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SUMMARY 
 
Riparian vegetation has an important influence on water quality and habitat (Day, 2001). 
Government agencies and other organisations require better information to plan and manage 
riparian conservation and restoration works along rivers. Previously, riparian vegetation had 
been mapped by different government agencies at different places, for a range of purposes at 
various scales. However, no single project had mapped the extent of riparian vegetation 
covering the whole State. This report describes the development of a spatial dataset based on 
the use of remote sensing and GIS (geographic information system) techniques to assess the 
extent of riparian vegetation in New South Wales (NSW) for monitoring, evaluation and 
reporting purposes.  
 
The dataset brings together several datasets to create the first complete coverage of the 11 
most eastern catchment management authority (CMA) areas (from a total of 13 CMA areas 
within NSW). The primary objective of this project was to extract data for the extent of 
riparian vegetation within 30-metre riparian buffer zones around water courses with higher 
stream orders (Strahler orders three and above). Additional stream order data were generated 
for six CMA areas, and to fill gaps in the coverage for coastal catchments using the existing 
drainage layer. The NSW Interim Native Vegetation Extent (INVE) dataset (DECC, 2008) 
was used as a primary dataset, as this data provided the best available state-wide coverage of 
the extent of native vegetation.  
 
The primary product is the Riparian Vegetation Extent (RVE) dataset which includes 
“woody” and “non-woody” vegetation classes. The secondary product is the Hybrid Riparian 
Native Vegetation Extent (HRNVE) dataset, which consists of 10 different vegetation classes. 
Both datasets are binary vegetation extent grids (25 m). Detailed statistics about the extent of 
the riparian vegetation were generated, based on the boundaries of CMA areas and individual 
catchments.  
 
We are assessing the quality and reliability of “woody” and “non-woody” classifications, and 
the accuracy of the estimation of riparian buffer zones. One quarter of the 1:100,000 scale 
topographic maps covered by our RVE dataset have been assessed using random sampling 
methodology. Accuracy reports add immense value to both the INVE and RVE datasets. 
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We recommend investigation of whether high resolution data for vegetation can be utilised to 
produce significantly more accurate riparian land-cover classifications. 
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1. INTRODUCTION 
 
Riparian vegetation provides important benefits for the health of river ecosystems. Vegetated 
riparian buffer zones adjacent to streams, rivers or other water bodies greatly influence water 
quality and provide valuable habitat. Riparian buffer zones with dense vegetation also reduce 
the sediment load carried into streams and water bodies, and protect shorelines and stream 
banks from erosion. Properly established and maintained riparian buffer zones can help to 
reduce the severity and recurrence of flooding (Day, 2001). Government agencies—such as 
Commonwealth and State departments, CMAs, and local government—and other 
organisations require better information to plan and manage riparian conservation and 
restoration works along rivers.  
 
Previously, riparian vegetation had been mapped by different government agencies at 
different places, for a range of purposes at various scales. For instance, for the Yass River and 
the Bega River, the extent of riparian vegetation was mapped by the former NSW Department 
of Natural Resources (DNR), riparian condition was assessed by Eurobodalla Shire Council, 
and the Murray–Darling Basin Authority had assessed riparian vegetation within some areas 
of the basin. However, no single project had mapped the extent of riparian vegetation 
covering the whole State. 
 
The State-wide Landcover and Trees Study (SLATS) methodology from Queensland was 
used in NSW to report on vegetation clearing by the former NSW Department of 
Environment and Climate Change (DECC). As part of the SLATS process an FPC was 
generated with subsequent generation of a state-wide dataset for the extent of vegetation. FPC 
refers to the horizontal percentage of cover (measured from 0 to 100%) of photosynthetic 
foliage (including under- or over-storey strata), and provides a measure of the photosynthetic 
activity in low density, Australian vegetation (Specht, 1999). A threshold of about 12% 
(equating to 20% canopy cover [SLATS, 2003]) was identified on the Landsat derived FPC 
layers to discriminate between forest and non-forest (Lucas, et al., 2006). This data provided 
the best available state-wide native vegetation extent dataset, for use in our NSW Riparian 
Vegetation Extent for Monitoring, Evaluation and Reporting Purposes Project.  
 
Vegetation extent was classified into either “woody” or “non-woody” by applying a single 
uniform threshold to the state-wide FPC values, which are continuous data indicating the 
percentage of FPC. The “woody” and “non-woody” classes were further sub-divided into the 
confidence classes “likely” and “most likely” to document uncertainty in assigning the 
“woody/non-woody” threshold (DECC, 2008). Despite its limitations, this dataset provided 
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the best available coverage of the state-wide extent of native vegetation. The data provide an 
estimate of vegetation extent in 2006, based on interim FPC data derived from Landsat data.  
 
The unclassified areas, created by gaps in the land use data coverage, were completed using 
the FPC derived vegetation extent data. Gaps in the former NSW Department of Environment 
and Climate Change’s (DECC’s) INVE dataset were filled using Keith and Simpson’s (K&S) 
native vegetation extent data (version 002, 2006) to attribute FPC derived vegetation extent as 
“native” or “non-native”. This data was 250-metre pixel resolution, so it was resampled to 25-
metre pixel size, consistent with the other datasets (Keith and Simpson, 2006; cited in DECC 
2008). 
 
The NSW Office of Water’s RVE and HRNVE datasets were primarily based on DECC’s 
INVE dataset, to extract riparian vegetation extent within 30-metre riparian buffer zones. This 
provides important baseline information on the status of riparian vegetation that government 
agencies require for monitoring and reporting on the status and condition of natural resources. 
It is important to monitor the condition of riparian areas to ascertain the extent of damage or 
alteration to these areas that is caused by human activities. Thus this project supports the 
Monitoring, Evaluation and Reporting Strategy and the State-wide Resource Condition 
Targets of the NSW State Plan for 2006 to 2009. It also provides spatial boundaries to all 
themes requiring riparian vegetation information, supporting the State-wide Vegetation 
Mapping Strategy. 
 
The project delivered data for the riparian vegetation extent with accuracy assessments, and 
generation of riparian statistics related to the boundaries of CMA areas and catchments (Table 
4). Data for individual catchments were also included, when requested. 
 
