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Pilot study mapping 
and classification 
method statement for 
NSW wetlands 
Background  
A literature review and collaboration with experts (both within and external to OEH) 

was undertaken to understand existing datasets and methods relevant to the 

classification and mapping of wetlands in NSW. These reports and frameworks guided 

the development of mapping and the classification methods used in the Pilot Study. 

Key findings and recommendations from these reviews can be found in the following 

reports.  

 Review of mapping methods in wetlands (Powell et al. 2016 Draft) 

 Review classification systems in wetlands (Cowood et al. 2016 Draft) 

 Review of wetland inventories (Cowood et al. 2016 Draft) 

 A framework for mapping and classifying wetlands across NSW (Attachment A) 

The purpose of this document is to outline mapping methods trialled and developed for 

the Pilot Project in the Lachlan Catchment. 

Pilot Study mapping and classification objectives 
The objectives of the classification component for the Pilot project in the Lachlan 

catchment were to:- 

 Investigate datasets and methods to identify and classify wetlands according to 

the NSW Wetland definition and the Australian National Aquatic Ecosystem 

Framework 

 Include and adopt the NSW Vegetation Classification scheme, and align wetland 

vegetation communities with an ANAE wetland typology 

 Inform mapping methods, and development of map units suitable for regional 

applications 

 Provide an overview of wetland types in the Lachlan Catchment. 

 Make recommendations for extending classification products across NSW. 

Our mapping objectives were to:- 

 Develop and test methods in the Lachlan Catchment to map wetland extent and 

types according to the NSW Wetland definition and Australian National Aquatic 

Ecosystem Framework for mapping and classification 
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 Use key findings to inform development of methods for regional scale wetland 

mapping that can be extended across the state  

 Develop a method to improve on the accuracy, scale, and number of wetland 

types mapped in the previous state-wide wetland map (Kingsford et al.2003). 

 Build on, and align with, existing corporate spatial datasets, including the OEH 

NSW Vegetation Mapping and Classification. 

Study Area 
The Lachlan catchment was chosen as the pilot study area based on relevance and 

availability of datasets. We adopted the former CMA boundary, as this aligned with 

staging of the NSW Vegetation mapping program. 
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Wetland Definitions 
For the purposes of a statewide wetland 

mapping program in NSW, this project 

adopts the definition provided in the NSW 

Wetland Policy (See Box) but with the 

addition of areas of hydric soils. Hydric soils 

were included on the recommendation of 

wetland experts to address difficulties 

associated with identifying ephemeral types 

and/or degraded sites that at times may be 

dry or may not present with characteristic 

wetland fauna or flora but which 

nevertheless would be expected to support 

wetland biota in wetter phases or if 

threatening processes were removed. 

However, very little information or data on 

hydric soils is available for field assessment 

or mapping of wetlands in NSW. 

Consequently, this study has not used 

knowledge of hydric soils to inform mapping 

of wetland extent or type. This is a limitation of the study and the methods developed 

to date. 

   

Typology 

Classification versus typology  
Classification and typology are sometimes used interchangeably in the published and 

grey literature for wetlands. For purposes of clarity, we adopt definitions for each of 

classification and typology that are guided by the Queensland Wetland inventory, 

Brooks et al.(2014), and Claus et al.(2010). Classification includes the full pool of 

attributes used to characterise wetlands, applied in no particular order. Typology is 

driven by purpose, and is the hierarchical application of a selected set of attributes to 

identify wetland types. The ANAE classification framework includes three ‘levels’ of 

attribute data to be applied at increasingly finer levels of spatial detail (Table 1). If all 

attributes were included in a typology, this could result in hundreds of classes or 

‘wetland types’ (Brooks et al. 2014).  

Wetlands are defined as areas of 

land that are wet by surface water 

or groundwater, or both, for long 

enough periods that the plants and 

animals in them are adapted to, and 

depend on, moist conditions for at 

least part of their lifecycle. They 

include areas that are inundated 

cyclically, intermittently or 

permanently with fresh, brackish or 

saline water, which is generally still 

or slow moving. Examples of 

wetlands include lakes, lagoon 

estuaries, rivers, floodplains, 

swamps, bogs, billabongs, marshes, 

coral reefs and seagrass beds. 

 

NSW Wetlands policy DECCW 2010 
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For this study we investigated application of the wetland habitat typology proposed by 

Claus et al. (2010), and alignment of classes from this typology with the NSW 

Vegetation Classification, and the interim ANAE typology for the Murray Darling Basin 

(Brooks et al.2014). The NSW MER (Claus et al. 2010) wetland habitat typology is 

consistent with the structure and attributes of the ANAE framework, therefore 

selection and investigation of this typology addresses our broader goal to extend and 

develop the ANAE classification for NSW wetlands. 

