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Section 3 Natural resource themes
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3.4 Soil erosion

Key messages

Status and trend
• Some degree of soil erosion occurs throughout the entire 

rangelands, most notably in the Gascoyne and Murchison, and to 
a lesser extent in the Kimberley, Pilbara and Goldfields (Figures 
3.4.1 and 3.4.2).

• The Upper Gascoyne LCD has the highest level of recorded 
erosion, with 6% of the LCD with moderate to severe erosion 
(Table 3.4.1).

• Recent climatic and vegetation cover trends indicate that the 
likelihood of soil erosion by water has slightly increased in parts of 
the rangelands.

Management implications
• The nature of episodic heavy rainfall and removal of vegetation 

cover by fire or grazing in the rangelands means that total 
prevention of soil erosion (especially by water) is not possible.

• Affected and at-risk areas require maintenance or improved 
groundcover to minimise run-off and erosion and maintain 
landscape function.

• Affected and at-risk areas may require infrastructure, especially 
roads, to be constructed or altered in a way that manages water 
flows to reduce the risk of water erosion.

• For areas that are actively eroding, physical intervention, such as 
earthworks, may be required.
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Figure 3.4.1 LCD soil erosion summary ratings in the Northern Rangelands
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Figure 3.4.2 LCD soil erosion summary ratings in the Southern Rangelands
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Table 3.4.1 Summary assessment of soil erosion from traverse data for 2001–09

Percentage of traverse sites in soil 
erosion categories (%)

LCD 
summary 

ratingLCD None Minor Moderate Severe
1 North Kimberley 94 5 1 <1 Good
2 Halls Creek – East Kimberley 87 9 3 1 Poor
3 Derby – West Kimberley 88 9 2 1 Fair
4 Broome 99 1 0 0 Good
5 De Grey 97 2 1 <1 Good
6 Roebourne 90 6 2 2 Poor
7 East Pilbara 94 3 2 1 Fair
8 Ashburton 89 7 3 1 Poor
9 Gascoyne – Ashburton Headwaters 93 4 2 1 Fair
10 Upper Gascoyne 86 8 5 1 Very poor
11 Wiluna 97 2 1 <1 Good
12 Lyndon 87 9 3 1 Poor
13 Gascoyne–Wooramel 93 5 1 1 Fair
14 Shark Bay 97 2 <1 1 Good
15 Murchison 89 7 3 1 Poor
16 Meekatharra 96 2 1 1 Fair
17 Cue 89 6 4 1 Poor
18 Mount Magnet 93 3 3 1 Poor
19 Sandstone 95 2 2 1 Fair
20 Yalgoo 93 4 2 1 Fair
21 Perenjori n/a
22 Binnu 93 5 1 1 Fair
23 Mount Marshall n/a
24 North-eastern Goldfields 94 3 2 1 Fair
25 Kalgoorlie 95 3 2 <1 Fair
26 Yilgarn n/a
27 Nullarbor – Eyre Highway 100 <1 <1 <1 Good

Criteria for traverse assessment rating of soil erosion

Rating Criteria

Good <2% of traverse sites with moderate to severe 
erosion (see Table 3.4.2)

Fair 2–3% of traverse sites with moderate to severe 
erosion

Poor >3 to 5% of traverse sites with moderate to severe 
erosion

Very 
poor

>5% of traverse sites with moderate to severe 
erosion

n/a Not assessed because there was insufficient 
traverse data 
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Overview
Soil erosion is the removal of soil from the earth’s surface by wind or 
water.

In principle, loss of soil by erosion should be no more than the rate 
that soil is created, should not exceed natural or geological erosion 
rates and should not lead to any decrease in soil function. Estimated 
soil formation in WA ranges from 1mm/1000 years to 1mm/100 years, 
which equates to between 1.4 tonnes per hectare per year (t/ha/y) and 
14t/ha/y, respectively (McFarlane et al. 2000, State of the Environment 
2011 Committee 2011). In the semi-arid areas of WA, comprising much 
of the rangelands, soil formation rates are likely to be at the lower 
levels.