2. OBJECTIVES 
 
The objectives of the NSW Office of Water’s NSW Riparian Vegetation Extent for 
Monitoring, Evaluation and Reporting Purposes Project were to: 
¾  generate a database, including the NSW Office of Water’s RVE and HRNVE datasets, 
extracted from DECC’s INVE dataset (DECC 2008). 
¾  assess the accuracy of the NSW Office of Water’s RVE dataset by using high resolution 
imagery (SPOT5 satellite imagery and/or [ADS40] digital aerial photographs) and random 
sampling techniques 
¾  develop and build ArcGIS® models to incorporate updated versions of the DECC INVE 
dataset 
¾  generate stream order classifications for the Border Rivers – Gwydir, Namoi, Central 
West, Lachlan, Murrumbidgee and Murray CMA areas using the existing former Department 
of Lands (DoL) Topo-Hydroline data, and fill in the gaps in stream order data for the coast of 
NSW 
¾  generate statistics from the NSW Office of Water’s RVE and HRNVE datasets relative to 
CMA areas and catchment boundaries.  
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3. METHODOLOGY 
 
GIS and remote sensing techniques were implemented to create a digital spatial database of 
the extent of riparian vegetation. ESRI® ArcGIS 9.3 with various extensions and RivEX® 
software was mainly used for preparation, manipulation and spatial analysis of the data. 
Figure 1 provides a detailed flow chart of the workflow for the project.  
 
3.1 Primary data 
 
The spatial datasets for this project were acquired from various sources. 
 
3.1.1 DECC INVE data  
This data provided the best available state-wide native vegetation extent for the NSW Office 
of Water’s NSW Riparian Vegetation Extent for Monitoring, Evaluation and Reporting 
Purposes Project. It estimated vegetation extent based on interim FPC data derived from 
Landsat data (DECC, 2008). Vegetation extent was classified as either “woody” or “non-
woody” by applying a single uniform threshold to the state-wide FPC values. These are 
continuous data indicating percentage FPC.  
 
3.1.2 CRA stream order layer 
The primary objective of this project was to extract riparian vegetation extent data for streams 
that are third order and higher. The streams must be either perennial or recurring (have water 
in their channel for at least part of the year). Comprehensive Regional Assessment (CRA) 
Stream Order Data were originally created by Forests NSW within the former NSW 
Department of Primary Industries as a part of its CRA commitment. The dataset covers most 
of the coastal catchments’ area, with few gaps in the data. There were no stream order data for 
the Central and Western NSW regions. The attribution of the stream orders was reasonably 
accurate. Forests NSW used a random checking process, especially over state forests, and 
identified no major data errors (Wayne Mackey, Manager GIS, Forests NSW, DPI, 2008 pers. 
comm.).  
 
3.1.3 Index maps (1:100,000 and 1:250,000 scale) 
To keep spatial datasets at manageable sizes, the coverage was divided into 1:100,000 and 
1:250,000 scale topographical map units for the entire work flow. 
 
3.1.4 DoL Topo-Hydroline dataset 
The former NSW Department of Lands Topo-Hydroline dataset provided the best available 
drainage layer for us to generate stream order data for the Border Rivers – Gwydir, Namoi, 
Central West, Lachlan, Murrumbidgee and Murray CMA areas, and to fill in the gaps in the 
CRA stream order data for the coast.  
 
3.1.5 SPOT5 satellite imagery and (ADS40) digital imagery  
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SPOT5 satellite imagery (at 2.5 m ground resolution) and (ADS40) digital aerial photographs 
(0.5 m ground resolution) were used as a backdrop for accuracy checks to verify “woody” and 
“non-woody” classifications.  
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Figure 1 The work flow used for the NSW Office of Water (NOW) Riparian Vegetation Extent for Monitoring, 
Evaluation and Reporting Project 
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3.2 Data issues 
 
3.2.1 Coverage 
Figure 2 Coverage of the initial CRA stream order data for NSW 

 
Stream order coverage is indicated by green polylines on the map above. 
 
For NSW, the CRA stream order data cover only seven CMA areas; and amongst those, six 
CMA areas are only partially covered. Some additional stream order data were generated by 
DNR for the Murray and Murrumbidgee catchments, but these data were unsuitable because 
of errors in the stream orders. As a part of this riparian project commitment, additional stream 
order data were generated and the results, i.e. the areas covered are listed in Table 4, and 
Figure 8. 
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3.2.2 Stream network geometry issues 

 

Figure 3 Geometric variations in stream network for CRA and Hydro-Line data 

 
In this image, the actual position of a stream is shown overlaid by blue lines representing the stream’s position 
according to Hydro-Line geometry, and red lines indicating the corresponding CRA geometry. The Hydro-Line 
geometry matches the actual position of the stream more accurately. Areas where data errors occurred can be seen in 
the middle of the image. 
 
The CRA stream order data and Hydro-Line data were overlaid onto the SPOT5 imagery and 
the geometry of the drainage was verified at random sites. It was observed that there were 
differences in the geometry of the river network. Hydro-Line geometry was more accurate 
than the CRA stream order data (Figure 3). Hydro-Line data were used to generate Strahler 
stream orders to extend and complete the data for the Border Rivers – Gwydir, Namoi, 
Central-West, Lachlan, Murray, and Murrumbidgee CMA areas and to fill gaps in the CRA 
data for the coastal CMA areas. 
 
CRA stream order data were used to generate data for riparian buffers. As a result, some 
geometric errors showed distinctly between the actual drainage lines and riparian buffer zones 
compared to the geometry of the datasets (Figure 4).  
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Figure 4 Distortions in river network, riparian buffers and  vegetation extraction 
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Upper: a SPOT5 image showing the actual location of a stream (dark blue), overlaid with CRA geometry representing 
the outer edges of the drainage lines (green lines) and the riparian buffer zone (pink lines). Lower: the same image 
overlaid with the NSW Office of Water’s RVE data representing non-woody vegetation (yellow pixels) and woody 
vegetation (green pixels). In some areas errors can be seen where the overlaid geometry does not match the actual 
position of the stream. 
 