Table 1. Relationship between the preliminary Lachlan wetland typology for the 

Lachlan River Catchment pilot and the ANAE structure (adapted NSW MER, Claus 

et al. 2011) 

 

Spatial resolution 
The pilot study aimed to develop and test methods for the delineation of wetland 

boundaries at a scale useful for regional applications. We aimed to identify all 

wetlands greater than 1 ha in size, corresponding to an area of about 3 x 3 Landsat 

pixels (pixel size is 30m), for a map product suitable for display at a scale of 1:50 000.  

The pilot study also aimed to develop methods for a finer spatial delineation of 

wetland boundaries and a higher accuracy for discrimination between wetland and non-
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wetland areas than was provided by the previous NSW statewide wetland map 

(Kingsford et al.2003). The previous NSW statewide wetland map was produced in 2003 

at a scale of 1:250 000 for inland areas, and 1:100 000 for coastal areas (Kingsford et 

al.2003). 

Wetland mapping at a regional scale (1:50 000) is considered an achievable goal using 

the methods undertaken in the Pilot Study. This will address the need for an updated 

and comprehensive statewide dataset required for strategic and broad scale 

assessments and decision making, including provision of a baseline dataset for future 

statewide monitoring of wetland extent, and a strategic level Ramsar nominations 

framework.  

A number of finer scale wetland and vegetation maps already provide valuable 

information over selected areas of NSW. These maps provide higher spatial resolution 

information and more detailed information on wetland types (i.e. finer classification 

detail and a greater number of wetland types). They are important datasets in their 

own right, and they also provide useful information for assessing the accuracy of 

regional scale maps.  Once the state-wide layer is completed it will provide a 

framework to assist with identifying knowledge gaps, and the prioritisation of new fine-

scale mapping projects. 

Classification methods 
Classification methods, typologies and mapping already exist for NSW Estuaries and 

Estuarine habitat (Roper et al.2011), NSW Rivers and NSW vegetation and these will be 

incorporated into the new NSW Wetland Inventory.  However, as there are no estuarine 

wetlands in the Lachlan Catchment these are not considered any further in this 

document. 

Classification of wetlands in the Lachlan catchment for this was based on applying the 

NSW wetland policy definition that wetlands. Much of the currently available ground 

survey information and existing spatial datasets useful for regional scale classification 

and mapping are vegetation datasets so we began by reviewing this information to 

identify vegetated wetland types. We applied the wetland definition (see above) to 

Plant Community Types (PCTs) mapped for the Lachlan Catchment (OEH 2015), or 

otherwise identified in the Vegetation Information System – classification database or 

reported as occurring in the area (Benson 2008). Forty-three PCT types which 

represented theses wetland types were thus selected for detailed assessment. 

Published and grey literature was then reviewed to determine if species reported or 

observed to be dominant in these PCTs were likely to be moisture adapted species 

(required inundation or soil saturation for at least part of their life cycle).  

Not all wetlands according to the wetland definition are vegetated, and the vegetation 

classification is a work in progress and requires further development for wetland and 

other vegetation communities, so we also looked to the available scientific and grey 

literature and spoke with experts with local knowledge to identify wetland types that 

were not already described by the current NSW vegetation classification or mapping. 

We then began consolidated our understanding of the range of wetland types in the 

Lachlan, the relationships between them,  by allocating the selected Plant Community 

types to a NSW MER wetland class, and a class from the Brooks et al.typology which 

was developed as an interim typology, to describe wetland habitats according to the 

ANAE framework. We allocated NSW Plant Community Types to wetland classes based 

on available data and expert opinion (particular landform; soil; water regime 
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combinations). We also allocated additional wetland types we had identified but for 

which no PCT have yet been developed to a NSW MER wetland class and Brooks et al. 

ANAE class. 

Additionally, because not all wetlands are vegetated, we investigated the classification 

of vegetated wetlands and open water bodies into either palustrine (dominated by 

vegetation), lacustrine (dominated by open water) or riverine (within channel) 

wetlands. Lacustrine wetlands are defined in the ANAE framework as wetlands greater 

than 8ha in size, with an area dominated by open water (less than 30% of the area is 

vegetated. Water bodies with a depth of at least 2m may also be classified as 

Lacustrine wetlands. Lacustrine wetlands frequently form a complex with vegetated 

wetlands (e.g. Palustrine wetlands or in coastal areas tidal vegetated flats – Claus et 

al. 2010) however, mapping these patterns will depend upon mapping scale. WE found 

we needed to adapt the definition of lacustrine wetlands for wetlands that periodically 

dry out (i.e. where the area of open water changes over time) and for mapping 

purposes – this is described in the mapping methods below. 

The approach to classification in this project is therefore generally consistent with that 

outlined by Brooks et al. (2014 - see Figure 1). However, in this mapping PCTs are 

critically important for mapping purposes as they provide fine-scale data with spatial 

attributes and this is not emphasized by Brooks et al. (2014 - see below). The resulting 

allocations to wetland classes and alignment with NSW Vegetation classes is 

preliminary. Testing and validation was out of scope for this pilot study, but is 

recommended to iteratively refine and improve the classification. 

