydrological scenarios that span the uncertainty in the values of the hydrological response 

variables in the relevant time period of hydrological history associated with the short- (2042) 

and long- (2102) assessment years. 

Table 25 Elicitation design matrix for annual mean projected foliage cover of species group that includes: casuarina, 

yellow box, Blakely's red gum, Acacia salicina, Angophora floribundaΣ ƎǊŜȅ ōƻȄ ƛƴ ǘƘŜ Ψbƻƴ-floodplain or upland 

ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ƛƴ ǘƘŜ bŀƳƻƛ ǎǳōǊŜƎƛƻƴ ȊƻƴŜ ƻŦ ǇƻǘŜƴǘƛŀƭ ƘȅŘǊƻƭƻƎƛŎŀƭ ŎƘŀƴƎŜ 

Id EventsR3.0 dmaxRef Yref Year tmaxRef 

1 0.33 0.0 na 2012 0 

26 0.45 188.0 0.22 2042 2103 

28 0.13 0.2 0.34 2042 1983 

48 0.80 0.2 0.34 2042 2103 

15 0.80 15.7 0.22 2042 2043 

36 0.80 188.0 0.34 2042 1983 

52 0.13 188.0 0.34 2042 2103 

86 0.45 15.7 0.34 2102 1983 

61 0.13 188.0 0.22 2102 1983 

73 0.13 0.2 0.22 2102 2103 

57 0.80 0.2 0.22 2102 1983 

92 0.45 0.2 0.34 2102 2043 

108 0.80 188.0 0.34 2102 2103 

Receptor impact modelling elicitation design matrix for annual mean projected foliage cover, over a 50 m x 20 m transect that 
ŜȄǘŜƴŘǎ ŦǊƻƳ ŦƛǊǎǘ ōŜƴŎƘ όΨǘƻŜΩ) on both sides of stream in upland riparian forests. Design points for Yref in the future (short- and 
long-assessment periods) are calculated during the receptor impact modelling elicitation workshop using elicited values for the 
receptor impact variable in the reference period. All other design points (with identifiers Id) are either default values or values 
determined by groundwater and surface water modelling. Hydrological response variables are as described in Table 23. na = not 
applicable 
Data: Bioregional Assessment Programme (Dataset 5) 

Design point identifiers 15 through to 108 (as listed in Table 25) represent combinations of the 

three hydrological response variables (dmaxRef, tmaxRef, EventsR3.0), together with high and 

low values of Yref (see companion submethodology M08 (as listed in Table 1) for receptor impact 
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modelling (Hosack et al., 2018)). The high and low values for Yref were calculated during the 

ǊŜŎŜǇǘƻǊ ƛƳǇŀŎǘ ƳƻŘŜƭƭƛƴƎ ǿƻǊƪǎƘƻǇ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ŜȄǇŜǊǘǎΩ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ŦƛǊǎǘ ŘŜǎƛƎƴ ǇƻƛƴǘΣ ŀƴŘ 

then automatically included within the design for the elicitations at the subsequent design points.  

The receptor impact modelling methodology allows for a very flexible class of statistical models 

to be fitted to the values of the receptor impact variables elicited from the experts at each of 

the design points (companion submethodology M08 (as listed in Table 1) for receptor impact 

modelling (Hosack et al., 2018)). The model fitted to the elicited values of mean projected foliage 

cover for the upland riverine landscape classes is summarised in Figure 20 and Table 26. The fitted 

model takes the form:  

– Ὤώ ‍ὼ ‍ὼ ‍ὼ ‍ὼ

‍ ὼ  

(4) 

where ὼ is an intercept term (a vector of ones), ὼ is a binary indicator variable scored 1 for 

the case of an assessment in the short- or long-assessment year, ὼ is a binary indicator variable 

scored 1 for the case of an assessment in the long-assessment year, ὼ is a continuous variable 

that represents the value of the receptor impact variable in the reference year (Yref, set to zero 

for the case of an assessment in the reference year), and ὼ ȟὮ ρȣτ are the (continuous or 

integer) values of the three hydrological response variables (dmaxRef, tmaxRef, EventsR3.0). 

Note that the modelling framework provides for more complex models, including quadratic value 

of, and in interactions between, the hydrological response variables but in this instance the simple 

ƭƛƴŜŀǊ ƳƻŘŜƭ ό9ǉǳŀǘƛƻƴ пύ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ǘƘŜ Ƴƻǎǘ ǇŀǊǎƛƳƻƴƛƻǳǎ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ŜȄǇŜǊǘǎΩ 

responses. 

The model estimation procedure adopts a Bayesian approach. The model coefficients 

(‍ȟ‍ȟ‍ȟ‍ȟ‍  are assumed to follow a multivariate normal distribution. The Bayesian 

estimation procedure quantifies how compatible different values of the parameters of this 

distribution are with the data (the elicited expert opinion) under the model. The (marginal) 

mean and 80% central credible intervals2 of the three hydrological response variable coefficients 

are summarised in partial regression plots in Figure 20, whilst Table 26 summarises the same 

information for all seven model coefficients. 

¢ƘŜ ƳƻŘŜƭ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŜȄǇŜǊǘǎΩ ƻǇƛƴƛƻƴ ǇǊƻǾƛŘŜǎ ǎǘǊƻƴƎ ŜǾƛŘŜƴŎŜ ŦƻǊ ¸ǊŜŦ ƘŀǾƛƴƎ ŀ ǇƻǎƛǘƛǾŜ 

effect on average percent foliage cover. This suggests that given a set of hydrological response 

variable values in the future, a site with a higher foliage cover at the 2012 reference point is more 

likely to have a higher foliage cover in the future than a site with a lower foliage cover value at 

this time point. This reflects the lag in the response of foliage cover to changes in hydrological 

response variables that would be expected of mature trees with long life spans.  

