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Appendix A 

Methods and standards
While each chapter describes particular methods used 
in the assessment, some common approaches have 
been adopted. These are principally concerned with the 
spatial objects used for analysis and reporting and some 
terminology used in expressing condition and trend.

Spatial framework
The observations of soil and land condition come from 
many sources. Most are point (site) observations, but 
others come from inferences from mapping or remotely 
sensed images.

A variety of options are available to present these data 
as map products but it is important to choose the 
presentation method that gives a consistent impression, 
particularly for small-scale maps (e.g. south-west of 
WA). Thus, as far as possible, a consistent style of both 
analysis and presentation has been developed.

Overview of soil-landscape mapping for WA
Soil-landscape mapping recognises both soil and land 
attributes. A mapping hierarchy has been developed that 
recognises map units at different scales, which allows for 
a range of descriptions, inferences, interpretations and 
presentations at a scale appropriate to the subject and 
audience (Figure A1.1). Importantly, different resolutions 
require different degrees of simplification.
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Figure A1.1 Soil-landscape mapping hierarchy. (Source: Schoknecht et al. 2004)
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Even at the finest scale of mapping, the map units (subsystems or 
phases) are heterogeneous and so there is uncertainty about what soil 
type can be inferred for particular points or areas within these map 
units. However, the probability of a particular soil and land type can be 
inferred from the proportion of unmapped (soil and land) components.

Spatial analysis
Knowing the soil and landform at every point for which there is an 
observation is the ideal starting point for the current analyses. These 
will allow interpretations of condition, which is often strongly influenced 
by soil and landscape position. Unfortunately, soil type was not 
recorded at the point where most of the observations were made. Thus, 
the finest resolution of mapping available for analysis of the condition of 
many of the natural resource themes is the finest-scale soil-landscape 
map unit. These map units, in the context of the soil-landscape 
hierarchy, have been used to interpret geographic patterns.

Spatial reporting units

Through the soil-landscape mapping hierarchy, the data associated 
with the many map units can be interpreted for a few small-scale units. 
Two separate schemes have been used – Agricultural Soil Zones, 
abbreviated to Ag Soil Zones, (Figure A1.2, Table A1.1) and hydrozones 
(Figure A1.3, Table A1.2). Ag Soil Zones contain areas with similar 
soils; hydrozones contain areas with similar hydrogeology. Both of 
these schemes are aggregations of the soil-landscape zones (see 
Figure A1.1).

Implicit in both of these schemes are two important points:

•	 The range of soil or land types they contain is similar.

•	 The properties of comparable soil or land types in different tracts 
might differ.

Ag Soil Zones are used for the themes of soil acidity, wind erosion, water 
erosion, soil organic carbon, soil compaction, water repellence and 
nutrient status (phosphorus). Hydrozones are used for dryland salinity 
and acidification of inland waterways. The nutrient export (phosphorus) 
theme only reports on selected coastal catchments.
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Figure A1.2 Ag Soil Zones
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Table A1.1 Description of Ag Soil Zones

Ag Soil Zone Description

1 Mid west Sandy, gravelly and less commonly loamy and clayey soils on gently undulating sandplains, occasional dunes and sand-filled valleys on 
northern Perth Basin sediments and Northampton granulites north and east of Geraldton. 

2 Mullewa to Morawa Red sandy, loamy and gravelly soils on undulating plains and low ranges with broad valleys on Yilgarn granites. Minor saline soils in 
valleys.

3 West Midlands Sandy and gravelly soils on undulating sandplains, occasional dunes with sand-filled valleys on Perth Basin sediments between Gingin and 
Geraldton.

4 Central Northern 
Wheatbelt

Sandy and loamy soils on gently undulating plains and rises, sandplains, rocky rises and broad valleys on Yilgarn granites. Saline soils 
common in valleys.

5 Swan to Scott 
Coastal Plains

Sandy duplex, sandy and wet soils on undulating to flat plains, dunes and lake deposits on Perth Basin sediments. Includes gravelly soils 
on undulating rises of the Donnybrook Sunklands and Naturaliste–Leeuwin ridge.

6 Darling Range to 
South Coast

Gravelly soils on dissected lateritic plateau on Yilgarn granites from Toodyay to the south coast. Sandy and duplex soils and rock outcrop 
also occur.

7 Zone of 
Rejuvenated 
Drainage

Sandy, loamy and gravelly soils on undulating rises to low hills with narrow valleys on Yilgarn granites and metamorphic rocks in the 
western wheatbelt from east of Moora to Kojonup. Some clayey and saline soils in valleys.

8 Southern 
Wheatbelt

Sandy duplex, gravelly and sandy soils on gently undulating plains, rocky rises and broad valleys on Yilgarn granites. Minor rock outcrop 
and saline soils in valleys.

9 Stirlings to 
Ravensthorpe

Sandy duplex, gravelly, loamy and rocky soils on rolling hills and dissected plains with narrow valleys and occasional mountains on granite, 
metasediments and sediments from the Stirling Ranges to Ravensthorpe.