Expert opinion was also used to identify plant community types (PCTs) from the known 

plant community types included in the NSW Vegetation Information System 

Classification database (VIS database). Plant communities were identified and included 

based on an assessment of the surface watering requirements of dominant species 

within the PCTs. Communities were included where one or more of the dominant 

species was thought to require wet conditions (saturated or inundated) for at least part 

of its lifecycle. The selected plant communities were then assigned to an ANAE class 

and a NSW MER wetland class. 
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Figure 1. Process for determining the typology and development of map units (adapted 
from Brooks et al. 2014). 

 

Mapping methods 

Wetland Mapping method - overview 
Our overall approach was to combine inundation information derived from Landsat 

imagery and the OEH Native Vegetation Map to identify wetland extent and define 

wetland boundaries. The regional vegetation mapping provides fine scale mapping of 

vegetation communities, but does not identify geomorphic features or patterns of 

inundation over time useful for identifying extent of waterbodies, ephemeral wetland 

areas, or lacustrine or riverine wetlands. Previous studies in NSW have found a time 

series of Landsat data to be particularly useful for identifying waterbodies and wetted 

area extent and wetland vegetation in semi-arid NSW, although these methods are 

largely un-trialled for coastal areas. It was envisaged that the OEH regional vegetation 

mapping would be complemented by the Landsat time series data of wetted area 

extent to better identify the full extent of wetland areas and range of wetland types. 
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An overview of the final steps taken to map wetland boundaries and types is provided 

below (Figure 2). Further detail on the methods is provided in the sections below.  

 

 

Figure 2. Overview of the final steps taken to map wetland boundaries and types used 
in the Pilot Study. 

 

Input datasets  

Overview 
We collated and developed 4 datasets, and combined information from each of these 4 

datasets to identify wetland boundaries in the Lachlan River Catchment. These 

datasets are referred to here as the ‘dd7’, ‘all dates’, ‘best dates’, and ‘vegetation’. 

Further detail on each of these datasets is provided below. 

All Landsat images were provided by the OEH Remote Sensing and Analysis team and 

were accessed on the OEH Imagery and Remote Sensing (IRS) computing facility. The 

images for the all dates and best dates datasets described below had been processed 

to standardized surface reflectance data and were corrected to account for 

topographic and atmospheric variations in reflectance (Flood et al.2013). The dd7 

dataset was derived from top of atmosphere (TOA) reflectance data (Danaher 2002). 

The images had also been cloud masked using the ‘Fmask’ technique to record pixels 

with ‘no data’ due to the presence of cloud (Zhu and Woodcock 2012). 

 

Dd7 
The dd7 dataset was provided by the OEH Remote Sensing and Analysis team. This 

dataset is a count of wet pixel observations from all available Landsat imagery 

acquired from 1988 to 2012. Input images had been thresholded to provide 

inundated/not inundated binary data for each date using the water index developed by 

Danaher and Collett (2006). The index was originally developed to mask areas of water 

pixels for state-wide vegetation studies. The method is set such that the dataset is 

sensitive to areas of open water, but is not optimized to identify mixed pixels 

Inundation extent from Landsat archive 
Wetland vegetation extent from 

OEH Regional Vegetation Mapping 

Vegetation and potential 
inundation class informs polygon 

boundaries 

Remove commission errors 

Add attribute information using  
ancillary datasets and/or air photo 

interpretation  
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containing inundation and vegetation. For this reason we developed and included 

additional inundation datasets (the all dates and best dates datasets described below) 

to inform wetland boundary delineation. 

 

All dates dataset 
The all dates dataset was generated by applying the water index recently developed by 

Fisher (2016) to all available images for each Landsat tile. For each Landsat image the 

water index was optimized by applying  a constant threshold value of -10 to generate 

layers indicating inundated or not inundated pixels or no data pixels (due to cloud). 

The optimised layers were then combined (stacked on top of one another) to provide 

the ‘all dates’ raster dataset that was a count of the total number of inundated 

observations for each pixel.  

 

Best dates dataset 
A known issue with application of a water index for time series analyses is that the 

threshold value required to separate wet areas from dry varies through time, location, 

and wetter and drier conditions. The reasons for this are not well understood and 

require further study but may be related to the relative components of water, 

vegetation and soil surface covers within a pixel, which are altered under wet and dry 

conditions (ref), other environmental factors, or problems with the radiometric 

calibration of the Landsat imagery. This means that on some dates and scenes, a water 

index based on the chosen threshold value does not perform as well as it does at other 

locations and times. This results in higher amounts of confusion between inundated and 

dry areas; of most concern is the misclassification of dry areas as inundated. We 

investigated this issue by generating an additional (third) inundation count dataset that 

eliminated noisy scenes (scenes that contained higher amounts of error). The aim was 

to produce a dataset with less confusion between inundated and not-inundated areas, 

particularly for marginal and ephemeral wetland areas with typically fewer inundation 

observations.  