                                                      

2 A central credible interval is the region in the centre of a posterior or prior distribution that contains a specified amount of the probability of the 
distribution, such that there is equal probability above and below the interval. Hence, an 80% central credible interval is defined as the range of 
values with posterior (or prior) probability (1 ς 0.8)/2 above and below the interval. 
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¢ƘŜ ƳƻŘŜƭ ŀƭǎƻ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŜȄǇŜǊǘǎΩ ƻǇƛƴƛƻƴ ǇǊƻǾƛŘŜǎ strong evidence for dmaxRef having 

a negative effect on average projected foliage cover. This suggests that projected foliage cover 

will decrease as groundwater drawdown increases due to coal resource development. The model 

predicts that (holding all other hydrological response variables constant at the mid-point of their 

elicitation range) the mean of the average projected foliage cover will drop from just under 25% 

without any change in groundwater level, to about 20% if the levels decrease by 150 m relative to 

the reference level in 2012. There is, however, considerable uncertainty in these predictions, with 

an 80% chance that the foliage cover will lie somewhere between approximately 15% and 30% 

in the short-assessment period, and somewhere between roughly 10% and 30% in the long-

assessment period, with a 6-m drop in groundwater level. In relation to dmaxRef, Yrs2tmax is 

also significant. The interpretation is that on average (that means for a range of drawdown from 

negligible to very important) long-term drawdown will have a larger effect on projected foliage 

cover than short-term drawdown. This is likely driven by the fact that a long-term very deep 

drawdown will have a more severe effect on the vegetation. Another important factor is the 

correlation between drawdown and time to drawdown, which will prevent some scenarios and 

plays a role in the marginal interpretation of the time to drawdown effect. Also note that the 

potential change in groundwater level relative to reference was elicited over a wide range, as 

the elicitations were based on preliminary groundwater modelling. Subsequent groundwater 

modelling identified a much lower and narrower range of drawdown as plausible than is presented 

in Figure 20.  Predictions of projected foliage cover in the impact and risk analysis (Herr et al., 

2018) use the final groundwater model results and focus only on the relationship over that 

narrower range. 

 The model indicates ǘƘŀǘ ǘƘŜ ŜȄǇŜǊǘǎΩ ƻǇƛƴƛƻƴ ǇǊƻǾƛŘŜǎ ǎǘǊƻƴƎ ŜǾƛŘŜƴŎŜ ŦƻǊ 9ǾŜƴǘǎwоΦл ƘŀǾƛƴƎ 

a positive effect on average projected foliage cover. The model predicts that (holding all other 

hydrological response variables constant at the mid-point of their elicitation range) the mean 

of the average projected foliage cover will increase from just under 24% without any change in 

overbank events frequency, to about 30% if the frequency increases to 0.8 (relative to the 

reference level of 0.33 in 2012). 

Finally, the model also indicates some diverging influence between short-term and long-term 

influence. For the short-assessment period, experts believe in a relative increase of projected 

foliage cover, while they expect a decrease in the long-term assessment. An interpretation is that 

the effects of changes in hydrology are not immediate on foliage cover, and a worsening of the 

conditions starting today will only be observed by 2102.  
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Figure 20 (Top row) Predicted mean (black dot) and 80% central credible interval (grey line) of annual mean 

projected foliage cover under reference hydrological conditions. (Middle and bottom rows) Predicted future effect 

(mean = black line, 80% central credible interval = grey polygon) of each hydrological response variable on annual 

mean projected foliage cover, holding all other hydrological response variables constant at the midpoint of their 

elicitation range (during risk estimation all hydrological response variables vary simultaneously) 

Dashed vertical lines show hydrological response variable range used in the elicitation. EventsR3.0 and dmaxRef are as described in 
Table 23. Yrs2tmaxRef is the difference between tmaxRef and the assessment year that is relevant for the prediction (2012, 2042 or 
2102). Note that dmaxRef was elicited and is plotted over a wider range as the elicitations were based on preliminary groundwater 
modelling. Subsequent modelling identified a much smaller range of drawdown as plausible, and thus relevant for predicting future 
projected foliage cover. The numbers on the y-axis range from 0 to 1 as the receptor impact model was constructed using the 
proportion for the statistical modelling. They should be interpreted as a percent foliage cover ranging from 0 to 100%. 
Data: Bioregional Assessment Programme (Dataset 5) 
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Table 26 Mean, 10th and 90th percentile of the coefficients of the receptor impact model for annual mean 

projected foliage cover in upland riparian forests 

 Mean q10 q90 

(Intercept) ς1.34 ς1.85 ς0.853 

future1 1.03 0.375 1.68 

long1 ς0.142 ς0.39 0.106 

Yref 1.09 0.679 1.49 

EventsR3.0 0.68 0.281 1.08 

dmaxRef ς0.00149 ς0.00255 ς0.000426 

Yrs2tmaxRef ς0.00185 ς0.00355 ς0.000164 

Future1 is the indicator variable for the short-assessment year (2042). Long1 is the indicator variable for the long-assessment year 
(2102). Yref quantifies the value of the receptor impact variable during the reference period. EventsR3.0 and dmaxRef are as 
defined in Table 23. Yrs2tmaxRef is the difference between tmaxRef and the assessment year that is relevant for the prediction 
(2012, 2042 or 2102). 
Data: Bioregional Assessment Programme (Dataset 5) 

Upland riverine 

Table 27 summarises the elicitation matrix for the average number of families of aquatic 

macroinvertebrates from instream habitats. The first six design points ς design points 1 to 7 as 

shown in Table 27 ς address the predicted variability (across the landscape class in the reference 

interval) in ZQD (zero-flow days (averaged over 30 years) subsequently referred to in this section 

ŀǎ ΨȊŜǊƻ-Ŧƭƻǿ ŘŀȅǎΩ) and ZME (maximum length of spells with zero flow, averaged over a 30-year 

period), capturing the lowest and highest predicted values together with two intermediate values. 

These design points provide for an estimate of the uncertainty in aquatic macroinvertebrates 

family abundance across the landscape class in the reference year 2012 (Yref). 

Design points 10 to 22 inclusive (as listed in Table 27) represent scenarios that span the 

uncertainty in the predicted values of ZQD and ZME in the relevant time period of hydrological 

history associated with the short- (2042) and long- (2102) assessment years, combined with high 

and low values of Yref. Again, the high and low values for Yref were calculated during the receptor 

impact modelling workshop. 