Apart from the geometry issues, CRA stream order data also cause connectivity issues at the 
farm dams, lakes, and other structures (Figure 5) shown in images. The higher stream orders 
appear to cross over some water bodies because the boundaries of those water bodies were not 
captured or updated within the CRA dataset. Since the CRA data were compiled, many farm 
dams have been built and are clearly visible in the latest imagery like SPOT5 or (ADS40). At 
those places the actual riparian buffers are omitted, and this has caused some minor 
inaccuracies in the riparian vegetation extent data. 
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Figure 5 Inaccuracies in the CRA stream order data 

 
In this image, some bodies of water (dark blue areas) formed after the CRA stream order dataset was compiled. As a 
result, data for riparian vegetation (e.g. yellow to grey pixels) generated inaccurately over these areas. 
 
3.3 Geoprocessing 
 
The first stage of the geoprocessing mainly involved selection and extraction of data for the 
required drainage layers. After the data for higher stream orders and 30-metre buffer zones 
were generated, the layers for the NSW Office of Water’s RVE and HRNVE datasets were 
masked out on a 1:250,000 or a 1:100,000 topographic map scale, depending upon the density 
of the drainage lines. 
 
During geoprocessing, we performed seven main steps:  
1. Reproject the CRA stream order data. All the vector datasets were reprojected to the 

Lambert Projection for NSW that is based on the GDA94 datum. Its geographic co-
ordinates were used so that the angular units were automatically converted to metres. 

2. Select, by attributes, streams with third or higher order from CRA stream order data. From 
the main CRA stream order coverage a selection of higher stream orders greater than or 
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equal to three was queried using simple Structured Query Language (SQL). After 
selecting the required data it was exported to a new layer which was used for our project. 

3. Clip to the extent of 1:100,000 or 1:250,000 topographic map tiles. The stream datasets 
were clipped to 1:250,000 scale to make the data more manageable.  

4. Set the riparian buffer width to 30 m and dissolve the stream order data. A 30-metre width 
for riparian buffer zones was applied consistently to all the selected third and higher 
stream orders throughout NSW. The 30-metre width was recommended by riparian 
ecologists within the NSW Office of Water. 

5. Extract by mask using the Spatial Analyst Tool in ArcGIS®. The DECC INVE and 
Hybrid Native Vegetation Extent (HNVE) layers were masked out separately using the 
30-metre dissolved buffers. The masking process was repetitive, so batch processing was 
used to automate it. 

6. Check accuracy by comparing the NSW Office of Water’s RVE dataset with high 
resolution imagery. The RVE dataset was verified on-screen using SPOT5 and/or airborne 
digital sensor (ADS)-40 images to identify any discrepancies, for example in geometry 
issues of riparian buffer extents (RBEs), vegetation classes, pixel shifts or missing data. 

7. Mosaic and attribute the NSW Office of Water’s RVE layer. The derived riparian extent 
datasets at 1:100,000 and/or 250,000 topographic map scales were mosaiced. After the 
final mosaic was completed, the relevant classes were attributed by joining the tables from 
the original INVE dataset (DECC, 2008).  

 
4. ACCURACY ASSESSMENT 
 
The NSW Office of Water’s RVE dataset’s “woody” and “non-woody” classifications were 
compared with SPOT5 imagery by applying image interpretation techniques. An accuracy 
assessment report was generated to determine the quality of the “woody” and “non-woody” 
classifications. This was done by developing contingency tables (matrix) to calculate the 
producer’s, user’s and overall accuracies together with the values for errors of commission 
and omission. 
 
The random sampling technique was applied to select sample sites. A total of 400 random 
sample points were generated within 30-metre riparian buffer zones for each 1:100,000 map. 
The number of random samples that were used varied for maps of the coastal areas because 
sampling sites were deleted if they were generated for areas covered by ocean. A separate 
geodatabase was generated for selected 1:100,000 topographic scale maps to build an error 
matrix (Story and Congalton, 1986). 
 
Therefore, all accuracy estimates were restricted to the individual 1:100,000 maps only and 
were not necessarily valid for larger areas. The accuracy assessment was performed on a 
backdrop of SPOT5 satellite imagery and/or ADS40 aerial photograph imagery. The images 
were assumed to be accurate and represented ground-truthing information. However, there 
may have been a small number of errors of interpretation because there is a likelihood of 
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misinterpreting the difference between “woody” and “non-woody” vegetation classes due to 
their similar density and texture.  
 
The steps in accuracy assessment were: 
¾  Generate random points. For each 1:100,000 topographic map, 400 random sample points 
were generated and were saved as separate shape files. 
¾  Create a 25 m vector grid for sampling. A 25 x 25 m grid (fishnet) was generated to match 
the pixel size of the NSW Office of Water’s RVE dataset. This assisted the accurate location 
of sample sites and their interpretation.  
¾  Compare the randomly sampled “woody” and “non-woody” pixels with the ADS40 and/or 
SPOT5 imagery, and classify the vegetation at the sample site as “woody” or “non-woody”, 
including the riparian buffer extents. 
Figure 6 Random sampling over the extracted riparian data and overlay of fishnet 

 
A SPOT5 image overlaid with NSW Office of Water’s RVE data, and showing randomly sampled points indicated by 
red crosses.  
 
Error matrices or contingency tables were used to compare the relationship between SPOT5 
and ADS40 imagery with the corresponding results from the NSW Office of Water’s RVE 
data. The comparison was made on the basis of “woody” and “non-woody” classifications. 
The matrices were square, with the number of rows and columns equal to the number of 
categories whose classification accuracy was being assessed (Lillesand, 1994). 
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Table 1 shows the standard format of error matrix that was applied to this process of accuracy 
assessment. The relationship between the NSW Office of Water’s RVE dataset and the 
imagery from SPOT5 and/or ADS40 was usually summarised in an error matrix. 
 
Table 1 Error matrix table 

NSW Office of Water’s RVE dataset SPOT5 and/or ADS40 imagery 
Classes: Woody Non-woody Row totals 
Woody a b c 
Non-woody d e f 
Column totals g h n 

n = total number of random samples (pixels) 

 
Values in the horizontal rows normally correspond to the “woody” and “non-woody” classes 
of the NSW Office of Water’s RVE layer. The vertical columns show the referenced backdrop 
of SPOT5 imagery interpretation. Values in the cells in the matrix are a count of pixels, which 
is based on information derived from the class assignments of pixels in both the classified 
data and the reference SPOT5 imagery.  
This contingency (error) matrix table could be further evaluated to generate the following 
values: 
¾  overall accuracy 
¾  user’s accuracy 
¾  producer’s accuracy 
¾  errors of commission and omission. 
 