The selection of ‘best dates’ from the available cloud masked Landsat image archive 

was achieved by creating a set of sample polygons of wetlands (between 500 – 1500 

polygons) based on a known wet/flood date for each scene as well as a small number 

polygons on non-wetland, and analysing the whole time series of thresholded water 

index images (wet, dry and no data pixel values provided by our all dates analysis) 

within these polygon areas. We recorded the percentage of inundation and percentage 

of cloud free (or unmasked) area in each polygon for each date. We then prepared a 

list of dates where wetland polygons had a high percentage of inundation and low 

percentage cloud cover. This was followed by a second query of the non-wetland 

polygons to prepare a list of dates which erroneously recorded an unacceptable amount 

of inundation (usually due to unmasked topographic or cloud shadow) within the 

identified non-wetland polygons. If any of the dates from the second query coincided 

with the dates from the first query, they were removed from the candidate best dates 

list. We also removed dates that were identified in the cloud masking process to have a 

cloud cover of greater than 25% for the whole scene.  

An inundation count was then completed using the binary wet/dry raster layers 

generated from the all dates analysis above, but including only the image dates ranked 

highest on the best dates list.  In most cases this best dates list contained between 80 

and 120 dates per scene, as opposed to the full archive of 650-700 dates. The output 
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was an inundation count dataset calculated from best available dates only (‘Best 

dates’). 

 

Vegetation 
We were provided with the Central West / Lachlan vs1p3 PCT vegetation map by the 

OEH Native Vegetation mapping team. We clipped the map to the boundary of the 

Lachlan River Catchment. We then resampled the vegetation map to 30m pixels to 

align the vegetation data with the Landsat inundation datasets. Pixels were then 

reclassified from Plant Community Types (PCTs) into 3 wetland vegetation classes: 

 Non-wetland  

 Grassland/Shrubland wetland 

 Forest/Woodland wetland 

 Other (may contain wetland areas within the defined plant community type). 
 

Table 2 shows the Plant Community Types we identified as wetlands and reclassified 

for inclusion with inundation information to determine wetland boundaries. 
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Table 2: Plant Community Types identified as wetlands or containing some wetlands and reclassified for inclusion with inundation 

information to determine wetland boundaries. 

Plant 
Community 
Type ID Community Name Wetland Vegetation Class 

36 River Red Gum tall to very tall open forest / woodland wetland on rivers on floodplains mainly in the Darling Riverine Plains Bioregion Forest/woodland wetland 

249 River Red Gum swampy woodland wetland on cowals (lakes) and associated flood channels in central NSW Forest/woodland wetland 

5 
River Red Gum herbaceous-grassy very tall open forest wetland on inner floodplains in the lower slopes sub-region of the NSW South Western Slopes 
Bioregion and the eastern Riverina Bioregion Forest/woodland wetland 

7 River Red Gum - Warrego Grass - herbaceous riparian tall open forest wetland mainly in the Riverina Bioregion Forest/woodland wetland 

10 River Red Gum - Black Box woodland wetland of the semi-arid (warm) climatic zone (mainly Riverina Bioregion and Murray Darling Depression Bioregion) Forest/woodland wetland 

11 
River Red Gum - Lignum very tall open forest or woodland wetland on floodplains of semi-arid (warm) climate zone (mainly Riverina Bioregion and Murray 
Darling Depression Bioregion) Forest/woodland wetland 

2 River Red Gum-sedge dominated very tall open forest in frequently flooded forest wetland along major rivers and floodplains in south-western NSW Forest/woodland wetland 

9 River Red Gum - wallaby grass tall woodland wetland on the outer River Red Gum zone mainly in the Riverina Bioregion Forest/woodland wetland 

271 Spotted Fuchsia shrubland wetland in drainage depressions on inland plains 
Grassland/shrubland 

wetland 

240 River Coobah tall shrubland wetland of the floodplains in the Riverina Bioregion and Murray Darling Depression Bioregion. Forest/woodland wetland 

17 Lignum shrubland wetland of the semi-arid (warm) plains (mainly Riverina Bioregion and Murray Darling Depression Bioregion) 
Grassland/shrubland 

wetland 

24 Canegrass swamp tall grassland wetland of drainage depressions lakes and pans of the inland plains. 
Grassland/shrubland 

wetland 

160 Nitre Goosefoot shrubland wetland on clays of the inland floodplains 
May contain areas of 

wetland 

335 
Tussock grass - sedgeland fen - rushland - reedland wetland in impeded creeks in valleys in the upper slopes sub-region of the NSW South Western Slopes 
Bioregion 

