
Department of Planning and Environment 

dpie.nsw.gov.au 

 

River Condition Index 
Method Report 

January 2023 

 

 



 

River Condition Index | 2 

Acknowledgement of 
Country 

The Department of Planning and Environment acknowledges that it stands 
on Aboriginal land. We acknowledge the Traditional Custodians of the land 
and we show our respect for Elders past, present and emerging through 
thoughtful and collaborative approaches to our work, seeking to 
demonstrate our ongoing commitment to providing places in which 
Aboriginal people are included socially, culturally and economically. 

Published by NSW Department of Planning and Environment 

dpie.nsw.gov.au 

River Condition Index  

First published: January 2023 

ISBN: 978-1-76058-689-8 

Department reference number: PUB23/28 

More information 

Front Cover image Credit; Gunther Schmida, Mel Bradbury, Dan Coleman 

For further information or questions please contact 
surfacewaterscience@dpie.nsw.gov.au 

Copyright and disclaimer 

© State of New South Wales through Department of Planning and Environment 
2022. Information contained in this publication is based on knowledge and 
understanding at the time of writing, January 2023, and is subject to change. For 
more information, please visit dpie.nsw.gov.au/copyright 

 

 

https://www.dpie.nsw.gov.au/
mailto:surfacewaterscience@dpie.nsw.gov.au
https://www.dpie.nsw.gov.au/copyright


 

River Condition Index | 3 

Contents 

Acknowledgements ................................................................................................................................... 4 

The River Condition Index .......................................................................................................................... 5 
Interactions between River Condition Index components ......................................................................................... 6 
River Styles Geomorphic Condition Index ......................................................................................................................... 7 
Riparian Vegetation Condition Index ................................................................................................................................. 10 
Hydrologic Stress Index .......................................................................................................................................................... 17 
River Biodiversity Condition Index ..................................................................................................................................... 23 
Water Quality Index .................................................................................................................................................................. 26 
Catchment Disturbance Index .............................................................................................................................................. 31 
River Condition Index ............................................................................................................................................................... 37 

Assumptions and Limitations.................................................................................................................. 39 

References ................................................................................................................................................. 41 

 

 

 



 

River Condition Index | 4 

Acknowledgements 

The River Condition Index version 2 (2023) has been a team project by staff within the Knowledge 
Division of the NSW Department of Planning and Environment, Water Division. Project leadership 
was conducted by Surface Water Science staff John Brayan, David Workman and Kathryn Taffs. 
Technical component leads were Sharon Bowen, Fergus Hancock, Michael Healey, Warwick 
Mawhinney, Jon Sayers, with support from Matt Balzer, Jodie Dabovic, Jedda Lemon and Rory 
Williams. Spatial Unit staff Lucy Dobbs, Bilal Hossain and Matt Trappel completed the River 
Condition Index model and created the spatial product.  

Data for the Riparian Vegetation Condition Index was provided by the NSW Department of Planning 
and Environment – Environment and Heritage Group - NSW State Vegetation Type Map 

Data for the River Biodiversity Condition Index was provided by the NSW Department of Primary 
Industries– Fish Community Status 

Data for the Catchment Disturbance Index was provided by the NSW Department of Planning and 
Environment – NSW Landuse Data 

 



 

River Condition Index | 5 

The River Condition Index 

This document describes the methods used to update the River Condition Index (RCI) for New South 
Wales in 2023.  The initial development (version 1) of the RCI (Healey et al. 2012) for New South 
Wales arose from a project funded by the National Water Commission to develop a framework for 
aligning water sharing plans with catchment action plans.  During the first round of reporting for the 
State-wide Monitoring, Evaluation and Reporting program in NSW, there was no appropriate method 
available to combine indicators of river condition into a single condition score (Muschal et al. 2010). 
The RCI was based on the National Water Commissions Framework for Assessing River and Wetland 
Health (FARWH) (Norris et al. 2007a), which was developed as the national standard.  The RCI sub 
index which represents each FARWH category is shown in Figure 1. This report documents the data 
sources and methods used to update each RCI component and the development of the additional 
Water Quality Index.  

 

Figure 1 Indices used in the assessment of the RCI, with reference to the FARWH indices. 
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Interactions between River Condition Index components 
Many of the indices within the RCI interact. (Figure 2). For example, catchment disturbance has a 
large influence on hydrologic stress, riparian vegetation and geomorphic stress. Changes to these 
indices consequently impact water-quality and biodiversity as well as interact with each other.  

How indices interact, and the strength of these interactions, varies greatly. Hydrologic stress may 
affect riparian vegetation, geomorphic stress, water quality and biodiversity through increased 
occurrence of low flow periods. Riparian vegetation may affect geomorphic stress, water quality, 
biodiversity, and hydrologic stress through influencing riverbank support, nutrient cycling and 
habitat structure. Geomorphic stress may affect riparian vegetation, water quality, biodiversity and 
hydrologic stress through increased sedimentation and erosion, and reduced stability. All of these 
interactions play an important role in developing the final River Condition Index score.  

 

 

Figure 2 Relationships between the elements of the River Condition Index. 
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River Styles Geomorphic Condition Index 
River Styles geomorphic condition is a measure of departure from a natural or expected state and 
can be defined as the ability of a river, or river reach, to perform functions expected for a specific 
river type (Brierley and Fryirs 2005).  The geomorphic or physical components within streams are 
regarded as key habitat features for aquatic biota (Maddock 1999; Newson and Newson 2000; 
Thomson et al. 2001) and have been measured in several riverine condition assessment programs 
(Anderson 1993; Ladson and White 1999; Reeves et al. 2004).  River reaches in good condition have 
been found to be important for instream biodiversity (Chessman et al. 2006), ecological diversity 
and overall catchment condition (Figure 3). A variety of mesohabitat types can be identified at the 
reach scale from which biologically relevant physical features can be identified and related to 
stream condition (Maddock 1999).  

The River Styles assessment process enables the identification of geomorphic condition, fragility 
and recovery potential at the reach scale, relative to a reference condition for the given river style 
and provides an indication of the cumulative effects on a stream section from a range of 
disturbance events (Brierley and Fryirs 2005; Fryirs and Brierley 2005).  Streams in poor geomorphic 
condition are unlikely to favour aquatic biodiversity due to a reduction in available physical habitats 
(Chessman et al. 2006).  

Riverine channel and bank physical form are suggested to be useful to assess local aquatic habitat 
and its potential to support aquatic biota hence its inclusion as a key index in FARWH (Norris et al. 
2007a).  The RCI has adopted the River Styles framework as the key data set underpinning the 
physical form sub-index.   

 

Figure 3 Good versus poor geomorphic condition. 
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River Styles Geomorphic Condition Methods 

The original analysis for River Styles Geomorphic Condition calculated the percentage length of 
rivers in each River Styles condition category (Good, Moderate or Poor) in each sub-catchment. This 
was done by intersecting the River Styles spatial polylines with the sub-catchment polygons. The 
following formula was then used to generate a score for each sub-catchment. The formula is the 
same as Equation 45 in Norris et al. 2007b, and results in an overall condition score ranging 
between 0 and 1, with higher scores representing better condition. 

𝐑𝐒𝐆𝐂 =
((%𝐆𝐨𝐨𝐝 ∗ 𝟏) + (%𝐌𝐨𝐝𝐞𝐫𝐚𝐭𝐞 ∗ 𝟎. 𝟓) + (%𝐏𝐨𝐨𝐫 ∗ 𝟎))

𝟏𝟎𝟎
 

 
Where RSGC = River Styles Geomorphic Condition score 

The updated analysis has incorporated updated River Styles assessments from the NSW 
Department of Planning and Environment, Water. Using this updated version of the River Styles 
spatial layer, condition together with recovery potential were examined to determine 5 condition 
categories rather than 3 to make the analysis more detailed (Error! Reference source not found.). 

 

Table 1 Condition categories used in the River Styles Geomorphic Condition assessment. 