10 South Coast 
– Albany to 
Esperance

Sandy duplex, gravelly and sandy soils on gently undulating sandplains with occasional dunes, sand-filled valleys and lakes on Eocene 
sediments along the south coast between Albany and Esperance.

11 Salmon Gums 
Mallee

Alkaline earths and alkaline duplex soils on undulating to flat plains and dunes on Proterozoic granites and Eocene sediments around 
Salmon Gums, north of Esperance. Salt lakes common.
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Table A1.2 Description of hydrozones

Hydrozone Description

1 Kalbarri Sandplain Gently undulating sandplains and occasional dunes with sand-filled valleys on sediments. An intermediate to regional groundwater 
flow system discharges to the Indian Ocean. It may produce large quantities of predominantly fresh water.

2 Northampton Block Undulating sandplain strongly dissected in parts on Proterozoic crystalline gneissic basement and sediments. Groundwater occurs 
in a palaeochannel associated with the Chapman River and in weathered rock aquifers. Groundwater and surface water discharge via 
the Chapman River.

3 East Binnu Sandplain Gently undulating, internally drained, sandplain on sandstone and granulite. The Tumblagooda Sandstone hosts an intermediate to 
regional groundwater system with predominantly brackish to saline groundwater; flow is northward, probably discharging to the 
Murchison River.

4 Irwin Terrace Gently undulating sandplain with areas of strong dissection on Permian sediments and granulite. Groundwater quality in the Permian 
sediments is brackish to hypersaline because there is little lateral flow due to their plasticine characteristics. However, there are 
minor sand aquifers and sandstone layers at depth.

5 Arrowsmith Undulating sandplain and dunes with sand-filled valleys on Perth Basin sediments. The Yarragadee Formation forms a mostly 
unconfined regional aquifer hosting high quality groundwater; discharge is to the Indian Ocean.

6 Dandaragan Plateau Gently undulating sandplain and dunes with sand-filled valleys on Perth Basin sediments. The Parmelia Formation is an unconfined 
aquifer hosting a high quality regional groundwater system; flow is generally westward, discharging as seeps and springs.

7 Northern Zone of 
Ancient Drainage

Undulating plains and low ranges with broad valleys on Yilgarn granites. Groundwater occurs in weathered rock aquifers under 
valleys and hillslopes and in deep palaeochannels within salt lake systems.

8 Northern Zone of 
Rejuvenated Drainage

Undulating rises to low hills with narrow valleys on Yilgarn granites and metamorphics. Saprolite aquifers occur under valleys and 
hillslopes; perched aquifers of good stock water quality are common.

9 Southern Cross Undulating plains and low ranges with broad valleys on Archaean greenstones and deeply weathered mafics. Minor unconfined 
groundwater in valleys, often hypersaline; extensive primary salinity.

10 South-eastern Zone of 
Ancient Drainage

Gently undulating plain with broad valleys on Yilgarn granites. Groundwater occurs in extensive palaeochannels in the broad flat 
valley floors; saprolite aquifers are present under minor valleys and hillslopes. 

11 South-western Zone of 
Ancient Drainage

Gently undulating plain with broad valleys on Yilgarn granites. Groundwater occurs in weathered rock aquifers under valleys and 
hillslopes and in deep palaeochannels present in many of the larger valleys.

12 Southern Zone of 
Rejuvenated Drainage

Undulating rises to low hills with narrow valleys on Yilgarn granites. A high degree of landscape incision has lead to 
compartmentalisation of the landscape and of groundwater systems. 

13 Eastern Darling Range Moderately to strongly dissected lateritic plateau with narrow valleys on Yilgarn granites. Groundwater occurs in palaeochannels in 
some major valleys and in weathered rock aquifers under most valleys and hillslopes.

14 Western Darling Range Moderately (often deeply) dissected lateritic plateau and monadnocks with narrow and broad valleys on Yilgarn granites. The vast 
majority of the zone is forested. A high degree of landscape incision and complex geology has led to compartmentalisation of the 
landscape and of groundwater systems.
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Hydrozone Description

15 Coastal Plain Undulating to flat plains from dunes and lake deposits on southern Perth Basin sediments. Groundwater flow in unconsolidated 
sediments and limestone is generally east to west to the Indian Ocean.

16 Donnybrook–Leeuwin Undulating plateau with minor swamps, moderately (in places, strongly) dissected by narrow valleys. Regional groundwater in 
sedimentary aquifers, some shallow; highly localised aquifers in the western granitic areas.

17 Scott Coastal Plain Undulating to flat plains from dunes and lake deposits on southern Perth Basin sediments. Regional groundwater, often at shallow 
depths.

18 Warren–Denmark Moderately (often deeply) dissected lateritic plateau with narrow and broad valleys and coastal plain on Yilgarn granites. 
Groundwater systems are mainly local and can be compartmentalised by dolerite dykes. Minor surficial aquifers also occur.

19 Albany Sandplain Level to gently undulating plain including lakes, dissected by narrow valleys on Eocene sediments. The western section of the zone 
has local and intermediate groundwater systems discharging to surface drainage; the eastern section contains intermediate to 
regional groundwater flow systems with very little lateral flow.