Grassland/shrubland 
wetland 

53 Shallow freshwater wetland sedgeland in depressions on floodplains on inland alluvial plains and floodplains 
Grassland/shrubland 

wetland 

47 Swamp grassland wetland of the Riverine Plain 
Grassland/shrubland 

wetland 

182 Cumbungi rushland wetland of shallow semi-permanent water bodies and inland watercourses 
Grassland/shrubland 

wetland 

181 Common Reed - Bushy Groundsel aquatic tall reed land grassland wetland of inland river systems 
Grassland/shrubland 

wetland 

12 
Shallow marsh wetland of regularly flooded depressions on floodplains mainly in the semi-arid (warm) climatic zone (mainly Riverina Bioregion and 
Murray Darling Depression Bioregion) 

Grassland/shrubland 
wetland 
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238 Permanent and semi-permanent freshwater lakes wetland of the inland slopes and plains 
Grassland/shrubland 

wetland 

766 Carex sedgeland of the slopes and tablelands 
Grassland/shrubland 

wetland 

1299 Wetlands on alluvial valley floors of the South Eastern Highlands Bioregion 
Grassland/shrubland 

wetland 

251 Mixed Eucalypt woodlands of floodplains in the southern-eastern Cobar Peneplain Bioregion Forest/woodland wetland 

18 Slender Glasswort low shrubland in saline wetland depressions in the semi-arid and arid climate zones far western NSW 
Grassland/shrubland 

wetland 

13 
Black Box - Lignum woodland wetland of the inner floodplains in the semi-arid (warm) climate zone (mainly Riverina Bioregion and Murray Darling 
Depression Bioregion) Forest/woodland wetland 

15 
Black Box open woodland wetland with chenopod understorey mainly on the outer floodplains in south-western NSW (mainly Riverina Bioregion and 
Murray Darling Depression Bioregion) Forest/woodland wetland 

16 
Black Box grassy open woodland wetland of rarely flooded depressions in south western NSW (mainly Riverina Bioregion and Murray Darling Depression 
Bioregion) Forest/woodland wetland 

37 Black Box woodland wetland on NSW central and northern floodplains including the Darling Riverine Plains Bioregion and Brigalow Belt South Bioregion. Forest/woodland wetland 

39 Coolabah - River Coobah - Lignum woodland wetland of frequently flooded floodplains mainly in the Darling Riverine Plains Bioregion Forest/woodland wetland 

40 Coolabah open woodland wetland with chenopod/grassy ground cover on grey and brown clay floodplains Forest/woodland wetland 

1270 Tea-tree shrubland of drainage areas of the slopes and tablelands Forest/woodland wetland 

333 Bottlebrush riparian shrubland wetland of the northern NSW South Western Slopes Bioregion and southern Brigalow Belt South Bioregion Forest/woodland wetland 

85 River Oak forest and woodland wetland of the NSW South Western Slopes and South Eastern Highlands Bioregion Forest/woodland wetland 

356 Blakelys Red Gum x Dirty Gum - White Cypress Pine tall riparian woodland NSW South Western Slopes Bioregion Forest/woodland wetland 

74 Yellow Box - River Red Gum tall grassy riverine woodland of NSW South Western Slopes Bioregion and Riverina Bioregion Forest/woodland wetland 

278 Riparian Blakelys Red Gum - box - shrub - sedge - grass tall open forest of the central NSW South Western Slopes Bioregion Forest/woodland wetland 

208 River Red Gum low woodland of rocky gorges and creeks in the Cobar Peneplain Forest/woodland wetland 

1110 River Tussock - Tall Sedge - Kangaroo Grass moist grasslands of the South Eastern Highlands Bioregion 
Grassland/shrubland 

wetland 

50 Couch Grass grassland / wetland on river banks and floodplains of inland river systems 
Grassland/shrubland 

wetland 

242 Rats Tail Couch sod grassland wetland of inland floodplains 
Grassland/shrubland 

wetland 

45 Plains Grass grassland on alluvial mainly clay soils in the Riverina Bioregion and NSW Wouth Western Slopes Bioregion.  
May contain areas of 

wetland 

677 Black Gum grassy woodland of damp flats and drainage lines of the eastern Southern Tablelands South Eastern Highlands Bioregion Forest/woodland wetland 
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Identifying wetland boundaries 
Each of the all dates, best dates, dd7, and vegetation raster datasets were imported 

into the Definiens Ecognition software package for analysis and determination of 

wetland boundaries. Wetland boundaries were identified using feature recognition to 

identify uniform shapes of inundated pixel observation counts and vegetation.  