The fitted model for number of families of macroinvertebrates from instream habitats takes the 

form: 

– Ὤώ ‍ὼ ‍ὼ ‍ὼ ‍ὼ

‍ ὼ ‍ ὼ  (5) 

where the terms ὼȟὼȟὼ and ὼ are as before and ὼ  is the integer value of ZQD and ὼ  is 

the integer value of ZME. The (marginal) mean and 80% central credible interval of the coefficient 

for this hydrological response variable are summarised in the partial regression plots in Figure 21, 

whilst Table 28 summarises the same information for all five model coefficients. 
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Table 27 Elicitation design matrix for average number of families of aquatic macroinvertebrates in instream pool 

Ƙŀōƛǘŀǘ ǎŀƳǇƭŜŘ ǳǎƛƴƎ ǘƘŜ b{² !¦{wL±!{ ƳŜǘƘƻŘ ŦƻǊ Ǉƻƻƭǎ ƛƴ ǘƘŜ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ 

group in the Namoi subregion zone of potential hydrological change 

Id ZQD ZME Yref Year 

5 320.08 7.13 na 2012 

1 0.00 0.00 na 2012 

4 160.69 81.93 na 2012 

2 160.68 0.79 na 2012 

7 321.37 81.93 na 2012 

3 160.69 40.97 na 2012 

12 0.00 0.00 4.5 2042 

11 169.00 72.30 8.7 2042 

14 339.00 157.00 8.7 2042 

10 334.64 11.02 8.7 2042 

20 169.00 157.00 4.5 2102 

19 339.00 72.30 4.5 2102 

16 168.99 0.86 4.5 2102 

22 0.00 0.00 8.7 2102 

Receptor impact modelling elicitation design matrix for the average number of families of aquatic macroinvertebrates in instream 
pool habitat in permanent and temporary upland streams. Design points for Yref in the future (short- and long-assessment periods) 
are calculated during the receptor impact modelling elicitation workshop using elicited values for the receptor impact variable in 
the reference period. All other design points (with identifiers Id) are either default values or values determined by groundwater and 
surface water modelling. ZQD and ZME are as defined in Table 23. na = not applicable 
Data: Bioregional Assessment Programme (Dataset 5) 

Unlike the previous model, the hydrological response variable in the macroinvertebrates model 

ǾŀǊƛŜǎ ŘǳǊƛƴƎ ǘƘŜ ǊŜŦŜǊŜƴŎŜ ƛƴǘŜǊǾŀƭ ŀƴŘ ǘƘŜ ŦǳǘǳǊŜ ƛƴǘŜǊǾŀƭΦ ¢ƘŜ ƳƻŘŜƭ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŜȄǇŜǊǘǎΩ 

elicited information strongly supports the hypothesis that an increase in ZQD and/or ZME will have 

a negative effect on the number of families of macroinvertebrates despite the experts being quite 

uncertain about its average value. The model suggests that it can vary substantially across the 

landscape class from less than 5 to almost 20 under conditions of constant flow (ZQD = zero), 

holding all other covariates at their mid-values. As the number of zero-flow days increases, 

however, experts were of the opinion that the number of families would drop quite dramatically 

with values <0.5 falling within the 80% credible interval under very intermittent flow conditions 

(ZQD >300 days) (Figure 21). 

There was very little evidence in the elicited data to suggest that this effect would be substantially 

different in the future assessment years. Again, this is indicated by the almost identical partial 

regression plots in the reference, short- and long-assessment years (Figure 21), and the relatively 

large negative 10th and positive 90th percentiles for the long and future coefficients in Table 28. 

¢ƘŜ ƳƻŘŜƭ ŘƻŜǎΣ ƘƻǿŜǾŜǊΣ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ ŜȄǇŜǊǘǎΩ ǳƴŎŜǊǘŀƛƴǘȅ ƛƴŎǊŜŀǎŜŘ ŦƻǊ ǇǊŜŘƛŎǘƛƻƴǎ ƛƴ ǘƘŜ 

future assessment years relative to the reference year. 

Another notable difference between this model and the previous model is the estimated values 

for the Yref coefficient. In the projected foliage cover model, there was strong evidence within the 
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ŜȄǇŜǊǘǎΩ ŜƭƛŎƛǘŜŘ ǾŀƭǳŜǎ ǘƘŀǘ ǘƘŜ ŀǾŜǊŀƎŜ ǇŜǊŎŜƴǘ ŦƻƭƛŀƎŜ ŎƻǾŜǊ ƛƴ ǘƘŜ ǊŜŦŜǊŜƴŎŜ ȅŜŀǊ ƘŀŘ ŀ ǇƻǎƛǘƛǾŜ 

influence on the values in the future assessment years ‍ π). The best-fitting model in this 

case, however, is unable to eliminate the possibility that the average number of families of 

macroinvertebrates in the reference years has no influence on its number in the future years. 

This is indicated by the fact the model automatically dropped this variable from the model. This 

suggestion is consistent with the hypothesis that there is likely to be very little lag in the response 

of this short-lived group to changes in the hydrological response variables. 
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Figure 21 (Top row) Predicted mean (black line) and 80% central credible interval (grey polygon) of average number 

of families of aquatic macroinvertebrates in instream pool habitat in upland riverine landscape classes under 

reference hydrological conditions. (Middle and bottom rows) Predicted future effect (mean = black line, 80% central 

credible interval = grey polygon) of each hydrological response variable on average number of families of aquatic 

macroinvertebrates in instream pool habitat in upland riverine landscape classes holding all other hydrological 

response variables constant at the midpoint of their elicitation range (during risk estimation all hydrological 

response variables vary simultaneously)  

Dashed vertical lines show hydrological response variable range used in the elicitation. ZQD and ZME are as defined in Table 23. 
Data: Bioregional Assessment Programme (Dataset 5) 
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Table 28 Mean, 10th and 90th percentile of the coefficients of the receptor impact model for the average number of 

families of aquatic macroinvertebrates in instream pool habitat in upland riverine landscape classes 

 Mean q10 q90 

(Intercept) 2.47 2.06 2.88 

future1 0.0762 ς0.41 0.562 

long1 ς0.0466 ς0.614 0.521 

ZQD 0.0054 ς0.000288 0.0111 

ZME ς0.00641 ς0.0128 ς3.85e-05 

I(ZQD^2) ς3.95e-05 ς6.04e-05 ς1.86e-05 

Future1 is the indicator variable for the short-assessment year (2042). Long1 is the indicator variable for the long-assessment year 
(2102). ZQD and ZME are as defined in Table 23. I(ZQD^2) quantifies the quadratic effect of ZQD.  
Data: Bioregional Assessment Programme (Dataset 5) 

Table 29 summarises the elicitation matrix for the probability of presence of tadpoles from the 