Soil erosion loss of about 0.5t/ha/y is regarded as natural, but in WA, 
soil loss at almost any rate is unlikely to be sustainable (George 2001).

Loss and redistribution of topsoil through wind and water erosion of soil 
can cause permanent loss of soil productive capacity. Eroded sites also 
alter water flows and ability of the site to absorb and store soil moisture 
for plant growth.

Wind erosion
Wind erosion is the process by which soil particles are detached and 
transported from the land surface by the action of wind. Transport 
occurs by suspension, saltation or creep (Figure 3.4.3).

Wind erosion is a natural process that has assisted in shaping 
Australian landscapes. However, inadequate or inappropriate 
management accelerates degradation by wind erosion. This damage to 
the soil resource has on-site and off-site impacts.

Figure 3.4.3 Mechanisms of wind erosion

Livestock concentration at a water point, particularly during dry periods, 
leads to loss of protective perennial vegetation cover and disturbance of 
the topsoil and an increased likelihood of wind erosion
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Water erosion
Water erosion occurs when raindrops impact the soil surface and 
displace soil particles or when water flowing over the land surface 
mobilises soil particles. Water erosion occurs at low rates naturally; 
however, inadequate or inappropriate management accelerates 
degradation by water erosion.

Water erosion and sedimentation can be insidious and are often 
episodic, and are largely irreversible. The time required to form new soil 
is so long that soil should be considered a finite resource.

Water erosion is a two-stage process:

• Stage 1 occurs with raindrop impact and broad overland sheet 
flow on slopes, before flow becomes concentrated into channels 
and streams.

• Stage 2 occurs within the channelised flow of gullies, streams and 
rivers.

Distinguishing between the two stages is important because the 
processes in action, the effect on the landscape and the methods used 
to identify, monitor or model the rate and extent of erosion, are different 
in each stage.

Stage 1 is commonly called hillside erosion or ‘sheetwash and rill’ 
erosion. This erosion reduces pastoral productivity by:

• mobilising or removing nutrients

• leaving potentially hostile subsoils closer to the surface, thus 
reducing effective rooting depth

• silting-up dams, waterways and lowlands, which can exacerbate 
flooding and waterlogging.

Hillside erosion contributes only a small fraction of the total sediment 
delivery to its final resting point in a catchment, and it also contributes 
a relatively minor direct cost to pastoralism. The annual direct cost of 
water erosion in the rangelands is unknown.

Typical erosion sequence showing the escalating stages of erosion, from 
vegetation fragmentation through to sheeting, microterracing and rilling

Accelerated hillside erosion occurs when raindrops impact and run-off 
increases because of one or more of the following factors:

• low levels of groundcover, especially at critical times, such as 
during intense summer storms

• detached surface soil caused by livestock disturbance

• poorly constructed or sited engineering works, including surface 
water earthworks, dams and dam overflows, road and rail 
culverts.

These factors increase the erosivity of water flowing through catchment 
drainages, resulting in erosion rates being orders of magnitude higher 
than in undisturbed areas.
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Stage 2 is channelised flow which occurs when overland flow 
concentrates in gullies and streams, scouring the heads, beds and 
banks of gullies and channels. The on-site impact of this erosion is 
reduced vehicle and livestock movement in areas affected by gullying, 
and the cost of fixing or living with the gullies and loss in production.

Off-site impacts of channelised erosion on the environment are far 
greater. Erosion and associated sedimentation alters or destroys habitat 
for riverine and estuarine flora and fauna. Eutrophication of rivers, 
lakes and estuaries, caused partly by the mobilisation of soil fines and 
attached nutrients, also reduce habitat values. Both processes result in 
a decrease in economic and social value of fisheries and tourism.

Voluminous, fast-flowing water in gullies, streams and rivers has 
repeatedly disrupted communities and the broader WA society by 
destroying bridges, roads and other infrastructure for utilities, removing 
valuable soil from productive land and burying infrastructure under 
sediments.

Assessment method
Two assessment methods are used for this theme.