  CONDITION 

R
EC

O
V

ER
Y 

P
O

TE
N

TI
A

L 

 Good Moderate Poor None 

Conservation Very Good    

High  Good   

Rapid  Good   

Strategic  Moderate Poor  
Moderate  Moderate Poor  

Low  Moderate Very Poor  

None    Very Poor 

 

The incorporation of recovery potential provides a more accurate calculation of the geomorphic 
condition of a reach by including the trajectory or likelihood of the reach to improve in condition. 
That is, a river in moderate condition with high recovery potential is more likely to improve or 
maintain geomorphic condition compared to a moderate condition river with moderate or low 
recovery potential. The percentage length of each of the new condition categories in each sub-
catchment was calculated by intersecting the River Styles spatial polylines with the sub-catchment 
polygons.  

In the Murray and Murrumbidgee catchments irrigation channels have been previously mapped in 
the River Styles spatial layer. Some irrigation channels follow the path of natural watercourses, 
albeit highly modified, and have been included in the analysis. Other created irrigation channels, 
which were cut into the landscape for the specific purpose of transmitting water for irrigation and 
are disconnected from natural flows, were removed for the analysis. This was done to avoid skewing 
the data in a negative way, as these were not considered representative of the natural rivers in the 
Murray and Murrumbidgee catchments and have not been mapped or included in the analysis for 
other catchments.  

https://water.dpie.nsw.gov.au/science-data-and-modelling/surface-water/monitoring-changes/river-styles-in-nsw
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The formula from the original RCI analysis is then used to calculate the River Styles Geomorphic 
Condition for each sub-catchment but extended to include 5 condition categories instead of 3. The 
formula results in an overall condition score ranging between 0 and 1, with higher scores 
representing better condition. 

𝐑𝐒𝐆𝐂 =
((%𝐕𝐞𝐫𝐲 𝐆𝐨𝐨𝐝 ∗ 𝟏) + (%𝐆𝐨𝐨𝐝 ∗ 𝟎. 𝟕𝟓) + (%𝐌𝐨𝐝𝐞𝐫𝐚𝐭𝐞 ∗ 𝟎. 𝟓) + (%𝐏𝐨𝐨𝐫 ∗ 𝟎. 𝟐𝟓) + (%𝐕𝐞𝐫𝐲 𝐏𝐨𝐨𝐫 ∗ 𝟎))

𝟏𝟎𝟎
 

 
Where RSGC = River Styles Geomorphic Condition score 

 

The range of final River Styles Geomorphic Condition scores was split into five classes as follows:  

>0.8 – 1 = Very Good  

>0.6 – 0.8 = Good  

>0.4 – 0.6 = Moderate  

>0.2 – 0.4 = Poor  

<=0.2 = Very Poor.  

 

The state-wide map of this index is shown in Figure 4.  Areas where there was insufficient data to 
calculate a score are shown in grey.   

 

Figure 4 River Styles Geomorphic Condition Index. 
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Riparian Vegetation Condition Index 
Riparian vegetation is important for the provision of a range of ecosystem services. It provides the 
structure and stabilising function for stream banks preventing erosion, buffers against stream 
flows, filters nutrients, moderates instream primary production, and provides habitat for aquatic and 
terrestrial biota (Spencer et al. 1998; Werren and Arthington 2002; Lovett and Price 2007, Riis et al., 
2020). Riparian vegetation is under significant pressure from anthropogenic activities including 
vegetation removal, land-use change, water harvesting and stream flow regulation, invasive species, 
altered disturbance regimes, and water diversion (Riis et al. 2020).  The removal of riparian 
vegetation also leads to the modification of river geomorphic structure (Brierley et al. 1999).  

Riparian vegetation in NSW includes a diversity of Plant Community Types (PCTs) that include 
woody and non-woody vegetation types, from forests, woodlands, wetlands, grasslands, and 
rainforests. These types contribute to ecosystem services provided by riparian vegetation including; 
filtering and storage of sediment and pollutants, erosion control, flow regulation, provision of 
aquatic and terrestrial habitats, filtering of nutrient run off, regulation of microclimates and carbon 
sequestration (Riis et al., 2020). Consequently, all woody and non-woody vegetation types have been 
valued equally in this revised approach to the RCI described below.  

Measures of landscape connectivity (or its inverse, fragmentation) are widely recognised in 
measures of vegetation condition.  Better connectivity and larger patch sizes of native vegetation 
have been correlated with higher species diversity, improved colonisation by dispersing species, 
improved structure and function, and reduced edge effects (Lindenmayer and Fischer et al. 2006, 
Dabovic et al. 2019). In this version of the RCI, we include an assessment of fragmentation and patch 
size to derive an overall connectivity score, in addition to the extent of both woody and non-woody 
vegetation to measure riparian vegetation condition (Figure 5 ).  

 

Figure 5 Good versus poor riparian vegetation condition. 
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The FARWH (Norris et al. 2007a) recognises the importance of including an assessment of fringing 
zone as a key index. The fringing zone index represents structural and condition features of the 
streamside zone, or the zone surrounding a wetland.  While this index could contain features 
relevant to the physical form and aquatic biota indices, the zone is seen as such an important focus 
of management that it requires its own category.   

Riparian Vegetation Condition Methods 

The original Riparian Vegetation Condition analysis used various data sources depending on the 
available data in the region. Lower Murray Darling Catchment Management Authority and Western 
Catchment Management Authority had no available data. Sydney Metro and Namoi Catchment 
Management Authorities had conducted detailed assessments of riparian vegetation. The condition 
of riverine vegetation in the Namoi Catchment was assessed by EcoLogical (2009). In the case of the 
Sydney Metropolitan Catchment Management Authority, a detailed report had been completed on 
the mapping of river health and included an analysis of riparian vegetation condition (Earthtech, 
2007). Both Catchment Management Authorities had vegetation metrics for river reaches that were 
able to be converted into five categories (very good, good, moderate, poor and very poor). The 
percentage length of each category within the sub-catchment was calculated by intersecting the 
river lines with the sub-catchment polygons, and then the final Riparian Vegetation Condition score 
for the sub-catchment was calculated using the following formula: 

𝐑𝐕𝐂 =
((%𝐕𝐞𝐫𝐲 𝐆𝐨𝐨𝐝 ∗ 𝟏) + (%𝐆𝐨𝐨𝐝 ∗ 𝟎. 𝟕𝟓) + (%𝐌𝐨𝐝𝐞𝐫𝐚𝐭𝐞 ∗ 𝟎. 𝟓) + (%𝐏𝐨𝐨𝐫 ∗ 𝟎. 𝟐𝟓) + (%𝐕𝐞𝐫𝐲 𝐏𝐨𝐨𝐫 ∗ 𝟎))

𝟏𝟎𝟎
 

Where RVC = Riparian Vegetation Condition score 

The remainder of the state used remote sensing data. Garlapati et al. (2010) produced spatial 
mapping products of riparian vegetation extent for 24 catchments in NSW for the NSW Office of 
Water using the NSW Interim Native Vegetation Extent dataset (DECC 2008). This dataset 
identified native woody vegetation within a 30m buffer from the river line. The percent of native 
woody vegetation on each river reach was calculated. The percentage cover of native woody 
vegetation was categorised into five groups: 0-20% (Very Poor), 20-40% (Poor), 40-60% (Moderate), 
60-80% (Good), 80-100% (Very Good). The percentage length of each category within the sub-
catchment was calculated, and then the final RVC score for the sub-catchment was calculated 
using the following formula: 

𝐑𝐕𝐂 =
((%𝐕𝐞𝐫𝐲 𝐆𝐨𝐨𝐝 ∗ 𝟏) + (%𝐆𝐨𝐨𝐝 ∗ 𝟎. 𝟕𝟓) + (%𝐌𝐨𝐝𝐞𝐫𝐚𝐭𝐞 ∗ 𝟎. 𝟓) + (%𝐏𝐨𝐨𝐫 ∗ 𝟎. 𝟐𝟓) + (%𝐕𝐞𝐫𝐲 𝐏𝐨𝐨𝐫 ∗ 𝟎))

𝟏𝟎𝟎
 

Where RVC = Riparian Vegetation Condition score 

For version 2 of the Riparian Vegetation Index, two main goals were acknowledged. Firstly, to 
achieve state-wide coverage with consistent datasets, and secondly, to improve the interpretation 
of riparian vegetation condition by including three metrics: native woody vegetation, native non-
woody vegetation, and connectivity (Figure 6). Native non-woody vegetation and connectivity 
represent two new attributes included in this update of Riparian Vegetation Condition Index not 
used in version 1 of the RCI. 
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Figure 6 Inputs into the updated Riparian Vegetation Condition Index. 