Limnodynastes genus (dumerilii, salmini, interioris and terraereginae). The first six design points ς 

design points 1 to 7 as shown in Table 29 ς address the predicted variability (across the landscape 

class in the reference interval) in ZQD and ZME, capturing the lowest and highest predicted 

values together with two intermediate values. These design points provide for an estimate of 

the uncertainty in probability of presence of tadpoles across the landscape class in the reference 

year 2012 (Yref). 
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Table 29 Elicitation design matrix for probability of presence of tadpoles from Limnodynastes genus (dumerilii, 

salmini, interioris and terraereginae) ƛƴ ǘƘŜ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ƛƴ ǘƘŜ bŀƳƻƛ 

subregion zone of potential hydrological change 

Id ZQD ZME Yref Year 

5 320.08 7.13 na 2012 

1 0.00 0.00 na 2012 

4 160.69 81.93 na 2012 

2 160.68 0.79 na 2012 

7 321.37 81.93 na 2012 

3 160.69 40.97 na 2012 

12 0.00 0.00 0.34 2042 

11 169.00 72.30 0.53 2042 

14 339.00 157.00 0.53 2042 

10 334.64 11.02 0.53 2042 

20 169.00 157.00 0.34 2102 

19 339.00 72.30 0.34 2102 

16 168.99 0.86 0.34 2102 

22 0.00 0.00 0.53 2102 

Receptor impact modelling elicitation design matrix for the probability of presence of tadpoles in pools and riffles in permanent 
and temporary upland streams. Design points for Yref in the future (short- and long-assessment periods) are calculated during the 
receptor impact modelling elicitation workshop using elicited values for the receptor impact variable in the reference period. All 
other design points (with identifiers Id) are either default values or values determined by groundwater and surface water 
modelling. ZQD and ZME are as defined in Table 23. na = not applicable 
Data: Bioregional Assessment Programme (Dataset 5) 

Design points 10 to 22 inclusive (as listed in Table 29) represent scenarios that span the 

uncertainty in the predicted values of ZQD and ZME in the relevant time period of hydrological 

history associated with the short- (2042) and long- (2102) assessment years, combined with high 

and low values of Yref. Again, the high and low values for Yref were calculated during the receptor 

impact modelling workshop. 

The fitted model for probability of the presence of tadpoles takes the form: 

– Ὤώ ‍ὼ ‍ὼ ‍ὼ ‍ὼ

‍ ὼ ‍ ὼ  (6) 

where the terms ὼȟὼȟὼ and ὼ are as before and ὼ  is the integer value of ZQD and ὼ  is 

the integer value of ZME. The (marginal) mean and 80% central credible interval of the coefficient 

for this hydrological response variable are summarised in the partial regression plots in Figure 22, 

whilst Table 30 summarises the same information for all six model coefficients. 

Like the previous model, the hydrological response variable in the tadpole model varies during 

the ǊŜŦŜǊŜƴŎŜ ƛƴǘŜǊǾŀƭ ŀƴŘ ǘƘŜ ŦǳǘǳǊŜ ƛƴǘŜǊǾŀƭΦ ¢ƘŜ ƳƻŘŜƭ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŜȄǇŜǊǘǎΩ ŜƭƛŎƛǘŜŘ 

information strongly supports the hypothesis that an increase in ZQD and/or ZME will have a 
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negative effect on probability of the presence of tadpoles. The model suggests that the probability 

of tadpoles is fairly high with low uncertainty across the landscape classes with a value of almost 

1 under conditions of constant flow (ZQD = zero), holding all other covariates at their mid-values. 

As the number of zero-flow days increases, however, experts were of the opinion that the 

probability of presence would drop quite dramatically with values <0.1 falling within the 80% 

credible interval under very intermittent flow conditions (ZQD >300 days) (Figure 22). 

There was very little evidence in the elicited data to suggest that this effect would be substantially 

different in the future assessment years. Again, this is indicated by the almost identical partial 

regression plots in the reference, short- and long-assessment years (Figure 22), and the relatively 

large negative 10th and positive 90th percentiles for the long and future coefficients in Table 30. 

¢ƘŜ ƳƻŘŜƭ ŘƻŜǎΣ ƘƻǿŜǾŜǊΣ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ ŜȄǇŜǊǘǎΩ ǳƴŎŜǊǘŀƛƴǘȅ ƛƴŎǊŜŀǎŜŘ ŦƻǊ ǇǊŜŘƛŎǘƛƻƴǎ ƛƴ ǘƘŜ 

future assessment years relative to the reference year. 

Like the previous model, the best-fitt ing model in this case is unable to eliminate the possibility 

that the probability of the presence in the reference years has no influence on the probability of 

the presence in the future years. This is indicated by the fact the model automatically dropped 

this variable from the model. This suggestion is consistent with the hypothesis that there is likely 

to be very little lag in the response of this short-lived group to changes in the hydrological 

response variables. 
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Figure 22 (Top row) Predicted mean (black line) and 80% central credible interval (grey polygon) of Probability of 

presence of tadpoles in pools and riffles in permanent and temporary upland streams under reference hydrological 

conditions. (Middle and bottom rows) Predicted future effect (mean = black line, 80% central credible interval = 

grey polygon) of each hydrological response variable on probability of presence of tadpoles in pools and riffles in 

upland riverine landscape classes holding all other hydrological response variables constant at the midpoint of 

their elicitation range (during risk estimation all hydrological response variables vary simultaneously)  

Dashed vertical lines show hydrological response variable range used in the elicitation. ZQD and ZME are as defined in Table 23. 
Data: Bioregional Assessment Programme (Dataset 5) 
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Table 30 Mean, 10th and 90th percentile of the coefficients of the receptor impact model for the probability of the 

presence of tadpoles in pools and riffles in upland riverine landscape classes 

 Mean q10 q90 

(Intercept) 0.942 0.36 1.52 

future1 ς0.169 ς0.734 0.396 

long1 ς0.113 ς0.762 0.535 

ZQD ς0.00589 ς0.0093 ς0.00248 

ZME 0.0243 0.00842 0.0401 

ZQD:ZME ς0.000186 ς0.000271 ς0.000102 

Future1 is the indicator variable for the short-assessment year (2042). Long1 is the indicator variable for the long-assessment year 
(2102). ZQD and ZME are as defined in Table 23. ZQD:ZME quantifies the effect of the interaction between ZQD and ZME. 
Data: Bioregional Assessment Programme (Dataset 5) 

References 

Bond NR, Lake PS and Arthington AH (2008) The impacts of drought on freshwater ecosystems: an 

Australian perspective. Hydrobiologia 600(1), 3ς16. DOI: 10.1007/s10750-008-9326-z. 

Boulton AJ, Datry T, Kasahara T, Mutz M and Stanford JA (2010) Ecology and management of the 

hyporheic zone: streamςgroundwater interactions of running waters and their floodplains. 

Journal of the North American Benthological Society 29(1), 26ς40.  

Bowling L and Baker P (1996) Major cyanobacterial bloom in the Barwon-Darling River, Australia, 

in 1991, and underlying limnological conditions. Marine and Freshwater Research 47(4), 

643ς657. DOI: 10.1071/MF9960643. 