Method 1: Traverse assessment of soil erosion
From 2001 to 2009, pastoral stations were inspected by ground-based 
traversing, where rangeland condition was recorded to documented 
standards at regular intervals along station tracks. At each kilometre 
along preselected traverse routes, the type and extent of accelerated 
erosion was assessed in an area defined by a circle of 50m radius 
centred on each traverse point. Criteria for assessment of accelerated 
erosion extent are shown in Table 3.4.2 (Van Vreeswyk et al. 2004).

Table 3.4.2 Criteria for assessing the extent of accelerated erosion

Severity rating Estimated area affected by erosion
None No accelerated erosion present
Slight <10% of site affected
Minor 10–25% of site affected
Moderate 25–50% of site affected
Severe 50–75% of site affected
Extreme 75–100% of site affected

For this report, the slight and minor ratings are grouped together as 
minor.

The traverse assessments of soil erosion included water and wind 
erosion. This information, within the sampling limitations imposed 
by the traverse routes being restricted to existing track networks, 
provides a quantifiable snapshot of conditions. In the Nullarbor – Eyre 
Highway LCD, all stations were assessed in 2006 as part of the western 
Nullarbor survey (Waddell et al. 2010). All other LCDs had fewer than 
half of the stations within the LCD assessed in any given year. Mount 
Marshall, Perenjori and Yilgarn LCDs had insufficient traverse points to 
provide a reliable estimate of erosion and so are not assessed.

Method 2: Modelling status and trends in erosion hazard
Water erosion is the major cause of soil erosion in the rangelands. A 
GIS-based model was used to assess the hazard (the source of risk) 
of water erosion, using the datasets that account for primary erosion-
causing factors, as identified in the Revised Universal Soil Loss 
Equation (RUSLE; United States Department of Agriculture 1997).

This assessment provides relative erosion hazards and indicates where 
changes in location of erosion hazard are likely to occur because of 
climate change. It does not quantify the current erosion rate or the 
extent or severity of past water erosion events, because the small 
amount of reliable data limits the model’s applicability for channelised 
flow in WA conditions (Marillier et al. 2008).
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Factors contributing to hillside erosion and accounted for in RUSLE 
(see information box and Figure 3.4.4) are:

1. intrinsic susceptibility of the land, comprising:

a. slope length
b. slope steepness (gradient)
c. soil erodibility

2. rainfall erosivity

3. cover, comprising:

a. land cover (usually by vegetation)
b. land management practices.

The Revised Universal Soil Loss Equation (RUSLE)

RUSLE is an empirical model that uses experimental erosion data 
from a series of sites and compares the erosion rate of these to 
a ‘standard plot’. The result is presented as an average annual 
soil loss value, based on steady-state conditions of overland flow 
on hillsides. The RUSLE is unable to present reliable results for 
extreme events and requires extensive data to deliver a reliable 
absolute result. The RUSLE does not account for erosion caused 
by channelised water. 

Figure 3.4.4 The factors used to determine water erosion hazard

Susceptibility: the intrinsic susceptibility of the land

Susceptibility is derived from a combination of slope length, slope 
steepness (gradient) and the inherent erodibility of the soil. The relative 
index of susceptibility to soil erosion by water is determined using these 
factors in an equation described by Mitasova et al. (1996), based on 
foundational work by Wischmeier and Smith (1978).

The slope length and slope steepness factors are derived from the 
one second (30m grid), Shuttle Radar Topography Mission (SRTM) 
hydrological digital elevation model (DEM-H, version 1.0a) (Geoscience 
Australia 2011), which was resampled to a 186m grid to reduce the 
dataset to a manageable size.

The inherent soil erodibility factor is based on the soil characteristics 
from DAFWA’s map unit database associated with DAFWA’s soil-
landscape mapping (Tille 2006, van Gool et al. 2005).
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Rainfall erosivity

Most erosion is episodic and in this assessment it is assumed that 
rainfall has the most erosive impact when vegetation cover is likely to 
be least. Relative assessments of erosion hazard can be determined 
by considering the trend over time for the occurrence of potentially 
erosive rainfall events. This assessment does not link individual rainfall 
events with the cover at the time of the event, but looks at the trend 
in the number of erosive rainfall events per year, assuming that the 
distribution of events follows an established seasonal pattern.