The updated Riparian Vegetation Condition analysis uses the NSW State Vegetation Type Map, 
provided by the NSW Department of Planning and Environment - Environment and Heritage Group  
(DPE 2022a). The State Vegetation Type Map is a regional-scale map of each of the three levels of 
the NSW vegetation classification hierarchy. It maps the distribution of each Plant Community Type, 
Vegetation Class and Vegetation Formation, across all tenures in NSW.  

There are two separate map products: 

• The State Vegetation Type Map extant map shows the distribution of the vegetation 
classification types within the limits of present-day native vegetation cover, across all of 
NSW. 

• The State Vegetation Type Map pre-clearing map displays the likely distribution of types 
prior to the loss of native vegetation cover. The pre-clearing for central NSW is in preparation 
and due in 2023. This was not available for the current RCI update.  

The State Vegetation Type Map is created and maintained using a method for regional-scale 
mapping of Plant Community Types. To develop the State Vegetation Type Map, the department 
uses on-ground survey, aerial and satellite photograph interpretation and landscape models to map 
the most likely Plant Community Types. While much of the State Vegetation Type Map is regional-
scale information, some fine-scale mapping has been selectively included. Further fine-scale 
mapping will be included in the future, as well as updates and revisions as better information 
becomes available. If possible, the maps are checked on the ground. 

The State Vegetation Type Map is designed to be routinely updated as better information becomes 
available. Annual map updates are coordinated with the maintenance of Plant Community Types by 
the department. Ongoing improvement of the State Vegetation Type Map by new or better 
information can be suggested through the Provide Feedback button in the NSW Sharing and 
Enabling Environmental Data Portal (SEED). Such updates will be useful for future editions of the 
Riparian Vegetation Condition Index. 

From the State Vegetation Type Map, it is estimated that about 53% of the natural native 
vegetation that originally covered NSW remains today. Each Plant Community Type in NSW is given 
an estimate of percent clearing loss in eastern New South Wales, the State Vegetation Type Map is 
used to calculate the clearing loss of each mapped Plant Community Type. 

https://www.environment.nsw.gov.au/topics/animals-and-plants/biodiversity/nsw-bionet/state-vegetation-type-map
https://www.seed.nsw.gov.au/
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Native woody and Native non-woody vegetation 

Plant Community Type are the finest unit of vegetation community mapping in the NSW Vegetation 
Classification hierarchy; hence this is the level that the State-wide Vegetation Type Map is used in 
the Riparian Vegetation Condition index. Polygons of the State-wide Vegetation Type Map were 
identified as either ’native woody’ or ‘native non-woody’ or ‘non-native’ according to the PCT 
attribution of that polygon.  This was done as part of the High Priority Groundwater Dependent 
Ecosystem Mapping.  

Each river reach (as identified in the River Styles layer) is buffered by 30 m either side, and the total 
area for each 30 m riparian buffer zone is calculated. The pre attributed PCT vegetation layer is 
intersected with the 30 m buffer zones, and the total area of native woody and native non-woody 
vegetation within each 30 m buffer zone is calculated. This enables the calculation of the 
percentage area for native woody and native non-woody vegetation within each 30 m buffer zone 
for each river reach. 

Assigning Connectivity Score 

A Connectivity score for each river reach (within the 30 m riparian buffer zone) is calculated using 
the metrics Patch size and Fragmentation, as explained below.  

Patch size rating 

For Patch size, the pre attributed Plant Community Type vegetation layer for the whole study area is 
dissolved (i.e., aggregated up to a higher classification level) to combine polygons with the same 
vegetation structure. 

The size of each combined vegetation structure polygon (in hectares) is calculated to give total 
patch size. A weighted score (rating) is given depending on the size of the patch, with larger native 
vegetation patch size receiving a higher score. The patch size weighting scores in Table 2 are taken 
from the Diversity model in the Groundwater Dependent Ecosystems High Ecological Value Aquatic 
Ecosystems analysis (Dabovic et al., 2019) 

Table 2 Weightings used for the derivation of the Vegetation Structure Patch Size index layer. 

Vegetation Structure Patch Size Rating 

< 10 ha 0.00 

10-25 ha 0.25 

25-100 ha 0.50 

100-500 ha 0.75 

> 500 ha 1.00 

 

An area weighted average is applied to get a single patch size index score for each river reach using 
all of the patch size index scores within the 30 m riparian buffer zone for each river reach: 

https://water.dpie.nsw.gov.au/science-data-and-modelling/groundwater-management-and-science/groundwater-and-the-environment
https://water.dpie.nsw.gov.au/science-data-and-modelling/groundwater-management-and-science/groundwater-and-the-environment
https://water.dpie.nsw.gov.au/science-data-and-modelling/surface-water/monitoring-changes/river-styles-in-nsw
https://www.publish.csiro.au/bt/BT18213
https://www.publish.csiro.au/bt/BT18213
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PI=
(PS1*A1)+ (PS2*A2)…

Total Area of 30m buffer for the Reach
 

(where PI = patch size index, PS1 = patch size index for area 1, A1 = area of 30m buffer for patch score 1) 

 

Fragmentation rating 

For Fragmentation, the maximum length of any non-native vegetation patch within the 30 m buffer 
zone is identified. If a river reach has multiple non-native patches, only the largest patch is 
considered. A weighting score (rating) is given depending on the length of the patch. The weighting 
scores in Table 3 are taken from the Diversity model in the Groundwater dependent Ecosystem High 
Ecological Value Aquatic Ecosystem analysis (representing patch nearness) (Dabovic et al. 2019). 

Table 3 Weightings used for the derivation of the Fragmentation index layer. 

Non-native patch length Rating 

< 200 m 1.00 

200- 1000 m 0.75 

1000 - 3000 m 0.50 

3000 - 10,000 m 0.25 

> 10,000 m 0.00 

 

Final Connectivity Score 

The Fragmentation score and Patch Size score are averaged for each river reach to represent the 
final Connectivity score. 

Riparian Vegetation Condition Score for each river reach 

The three scores (Connectivity, Native Woody percent cover and Native Non-Woody percent cover) 
for each river reach are added together and divided by 2 (as 2 is the highest possible score), which 
gives a final score between 0 and 1 (where 1 is the best condition). This gives a riparian vegetation 
score for each river reach. The riparian vegetation scores for each river reach are converted into a 
category (Table 4). 
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Table 4 Categories used for the derivation of the Riparian Vegetation Condition index layer. 

Riparian Vegetation reach 
score 

Riparian vegetation condition 
category 

≤ 0.2 Very Poor 

> 0.2 - 0.4 Poor 

> 0.4 - 0.6 Moderate 

> 0.6 - 0.8 Good 

> 0.8 - 1.0 Very Good 

 

Riparian Vegetation Condition Score for each sub-catchment 

The percentage of total stream length of each riparian vegetation condition category within each 
sub-catchment is calculated by intersecting the resulting Riparian Vegetation Condition River 
Reach layer with the sub-catchments layer. The Riparian Vegetation Condition input index score for 
each sub-catchment is determined from the percentage stream length of each riparian vegetation 
condition category within each sub-catchment, and is calculated as follows:  

RVC=
((%Very Good*1)+(%Good*0.75)+(%Moderate*0.5)+(%Poor*0.25)+(%Very Poor*0))

100
 

 
Where RVC = Riparian Vegetation Condition score 

 

This index is scored using five categories; with better riparian vegetation condition reaches 
weighted more than reaches with lower riparian vegetation condition. The formula is based on 
Equation 45 in Norris et al. 2007b, and results in an overall condition score ranging between 0 and 1, 
with higher scores representing better condition. 

The range of final Riparian Vegetation Condition scores was split into five classes as follows:  

>0.8 – 1 = Very Good   

>0.6 – 0.8 = Good   

>0.4 – 0.6 = Moderate  

>0.2 – 0.4 = Poor  

<=0.2 = Very Poor. 