 

Step 1 
We selected wetland extent to be the area defined by the criteria:- 

 All dates water observation count >/= 14 OR 

 Dd7 >/= 3 OR 

 Best dates >/= 2 OR 

 Vegetation = ‘non woody wetlands and wetland shrubs’ OR 

 Vegetation = ‘woody wetlands’ 

 

Step 2 
Within the wetland extent defined in Step 1, we then identified classes of inundation 

counts, with higher class number representing a greater number of inundated pixel 

observations. 

 

 Class 5  All dates >/= 125 inundated pixel observations OR dd7 >/= 100 

inundated pixel observations 

 Class 4  All dates >/= 60 inundated pixel observations OR dd7 >/= 60 

inundated pixel observations 

 Class 3  All dates >/= 20 inundated pixel observations OR dd7 >/= 7 inundated 

pixel observations 

 Class 2  Best dates >/= 4 inundated observation counts OR dd7 >/= 4 

inundated pixel observations 

 Class 1  all other pixels within the extent defined by Step 1. 

 

Step 3 
This step was used to identify outlying (erroneous) pixels in the classes of water 

counts, and generated uniform areas and coherent shapes of water count classes. 

Pixels were considered for re-assignment into a water observation count class by 

evaluating the properties of neighbouring pixels. If greater than 2 sides of any given 

pixel corresponded to pixels of a single and different class, then that pixel was 

reassigned to the class of its neighbouring pixels. 

 

Step 4  
Segments (objects formed from groupings of pixels) were then defined using spatial, 

spectral (inundation counts), and thematic (vegetation class) information and the 

Definiens multispectral segmentation tool. Segments were nested within the defined 

wetland extent (derived in Step 1) and vegetation thematic layer.  
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Step 5  
Each segment derived from step 4 was already associated with a vegetation class. Step 

5 classified each segment into a water regime class using the following rules. 

Segment is 

 ‘Commonly wet’ if 40 % or more of sub objects (pixels) were Class 5, OR if >/= 
15% of pixels were Class 4 AND >/= 20% pixels were Class 5. 

 ‘Frequently wet’ if >/= 40% Class 4, OR if >/= 30% Class 4  AND >/= 20% Class 3. 

 ‘Regularly wet’ if >/= 55% Class 3, OR if >/= 35% Class 3 AND 30-65% Class 2. 

 ‘Occasionally wet’ if >/= 35% Class 2 AND >/= 30% Class 1. 

 ‘Rarely wet’ if not otherwise allocated to a water regime class using the above 
criteria. 

The output from the feature analysis using Definiens Ecognition was a raster dataset 

with wetland areas identified and classified into vegetation structural class and water 

regime class.  

 

Wetland Map for the Lachlan River Catchment 
The classified raster dataset was imported to ArcGIS and converted to a polygon 

dataset for further editing. Commission errors (areas identified as wetlands that were 

not actual wetlands) were removed through air photo interpretation using best 

available high resolution colour imagery provided by Land and Property Information.  

We also identified and attributed wetlands with evidence of cropping during the air 

photo analysis. 

Validation and Accuracy Assessment 
The purpose of our accuracy and validation activities was to:-  

a) Understand the relative contributions that the inundation count and vegetation 

datasets made to identification of wetland areas in the full wetland extent - we 

required this information to guide future refinement of the methods and 

development and extension of the methods to new areas and wetland types. 

b) Provide preliminary accuracy information to potential end users. 

We completed three activities to validate mapping methods and assess accuracy within 

selected areas of the Lachlan Catchment.  

A. A new field survey stratified to inundated and not inundated areas  

B. A comparison of our Landsat derived wetted area to all previously available 

vegetation surveys in the Lachlan Catchment as held in the NSW OEH VIS flora 

survey dataset 

C. A spatial modelling technique to assess the ability and predictive power of a set 

of available spatial variables to predict plant communities within a selected 

area of floodplain vegetation.  

These accuracy and validation assessments are preliminary assessments only. A 

comprehensive assessment of accuracy of the final wetland map was out of scope for 

the pilot study.  

 

A. Field survey 
We followed the methods recommended by Stehman and Czaplewski (1998). 
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Sampling Design 
We collected field data (rapid vegetation surveys) for a selected area within the mid 

Lachlan Catchment and compared this with the available vegetation mapping and our 

wetland extent spatial layer. The data was collected over three weeks of fieldwork by 

a team of two between April-May 2016. We collected rapid vegetation survey data for 

90 point locations. Our sites were selected using a stratified random sampling design, 

within areas of public land. We stratified our survey points to inundated/non-inundated 

areas using our Landsat water count dataset (Figure 3).  

 

Figure 4. Survey point locations on public land around the mid-Lachlan catchment and 
township of Hillston. 

Following OEH guidelines for collection of rapid vegetation survey data, the following 

was recorded at each location:- 

 Dominant three species in the upper, mid, lower stratum. 

 Growth form for each dominant species 

 Cover (canopy cover) and abundance for each dominant species 

 Modal height for each stratum 

 % Cover for each stratum (canopy cover) 

In addition, we noted any wetland indicator species if they were present but not 

already included in the identified dominant species.  