A potentially erosive rainfall event which is likely to cause soil erosion 
is defined for this assessment as more than 50mm of rain in a 24-
hour period. The number of potentially erosive rainfall events per year, 
over two time periods, was compared. The World Meteorological 
Organization (1989) regards the period 1961–90 as the current ‘normal’ 
baseline average period; the latest period available for this assessment 
was the 14-year interval from 2000 to 2013.

There was a slightly increased trend from 1961–90 to 2000–13 in the 
number of potentially erosive (more than 50mm) daily rainfall events 
throughout most of the rangelands. The trend was most notable in the 
northern Kimberley region and central to southern rangelands (Figures 
3.4.5 and 3.4.6).

Cover: the protective cover on land

The protective cover on land is made up of three components: 
living and dead vegetation cover and gravel/stone. Estimates of 
photosynthetic (living) vegetation cover are derived from MODIS 
remotely sensed data for four, 3-month periods — summer (December–
February), autumn (March–May), winter (June–August) and spring 
(September–November) — averaged over the 10-year period 2004–13 
(Figure 3.4.7 and Section 3.3). The dead vegetative component, 
especially senescing annual growth, is linked to and generally lags 
behind, the peaks in the living vegetative component. Gravel/stone 
cover is essentially static and is not used as an input to estimate trend.

Agricultural

Region

Land Conservation
District boundary

6 to 1.5
1.5 to 1
1 to 0.6
0.6 to 0.15
<0.15
No data

Rainfall events per year (1961–90)

Figure 3.4.5 Average number of potentially erosive (more than 50mm in 
24 hours) rainfall events per year in 1961–90
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Agricultural

Region

Rainfall events per year (2000–13)

Land Conservation
District boundary

No data

6 to 1.5
1.5 to 1
1 to 0.6
0.6 to 0.15
<0.15

Figure 3.4.6 Average number of potentially erosive (more than 50mm in 
24 hours) rainfall events per year in 2000–13

The living vegetative component of cover over the WA rangelands 
varies geographically and seasonally. In northern WA, cover is highest 
at the end of the summer wet season, whereas in southern WA, with a 
predominantly winter rainfall, cover is highest during winter/early spring. 
In the central parts of the rangelands, where seasonality of rainfall is 
not well defined, cover does not have a marked seasonal cycle. In 
these areas, vegetation cover changes usually occur in response to 
exceptional rainfall associated with cyclones.

It should be noted that in some areas, such as in the Goldfields–
Nullarbor, trees and large shrubs may provide relatively high vegetation 
cover while there may still be inadequate groundcover to protect the 
soil from eroding.
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Figure 3.4.7 Average vegetation cover for summer (December–February), autumn (March–May), winter (June–August) and spring 
(September–November), 2004–13

Land Conservation
District boundary

Very high (50–100%)
High (30–50%)
Moderate (20–30%)

Low (10–20%)
Very low (0–10%)

Region

AgriculturalAgricultural AgriculturalAgriculturalAgriculturalAgricultural

SpringWinterSummer Autumn
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Status and trend

Soil erosion
Some degree of soil erosion occurs throughout the entire rangelands, 
most notably in the Gascoyne and Murchison, and to a lesser extent in 
the Pilbara, Kimberley and Goldfields. Most erosion is caused by water, 
except in the Nullarbor – Eyre Highway LCD where wind erosion is the 
dominant erosional form, although at very low levels.

The traverse assessments indicated that about half of the LCDs had 
rangelands with a poor to very poor soil erosion summary rating 
(Figures 3.4.1, 3.4.2 and Table 3.4.1). The Upper Gascoyne LCD 
had the highest level of recorded erosion, with 6% of the area with 
moderate to severe erosion. Conversely, the Broome and Nullarbor – 
Eyre Highway LCDs had less than 1% of traverse sites with moderate 
to severe erosion and therefore had a good soil erosion summary rating.