 

The state-wide map of this index is shown in Figure 7. Areas where there was insufficient data to 
calculate a score are shown in grey.   
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Figure 7 Riparian Vegetation Condition Index. 
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Hydrologic Stress Index 
Alteration to flow is considered a major threat to freshwater biodiversity (Dudgeon et al. 2005). Flow 
regimes are regarded by many ecologists as the key factor that influences riverine ecosystems 
(Bunn and Arthington 2002; Poff et al. 2010).  Modification to flows in Australian rivers systems is a 
result of a variety of human impacts related to catchment disturbance or land clearing, water 
extraction, damming of rivers and installation of weirs and road crossings. The regulation of rivers in 
Australia is regarded as a key factor influencing the deterioration of river condition (Boulton and 
Brock 1999; Arthington and Pusey 2003). 

Hydrologic stress or modification is considered a measure to report alteration to flows within 
catchments or sub-catchments.  It is a reporting measure on river and catchment assessment 
adopted in the United States (WRC 2001) and in some jurisdictions in Australia (DLWC 1998; Ladson 
and White 1999; NLWRA 2002). Indicators of flow and flow metrics have also been used to describe 
the condition of hydrology more recently in the Murray-Darling Basin (Davies et al. 2008).  

The FARWH (Norris et al. 2007a) include a hydrological disturbance index as it recognises the 
importance to aquatic ecosystem function of the water regime, both surface and groundwater, 
depending on the ecosystem (Figure 8Error! Reference source not found.).   

 

Figure 8 Hydrologic stress in low flow conditions and water extraction in low flow conditions. 

Hydrologic stress methods 

Three data sources were used to generate the Hydrologic Stress Index depending on data 
availability: Key Ecosystems Function metrics, Distributed Hydrologic Stress and Water Sharing 
Plan data as shown in Figure 9. Each data source is described below.  
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Figure 9 Input data sources for the Hydrologic Stress Index. 

To report hydrologic stress for the RCI reporting catchments the hydrologic stress metrics that 
were derived for larger Water Sources and river reaches needed to be apportioned to the smaller 
RCI reporting catchments. For option 1 Key Ecosystem Function Hydrologic Stress and option 2 
Distributed Hydrologic Stress the stress metrics are distributed along small river reaches and then 
summarised to provide a score for the RCI reporting catchments. In the case of option 3 Water 
Sharing Plan Hydrologic Stress the metrics are not distributed, but the RCI reporting catchments 
scores are assigned directly from the Water Source they fall within.  

Option 1 Key Ecosystem Function Hydrologic Stress 

The hydrologic stress is based on modelled streamflow sequences, that are used to calculate Key 
Ecosystems Function metrics. The Key Ecosystems Function metrics compare two flow sequences 
to identify the degree of flow alteration (relative to natural flows) and were developed for the 
Murray Darling Basin Authority (Alluvium, 2010). The metrics are designed to evaluate six 
ecologically important flow ranges: zero flows, low flows, freshes (in-bank flow events), and three 
high flow ranges (two near bank full, and a third just over-bank). The lower three flow ranges have 
multiple metrics (six for zero flows, two for low flows, and six for freshes), which are rolled up into 
single indicator for each of these three flow ranges. In all there are 17 metrics. The equations are 
listed below. 

Zero flow event component metrics (both low and high flow season) 

 

Zero Years = 
(𝐍𝐚𝐭𝐮𝐫𝐚𝐥 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐳𝐞𝐫𝐨 𝐲𝐞𝐚𝐫𝐬) − (𝐂𝐮𝐫𝐫𝐞𝐧𝐭 𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐙𝐞𝐫𝐨 𝐘𝐞𝐚𝐫𝐬)

(Natural Number of Zero Years)
 × 100 



 

River Condition Index | 19 

(where  𝐙𝐞𝐫𝐨 𝐘𝐞𝐚𝐫𝐬 = Percentage change in the number of years with zero flow events) 

 

Zero Events/Year = 
(𝐍𝐚𝐭𝐮𝐫𝐚𝐥 𝐧𝐨. 𝐨𝐟 𝐳𝐞𝐫𝐨 𝐞𝐯𝐞𝐧𝐭𝐬/𝐲𝐞𝐚𝐫) − (𝐂𝐮𝐫𝐫𝐞𝐧𝐭 𝐍𝐨. 𝐨𝐟 𝐙𝐞𝐫𝐨 𝐄𝐯𝐞𝐧𝐭𝐬/𝐲𝐞𝐚𝐫)

(Natural No. of Zero Events / year)
 × 100 

(where 𝐙𝐞𝐫𝐨 𝐄𝐯𝐞𝐧𝐭𝐬/𝐲𝐞𝐚𝐫 = Percentage change in the number of zero events per year) 

 

Ave Duration of Zero Events = 
(𝐍𝐚𝐭𝐮𝐫𝐚𝐥 𝐀𝐯𝐞 𝐃𝐮𝐫𝐚𝐭𝐢𝐨𝐧 𝐨𝐟 𝐳𝐞𝐫𝐨 𝐞𝐯𝐞𝐧𝐭𝐬) − (𝐂𝐮𝐫𝐫𝐞𝐧𝐭 𝐀𝐯𝐞 𝐃𝐮𝐫𝐚𝐭𝐢𝐨𝐧 𝐨𝐟 𝐙𝐞𝐫𝐨 𝐄𝐯𝐞𝐧𝐭𝐬)

(Natural Ave Duration of Zero Events)
 × 100 

(where 𝐀𝐯𝐞 𝐃𝐮𝐫𝐚𝐭𝐢𝐨𝐧 𝐨𝐟 𝐙𝐞𝐫𝐨 𝐄𝐯𝐞𝐧𝐭𝐬 = Percentage change in the Average duration of Zero flow events) 

 

Low flow (baseflow) component metrics (both low and high flow season) 

 

80th percentile flow = 
(𝐍𝐚𝐭𝐮𝐫𝐚𝐥 80th percentile flow) − (𝐂𝐮𝐫𝐫𝐞𝐧𝐭 80th percentile flow)

(Natural  80th percentile flow)
 × 100 

(where 80th percentile flow = Percentage change in the size of the 80th percentile flow) 

 

Fresh event (spate) component metrics (both low and high flow season) 

 

Fresh Years = 
(𝐍𝐚𝐭𝐮𝐫𝐚𝐥 No. of Fresh years) − (𝐂𝐮𝐫𝐫𝐞𝐧𝐭 No. of Fresh years)

(Natural  No. of Fresh years)
 × 100 

(where Fresh years = Percentage change in the number of years with freshes) 

 

Fresh  Events/year = 
(𝐍𝐚𝐭𝐮𝐫𝐚𝐥 No. of Fresh events/year) − (𝐂𝐮𝐫𝐫𝐞𝐧𝐭 No. Fresh events/year)

(Natural  No. of Fresh events/year)
 × 100 

(where Fresh events/year = Percentage change in the number of freshes/year) 

 

Ave duration of fresh events = 
(𝐍𝐚𝐭𝐮𝐫𝐚𝐥 Ave duration of fresh events) − (𝐂𝐮𝐫𝐫𝐞𝐧𝐭 Ave duration of fresh events)

(Natural  Ave duration of fresh events)
 × 100 

(where Ave duration of fresh events= Percentage change in the average duration of freshes) 

 

Bank full to overbank flow events component metrics (all year) 

 

X year ARI flow= 
(𝐍𝐚𝐭𝐮𝐫𝐚𝐥 X year ARI flow) − (𝐂𝐮𝐫𝐫𝐞𝐧𝐭 X year ARI flow)

(Natural  X year ARI flow)
 × 100 

(where X year ARI flow Percentage change in the 1.5 year ARI flow, 2.5 year ARI flow, 5 year ARI flow) 
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Note 1.  ARI or Average Reoccurrence Interval is a measure of probability of a peak flow. For example, the 2.5 year ARI flow 
is expected to be reached or exceeded in a 2.5 year period on average. It may be helpful to consider 2.5 year ARI flow as 
the flow that will be reached or exceeded 40 times in a 100 year period at probably irregular intervals.  

 

In contrast, the first version of the hydrologic stress was a ratio of the peak daily demand and the 
80th percentile flow. This earlier indicator was only able to consider the pressure on the low flow 
range, not higher flow ranges. Additionally, because it is not modelled it is not able to take the 
effect of Water Sharing Plan rules into account. 