Overall accuracy. The overall accuracy is calculated by summing the number of pixels 
classified correctly, and dividing the sum by the total number of pixels. The pixels classified 
correctly are found along the diagonal within the confusion (error) matrix table which lists the 
number of pixels that were classified into the correct ground truth class. The matrix cell 
values on the diagonal (a, e) represent a pixel count of correctly classified pixels. The sum of 
the diagonal cells in the matrix (a + e) represents the total number of correctly classified 
pixels. The value of “n” is the total number of random samples. 
 
User’s accuracy. These values are calculated by dividing the number of correctly classified 
pixels in each category by the total number of pixels that were classified in that category (the 
row total). The values for user’s accuracy would be “a/c” and “e/f” for the “woody” and “non-
woody” classes respectively (Lillesand, 1994). 
Producer’s accuracy. This is a measure of how much of the area in each category has been 
classified accurately, so the total number of diagonal cells of the error matrix divided by the 
value for the column total would give the producer’s accuracy (“a/g” and “e/h” for the 
respective classes). 
Errors of commission and errors of omission. Finally, from the error matrix table, errors of 
commission (errors of inclusion) and omission (errors of exclusion) were generated. 
Commission errors occur when an area is included into a category when it does not belong to 
that category. Omission errors occur when an area is excluded from a category when it truly 
does belong to that category (Congalton and Green 1999). Thus errors of commission can be 
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calculated by “b/g” and “d/h” for the respective classes. Errors of omission can be calculated 
by “d/g” and  “b/h”. 
 
4.1 Riparian buffer extent (RBE) 
 
The 30-metre riparian buffer widths were also checked against SPOT5 imagery for each 
sampling point. They are classified into three categories, “exact”, “over” and “under”, to 
verify the reliability of the defined riparian buffer extents.  
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Table 2 The accuracy table for riparian buffer extent 

Category  RBE RBE percentage 
(%)  

Exact E E/n 

Over O O/n 

Under U U/n 
n = total number of random samples (pixels). 

 
4.2 Stream order classification 
Researchers, environmental scientists and many agencies like water management authorities 
use stream order values to describe the size of particular waterways for many purposes. The 
stream order value is an important piece of information to know about water courses because 
it allows classification of drainage based on size. 
 
Figure 7 Representation of the Strahler classification of stream orders 

 
 
Figure 7 shows the Strahler classification of stream orders that was used for this project. It 
provides a hierarchical classification of waterways based on the size of their channels and 
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their position within a drainage basin. In the Strahler classification, second order streams 
combine with other second order streams to form third order streams. Third order streams 
combine to form fourth order streams, and so on. This method of classifying stream size is 
important as it gives the idea of the size and strength of specific waterways within stream 
networks, which is an important component of water management. In addition, classifying 
stream order facilitates study of the amount of sediment in an area, to support more effective 
use of waterways as natural resources, especially where riparian vegetation influences the 
health of waterways. Thus stream order is an effective measure for classifying waterways. 
Classification of stream orders is a crucial step in understanding and managing the riparian 
vegetation between various streams of different sizes, and can be used to prioritise streams for 
restoration purposes. 
 
An additional stream order classification was undertaken to provide stream order data for the 
Border Rivers – Gwydir, Namoi, Central West, Lachlan, Murrumbidgee and Murray CMA 
areas and to fill the gaps in the CRA stream order data for the coastal catchments. This work 
was done according to the catchment boundaries, rather than the CMA boundaries because the 
catchment boundaries more accurately match the natural watershed. Also, the Rivex software 
has size limitations, and could be used more accurately on the basis of the smaller catchment 
areas, compared to CMA areas. 
 
Topo-Hydroline drainage data from the Department of Lands was used to provide the 
additional stream order classification. This data contained many topological errors which 
required editing and correction before it could be used for stream order classification. 
Topology was used primarily for quality assurance of the data, and to allow the geodatabase 
to represent geographic features (ESRI, 2007). 
 
After the topological editing was completed the required Hydro-Line layer could be used as 
an input for stream order classification. Strahler attribution was the final stage of the process 
in RivEX, followed by manual checks for quality assurance (QA). 
 
During the quality assurance process, a list of errors was identified and generated for the 
Border Rivers – Gwydir, Namoi, Central West, Lachlan, Murrumbidgee and Murray CMA 
areas. The errors resulted from inaccuracies in the Hydroline dataset. 
 
Table 3 Errors generated from Hydroline data for the Murray and Murrumbidgee catchments 

Errors Count 

Disconnected polylines 955 

Self intersecting polylines 1721 

Sources within network 1682 

 
The more powerful algorithms of RivEX tools were able to generate this list of data errors, 
which were undetected by ArcGIS, illustrating the limitations of the topological edit tools in 
ArcGIS. RivEX implements a fast recursive algorithm to calculate Strahler stream order. The 
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excluded river bank information should be merged with manual editing, because of software 
limitations (Gleyzer et al, 2004). 
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5. RESULTS  
 
5.1 Stream order 
For the Border Rivers – Gwydir, Namoi, Central West, Lachlan, Murrumbidgee and Murray 
CMA areas, and for the gaps in data for the NSW coast, stream order classification was 
achieved using the Topo-Hydroline dataset, as previously described.  
 
Figure 8 Generation of new stream order data for the Border Rivers – Gwydir, Namoi, Central West, Lachlan, 
Murrumbidgee and Murray CMA areas, and data gaps on the coast of NSW 

Table 4 and Figure 8 give the areas where additional stream ordering was undertaken. 
 