The ratings are a qualitative assessment based on expert opinion. 
This opinion is guided by the criteria used in the Australia state of the 
environment 2011 (State of the Environment 2011 Committee 2011), 
Reading the rangeland (Burnside et al. 1995) and the Report card on 
sustainable resource use in agriculture (Department of Agriculture and 
Food, Western Australia 2013).

Erosion hazard
There was a small increase in the likelihood of potentially erosive rainfall 
events throughout most of the rangelands (Figures 3.4.8 and 3.4.9). The 
most significant increases were in the central to southern rangelands in 
response to more potentially erosive rainfall events in 2000–13.

Land Conservation
District boundary

Agricultural

Region

Modelled erosion hazard (1961–90)
Very high
High
Moderate
Low
Very low
No data
Land Conservation
District boundary

Figure 3.4.8 Modelled erosion hazard for erosive rainfall events in 1961–90
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Modelled erosion hazard (2000-2013)

Agricultural

Region

Modelled erosion hazard (2000–13)
Very high
High
Moderate
Low
Very low
No data
Land Conservation
District boundary

Figure 3.4.9 Modelled erosion hazard for erosive rainfall events in 2000–13

Discussion and implications
Ground-based traverse assessments showed that soil erosion in the 
rangelands, mostly caused by water, was widespread, particularly in the 
Gascoyne and Murchison. Based on traverse assessments in 2001–09 
and the criteria for interpreting these assessments (Table 3.4.1), soil 
erosion in half of the rangeland LCDs was poor to very poor.

Grazing pressure is an important driver of vegetation cover and can be 
managed to retain adequate vegetation cover to protect the soil. The 
evidence indicates historical grazing pressure was too high in many 
areas, resulting in loss of vegetation cover leading to soil erosion.

Modelling based on soil-landscape parameters, vegetation cover 
and climate indicated that the likelihood of soil erosion by water was 
slightly increasing across most of the rangelands. Decreased vegetation 
cover in parts of the rangeland is likely to increase erosion hazard 
(Section 3.3).

The likelihood of water erosion occurring can be reduced by diverting, 
channelling or avoiding blocks to water flows through strategic siting 
and construction of infrastructure, particularly roads.

The opportunity costs of ongoing erosion are unknown, but are likely 
to be significant because there is nearly 2.5 million hectares in the 
moderate to severe soil erosion categories. Costs to the pastoral 
industry are cumulative because of the largely irreversible nature of soil 
erosion, but the cost may not be realised until a threshold is reached. 
For example, there will be little reduction in profitability or increase in 
costs until the bulk of the topsoil has been removed and vegetation 
growth is significantly reduced.

Managers may be able to rehabilitate some degraded areas with 
targeted intervention (Payne et al. 2004, Bastin et al. 2001). However, 
not all rehabilitation will be cost-effective and recovery can be very 
slow, especially in highly degraded sites in areas with variable seasons 
(Sparrow et al. 2003). In areas that are actively eroding, intervention to 
manage water flow may be needed to stabilise the system and begin 
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a recovery process (G Bastin [CSIRO] 2014, pers. comm., 9 May). 
Spectacular recovery has been achieved in the Ord Regeneration Area 
through targeted, well-funded and sustained intervention (Payne et al. 
2004).

Turner Plains in the Kimberley in 1962

Gascoyne regeneration area in 1987

Turner Plains in the Kimberley in 2002

Gascoyne regeneration area in 2014

Recovery in Kimberley 
grassland over a 40-
year period, following 
regeneration, removal of 
grazing pressure and 10 
years of above-average 
seasons

Preventing soil erosion in the rangelands is likely to be more profitable 
in the long term and it also meets the requirements of pastoral lease 
agreements.

Lack of regeneration in 
the Southern Rangelands 
over a 27-year period, 
following regeneration, no 
control of grazing pressure 
and variable seasons
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Turner Plains in the Kimberley in 2002

Gascoyne regeneration area in 2014
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