The metrics are calculated from modelled flow sequences generated at points in the river system, 
such as at the downstream end of unregulated water sources and at gauging stations along 
regulated river water sources. Interpolation between these points was used to estimate the metrics 
for each of the six flow ranges in reaches along the river system. Calculated metrics locations were 
identified on the Geofabric (BOM 2022) network streamlines. The interpolation used the network 
functionality of the Geofabric to identify where tributaries enter the river system and where 
licences extract water. This allows the interpolation to consider: 

• tributary inflows, which improve the flow regime, and  
• licenced entitlement, where water is taken altering the flow regime.  

The first version used a digital elevation model to distribute the 80th percentile and the peak daily 
demands. The use of the Geofabric in this version improved speed and efficiency in producing the 
distributed layer. It also generated the metrics on a standard spatial framework that improves 
accessibility of the data, and compatibility of the data with other spatial datasets that use the 
Geofabric as the spatial framework. 

Each river reach was allocated to a RCI reporting catchment by identifying the reporting catchment 
that the reach streamline’s mid-point fell within. The scoring of the RCI reporting catchment was 
calculated by weighting each reach metric by the upstream drainage area of that reach and 
summing all the resulting products, then dividing by the sum of upstream drainage areas. The 
weighting influences the score proportionally to a stream’s catchment. The biggest effect of this is 
in the most downstream RCI reporting catchments where a large river flows through. In these cases, 
the weighting highlights the metrics on the large rivers in comparison to the small tributaries, many 
just first and second order streams. 

The metrics for RCI reporting catchment were converted into one of five ratings: very poor, poor, 
moderate, good, or very good. Because the metrics indicated if flow alteration had increased, by 
being positive, or decreased, by being negative, each of the ratings had a negative and positive 
range. Ranges are indicated in Table 5. 

 

http://www.bom.gov.au/water/geofabric/
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Table 5 Categories used for the derivation of the Hydrologic Stress index layer. 

Hydrologic Stress score Hydrologic Stress category 

metric > 0.8, or metric < -0.8 Very Poor 

0.6 > metric < 0.8, or-0.8 > metric < -0.6 Poor 

0.4 > metric < 0.6, or -0.6 > metric < -0.4 Moderate 

0.2 > metric < 0.4, or-0.4 > metric < -0.2 Good 

0.2 > metric < -0.2 Very Good 

Option 2 Distributed Hydrologic Stress 

In areas where Risk Assessments have not yet been conducted (see Figure 9), the key ecosystem 
function metrics (option 1) are not available and alternative metrics have been generated from 
previous, less detailed, assessments of risk. In the case of option 2, the Hydrologic Stress derived 
for the first version of the RCI (Healey et al. 2012), where for river systems over 100 km2 in area a 
Distributed Hydrologic Stress was derived. This index is the ratio of the peak daily demand and the 
80th percentile flow (NOW 2011). This index is scored in the same way as the key ecosystem function 
metrics with reaches being allocated to RCI reporting catchments and weighting based on 
upstream catchment area (see above). 

 

Option 3 Water Sharing Plan Hydrologic Stress 

Where neither of the other options are available (Figure 9) the macro approach Water Sharing Plan 
Hydrologic Stress rating is used (NOW 2011). This metric is also the ratio of the peak daily demand 
and the 80th percentile flow but is not distributed along the rivers. Instead, it is assigned based on 
the water source that the River Condition Index catchment falls within.  

 

Hydrologic Stress Index outputs 

The state-wide map of the Hydrologic Stress index is shown in Figure 10.  
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Figure 10 Hydrologic Stress Index. 
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River Biodiversity Condition Index 
The FARWH (Norris et al. 2007a) identifies the importance of including an aquatic biota index to 
infer river condition to identify the influence of the physical environment on the biological 
community.  Aquatic biota has been widely used as a sub-index to report on river condition and 
conservation assessments overseas (Boon 2000; US EPA 2002) and in Australia (Ladson and White 
1999; Chessman 2002; NLWRA 2002; Davies et al. 2008). Many aquatic biotic indicators (e.g. fish, 
macroinvertebrates, frogs, reptiles, aquatic vegetation) are appropriate to incorporate into river 
condition assessments, with reduced river condition associated with loss of taxa (Norris and Thoms 
1999). Aquatic species rely on healthy rivers and diverse habitats for survival and reproduction. 
These biotic indicators can help assess river condition. Reduced river condition is associated with 
loss of species (Figure 11). 

 

Figure 11 Good versus poor river biodiversity condition. 

River Biodiversity Condition Index Methods 

In the original River Biodiversity Condition Index analysis (Healey et al. 2012), two datasets were 
used depending on available data in each study area: 

1. Aquatic Biodiversity Forecaster Tool analysis (area weighted average of the Biodiversity 
Condition score) (Turak et al. 2011) 

2. The Sustainable Rivers Audit macroinvertebrate and fish condition data (average of the two 
scores) (Davies et al. 2008). 
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These datasets have not been continued since version one of the RCI.  In the updated analysis for 
River Biodiversity Condition Index, one consistent state-wide dataset is used instead, the Fish 
Community Status data obtained from DPI Fisheries (DPI 2016). This dataset was developed using a 
suite of indicator metrics developed for the Sustainable Rivers Audit process and later adapted for 
the NSW Monitoring Evaluation and Reporting Riverine Ecosystems theme. The metrics are 
aggerated to form three fish condition indicators of Expectedness, Nativeness and Recruitment and 
are used to produce an overall Fish Condition Index (DPI 2016). This dataset contains fish 
assemblage data collected from 646 sampling sites across NSW between 2009 and 2012 (DPI 2016).  

Fish Community Status is a polyline spatial layer categorising fish community condition as Very 
Good, Good, Moderate, Poor or Very Poor (DPI 2016).   

For the analysis of River Biodiversity Condition Index the categories are converted into scores (1 
(very good), 0.75, 0.5, 0.25, 0 (very poor) respectively) as a reach scale index. The Fish Status reach 
scale index is converted into a sub-catchment scale habitat index by calculating the length-
weighted mean of river reaches within a sub-catchment. Reach-scale indices are length-weighted 
so that longer reaches exert proportionally greater influence on the sub-catchment index than 
smaller reaches. 

𝐑𝐁𝐂𝐈𝐛 =
(𝐅𝐒𝐈𝐫𝟏 ∗ 𝐋𝐫𝟏) +  (𝐅𝐒𝐈𝐫𝟐 ∗ 𝐋𝐫𝟐) …

∑ 𝐋𝐫𝟏 + 𝐋𝐫𝟐 …
 

(where 𝐑𝐁𝐂𝐈𝐛 = River Biodiversity Condition Index, 𝐅𝐒𝐈𝐫𝟏 = Fish Status index for reach 1 within the sub-
catchment, 𝐋𝐫𝟏 = length of reach 1) 

This results in an overall condition score ranging between 0 and 1, with higher scores representing 
better condition.   

The range of final RBCI scores was split into five classes as follows:  

> 0.8 – 1 = Very Good  

> 0.6 – 0.8 = Good   

> 0.4 – 0.6 = Moderate   

> 0.2 – 0.4 = Poor   

≤ 0.2 = Very Poor .  

 

The state-wide River Biodiversity Condition Index is shown in Figure 12. Areas where there was 
insufficient data to calculate a score are shown in grey.   

https://www.dpi.nsw.gov.au/fishing/habitat/your-catchment/condition-of-fish-communities-in-nsw
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Figure 12 River Biodiversity Condition Index. 
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Water Quality Index  
The FARWH (Norris et al. 2007a) recognises the importance of including a Water Quality Index to 
report on river condition and ecosystem health. The drivers for water quality are numerous and 
varied including land use, soil type, geology, altitude, climatic conditions, vegetation type and cover, 
diffuse and point source pollution sources and river regulation (Figure 13). In addition, there are 
chemical and biological processes that occur at a site that also affect its quality. Water quality can 
change from week to week. A Water Quality Index considers the effects of long-term changes in 
water quality characteristics on biota, such as changes in suspended sediment and nutrient 
concentrations or loads, and the effects of changes in salinity or toxicant levels (Norris et al 2007a).  
A water quality index has been included in this edition of the RCI but had not been developed for the 
previous version.   