Table 4 CMAs and catchments for which stream order coverage was completed 

CMA Catchment Coverage of stream order data 

Border Rivers – Gwydir Macintyre, Gwydir River complete 

Central West Castlereagh, Macquarie complete 

Hawkesbury–Nepean Hawkesbury complete 

Hunter – Central Rivers Lake Macquarie – Tuggerah Lakes complete 

Lachlan Lachlan complete 

Murray Murray complete 

Murrumbidgee Lake George, Murrumbidgee complete 

Namoi Namoi complete 

Southern Rivers Lake Illawarra – Port Hacking complete 
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CMA Catchment Coverage of stream order data 

Sydney Metropolitan Port Jackson – Georges River complete 
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5.2 Extent of riparian vegetation 

 

Our project delivered two products:  
·  NSW Office of Water’s RVE dataset  
·  NSW Office of Water’s HRNVE dataset. 
These datasets are binary vegetation extent grids (25 m) derived from the INVE dataset 
(DECC, 2008) which includes “woody” and “non-woody” classes.  
Our secondary product, the HRNVE dataset, consists of 10 different classes: 
·  non-woody—(most likely) native 
·  non-woody—(most likely) non-native 
·  non-woody—(likely) native 
·  non-woody—(likely) non-native 
·  non-woody—(K&S1) native 
·  woody—(most likely) native 
·  woody—(most likely) non-native 
·  woody—(likely) native 
·  woody—(likely) non-native 
·  woody—(K&S) native. 
This data provides complete coverage for the Border Rivers – Gwydir, Namoi, Central West, 
Lachlan, Murrumbidgee, Murray and all coastal CMA areas, and the Australian Capital 
Territory (ACT). 

                                                 
 
1 “K&S” refers to the Keith and Simpson native vegetation extent data.  
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Figure 9 The extent of riparian vegetation for which data were completed by the NSW Office of Water 

 
5.3 Riparian vegetation statistics 
 
The data extracted from the NSW Office of Water’s RVE dataset were used for further 
interpretation by deriving statistics relative to CMA administration boundaries. Table 5 gives 
the extent of riparian vegetation, and the percentages of  “woody” and “non-woody” classes 
of vegetation for individual CMA areas. Table 9 gives the extent of riparian vegetation and 
the percentages of “woody” and “non-woody” classes of vegetation for individual catchments. 
Tables (6 to 8) give the extent of riparian vegetation, and the percentages of the derived 
HRNVE dataset classes of vegetation relative to individual CMA areas.
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Table 5 The extent of classes of riparian vegetation in CMA areas, derived from the NSW Office of Water’s RVE dataset 
CMA  Riparian 

(ha)  
Woody 
(ha) 

Woody 
(%) 

Non-woody 
(ha) 

Non-woody 
(%) 

Others 
(ha) 

Others 
(%) 

Coverage 

Border Rivers – Gwydir  134403.9 61424.9 46.8 71096.9 52.9 1882.1 1.4 Full 

Central West 171389.6 64510.5 37.6 106002.9 61.8 876.2 0.5 Full 

Hawkesbury – Nepean  100101.8 75791.6 75.7 18124.2 18.1 6186.0 6.2 Full 

Hunter – Central Rivers  163490.7 103843.4 63.5 55054.3 33.7 4592.9 2.8 Full 

Lachlan 132627.9 39881.5 30.1 92087.8 69.4 658.6 0.5 Full 

Murray  97928.2 39813.1 40.7 51844.5 52.9 6270.6 6.4 Full 

Murrumbidgee  176095.4 52364.6 29.7 119600.3 67.9 4130.6 2.3 Full 

Namoi  115286.9 46515.1 40.3 68449.8 59.4 322.1 0.3 Full 

Northern Rivers 238215.3 149608.9 62.8 81307.3 34.1 7299.1 3.1 Full 

Southern Rivers  136323.4 93660.8 68.7 38136.7 28.0 4525.9 3.3 Full 
Sydney Metropolitan  8190.6 4305.0 52.6 1008.1 12.3 2877.4 35.1 Full 

 
Table 6 The extent of riparian, native vegetation in the Border Rivers – Gwydir, Namoi, Northern Rivers, and Southern Rivers CMAs, derived from the NSW Office of Water’s 
HRNVE dataset  

CMA: Border Rivers –  Gwydir Namoi Northern Rivers Southern Rivers 

Class 
Area 
(ha) 

Percentage 
(%) 

Area 
(ha) 

Percentage 
(%) 

Area 
(ha) 

Percentage 
(%) 

Area 
(ha) 

Percentage 
(%) 

Non-woody—(most likely) native 38055.1 28.3 44350.4 38.5 55381.6 23.2 21795.1 16.0 

Non-woody—(most likely) non-native 9217.4 6.8 7824.1 6.8 3490.3 1.5 1305.4 1.0 

Non-woody—(likely)  native 19655.4 14.6 14244.4 12.4 21044.4 8.8 13921.7 10.2 

Non-woody—(likely) non-native 3980.8 3.0 2036.2 1.8 1028.4 0.4 773.1 0.6 

Non-woody— (K&S) native 2.3 0.0 3.4 0.0 0.0 0.0 5.9 0.0 

Woody—(most likely) native 25931.9 19.3 18798.7 16.3 105915.7 44.5 65889.9 48.3 

Woody—(most likely) non-native 56.6 0.0 113.0 0.1 658.9 0.3 559.9 0.4 

Woody—(K&S) native 311.3 0.2 127.5 0.1 3177.7 1.3 2350.1 1.7 

Woody—(likely) native 34960.1 26.0 27595.3 23.9 42231.3 17.7 26436.3 19.4 
Woody—(likely) non-native 39.1 0.0 6.8 0.0 200.4 0.1 220.5 0.2 
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CMA: Border Rivers –  Gwydir Namoi Northern Rivers Southern Rivers 

Class 
Area 
(ha) 

Percentage 
(%) 

Area 
(ha) 

Percentage 
(%) 

Area 
(ha) 

Percentage 
(%) 

Area 
(ha) 

Percentage 
(%) 

Other 2351.8 1.7 212.6 0.2 5082.7 2.1 3075.6 2.3 
TOTAL 134561.6 100 115312.5 100 238211.4 100 136333.4 100 

“K&S” refers to the Keith and Simpson native vegetation extent data. 
Table 7 The extent of riparian, native vegetation in the Sydney Metropolitan, Murray, Murrumbidgee and Hawkesbury – Nepean CMAs, derived from the NSW Office of 
Water’s HRNVE dataset 

CMA: Sydney Metropolitan Murray Murrumbidgee Hawkes bury – Nepean 

Class 
Area  
(ha) 

Percentage 
(%) 

Area  
(ha) 

Percentage 
(%) 

Area  
(ha) 

Percentage 
(%) 

Area  
(ha) 

Percentage 
(%) 

Non-woody—(most likely) native 102.6 1.3 25059.6 25.5 72388.3 40.6 10572.7 10.6 
Non-woody—(most likely) non-native 15.3 0.2 6093.8 6.2 17090.4 9.6 629.6 0.6 
Non-woody—(likely) native 188.8 2.3 17668.8 18.0 27199.3 15.2 6249.1 6.2 