Briggs S and Maher M (1983) Litter fall and leaf decomposition in a river red gum (Eucalyptus 

camaldulensis) swamp. Australian Journal of Botany 31(3), 307ς316. DOI: 

10.1071/BT9830307. 

Bunn SE (1986) Origin and fate of organic matter in Australian upland streams. In: De Deckker P 

and Williams WD (eds) Limnology in Australia. Springer Netherlands, Dordrecht, 277-291.  

Dollar ES (2004) Fluvial geomorphology. Progress in Physical Geography 28(3), 405ς450.  

Driver PD, Cairns J, Healey MR and Foster ND (2012) Monitoring site prioritisation to aid the 

protection of stream biota in unregulated rivers, inland New South Wales. Proceedings of 

the 6th Australian Stream Management Conference. 

DSITI (2015) Workshop handbook to review groundwater dependent ecosystem mapping and 

associated products: draft version 0.2. Department of Science, Information Technology and 

Innovation, Brisbane. 

Environment Australia (2001) A directory of important wetlands in Australia. Third edition. 

Environment Australia. Viewed 12 June 2017, 

http:/ /www.environment.gov.au/system/files/resources/18f0bb21-b67c-4e99-a155-

cb5255398568/files/directory.pdf. 

http://www.environment.gov.au/system/files/resources/18f0bb21-b67c-4e99-a155-cb5255398568/files/directory.pdf
http://www.environment.gov.au/system/files/resources/18f0bb21-b67c-4e99-a155-cb5255398568/files/directory.pdf


2.7.4 Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

102 | Receptor impact modelling for the Namoi subregion 

C
o

m
p

o
n

e
n

t 
2

: 
M

o
d

e
l-d
a

ta
 a

n
a

ly
si

s
 f
o

r 
th

e N
a

m
o

i s
u
b

re
g

io
n 

Gregory SV, Swanson FJ, McKee WA and Cummins KW (1991) An ecosystem perspective of riparian 

zones. Bioscience 41(8), 540ς551.  

Henderson BL, Barry S, Hayes KR, Hosack G, Holland K, Herron N, Mount R, Schmidt RK, 

Dambacher J, Ickowicz A, Lewis S, Post DA and Mitchell PJ (2018) Impacts and risks. 

Submethodology M10 from the Bioregional Assessment Technical Programme. Department 

of the Environment and Energy, Bureau of Meteorology, CSIRO and Geoscience Australia, 

Australia. http://data.bioregionalassessments.gov.au/submethodology/M10.  

Herr A, Aryal SK, Brandon C, Crawford D, Crosbie R, Davis P, Dunne R, Gonzalez D, Hayes KR, 

Henderson BL, Hosack G, Ickowicz A, Janardhanan S, Marvanek S, Mitchell PJ, Merrin LE, 

Herron NF, O'Grady AP and Post DA (2018) Impact and risk analysis for the Namoi subregion. 

Product 3-4 for the Namoi subregion from the Northern Inland Catchments Bioregional 

Assessment. Department of the Environment and Energy, Bureau of Meteorology, CSIRO and 

Geoscience Australia, Australia. 

http://data.bioregionalassessments.gov.au/product/NIC/NAM/3-4. 

Hosack GR, Ickowicz A, Hayes KR, Dambacher JM, Barry SA and Henderson BL (2018) Receptor 

impact modelling. Submethodology M08 from the Bioregional Assessment Technical 

Programme. Department of the Environment and Energy, Bureau of Meteorology, CSIRO and 

Geoscience Australia, Australia. 

http://data.bioregionalassessments.gov.au/submethodology/M08. 

Hose G, Sreekanth J, Barron O and Pollino C (2015) Stygofauna in Australian groundwater systems: 

extent of knowledge. CSIRO. Viewed 2 March 2018, 

https://publications.csiro.au/rpr/download?pid=csiro:EP158350&dsid=DS4 

Keith D (2004) Ocean shores to desert dunes: the native vegetation of NSW and the ACT (selected 

extracts). Department of Environment and Conservation (NSW). 

McKie B and Cranston PS (2001) Colonisation of experimentally immersed wood in south eastern 

Australia: responses of feeding groups to changes in riparian vegetation. Hydrobiologia 

452(1), 1ς14. DOI: 10.1023/a:1011974813551. 

Naiman RJ and Decamps H (1997) The ecology of interfaces: riparian zones. Annual Review of 

Ecology and Systematics 28(1), 621ς658.  

Reid DJ, Lake PS, Quinn GP and Reich P (2008) Association of reduced riparian vegetation cover in 

agricultural landscapes with coarse detritus dynamics in lowland streams. Marine and 

Freshwater Research 59(11), 998ς1014. DOI: 10.1071/MF08012. 

Roberts J and Marston F (2011) Water regime for wetland and floodplain plants. A source book for 

the Murray-Darling Basin. National Water Commission, Canberra. 

Thomas K, Chilvers G and Norris R (1992) Short communication: litterfall in riparian and ajacent 

forest zones near perennial upland stream in the Australian Capital Territory. Marine and 

Freshwater Research 43(2), 511ς516. DOI: 10.1071/MF9920511. 

http://data.bioregionalassessments.gov.au/submethodology/M10
http://data.bioregionalassessments.gov.au/product/NIC/NAM/3-4
http://data.bioregionalassessments.gov.au/submethodology/M08
https://publications.csiro.au/rpr/download?pid=csiro:EP158350&dsid=DS4


2.7.4 Ψbƻƴ-floodplain or upland rƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

Receptor impact modelling for the Namoi subregion | 103 

C
o

m
p

o
n

e
n

t 2
: M

o
d

e
l-da

ta
 a

n
a

ly
sis

 fo
r th

e N
a

m
o

i su
b

re
g

io
n 

Thoms MC (1998) The condition of the Namoi River system. CRC for Freshwater Ecology report to 

the NSW Department of Land and Water Conservation. 

Thoms M, Norris R, Harris J, Williams D and Cottingham P (1999) Environmental scan of the Namoi 

River Valley. Prepared for the Department of Land and Water Conservation and the Namoi 

River Management Committee, Canberra. 

Datasets 

Dataset 1 Department of Sustainability, Environment, Water, Population and Communities (2013) 

Interim Biogeographic Regionalisation for Australia (IBRA), Version 7 (Regions). Bioregional 

Assessment Source Dataset. Viewed 19 September 2017, 

http://data.bioregionalassessments.gov.au/dataset/70bb7ab7-e8a9-4be5-aa73-

85bb22c2cb88. 