Response Design 
The response design provides the protocol for collecting and assigning the reference 

characteristics to the region containing the sample points or areas (Stehman and 

Czaplewski 1998). The rapid vegetation survey data was used to allocate each site to a 

plant community type, using the description and standard classification provided in the 

NSW OEH Vegetation Information System Classification (VIS-C) database. Each site was 

also allocated to a wetland / non-wetland class using expert knowledge of the watering 

requirements of the dominant species. 
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Analysis 
To understand the contributions that each of the key datasets made to the overall 

determination of wetland extent, ground survey (point) data was compared to each of 

the following maps: 

 OEH Regional Vegetation map  

 the thresholded dd7 inundation count dataset  

 the Fisher All Dates inundation count dataset  

 the Fisher Best Dates inundation count dataset  

 the final wetland extent map (from combined datasets).  

The number of sites correctly mapped to NSW Plant Community Type, Keith Class, 

and Keith Formation were also recorded. The number of sites correctly allocated to 

wetland and non-wetland classes using overall accuracy, and completed a Kappa 

analysis (takes chance agreement into account) were also investigated. 

 

B. Comparison of Landsat wetted area with vegetation survey data in 
the VIS Flora Survey Database 

Sampling Design 
We used a set of survey data extracted from the OEH VIS Flora Survey database which 

is the corporate database holding vegetation (plot) survey records. The survey dataset 

included rapid and full floristic vegetation surveys, which had previously been 

allocated to NSW VIS Plant Community Types by a vegetation expert. The dataset 

included (4800) survey points over the mid to lower Lachlan catchment. A limitation of 

this dataset was that the sampling was not random, and was not stratified. Wetlands 

were significantly undersampled relative to non-wetland areas. 

Response Design 
We allocated all survey sites with a recorded NSW Plant Community Type to either 

wetland or non-wetland class using expert knowledge of the watering requirements of 

the dominant species described for the NSW Plant Community Type by the NSW OEH 

Vegetation Information Classification database (VIS-C). 

Analysis 
We calculated a confusion (error) matrix, overall accuracy, user’s accuracy, producer’s 

accuracy and the Kappa coefficient (which takes into account agreement due to 

chance) for the inundation dataset (combined wetted areas from the dd7 layer, Fisher 

best dates dataset).  

We were not able to assess the accuracy of the OEH Regional Vegetation map using this 

ground survey dataset. This was because this survey data was used to train models and 

inform air photo interpretation for development of the vegetation map, and therefore 

was not an independent dataset. 

 

C. Spatial Modelling 
We used a Gradient Boosting Machine (GBM) technique to investigate how well a set of 

spatial predictor layers was able to predict the location of vegetation communities 

within an area of floodplain.  

We did not have an independently produced fine resolution floodplain vegetation map 

of the Lower Lachlan floodplain, so we chose a vegetation map of the lower 
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Murrumbidgee floodplain produced by McCosker (2008). This mapping was completed 

using coloured aerial photographs taken in 2005 to interpret vegetation types and 

crown condition. Fifteen vegetation classes identified by McCosker (2008) were 

grouped to seven broader wetland types and cleared land was removed.  

We selected 2005 random points stratified to the wetland types from this dataset, and 

divided them into training (75%) and testing (remaining 25%) datasets. The small area 

of vegetated swamp limited the sample points to less than 50, and we expected this to 

have a negative effect on modelling this type of wetland.  

To assess the value of a set of remotely sensed and terrain variables, three GBMs were 

fitted: the TOPO-model (fitted with only topographic and distance variables), the RS-

model (fitted with only Landsat and SPOT variables), and the COM-model (fitted with 

all predictor variables). Topographic variables were derived from LiDAR digital 

elevation model (1m resolution) obtained in 2010 and included:- 

 Elevation (4m resolution) 

 Topographic heterogeneity, the coefficient of variation for a 100 x 100m 

window 

 Landform Curvature for a 100m x 100m window 

 Dissection for a 100m x 100m window 

 Heat load index 

Landsat derived variables included information on fractional cover (within pixel green 

vegetation, and non-green components - senescent vegetation and soil) in a polar 

coordinate system (Danaher and Gill unpublished, see also Figure 5), as well as the ‘All 

Dates inundation count’ (see section All dates on page 9 above).  

 

Figure 5. Fractional cover in a polar coordinate system - figure adapted from Danaher 
and Gill (unpublished). 