Non-woody—(likely) non-native 42.9 0.5 1950.4 2.0 5059.3 2.8 408.6 0.4 
Non-woody—(K&S) native 0.0 0.0 0.0 0.0 5.9 0.0 57526.5 57.4 
Woody—(most likely) native 2129.6 26.0 12706.4 12.9 20036.0 11.2 132.9 0.1 

Woody—(most likely) non-native 0.1 0.0 418.8 0.4 1256.6 0.7 5984.1 6.0 
Woody—(K&S) native 2251.4 27.5 1415.4 1.4 1389.8 0.8 14283.8 14.3 
Woody—(likely) native 489.6 6.0 24182.9 24.6 30594.7 17.1 77.5 0.1 

Woody—(likely) non-native 0.2 0.0 134.2 0.1 580.2 0.3 70.1 0.1 
Other 2969.6 36.3 8647.2 8.8 2803.75 1.6 4241.8 4.2 
TOTAL 8190.2 100 98277.4 100 178404.3 100 100176.6 100 

“K&S” refers to the Keith and Simpson native vegetation extent data. 
Table 8 The extent of riparian, native vegetation in the Hunter – Central Rivers, Central West and Lachlan CMAs, derived from the NSW Office of Water’s HRNVE dataset 

CMA: Hunter – Central Rivers Central West Lachlan 

Class 
Area  
(ha) 

Percentage 
(%) 

Area  
(ha) 

Percentage 
(%) 

Area  
(ha) 

Percentage 
(%) 

Non-woody—(most likely) native 29697.0 18.2 54598.6 31.8 55964.5 42.2 
Non-woody—(most likely) non-native 2210.4 1.4 11891.3 6.9 10575.0 8.0 
Non-woody—(likely) native 21426.5 13.1 36386.3 21.2 23879.5 18.0 
Non-woody—(likely) non-native 1194.2 0.7 3161.9 1.8 1663.3 1.3 
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CMA: Hunter – Central Rivers Central West Lachlan 

Class 
Area  
(ha) 

Percentage 
(%) 

Area  
(ha) 

Percentage 
(%) 

Area  
(ha) 

Percentage 
(%) 

Non-woody—(K&S) native 2.8 0.0 1.9 0.0 0.0 0.0 
Woody—(most likely) native 67214.8 41.1 23850.6 13.9 15262.2 11.5 
Woody—(most likely) non-native 40.7 0.0 617.0 0.4 526.7 0.4 
Woody—(K&S) native 1379.5 0.8 171.8 0.1 87.8 0.1 
Woody—(likely) native 35355.6 21.6 39806.5 23.2 23952.6 18.1 
Woody—(likely) non-native 92.2 0.1 263.5 0.2 139.9 0.1 
Other 4878.9 3.0 709.2 0.4 575.3 0.4 
TOTAL 163492.5 100 171458.4 100 132626.7 100 

“K&S” refers to the Keith and Simpson native vegetation extent data. 
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5.4 Accuracy estimation  
 
Assessment of the accuracy of our remote-sensing data products is ongoing, with increasing 
attention to its results because of the immense value that it adds to the data. “A classification 
is not complete until its accuracy is assessed”, (Lillesand, 1994). One of the most common 
means of expressing classification accuracy is by preparing a classification error matrix. For 
our project, error matrices were compared by category basis as “woody” and “non-woody” 
classes against SPOT5 and/or ADS40 imagery. An accuracy estimation of the extent of 
riparian buffers was also included, and the results were classified as “over”, “under”, and 
“exact”. 
 
Accuracy estimation was performed on 25% of the randomly selected 1:100,000 topographic 
maps. For example, the results of accuracy assessment of 51 topographic maps are listed in 
Table 9.This accuracy assessment report provides valuable information for the data custodians 
of the Interim Native Vegetation Extent (INVE) dataset (DECC 2008) for its ongoing 
refinement. 
 
Table 10 gives the accuracy estimation of the riparian buffer extents from the generated 
riparian buffers and the extracted riparian vegetation extent. These accuracy reports provide 
excellent background information about the reliability and quality of our riparian vegetation 
dataset products, both for users and data custodians.
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Table 9 Detailed accuracy assessments of the derived riparian vegetation extent for 1:100,000 topographic maps 

1:100, 000 topographic maps Total random 
samples  

Producer’s accuracy 
(%)  

User’s accuracy 
(%) 

Overall accuracy 
(%) 

Errors of commission 
(%) 

Errors of omission 
(%) 

Woody Non-woody Woody Non-woody Woody Non-woody Woody Non-woody 

Ashford_9139 401 79.8 87.9 78.7 88.6 85.0 21.50 11.2 20.1 12.0 

Ballina_9640 92 60.8 79.7 50.0 85.9 75.0 60.8 13.0 39.1 20.2 

Bare Point_9538 240 79.6 82.2 84.8 76.5 80.8 14.2 25.2 20.3 17.7 

BatemansBay_8926 216 82.9 84.4 93.5 64.4 83.3 5.7 46.5 17.0 15.5 

Bega_8824 400 85.7 79.6 79.0 86.1 82.5 22.7 12.7 14.2 20.3 

Blackville_8934 342 91.6 28.4 51.8 80.3 57.3 85.2 6.9 8.3 71.5 

Boomi_8840 160 50.0 96.7 28.5 98.6 95.6 1.2 1.2 50.0 3.2 

Bundarra_9137 402 37.5 91.6 60.9 80.7 77.6 24.0 21.8 62.5 8.3 

Camden Haven_9434 225 97.0 32.0 82.0 77.7 82.0 20.0 9.6 2.9 67.0 

Canberra_8727 400 42.7 87.1 52.1 82.8 76.5 40.6 18.1 57.2 12.8 

Cessnock_9132 400 77.8 79.6 79.7 77.7 78.7 19.7 22.8 22.1 20.3 

Cobbadah_9037 402 51.8 90.8 67.4 83.6 80.3 25.0 17.6 48.1 9.1 

Coffs Harbour_9537 236 71.6 67.5 82.8 52.0 70.3 14.8 62.1 28.3 32.4 

Cohuna_7726 266 59.1 93.1 87.6 73.5 77.8 8.3 33.5 40.8 6.8 

Cooma_8725 400 58.3 79.2 61.3 77.1 71.7 36.8 23.4 41.6 20.7 

Cootamundra_8528 400 41.2 97.0 81.6 83.7 83.5 9.3 18.9 58.7 2.3 

DryLake_7728 399 31.8 99.0 88.0 87.4 87.4 4.3 14.2 68.1 0.9 

Dorrigo_9437 400 78.5 77.5 89.0 60.7 78.2 9.6 50.0 22.5 21.4 

Dubbo_8633 400 67.6 90.6 78.2 84.9 83.0 18.7 16.1 32.3 9.3 

Dungog_9233 400 79.7 72.9 73.3 79.4 76.2 29.0 18.8 20.2 27.0 

Eden_8823 298 95.0 62.1 94.6 63.8 90.9 5.3 35.1 4.9 37.8 
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1:100, 000 topographic maps Total random 
samples  