Dataset 2 Bioregional Assessment Programme (2017) Impact and Risk Analysis Database for NAM 

v01. Bioregional Assessment Derived Dataset. Viewed 30 June 2017, 

http://data.bioregionalassessments.gov.au/dataset/1549c88d-927b-4cb5-b531-

1d584d59be58. 

Dataset 3 Bioregional Assessment Programme (2017) Landscape classification of the Namoi 

preliminary assessment extent. Bioregional Assessment Derived Dataset. Viewed 25 August 

2017, http://data.bioregionalassessments.gov.au/dataset/360c39e5-1225-401d-930b-

f5462fdb8005. 

Dataset 4 Bureau of Meteorology (2011) Geofabric Hydrology Reporting Regions - V2.1. 

Bioregional Assessment Source Dataset. Viewed 29 January 2016, 

http://data.bioregionalassessments.gov.au/dataset/3d482415-233f-4ffd-9dd1-

20d37b85229f. 

Dataset 5 Bioregional Assessment Programme (2018) Namoi Ecological expert elicitation and 

receptor impact models v01. Bioregional Assessment Derived Dataset. Viewed 28 February 

2018, http://data.bioregionalassessments.gov.au/dataset/487a471c-7fa3-4313-871d-

e048b4f4c2b4.

http://data.bioregionalassessments.gov.au/dataset/70bb7ab7-e8a9-4be5-aa73-85bb22c2cb88
http://data.bioregionalassessments.gov.au/dataset/70bb7ab7-e8a9-4be5-aa73-85bb22c2cb88
http://data.bioregionalassessments.gov.au/dataset/1549c88d-927b-4cb5-b531-1d584d59be58
http://data.bioregionalassessments.gov.au/dataset/1549c88d-927b-4cb5-b531-1d584d59be58
http://data.bioregionalassessments.gov.au/dataset/360c39e5-1225-401d-930b-f5462fdb8005
http://data.bioregionalassessments.gov.au/dataset/360c39e5-1225-401d-930b-f5462fdb8005
http://data.bioregionalassessments.gov.au/dataset/3d482415-233f-4ffd-9dd1-20d37b85229f
http://data.bioregionalassessments.gov.au/dataset/3d482415-233f-4ffd-9dd1-20d37b85229f
http://data.bioregionalassessments.gov.au/dataset/487a471c-7fa3-4313-871d-e048b4f4c2b4
http://data.bioregionalassessments.gov.au/dataset/487a471c-7fa3-4313-871d-e048b4f4c2b4


2.7.4 Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ 

104 | Receptor impact modelling for the Namoi subregion 

C
o

m
p

o
n

e
n

t 
2

: 
M

o
d

e
l-d
a

ta
 a

n
a

ly
si

s
 f
o

r 
th

e N
a

m
o

i s
u
b

re
g

io
n 



2.7.5 Pilliga riverine landscape classes 

Receptor impact modelling for the Namoi subregion | 105 

C
o

m
p

o
n

e
n

t 2
: M

o
d

e
l-da

ta
 a

n
a

ly
sis

 fo
r th

e N
a

m
o

i su
b

re
g

io
n 

2.7.5 Pilliga riverine landscape classes  

Summary 

The Pilliga and Pilliga Outwash Interim Biogeographic Regionalisation for Australia (IBRA) 

regions represent a unique set of ecological systems within the Namoi subregion. In 

consultation with experts in this region, it was considered appropriate to develop a set 

of separate ecological models for the relevant riverine and terrestrial landscape classes in 

this region to improve the assessment of potential ecological impacts. 

The zone of potential hydrological change identified for the Pilliga region extends across a 

large portion of the Pilliga and Pilliga Outwash IBRA regions within the assessment extent. 

Both lowland and upland riverine landscape classes are represented in the zone of potential 

hydrological change. The lowland riverine classŜǎ όΨ¢ŜƳǇƻǊŀǊȅ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩΣ Ψ¢ŜƳǇƻǊŀǊȅ 

lowland stream groundwater-ŘŜǇŜƴŘŜƴǘ ŜŎƻǎȅǎǘŜƳ όD59ύΩ ŀƴŘ ŀ ǎƳŀƭƭ ǇƻǊǘƛƻƴ ƻŦ ΨtŜǊƳŀƴŜƴǘ 

ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎύ ŎƻǾŜǊ ŀǇǇǊƻȄƛƳŀǘŜƭȅ моΦм҈ ƻŦ ǎǘǊŜŀƳǎ ƛƴ ǘƘŜ ȊƻƴŜ ƻŦ 

potential hydrological change and are mainly confined to the Pilliga Outwash portion where 

the streams flow north onto the broad floodplains of the Castlereagh-Barwon IBRA region. 

Bohena Creek is one of the major streams in the Pilliga region and has highly intermittent 

flow, flowing less than 20% of days on average.  

!ƳƻƴƎ ǘƘŜ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎΣ ǘƘŜ Ψ¢ŜƳǇƻǊŀǊȅ ǳǇƭŀƴŘ ǎǘǊŜŀƳΩ ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ 

(530.4 km or 9.6% of the zone of potential hydrological change) is the most widespread, 

ǿƘŜǊŜŀǎ ǘƘŜ Ψ¢ŜƳǇƻǊŀǊȅ ǳǇƭŀƴŘ ǎǘǊŜŀƳ D59Ω ƭŀƴŘǎŎŀǇŜ class occupies only a small fraction 

of ǘƘŜ ǎǘǊŜŀƳ ƴŜǘǿƻǊƪ όммΦр ƪƳ ƻǊ лΦн҈ ƻŦ ǘƘŜ ȊƻƴŜύΦ ¢ƘŜ ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω ƭŀƴŘǎŎŀǇŜ 

class occupies a very large area of the terrestrial environment in the Pilliga region (561.7 km2 

or 8.0% of the zone). Non-floodplain wetlands are also found within the zone of potential 

hydrological change and tend to be located in the northern part of the Pilliga region where 

the Pilliga Outwash adjoins the Castlereagh-Barwon IBRA region. These wetlands include the 

Ψbƻƴ-floodplain ǿŜǘƭŀƴŘΩ όнΦр ƪƳ2 ƻǊ ғлΦм҈ ƻŦ ǘƘŜ ȊƻƴŜύ ŀƴŘ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘ D59Ω 

(1.8 km2 or <0.1% of the zone) landscape classes. 