20 Stirling Range Mountains and low hills on metasediments with internally drained plains. Regolith depth can be over 100 m and aquifers tend to be 
stagnant.

21 Pallinup Undulating rises with narrow valleys on Archaean granites. Aquifers are local to intermediate, shallow basement, and complex 
geology can affect groundwater movement.

22 Jerramungup Plain Level to gently undulating plain, dissected by narrow valleys on Eocene sediments over Proterozoic granites and metasediments. 
Groundwater flow systems are local to intermediate.

23 Ravensthorpe Rolling low hills dissected by narrow valleys on greenstones. Local groundwater flow systems compartmentalised by dykes and 
numerous faults and fractures.

24 Esperance Sandplain Level to gently undulating plain on Eocene sediments and coastal plain; dissected by narrow valleys to the west and internally 
drained to the east. Groundwater flow systems are local to intermediate where there is defined surface drainage, and intermediate to 
regional where there is not.

25 Salmon Gums Mallee Undulating to flat plains from lake deposits and dunes on Proterozoic granites and Eocene sediments, with numerous salt lakes. 
Groundwater occurs in palaeochannels associated with playas on deep regolith and in isolated pockets in areas of shallow basement.

Table A1.2 Description of hydrozones (cont.)

Insert Table A1.2 here
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Aggregation

Point and raster surfaces are treated differently in the spatial analyses. 
Points can be unambiguously assigned to a map unit. However, 
individual cells (areas) of raster surfaces may overlap more than 
one map unit. Hence, the primary aggregation for raster data is the 
proportion of a map unit in a raster value class.

In addition to these differences, the data type (numerical or categorical) 
being interpreted influences what can be done with these data. Table 
A1.3 outlines the aggregations available from these different sources. 
The ‘Proportion in class’ can be further aggregated to, for example, 
the percentage less than a critical value, which has been used in 
Chapter 2.1.

Table A1.3 Aggregations available for intersecting data and map units

Source

Map unit Points Raster

Aggregation Numerical 
attributes

Categorical 
attributes

Numerical 
attributes

Categorical 
attributes

Average Y N Y N

Proportion in class Y Y Y Y

Expression of the aggregation may be critical to the inferences made 
about condition or trend. While the lines of evidence include numerical 
and categorical data, all could be considered ‘low to high’ but not 
necessarily ‘good to bad’. An initial form of aggregation was usually 
constructed from the proportion of area or observations in a scale 
‘low to high’, divided into a number of classes. Means and standard 
deviations were calculated but not commonly used since such statistics 
often disguise important aspects of the data. Thus, proportions greater 
or less than a critical figure (e.g. pH) were more commonly computed 
and are the basis for many presentations.

The soil-landscape hierarchy aggregations of Ag Soil Zones and 
hydrozones were used for analysing and reporting of most themes. 
In some cases, the analysis was done in conjunction with Agricultural 

Soils (abbreviated to Ag Soils) providing interpretations of concepts 
such as Ag Soils within each Ag Soil Zones. The Ag Soils occurring in 
the south-west of WA are described in more detail in Chapter 1.

Presentations
The interpretations are presented in both maps and tables. In part, the 
maps are self-explanatory for they display geography. Thematic maps 
are produced at both the finest-scale soil-landscape map unit and 
based on Ag Soil Zones (or Hydrozones).

The tabular presentations (e.g. condition interpretations based on Ag 
Soil Zones) are largely for communicating in a general way. You should 
not infer from these numbers that:

•	 all the land in a tract is of the same condition

•	 there is any significance in the apparent differences between 
tracts.

The difference in the number of observations within and between tracts 
greatly influences these results. The maps tend to show the variation to 
some degree.

Because of a limitation in the display characteristics of small-scale 
maps in the spatial software used, the ‘worst’ or ‘highest’ class has 
been placed at the top of most legends, which tends to visually over-
represent these classes.
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Terminology and standards
As far as the data and methodology allows, a common language and 
display style has been adopted for most themes.

Terminology
Current condition and trend are provided for each theme, where:

Condition is the current status of the natural resource and is reported 
as a risk, hazard or occurrence.

•	 Risk is the effect of uncertainty on objectives (AS/NZS 2009). 
In this report it is expressed in terms of a combination of the 
consequences of an event and the likelihood of occurrence.

•	 Hazard is the likelihood of something happening, and is based 
on an assessment of the inherent attributes of the environment 
(land, water and climate). Hazard can be managed to ensure that 
occurrence and risk are minimised.

•	 Occurrence is a statement of what is actually happening based 
on the best available evidence. It may be expressed in terms 
of severity (e.g. percentage of land below a target value, such 
as topsoil below pHCa of 5.0) or abundance (e.g. values of an 
attribute, such as soil carbon stocks in t C/ha).

•	 Trend is the (likely) future condition compared to current 
condition. Trend is expressed in terms such as deteriorating, 
improving, stable, variable and unclear.

Standards
A standard set of colour visible swatches is used to graphically 
represent condition and trend (Figure A1.4).
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Soil acidity and wind erosion tables

Figure A1.4 Standard colours used for reporting condition and trend.