Producer’s accuracy 
(%)  

User’s accuracy 
(%) 

Overall accuracy 
(%) 

Errors of commission 
(%) 

Errors of omission 
(%) 

Woody Non-woody Woody Non-woody Woody Non-woody Woody Non-woody 

Goondiwindi_8940 395 32.2 88.3 32.7 88.1 80.0 66.1 11.9 67.7 11.6 

Goulburn_8828 400 62.2 90.9 73.1 85.8 82.7 22.8 15.0 37.7 9.1 

Griffith_8129 400 63.1 89.7 39.3 95.8 87.2 97.3 3.9 36.8 10.2 

Hay_7828 400 45.7 99 93.4 85.5 86.5 3.2 16.7 54.2 1.0 

Holbrook_8326 400 52.3 93.0 66.6 88.0 84.5 26.1 12.6 47.6 6.9 

Inverell_9138 400 50.0 90.9 71.2 80.1 78.2 20.1 22.4 50.0 9.0 

Jerilderie_8027 400 47.6 97.6 92.2 75.8 79.0 4.0 31.0 52.3 2.4 

Kempsey_9435 400 95.3 37.1 82.5 70.0 81.0 20.1 14.4 4.6 62.8 

Lake  Macquarie_9231  81 86.6 47.2 67.2 73.9 69.1 42.2 16.6 13.3 52.7 

Lismore_9540 401 61.5 72.4 57.4 75.7 68.3 45.6 23.2 38.4 27.6 

Manilla_9036 400 49.0 92.5 70.2 83.4 81.0 20.7 18.3 50.9 7.4 

Mendooran_8734 405 64.1 91.6 73.1 87.8 84.4 23.5 12.7 35.8 8.3 

Moree_8839 355 72.3 80.8 57.6 89.0 78.5 53.1 9.9 27.6 19.1 

Murwillambah_9541 187 60.7 79.6 68.5 73.5 71.6 27.8 28.7 39.2 20.3 

Nambucca_9536 63 50.0 51.1 32.2 68.7 50.7 105.0 23.2 48.8 50.0 

Narrabri_8837 400 91.0 74.0 47.0 97.0 78.0 102.0 2.1 8.8 25.0 

Nundle_9135 401 90.0 31.6 57.2 75.9 61.0 67.3 10.0 9.9 68.3 

Port Stephens_9332 114 79.4 75.6 85.2 67.3 78.0 13.7 36.5 20.5 24.3 

Swan Hill_7627 361 59.6 91.2 74.7 83.9 81.7 20.1 17.4 40.3 8.7 

Tambar Springs_8835 400 67.7 89.7 53.3 94.1 86.5 59.3 5.5 32.2 10.2 

Tarcutta_8427 400 51.6 97.8 91.3 82.1 83.7 4.9 21.2 48.3 2.1 
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1:100, 000 topographic maps Total random 
samples  

Producer’s accuracy 
(%)  

User’s accuracy 
(%) 

Overall accuracy 
(%) 

Errors of commission 
(%) 

Errors of omission 
(%) 

Woody Non-woody Woody Non-woody Woody Non-woody Woody Non-woody 

Temora_8429 401 29.9 98.9 92.6 75.2 77.0 2.3 32.4 70.0 1.1 

Tenterfield_9339 400 65.2 96.6 97.8 54.6 74.7 1.4 80.1 34.7 3.3 

Tweed Heads_9641 87 64.7 80.0 44.0 90.3 77.0 82.3 8.5 35.2 20.0 

Ulladulla_8927 402 92.4 37.2 84.3 57.1 80.5 17.1 27.9 7.6 62.8 

Upper Manning_9234 401 96.0 15.0 78.0 60.0 77.0 25.0 10.0 3.2 84.0 

Wollongong_9029 359 86.0 70.4 86.0 70.4 81.0 13.9 29.5 13.9 29.5 

Woodburn_9539 254 78.6 81.3 81.7 78.1 79.9 17.5 22.7 21.3 18.6 

Yallaroi_9039 400 77.3 83.5 55.5 93.2 82.2 61.9 6.1 22.6 16.4 

Yanco_8128 394 58.3 96.8 80.7 91.2 89.8 13.8 9.3 41.6 3.1 
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Table 10 Accuracy report on riparian buffer extents at 1:100,000 map scale 

1:100,000 topographic 
maps 

Exact 
(%) 

Over 
(%) 

Under 
(%) 

1:100,000 topographic 
maps 

Exact 
(%) 

Over 
(%) 

Under 
(%) 