 

Figure 13  Good versus poor water quality. 

Water Quality targets method 

The National Water Quality Management Strategy (NWQMS) sets out the key principles to consider 
when managing water quality. Regionally specific water quality targets, matched to regional 
conditions, have been developed for New South Wales inland and coastal catchments using the 
reference condition approach (ANZG 2018). These regional targets have been used to assess the 
water quality results and calculate the Water Quality Index score. 

Regionally specific targets apply across a larger spatial scale such as a drainage basin or climatic 
zone. These targets are more generic in nature and are suitable for application at any monitoring 
location within a defined area. Discrete regions can be defined as areas of similar drivers for water 
quality (land use, geology, topography, rainfall), similar water quality conditions, biological or 
ecological features.  To develop water quality targets for the RCI, altitude boundaries have been 

http://www.waterquality.gov.au/anz-guidelines
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proposed that align with the zone boundaries identified in the Sustainable Rivers Audit (Davies et al 
2008) and selected for the Basin Plan application zones (Tiller and Newall 2010). The altitude 
boundaries are:  

• Montane - greater than 700 m 

• Uplands - between 200 and 700 m and  

• Lowlands - less than 200 m inland and less than 150 m on the coast. 

Ideally, targets would be derived from data collected before significant human disturbance or from 
reference or sites of least disturbed condition to quantify the natural water quality. Water quality 
data from a reference site are used to provide a suitable baseline or benchmark for comparison 
against data from an assessment site in a similar aquatic ecosystem or geographic unit. This 
benchmark is a value for a contaminant that, if not exceeded, indicates a low risk that the water 
quality and associated aquatic ecosystems will be unacceptably impacted (van Dam et al. 2019). 
Targets based on reference sites also recognise that the aquatic ecosystem has evolved in the 
presence of any naturally elevated concentrations of contaminants.  

For modified ecosystems (like the majority of rivers of NSW) often the ‘best available’ reference site 
will be the only option. In Australia and New Zealand, the 80th percentile (and 20th percentile for 
lower limits of variables such as dissolved oxygen and pH) of the reference data is recommended 
for slightly to moderately disturbed systems (ANZG 2018). Available data from a more disturbed 
site, which is likely to have a broader range of contaminant concentrations than a site in reference 
condition, can be used to calculate the targets. This can be achieved by adjusting the percentiles 
used to derive the target, such as using the 25th and 75th percentiles. 

Water Quality Index method 

To calculate the Water Quality Index, a method based on a modified Canadian Council of Ministers 
of the Environment water quality index (Lumb et al. 2006) was identified, that incorporated both the 
frequency and exceedance of water quality targets. The method scales data from multiple sampling 
occasions and combines multiple parameter results to provide an overall single score for a 
monitoring site, with higher scores representing better overall water quality. The approach included 
nitrogen, phosphorus, turbidity, dissolved oxygen, pH and electrical conductivity results.  

The indices representing the various measures of water quality should be equivalent (Norris et al. 
2007a). For example, salinity could be an issue in one catchment and nutrients in another. For this 
reason, there has been no weighting of parameters. To account for temporal variability in water 
quality, a five-year data set (July 2016 to June 2021) has been used to calculate the Water Quality 
Index. 

The Water Quality Index score is based on the Frequency and the Amplitude of exceedance of 
regional water quality targets. The index is calculated as: 

𝐖𝐚𝐐𝐈 =  (
√𝐅𝟏𝟐 + 𝐅𝟐𝟐

𝟏. 𝟒𝟏𝟒𝟐𝟏
) 

Where WaQI = Water Quality Index score 

 

Where F1 (Frequency) is the number of failed results per total number of tests: 

http://www.waterquality.gov.au/anz-guidelines
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𝐅1 =  (
𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐟𝐚𝐢𝐥𝐞𝐝 𝐭𝐞𝐬𝐭𝐬

𝐓𝐨𝐭𝐚𝐥 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐭𝐞𝐬𝐭𝐬
) 

And where F2 (Amplitude) is the amount a water quality result exceeds the target by. To calculate 
F2 requires three steps. Firstly, the number of times an individual result is greater than (or less than) 
the target, or Excursion.  

Where the test value should not exceed the target or test objective (turbidity, nitrogen, phosphorus, 
electrical conductivity and upper limits for pH and dissolved oxygen), use: 

𝐄𝐱𝐜𝐮𝐫𝐬𝐢𝐨𝐧 =  (
𝐅𝐚𝐢𝐥𝐞𝐝 𝐭𝐞𝐬𝐭 𝐯𝐚𝐥𝐮𝐞 𝐢

𝐓𝐞𝐬𝐭 𝐨𝐛𝐣𝐞𝐜𝐭𝐢𝐯𝐞
) − 𝟏 

OR, when the test value should not fall below the targets (lower limit for pH and dissolved oxygen), 
use: 

𝐄𝐱𝐜𝐮𝐫𝐬𝐢𝐨𝐧 =  (
𝐓𝐞𝐬𝐭 𝐨𝐛𝐣𝐞𝐜𝐭𝐢𝐯𝐞

𝐅𝐚𝐢𝐥𝐞𝐝 𝐭𝐞𝐬𝐭 𝐯𝐚𝐥𝐮𝐞 𝐢
) − 𝟏 

The total amount the result does not comply with the target is calculated by summing the 
Excursions and dividing by the number of tests to give the nse (normalised sum of excursions): 

𝐧𝐬𝐞 =  (
∑ 𝐞𝐱𝐜𝐮𝐫𝐬𝐢𝐨𝐧 𝐢𝐧

𝐢=𝟏

𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐭𝐞𝐬𝐭𝐬
) 

The nse is then scaled to yield an F2 value between 0 and 100: 

𝐅𝟐 = (𝐧𝐬𝐞 ÷ [𝟎. 𝟎𝟏𝐧𝐬𝐞 + 𝟎. 𝟎𝟏]) 

The final Water Quality Index output is a number between 0 and 1.0, where a score of 1.0 represents 
a site in reference condition. This value can be categorised according to the following to indicate 
the general water quality at a monitoring site. The assignment of Water Quality Index values to 
different categories is a subjective process which incorporates expert opinion and the public’s 
expectations of water quality. Rather than an even split in categories, as used in other layers for the 
RCI (i.e. 0.0-2.0, 2.0-4.0, 4.0-6.0, 6.0-8.0 and 8.0-1.0), the Water Quality Index category score range 
has been adjusted to be consistent with the high proportion of modified or disturbed catchments in 
NSW with  a larger proportion of scores in the poor to very poor categories than good to very good 
(Table 6). 

Table 6 Categories used for the derivation of the Water Quality index layer. 

Water Quality Index Score Water quality rating 

0.0 - 0.29 Very Poor 

0.3 - 0.59 Poor 

0.6 - 0.79 Moderate 

0.8 - 0.94 Good 

0.95 - 1.0 Very Good 
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Converting point data to a sub-catchment score 

To convert data from a monitoring point to an RCI sub-catchment score, the site index score is 
extrapolated upstream and downstream of the monitoring site until reaching a water quality zone 
boundary, a regulated river, major storage or another monitoring site.  

Water quality data is reported using altitudinal zones within a given valley. Where there is only one 
monitoring site in an entire zone, the Water Quality Index score will be applied to all reaches in the 
zone. Where there are multiple monitoring sites in a zone, an average of site Water Quality Index 
scores will be applied to all reaches in that zone without a monitoring site. 

In many cases the altitudinal zones are intersected by RCI sub-catchments. In this case the Water 
Quality Index score is multiplied by the percentage of river length of the RCI sub-catchment 
occupied. The products are then added to get an overall score for the RCI sub-catchment. 

Rules developed for the extrapolation of point data to a catchment score are: 

1. Site area of influence extends upstream and/or downstream until reaching a water quality 
zone boundary, a regulated river, major storage or another monitoring site – whichever comes 
first. 

2. The site’s area of influence extends up the main trunk of the river, as well as all the upstream 
tributaries unless there is another site on a tributary. In that case, the tributary’s site has an 
area of influence that extends downstream until it reaches the main river, and upstream along 
the main trunk of the tributary as well as it’s upstream tributaries. For regulated rivers the 
area of influence does not extend up into unregulated tributaries, only to the storage. 