 

The Landsat derived variables included:- 

 Potential inundation counts from our All Dates dataset. 
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 ‘Vector distance median’ – the median vector distance across image dates 

for a point (pixel) from the polar analysis dataset provided by Danaher and 

Gill (unpublished) 

 ‘Vector distance maximum’ – the maximum vector distance across image 

dates for a point (pixel) from the polar analysis dataset provided by 

Danaher and Gill (unpublished) 

 ‘Hop length median’ – the median of the hop distances between image 

dates for a point (pixel) from the polar analysis dataset provided by 

Danaher and Gill (unpublished) 

We also included a variable describing landscape position relative to the Murrumbidgee 

River:- 

 Distance – the shortest geometric distance to the river channel, where the 

river channel was described by the drainage dataset included in the Land 

and Property Information Digital Topographic Database (sometimes referred 

to as the ‘hydrolines’ dataset). 

  



NSW Wetland Inventory: Pilot study mapping and classification method 

statement 
 

20 
 

REFERENCES CITED 
 

Brierley G.J., and Fryirs K. (2005) Geomorphology and river management: applications of 

the River Styles framework, Blackwell Oxford. 

Brooks S., Cottingham P., Butcher R. and Hale J. (2014). Murray-Darling Basin aquatic 

ecosystem classification: stage 2 report. Peter Cottingham and Associates report to the 

Commonwealth Environmental Water Office and Murray-Darling Basin Authority, Canberra, 

Australia. 

Claus S., Imgraben S., Brennan K., Carthey A., Daly B., Blakey R., Turak E. and Saintilan N. 

(2011a). Assessing the extent and condition of wetlands in NSW: project report, 

Monitoring, evaluation and Reporting Program, technical report series. Office of 

Environment and Heritage, Sydney, Australia. 

Cowood A, Ling J, Powell M, Tierney D (2016) Literature Review of wetland classification in 

NSW. Internal OEH Report. 

Cowood A, Ling J, Powell M, Tierney D (2016) Review of wetland inventories, Internal OEH 

Report. 

Danaher T (2002) An empirical BRDF correction for Landsat TM and ETM+ imagery. In The 
11th Australasian Remote Sensing and Photogrammetry Conference. Brisbane 
 

Danaher T and Gill T (unpublished) Notes on the method for polar analysis dataset provided 

on the Imagery and Remote Sensing (IRS) computing facility 

(http://irsweb01.irs.environment.nsw.gov.au/wiki/doku.php?id=rs:statewide_analysis:bc...

) 

Danaher T, and Collett L (2006). Development, optimisation and multi-temporal application 
of a simple Landsat based water index. In, The 13th Australasian Remote Sensing and 
Photogrammetry Conference, Canberra. 
 

Department of Environment Climate Change and Water (2010) NSW Wetlands Policy, 

http://www.environment.nsw.gov.au/resources/water/10039wetlandspolicy.pdf, accessed 

15 May 2015. 

Feyisa G L, Meilby H, Fensholt R, Proud S R (2014) Automated Water Extraction Index: A 

new technique for surface water mapping using Landsat imagery, Remote Sensing of 

Environment, 140, 23–35. 

Fisher A, Flood N, and Danaher T (2016) Comparing Landsat water index methods for 

automated water classification in eastern Australia, Remote Sensing of Environment, 175, 

167-182. 

Flood N, Danaher T, Gill T, and Gillingham S (2013) An Operational Scheme for Deriving 
Standardised Surface Reflectance from Landsat TM/ETM+ and SPOT HRG Imagery for 
Eastern Australia, Remote Sensing, 5, 83-109. 
 
Ji L, Zhang L, and Wylie B (2009) Analysis of dynamic thresholds for the normalized dif-

ference waterindex, Photogrammetric Engineering and Remote Sensing, 75,1307–1317 

Kingsford R.T., Brandis K., Thomas R., Crighton P., Knowles E. and Gale E. (2003). The 

distribution of wetlands in New South Wales.   

Powell M, Wilson C, Hodgins G, Cowood A, Ling J, Tierney D, (2016) Draft Review of 

Mapping Methods for a NSW Wetland Inventory Project. Internal OEH Report. 

http://irsweb01.irs.environment.nsw.gov.au/wiki/doku.php?id=rs:statewide_analysis:bc
http://www.environment.nsw.gov.au/resources/water/10039wetlandspolicy.pdf


NSW Wetland Inventory: Pilot study mapping and classification method 

statement 
 

21 
 

 

Roper T., Creese B., Scanes P., Stephens K., Williams R., Dela-Cruz J., Coade G., Coates B. 

and Fraser M. (2011) Assessing the condition of estuaries and coastal lake ecosystems in 

NSW, Monitoring Evaluation and Reporting Program, Technical report series, Office of 

Environment and Heritage, Sydney.  

Stehman S.V. and Czaplewski R.L. (1998). Design and analysis for thematic map 

accuracy assessment: fundamental principles, Remote Sensing of Environment, 64, 331–

344.  

Zhu Z and Woodcock C (2012) Object based cloud and cloud shadow detection in 

Landsat imagery, Remote Sensing of Environment, 118, 83-94. 

 

 