Ashford_9139 95.00 3.50 1.50 Inverell_9138 94.70 5.00 0.30 

Ballina_9640 76.00 24.00 nil Jerilderie_8027 83.00 5.70 11.20 

Bare Point_9538 94.50 5.00 0.40 Kempsey_9435 95.00 3.00 1.00 

Batemans Bay_8926 88.80 6.40 4.60 Lake Macquarie_9231  88.00 11.10 nil 

Bega_8824 92.50 3.70 3.70 Lismore_9540 85.10 14.90 nil 

Blackville_8934 91.80 7.30 0.80 Manilla_9036 94.00 5.00 1.00 

Boomi_8840 82.50 16.20 1.20 Mendooran_8734 88.60 6.60 4.60 

Bundarra_9137 95.00 5.00 nil Moree_8839 96.30 3.60 nil 

Camden Haven_9434 97.00 3.00 nil Murwillambah_9541 81.00 19.00 nil 

Canberra_8727 93.50 4.20 2.20 Nambucca_9536 79.30 6.30 14.20 

Cessnock_9132 94.00 3.70 2.20 Narrabri_8837 91.00 8.00 1.00 

Cobbadah_9037 92.00 7.00 1.00 Nundle_9135 95.70 3.20 1.00 

Coffs Harbour_9537 90.20 4.60 5.20 Port Stephens_9332 83.30 9.60 7.00 

Cohuna_7726 88.30 1.90 9.70 Swan Hill_7627 86.90 3.60 9.40 

Cooma_8725 96.70 2.50 0.80 Tambar Springs_8835 92.50 6.20 1.20 

Cootamundra_8528 90.00 7.20 2.70 Tarcutta_8427 87.00 8.70 4.20 

Dorrigo_9437 92.50 2.70 4.70 Temora_8429 91.50 3.00 5.40 

Dry Lake_7728 93.40 3.70 2.70 Tenterfield_9339 97.50 1.20 1.20 

Dubbo_8633 88.70 8.20 3.00 Tweed Heads_9641 80.40 19.60 nil 

Dungog_9233 94.70 3.70 1.50 Ulladulla_8927 92.50 2.20 5.20 

Eden_8823 78.10 11.00 10.70 Upper Manning_9234 95.00 4.00 1.00 

Goondiwindi_8940 76.40 23.50 nil Wollongong_9029 84.10 9.10 6.60 

Goulburn_8828 88.70 8.50 2.80 Woodburn_9539 96.00 3.10 0.70 

Griffith_8129 90.00 8.00 2.00 Yallaroi_9039 90.00 8.20 1.70 

Hay_7828 90.20 7.20 2.50 Yanco_8128 92.10 2.70 5.10 

Holbrook_8326 90.50 8.70 0.80         
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6. RECOMMENDATIONS  
 

We recommend completion of the NSW Riparian Vegetation Extent for Monitoring, 
Evaluation and Reporting Purposes Project by the NSW Office of Water.  
 
The benefits of the NSW Riparian Vegetation Extent for Monitoring, Evaluation and 
Reporting Purposes Project are: 
¾  A complete baseline dataset for the extent of riparian vegetation for use in environmental 
monitoring and evaluation for individual catchments, CMA areas and (if completed) for the 
whole of  NSW. 
¾  A tool for reporting on a regional scale. 
¾  A stream order classification layer covering individual catchments, CMA areas and (if 
completed) the whole of  NSW. 
¾  Statistics on the extent of  “woody” and “non-woody” riparian vegetation classes covering 
individual catchments, CMAs and (if completed) the whole of  NSW. 
¾  The capacity to incorporate updated data from the DECC INVE dataset through 
generation of  time-series data, which can also provide land-use land cover and change-
detection within the riparian zones. 
¾  Accuracy assessment reports that could be used to update and refine the DECC INVE 
data. This information could provide substantial savings in time during updating of the INVE 
dataset. 
¾  Accuracy values that add immensely to the value of both the DECC and NSW Office of 
Water’s datasets. 
 
Together with the NSW Office of Water’s RVE and HNRVE datasets, the project has had 
outcomes including:  
¾  Data have been provided to all the relevant CMAs and some local government councils. 
¾  Additional statistics for stressed sub-catchments have been supplied to the Hunter 
Catchment Management Authority. 
¾  Data on riparian vegetation extent within 100-metre buffer zones for estuarine areas were 
generated for the former DECC, and are being used by DECCW to generate statistics. 
¾  Accuracy assessment reports providing in-depth feedback about the classification of 
“woody” and “non-woody” classes of riparian vegetation. These reports can be used for future 
refinement of the DECC INVE dataset. 
¾  RBE (riparian buffer extent) results to provide feedback for quality assurance of the 
geometry of the drainage data.  
¾  Requests from various government agencies for the NSW Office of Water’s extended 
coverage of Strahler stream order data for NSW. 
To complete a NSW Office of Water RVE dataset for the whole of NSW, we recommend: 
¾  Investigation of whether high resolution data for vegetation can be used as a basis for a 
riparian vegetation extent dataset. It may produce significantly more accurate riparian land-
cover classifications than the present 25 m INVE data used in our project. 
¾  Preparation of an accurate, state-wide coverage of the drainage layer for NSW. The layer 
must have stream order classification and its network connectivity and geometry must be 
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accurate. The layer must also include river-bank information which should accurately align 
with the centreline of the drainage lines. Better and definite connectivity is needed at various 
scales between the polylines of the drainage layer to optimise the performance of the available 
geospatial software and to save time. We recommend topological correction of vector datasets 
by their custodians. 
¾  Continuation of the work to complete stream order values and stream network coverage 
for the Western and Lower Murray – Darling CMA areas. This task would be best completed 
by collecting high resolution digital elevation models (DEMs), preferably extracted from the 
available LiDAR data. 
 
ABBREVIATIONS 

 

ACT Australian Capital Territory 
ADS airborne digital sensor 
CMA catchment management authority 
CRA comprehensive regional assessment data (generated by Forests NSW, within the former NSW 

Department of Primary Industries) 
DECC the former NSW Department of Environment and Climate Change 
DECCW Department of Environment, Climate Change and Water 
DEM digital elevation model 
DNR the former NSW Department of Natural Resources 
DoL the former NSW Department of Lands 
DWE the former NSW Department of Water and Energy 
FPC foliage projective cover 
HNVE Hybrid Native Vegetation Extent dataset (developed by DECC)  
HRNVE Hybrid Riparian Native Vegetation Extent dataset (the secondary product completed by the NSW 

Office of Water) 
INVE Interim Native Vegetation Extent dataset (developed by DECC) 
K&S Keith and Simpson, the creators of a native vegetation extent dataset (version 002, 2006) 
Landsat the Landsat Program: satellite missions jointly managed by NASA and the U.S. Geological 

Survey to collect information about Earth from space 
LiDAR light detection and ranging 
QA quality assurance 
RBE riparian buffer extent 
RVE Riparian Vegetation Extent dataset (developed as a primary product completed by the NSW 

Office of Water) 
SLATS State-wide Land Cover and Trees Study 
SPOT5 the title of a satellite used to collect images of Earth from outer space 
SQL Structured Query Language 

.  
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