3. Where there are no sites on a tributary, the average Water Quality Index score of all other 
monitoring sites in that water quality zone is applied 

4. Where an RCI sub-catchment extends across water quality zone boundaries, the Water Quality 
Index score from the two zones will be weighted using the percentage of river length in each 
zone.   

A length weighted average of the river reach water quality scores is then applied to generate a 
Water Quality Index score between 0 and 1 for each sub-catchment: 

 

𝐖𝐐𝐈𝐛 =
(𝐖𝐐𝐈𝐫𝟏 ∗ 𝐋𝐫𝟏) +  (𝐖𝐐𝐈𝐫𝟐 ∗ 𝐋𝐫𝟐) …

∑ 𝐋𝐫𝟏 +  𝐋𝐫𝟐 …
 

(where WQIb = water quality index, WQIr1 = water quality index for reach 1 within the basin, Lr1 = length of reach 1) 

This results in an overall condition score ranging between 0 and 1, with higher scores representing 
better condition.   

The range of final water quality index scores was split into five classes as follows:  

0.95 – 1 = Very Good  

0.8 - 0.94 = Good  

0.6 - 0.79 = Moderate  

0.3 - 0.59 = Poor  

0 – 0.29 = Very Poor.  
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The state-wide Water Quality Condition Index is shown in Figure 14. Areas where there was 
insufficient data to calculate a score are shown in grey.   

 
Figure 14 Water Quality Index 
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Catchment Disturbance Index  
Catchment disturbance has a very important influence on river condition as recognised in the 
FARWH (Norris et al. 2007b). This index provides a measure of anthropogenic changes within a 
catchment area that have the potential to impact on river condition and biota (Figure 15).  

 

 
Figure 15 Good versus poor catchment disturbance 

 

The Catchment Disturbance Index incorporates Land Use data, Loss of Woody Vegetation (Land 
Cover Change), and Infrastructure data in order to characterise changes in the land surface within 
the catchment and hence represent catchment disturbance (Figure 16).  

 

Figure 16 Inputs for the Catchment Disturbance Index. 
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Catchment Disturbance Index Methods 

The process and formulas used to calculate the Catchment Disturbance Index have remained the 
same as the version one analysis (Healey et al 2012). The most recent spatial layers of land use, 
infrastructure and loss of woody vegetation have been used to update the index. The technique was 
adapted from Norris et al. (2007b). 

Land use  

The NSW Land use 2017 v1.2 has been used. The data (Table 7) was aggregated into categories that 
reflected the land use effects on aquatic biota and each category received a weighting to account 
for the different impacts of the various land use categories. The background to the weightings is 
provided in Norris et al. (2007a). 

https://datasets.seed.nsw.gov.au/dataset/nsw-landuse-2017-v1p2-f0ed#:~:text=The%202017%20Landuse%20captures%20how,biodiversity%20values%20and%20individual%20ecosystems.
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Table 7 Weightings used for the derivation of the land use index layer. 

Audit Land Use categories ALUM major category Weighting 

Horticulture, orchards, legumes, 
cotton, rice, non-cereal forage crops 

Intensive animal husbandry 

0.7 

Intensive horticulture 

Irrigated perennial horticulture 

Irrigated seasonal horticulture 

Perennial horticulture 

Seasonal horticulture 

Irrigated cropping 

Grazing irrigated modified pastures 

Transport, utilities, urban uses, 
institutional uses 

Manufacturing and industrial 

0.68 

Mining 

Residential and farm infrastructure 

Services 

Transport and communication 

Utilities 

Waste treatment and disposal 

Channel/aqueduct 

Reservoir/dam 

Cropping not included in intensive and 
irrigated agriculture Cropping 0.48 

Production forests, farm forestry, 
plantations 

Production forestry 

0.2 Irrigated plantation forestry 

Plantation forestry 

Grazing 

Grazing modified pastures 

0.33 Grazing native vegetation 

Land in transition 

Wilderness area, protected landscape, 
National Park, habitat/species 

management area, strict nature 
reserve, national monument, 

managed resource protected areas, 
unmanaged land, water 

Estuary/coastal waters 

0 

Lake 

Managed resource protection 

Marsh/wetland 

Nature conservation 

Other minimal use 

River 
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The Land Use Index was assessed by the extent of each land use category within the sub- 
catchment adjusted by the associated weights, in accordance with Equation 8 of Norris et al. 
(2007b): 

𝐋𝐔 = 𝟏 − ((𝐟𝐋𝐔𝐈𝟏 ∗ 𝐰𝟏) + (𝐟𝐋𝐔𝐈𝟐 ∗ 𝐰𝟐) + (𝐟𝐋𝐔𝐈𝟑 ∗ 𝐰𝟑) + (𝐟𝐋𝐔𝐈𝟒 ∗ 𝐰𝟒) … ) 

(where 𝐋𝐔 = Land Use index, 𝐟𝐋𝐔𝐈𝟏 = fraction of the catchment of land use category 1, 𝐰𝟏 = the weight for land use 
category 1, etc)  

 

Infrastructure  

The most recent data on the location of railways, pipelines, electricity transmission lines and roads 
were downloaded from GIS101 (a Department of Planning and Environment - Water spatial 
database) to assess the fraction of each Infrastructure category within each sub-catchment. The 
infrastructure polylines were buffered to represent the land impacted by that type of infrastructure 
(corridors/easements etc.) The buffer distances to determine corridors and easements for 
infrastructure were updated to reflect a more detailed analysis in the current study, as opposed to 
the broader definition of impacted land that was used in the original analysis. For example, road 
widths and transmission line buffer zones were identified and applied appropriately (Transgrid, 
2021, 2022, AusNet Services 2022). The spatial resolution was also refined in the updated analysis. 
Weightings adopted for this attribute (Table 8) are described in detail in the section on Integration 
and aggregation in Norris et al. (2007a). 

Table 8 Weightings used in the derivation of the infrastructure index layer.  

Category Infrastructure weight 

Main Sealed Road 0.70 

Other Sealed Road 0.70 

Railway 0.22 

Unsealed Road  0.55 

Vehicular Track 0.55 

Utilities (power, pipes) 0.07 

Walking Track 0.00 

 

The Infrastructure Index was assessed by the extent of each infrastructure category within the 
catchment adjusted by the associated weights, in accordance with Equation 4.7 from Norris et al. 
(2007a). 

𝐈 = 𝟏 − ((𝐟𝐢𝟏 ∗ 𝐰𝟏) + (𝐟𝐢𝟐 ∗ 𝐰𝟐) + (𝐟𝐢𝟑 ∗ 𝐰𝟑) + (𝐟𝐢𝟒 ∗ 𝐰𝟒)) 

(where 𝐈 = Infrastructure Index, 𝐟𝐢𝟏 = fraction of the catchment of infrastructure category 1, 𝐰𝟏 = the weight for 
infrastructure category 1, etc) 
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Land Cover Change (State-wide Land cover and Tree Study method)  

This index provides an assessment of the loss of woody vegetation based on the Statewide Land 
Cover and Tree Study method applied by the NSW Department of Planning and Environment - 
Environment and Heritage Group.  Data from 2017, 2018 and 2019 was used to update the loss of 
woody vegetation data in this analysis.   

The total area of ‘Land Cover Change’ for each sub-catchment is calculated. A weighting of 0.68 is 
then applied to ensure consistency with other measures comprising the catchment disturbance 
index. The derivation of the weight is described in detail in the section on Land Cover Change data in 
Norris et al (2007a).  

The final Land Cover Change index score for each sub-catchment is calculated in accordance with 
Equation 9 in Norris et al. (2007a).  