A qualitative model for all Pilliga riverine landscape classes was developed that included the 

aquatic habitat as well as the fringing riparian vegetation. From this model, key hydrological 

response variables were identified: groundwater drawdown, change in annual zero-flow 

days (averaged over 30 years) and maximum zero-flow spells. The receptor impact modelling 

workshop used two different receptor impact variables to evaluate potential ecological 

impacts in this system: projected foliage cover of riparian trees and number of families of 

aquatic macroinvertebrates in instream pool habitatsΦ ! ǉǳŀƭƛǘŀǘƛǾŜ ƳƻŘŜƭ ŦƻǊ ǘƘŜ ΨDǊŀǎǎȅ 

woodland G59Ω ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ ǿŀǎ ŀƭǎƻ ŦƻǊƳǳƭŀǘŜŘΣ ōǳǘ ƴƻ ǉǳŀƴǘƛǘŀǘƛǾŜ ƳƻŘŜƭƭƛƴƎ ǿŀǎ 

developed due to limitations in resources and local expertise. 

Receptor impact modelling indicates that foliage cover during the reference period is an 

important predictor of foliage cover in the future. It also indicates ǘƘŀǘ ǘƘŜ ŜȄǇŜǊǘǎΩ ƻǇƛƴƛƻƴ 

provides some evidence for the maximum additional drawdown having a negative effect, and 

strong evidence for the number of zero-flow days having a negative effect on average percent 
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projected foliage cover. Receptor impact modelling also supports the hypothesis that an 

increase in the mean number of zero-flow days and/or the mean maximum length of zero-

flow spells will have a slightly negative effect on the number of families of macroinvertebrates 

despite the experts being somewhat uncertain about its average value. There is also strong 

evidence for additional drawdown having negative effect on macroinvertebrates, and that the 

number of families of macroinvertebrates will decrease as groundwater drawdown increases 

due to coal resource development. There is, however, considerable uncertainty in these 

predictions. 

2.7.5.1 Description 

The Pilliga and Pilliga Outwash IBRA regions represent a unique set of ecological systems 

within the Namoi subregion. By comparison to the other landscapes across the Namoi subregion, 

the Pilliga and Pilliga Outwash is unique in many attributes of its ecology, geomorphology, 

hydrogeology, soils and ecohydrology. In consultation with ecological experts in this region it 

was deemed necessary to develop a specific set of receptor impact models to define potential 

ecological impacts for the Pilliga and Pilliga Outwash IBRA regions. Here, the Pilliga and Pilliga 

Outwash IBRA regions under consideration are referred to as simply thŜ ΨtƛƭƭƛƎŀ ǊŜƎƛƻƴΩΦ Figure 23 

provides a conceptual model of a typical landscape in the Pilliga Nature Reserve and examples of 

the hydrologic connectivity and water movement found in it. 
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Figure 23 Pictorial conceptual model of the hydrologic connectivity and water movement across a typical landscape 

in the Pilliga Nature Reserve 

GDE = groundwater-dependent ecosystemΣ ΨǾŜƎΦΩ Ґ ǾŜƎŜǘŀǘƛƻƴ 
Source: Symbols courtesy of the Integration and Application Network, University of Maryland Center for Environmental Science 
(ian.umces.edu/symbols/) 

The zone of potential hydrological change identified for the Pilliga region extends across a large 

portion of the Pilliga and Pilliga Outwash IBRA regions within the assessment extent. Lowland 

ǎǘǊŜŀƳǎ όΨ¢ŜƳǇƻǊŀǊȅ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩΣ Ψ¢ŜƳǇƻǊŀǊȅ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳ D59Ω ŀƴŘ ŀ ǎƳŀƭƭ ǇƻǊǘƛƻƴ 

of ΨtŜǊƳŀƴŜƴǘ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎΣ Table 31) are mainly confined to the Pilliga 

Outwash portion of the Pilliga where the streams flow north onto the broad floodplains of the 

Castlereagh-Barwon IBRA region (SEWPaC, 2012). Bohena Creek is one of the major streams 

flowing through the Pilliga, and flows north-east towards Narrabri. It is classified predominately 

as Ψ¢ŜƳǇƻǊŀǊȅ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳ D59Ω ŀƴŘ Ψ¢ŜƳǇƻǊŀǊȅ ƭƻǿƭŀƴŘ ǎǘǊŜŀƳΩΦ ¢Ƙƛǎ ƛǎ ŀ ƘƛƎƘƭȅ ƛƴǘŜǊƳƛǘǘŜƴǘ 

stream ς flowing less than 20% of days on average (Table 32). The flow regime is highly seasonal 

with lowest monthly volumes occurring in May and higher monthly flow volumes occurring 

between July and November.  

!ƳƻƴƎ ǘƘŜ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜ ƭŀƴŘǎŎŀǇŜ ŎƭŀǎǎŜǎΣ ǘƘŜ Ψ¢ŜƳǇƻǊŀǊȅ ǳǇƭŀƴŘ ǎǘǊŜŀƳΩ ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ 

(530.4 km or 9.6% of the zone of potential hydrological change) is the most widespread, whereas 

ǘƘŜ Ψ¢ŜƳǇƻǊŀǊȅ ǳǇƭŀƴŘ ǎǘǊŜŀƳ D59Ω ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ ƻŎŎǳǇƛŜǎ ƻƴƭȅ ŀ ǎƳŀƭƭ ŦǊŀŎǘƛƻƴ ƻŦ ǘƘŜ ǎǘǊŜŀƳ 

network (11.5 km or 0.2% of the zone) (Table 31ύΦ ¢ƘŜ ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ 
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occupies a very large area of the terrestrial environment in the Pilliga region (561.7 km2 or 8.0% 

of the zone) (Table 31). Non-floodplain wetlands are also found within the zone of potential 

hydrological change and tend to be located in the northern part of the Pilliga region where the 

Pilliga Outwash adjoins the Castlereagh-Barwon IBRA region (Figure 24). These wetlands include 

ǘƘŜ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘΩ όнΦр ƪƳ2 ƻǊ ғлΦм҈ ƻŦ ǘƘŜ ȊƻƴŜύ ŀƴŘ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ǿŜǘƭŀƴŘ D59Ω 

(1.8 km2 or <0.1% of the zone) landscape classes (Table 31).
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Table 31 !ǊŜŀǎ ŀƴŘκƻǊ ƭŜƴƎǘƘǎ ƻŦ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ŀƴŘ Ψbƻƴ-ŦƭƻƻŘǇƭŀƛƴ ƻǊ ǳǇƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇǎ ǿƛǘƘƛƴ ǘƘŜ ŜƴǘƛǊŜ ŀǎǎŜǎǎƳŜƴǘ ŜȄǘŜnt and the 