𝐋𝐂𝐂 = 𝟏 − (
𝐀𝐫𝐞𝐚 𝐜𝐥𝐞𝐚𝐫𝐞𝐝 ∗ 𝟎. 𝟔𝟖

𝐓𝐨𝐭𝐚𝐥 𝐀𝐫𝐞𝐚
) 

(where 𝐋𝐂𝐂 = Land Cover Change) 

 

Calculation of Catchment Disturbance Index  

The three subindices (infrastructure, land use, and land cover change) are integrated into a single 
catchment disturbance index for each sub-catchment. No weighting is applied when the three 
measures are integrated. This is because although there is evidence of a linkage between each 
factor and aquatic biota, there is little evidence on the relative impact. The final Catchment 
Disturbance Index score is calculated in accordance with Equation 10 from Norris et al. (2007a) 
which results in a score ranging from 0 to 1, with 1 representing better condition: 

𝐂𝐃𝐈 = 𝐈𝐧𝐟 + 𝐋𝐔 + 𝐋𝐂𝐂 − 𝟐 

 (where 𝐂𝐃𝐈 = Catchment Disturbance Index, 𝐈𝐧𝐟 = Infrastructure index, 𝐋𝐔 = Land Use index, 𝐋𝐂𝐂 = Land Cover 

Change) 

The range of final Catchment Disturbance Index scores was split into five classes as follows:  

> 0.8 – 1 = Very Good   

> 0.6 – 0.8 = Good   

> 0.4 – 0.6 = Moderate   

> 0.2 – 0.4 = Poor  

≤0.2 = Very Poor  

 

The state-wide map of this index is shown in Figure 17. 

https://www.environment.nsw.gov.au/topics/animals-and-plants/native-vegetation/landcover-science/statewide-landcover-tree-study
https://www.environment.nsw.gov.au/topics/animals-and-plants/native-vegetation/landcover-science/statewide-landcover-tree-study
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Figure 17 Catchment Disturbance Index. 
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River Condition Index 
The RCI follows the method to integrate river condition metrics into a unified score that was 
developed by Norris et al. (2007a). In this method, the river condition sub-indices are standardised 
prior to being integrated into the RCI. This approach has been used in other Australian studies (eg. 
Young et al. 2004) with the outcome enabling sub-indices to be represented on a dimensionless 0 to 
1 scale where 1 represents the best or reference condition.  

All six input layers were combined into an overall RCI score and category for each sub-catchment 
using a standardised Euclidean distance formula. The standardised Euclidean distance formula was 
chosen in accordance with Table 3 in Norris et al. (2007a).  

The formula used is: 

𝐑𝐂𝐈 = 𝟏 − (
√(𝟏 − 𝐑𝐕𝐂)𝟐 + (𝟏 − 𝐑𝐒𝐆𝐂)𝟐 + (𝟏 − 𝐇𝐒)𝟐 + (𝟏 − 𝐑𝐁𝐂𝐈)𝟐 + (𝟏 − 𝐖𝐐𝐈)𝟐 + (𝟏 − 𝐂𝐃𝐈)𝟐

√𝟔
) 

 

Where RVC = Riparian Vegetation Condition score, RSGC = River Styles Geomorphic Condition score, HS = Hydrologic 
Stress score, RBCI = River Biodiversity Condition Index score, WQI = Water Quality Index score and CDI = Catchment 

Disturbance Index Score.   

 

Application of the method results in a score (range 0 – 1) for all sub-catchments with a higher score 
applying to sub-catchments in better condition. The range of final RCI scores was split into five 
classes as follows:  

> 0.8 – 1 = Very Good   

> 0.6 – 0.8 = Good   

> 0.4 – 0.6 = Moderate   

> 0.2 – 0.4 = Poor   

≤ 0.2 = Very Poor   

 

Any sub-catchments that did not have final metric scores for all 6 input layers due to lack of data 
(e.g., River Biodiversity Component Index scores) had their final RCI score calculated using only the 
inputs available. The RCI equation was adjusted to suit the number of input scores that were 
available. A minimum of four input scores was required to calculate the final score. For example, 
sub-catchments where River Biodiversity Condition Index scores were not available used the 
equation: 

RCI=1- (
√(1-RVC)2+(1-RSGC)2+(1-HS)2+(1-WQI)2+(1-CDI)2

√5
) 

 

The state-wide map of the RCI is shown in Figure 18. Areas where an overall RCI was unavailable 
were areas with less than 4 index components available.  
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Figure 18 River Condition Index. 
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Assumptions and Limitations 

This update to the RCI has several assumptions and data limitations that should be considered when 
utilising the information. Further development of the index as improved data becomes available will 
be necessary to continually improve the value, accuracy and use of the RCI. The following points 
should be considered. 

1. The lack of state-wide and fit-for-purpose data, collected at the appropriate scale, to enable 
a high level of confidence in the outputs is a limitation of the RCI. The development of the RCI 
was undertaken utilising existing, available datasets. State-wide datasets were used where 
possible to enable a consistent measure across all catchment areas. Further investment and 
improvement of data sets (the biodiversity index in particular) will improve the RCI product.  

2. The RCI represents average conditions (dependent on the age of the data components) and 
may not accurately show river condition changes associated with flow changes (including 
extraction) over seasonal and annual scales.  The sensitivity of the RCI to variability will need 
to be tested and validated. In particular, the ability to identify changes that result from water 
resource management.  

3. The RCI does not have the capacity to include the influence of extreme events (droughts, 
fires, floods) on river condition due to the nature of the data components and resourcing to 
acquire spatial data at a state-wide scale. For example, the Water Quality Index is calculated 
from a five-year average and hence extreme events will not be identified in the overall 
condition.  

4. The hydrologic stress, or level of alteration, index is based on models of full development of 
current water license entitlements at specific points in the river systems. The hydrologic 
metrics generated at these points have been interpolated to estimate the alteration along all 
other reaches of the rivers. The interpolated estimates are not the same quality as the 
modelled metrics. Estimates may be improved in the future by: (a) increasing the number and 
improving the locations of modelled metrics, (b) as the interpolation considers licences, 
improvements can be made by linking to the licences river system layer, (c) introducing 
categories of licences, based on the flow ranges they impact, into interpolation algorithm, 
and refine the algorithm for each flow range to use this additional information, (d) generating 
modelled metrics for other scenarios to represent different levels of development and 
climate change.  

5. The River Styles approach uses a qualitative approach to scoring geomorphic condition, 
which could make results subject to biases by operatives. Additionally, it is unlikely that 
River Styles data would be collected at a frequency of less than 10 years. As a result, some 
catchments may have older data than others, dependent on when the River Styles data was 
collected. 

6. There are no regional benchmarks for riparian vegetation extent. It is assumed that a higher 
cover of native woody and native non woody species is better than a lower cover. This 
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assumption does not take into account different landscapes. For this reason, the 
development of riparian vegetation benchmarks for different landscapes would be beneficial 
to identify which areas have naturally higher cover of woody or non woody species. 

7. There are limited Water Quality testing sites across NSW. Continued monitoring of water 
quality across more locations would lead to a more detailed analysis and would improve the 
accuracy of the Water Quality Index. 

8. The Biodiversity Condition Index uses only fish data. Further investigation to include 
additional biotic data (such as macroinvertebrates, aquatic birds, water plants and frogs) 
needs to be undertaken.  There are currently no funded, whole of State, river taxa or 
biodiversity condition assessment programs to provide ongoing data.  The dataset contains 
fish assemblage data collected from 646 sampling sites across NSW between 2009 and 
2012 (DPI 2016) and is not available for all streams and rivers across NSW. A more recent 
dataset as well as continued monitoring and additional sampling sites would improve the 
accuracy of the River Biodiversity Condition Index. 

9. A sensitivity analysis to determine the influence of each index in the RCI input layers, 
particularly how weightings influence condition outcomes should be conducted to identify 
the scale at which change will be detected in the overall RCI.  

10. No field assessment or validation of any of the RCI model outcomes have been undertaken to 
validate mapping outcomes. However, during development of the analysis, NSW Department 
of Planning and Environment staff review mapping products and local knowledge, and expert 
opinion gives a level of assessment that provides a check of the outcomes. Changes are 
made to the data if local knowledge indicates this is required. 

11. The RCI and associated spatial products are developed for use as a regional planning tool. 
The maps used in this report (and the GIS spatial layers) should be used as a general guide 
for regional and local scale natural resource planning and management only, not for the 
assessment of specific sites which can only be assessed by investigations specific to those 
sites. 

12. An analysis comparing the first version of the RCI (2012) with the current version (2023) 
needs to be undertaken. By comparing results between the versions we can identify areas 
that have improved, regressed or maintained their overall condition. Ideally a statistical 
analysis would be beneficial to help understand results. Differences in datasets used needs 
to be considered. 
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