Pilliga region of the zone of potential hydrological change 

Landscape class Area in assessment 
extent  
(km2) 

Area in the zone of 
potential 

hydrological change  
(km2) 

Percentage of total 
area in zone of 

potential 
hydrological change  

(%) 

Length in 
assessment extent  

(km) 

Length in the zone 
of potential 

hydrological change  
(km) 

Percentage of total 
length in zone of 

potential 
hydrological change  

(%) 

Floodplain grassy woodland 400.2 2.9 <0.1% na na na 

Floodplain grassy woodland GDE 1,445.4 0.2 <0.1% na na na 

Floodplain riparian forest GDE 148.7 0.2 <0.1% na na na 

Floodplain wetland 30.1 0.5 <0.1% na na na 

Floodplain wetland GDE 151.8 1.6 <0.1% na na na 

Permanent lowland stream na na na 1,688.6 14.3 0.3% 

Temporary lowland stream na na na 8,053.3 624.6 11.3% 

Temporary lowland stream GDE 8.3 2.4 <0.1% 509.3 86.9 1.6% 

Total ς ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ 
landscape classes 

2,184.5 7.8 0.1% 10,251.2 725.8 13.1% 

Grassy woodland GDE 3,247.6 561.7 8% na na na 

Non-floodplain wetland 130.3 2.5 <0% na na na 

Non-floodplain wetland GDE 23.5 1.8 <0% na na na 

Temporary upland stream na na na 16,512.8 530.4 9.6% 

Temporary upland stream GDE na na na 464 11.5 0.2% 

Total ς Ψbƻƴ-floodplain or upland 
ǊƛǾŜǊƛƴŜΩ ŎƭŀǎǎŜǎ 

3,401.4 566 8.1% 16,976.8 541.9 9.8% 

Total ς all landscape classes 35,659.6 7013.9 100% 29,558.3 5521.2 100% 

na = not applicable 
Data: Bioregional Assessment Programme (Dataset 2) 
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Figure 24 [ƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ΨCƭƻƻŘǇƭŀƛƴ ƻǊ ƭƻǿƭŀƴŘ ǊƛǾŜǊƛƴŜΩ ƭŀƴŘǎŎŀǇŜ ƎǊƻǳǇ ǿƛǘƘƛƴ ǘƘŜ tƛƭƭƛƎŀ ǊŜƎƛƻƴ 

IBRA = Interim Biogeographic Regionalisation for Australia 
Data: SEWPaC (Dataset 1); Bioregional Assessment Programme (Dataset 2); Bureau of Meteorology (Dataset 3) 

Table 32 Maximum, median, 10th, 25th, 75th and 90th percentile flows (ML/day) for the Pilliga region 

Gauge # Gauge name Landscape class Maximum  10th 25th Median 75th 90th 

419905 Bohena Creek Temporary 
lowland stream 
GDE 

22,826 0 0 0 0 334 

GDE = groundwater-dependent ecosystem 
Data: Bioregional Assessment Programme (Dataset 2) 

The stream network across most of the Pilliga region is predominantly infilled Quaternary 

sediments derived from sandstone and deposited by dendritic streams draining north and west 

(Norris, 1996). The sediments become finer towards the Namoi River valley where extensive 

clearing for agriculture has occurred. The eastern margins of the Pilliga region include the recharge 

beds of the Great Artesian Basin and paleochannels of overlying alluvium can be incised into 

aquifer units such as the Pilliga Sandstone (see companion product 2.3 for the Namoi subregion 
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(Herr et al., 2018)). Under these conditions upward leakage of groundwater can occur where the 

paleochannel has eroded the underlying low-permeability saprolite. Such connectivity is poorly 

understood, but is considered to be highly variable across the region (Ransley et al., 2012). It is 

likely that water in the Pilliga Sandstone aquifer is providing baseflow to the Namoi River near 

the confluence of the Narrabri River and Bohena Creek (companion product 2.3 for the Namoi 

subregion (Herr et al., 2018)).  

The ephemeral nature of streamflow across most of the lowland riverine stream network means 

that riffle habitat is uncommon and there are few permanent, disconnected pools within the 

stream channel. In some reaches, there may be longitudinal subsurface flow of water from the 

underlying watertable. Most fauna in these riverine systems are adapted to desiccation and wetς

dry phases. This means they are transitory and take advantage of available pools or damp patches 

along the streambed.  

Riparian vegetation along lowland streams in the Pilliga region is often dominated by Eucalyptus 

spp. including E. chloroclada, E. blakelyi, E. fibrosa, E. melliodora, E. conica and E. crebra. 

Angophora floribunda and Callitris columellaris are also found in association with these eucalypts. 

Sedges are also found interspersed along the riparian areas and streambed (Figure 25). 
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Figure 25 5ƛǎŎƻƴƴŜŎǘŜŘ Ǉƻƻƭ Ƙŀōƛǘŀǘ ŀƴŘ ŀŘƧŀŎŜƴǘ ǊƛǇŀǊƛŀƴ ǾŜƎŜǘŀǘƛƻƴ ŀƭƻƴƎ .ƻƘŜƴŀ /ǊŜŜƪ όΨ¢ŜƳǇƻǊŀǊȅ ƭƻǿƭŀƴŘ 

ǎǘǊŜŀƳ D59Ω ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎύ  

Credit: Bioregional Assessment Programme, Patrick Mitchell (CSIRO), January 2016 

It was decided during the qualitative modelling workshop by experts of this region that the 

ecological processes and associated biota were similar across much of the upland and lowland 

riverine streams in the Pilliga region (excluding some areas in the north where the Pilliga Outwash 

adjoins the broader floodplains of the Castlereagh-Barwon IBRA subregion). Thus, there is an 

assumption here that modelled hydrological changes across all riverine landscape classes in the 

Pilliga region have similar impacts on associated ecological receptor impact variables. This means 

that the ecological modelling presented for riverine landscape classes in the Pilliga region include 

both upland and lowland stream landscape classes.  

¢ƘŜ ΨDǊŀǎǎȅ ǿƻƻŘƭŀƴŘ D59Ω ƭŀƴŘǎŎŀǇŜ Ŏƭŀǎǎ ŎƻǾŜǊǎ ŀ ǊŀƴƎŜ ƻŦ ǾŜƎŜǘŀǘƛƻƴ ŎƻƳƳǳƴƛǘƛŜǎ ŀŎǊƻǎǎ ǘƘŜ 

Pilliga region and tends to be concentrated around the drainage lines and stream network. This 

is probably attributable to both groundwater discharge from surrounding sandstone aquifers 
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