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2.2 Wind erosion

Key messages

Status and trend

Wind erosion is a seasonal hazard in the south-west of WA.

The indicator used for wind erosion hazard is erodibility – the 
potential for soil loss in erosive winds.

More than half of the agricultural land had unacceptable hazard 
ratings (were below target values) at least one year in four during 
the period 2009–12.

The Central Northern Wheatbelt Ag Soil Zone had the greatest 
hazard, with the zone being below target values in each of the four 
years 2009–12.

Wind erosion hazard at the state level has reduced over time 
because of changed cropping and stubble management practices.

Management implications

Current land use practices still result in some degree of wind 
erosion, with an estimated opportunity cost of $71 million per year.

Increasing the use of stable ground cover (including living and 
dead vegetation and gravels) to prevent loss of soil, fine particles, 
nutrients and soil organic carbon is a practical and profitable 
option.

Climate variability and a drying climate will increase wind erosion 
hazard without improved management practices.
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Figure 2.2.1 Resource hazard summary for wind erosion for the period 2009–12.

Note: This figure shows Ag Soil Zones that have had an unacceptable 
hazard over the four-year reporting period. The hazard may not be 
reflected in actual erosion events.
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Insert Table 2.2.1 here
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Table 2.2.1 Resource status and trends summary for wind erosion

Ag Soil Zone Summary Hazard and trend Confidence

Very 
high High Mod Low Very 

low 
In  

condition
In  

trend
1 Mid West The low hazard status is due to good years in 2010–12, following 

droughts in 2006 and 2008
2 Mullewa to Morawa Seasons have been dry, which has limited the growth of ground 

covers. Some dust storms were reported.
3 West Midlands Reliable rainfall resulted in good ground cover over the monitoring 

period. Reliability of these results is limited by incomplete monitoring.
4 Central Northern 

Wheatbelt
Wind erosion hazard did not meet the target over the entire 
monitoring period, mainly due to low rainfall.

5 Swan to Scott 
Coastal Plains

Wind erosion hazard was not monitored in this zone. Not assessed

6 Darling Range to 
South Coast

Some areas of high erosion hazard in dry years with high stock numbers 
on poor pastures, however the region is of moderate hazard grade.

7 Zone of Rejuvenated 
Drainage

Moderate hazard overall but has areas of high hazard in the west where 
high stock numbers are retained on poor pastures in drought years.

8 Southern Wheatbelt More reliable rain produced good crops and stable ground covers. 
Areas close to salt lakes were poorer.

9 Stirlings to 
Ravensthorpe

More reliable rain produced good crops and stable ground covers.

10 South Coast – 
Albany to Esperance

Adequate rainfall helped maintain stable ground covers.

11 Salmon Gums 
Mallee

The rainfall over the monitoring period was below average, which 
limited farmers’ ability to maintain a protective ground cover.

Adequate high-quality evidence 
and high level of consensus
Limited evidence or limited 
consensus
Evidence and consensus too 
low to make an assessment

Improving

Deteriorating

Stable

ConfidenceRecent trends

Unclear

Variable

Very low No years below target hazard (years 2009–12)

Low 1 year in 4 below target hazard (years 2009–12)

Moderate 2 year in 4 below target hazard (years 2009–12)

High 3 year in 4 below target hazard (years 2009–12)

Very high All years below target hazard (years 2009–12)

Summary 
hazard  
grades
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Overview
Wind erosion is the process by which soil particles are detached and 
transported from the land surface by the action of wind (Moore et 
al. 1998). Transport occurs by suspension, saltation or creep. Wind 
erosion occurs sporadically because it requires both a soil surface that 
is susceptible to erosion and wind speeds strong enough to dislodge 
the soil particles. This combination of susceptible soil and wind makes 
it difficult to control wind erosion, as well as making it hard to monitor 
erosion events as they occur.

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

On-site impacts
Western Australian soils generally have low inherent soil fertility. Over 
the years farmers have built up soil fertility with fertilisers and good soil 
management. Wind erosion removes the finer fractions from the soil, 
which includes the clay, organic matter and soil nutrients. The loss of 
these particles reduces the water and nutrient holding capacity of the 
soil and hence soil fertility. Research has shown that for every 3% of 
the nitrogen that is removed from the soil, there is a 2% loss in yield of 
the following crop (McFarlane and Carter 1989). If the top 10 mm of soil 
are subjected to winnowing by the wind, crop yields may be reduced by 
25% (Marsh 1982). Additional fertiliser applications will increase the soil 
fertility, but the soil may not return to its original productivity because of 
the loss of smaller particles which retain most of the nutrients.

Other on-site impacts include the deposition of sand on fence lines and 
in waterways and dams. This requires time and resources to remove.

Off-site impacts
Soil can be moved a few metres, or hundreds of kilometres depending 
on the particle size and wind speeds. These particles impact the 
community, environment and climate.

Areas with sandy surfaced soils with minimal groundcover have a high 
hazard of wind erosion (near Mullewa).

Sand accumulation on the lee side of a fence near Jerramungup.
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Sand drift and surface organic matter 
accumulated downwind of an eroding paddock 
near Northam, February 2011.

Removal of wind-blown 
sand accumulated 
along fence lines is a 
time-consuming and 
costly exercise (west of 
Binnu).

Assessment method

Background
The sporadic nature of wind erosion makes it difficult to collect reliable 
data on actual wind erosion across the south-west of WA. In addition, 
eroded sites may be difficult to find after an erosion event if they are 
obstructed from direct view, or if subsequent land management has 
altered the soil surface to ameliorate the eroded soil. Aerial and satellite 
imagery have shown promising signs (Eisele et al. 2011, 2012), but 
the remote sensing technology is still being developed, and weather 
conditions, such as clouds, can obscure the ground.

An alternative option is to monitor the condition of the landscape and 
rate sites according to their potential for soil loss in erosive winds. This 
observational technique is called roadside survey (Forward 2009).

Dust storm near Dalwallinu, January 2011. The Central Northern 
Wheatbelt Ag Soil Zone was assessed as having an unacceptable hazard 
of wind erosion in 2011.
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Roadside surveys
Roadside surveys involve travelling on representative road transects 
and assessing, from a vehicle, in-paddock wind erosion likelihood at 
geo-located sites. The survey methodology has been standardised so 
that key fields can be compared across all Australian states (Forward 
2009; Murphy 2009).

Roadside surveys are a rapid and cost-effective monitoring 
technique to determine the extent of and likelihood for erosion 
across the landscape. Additional information about land use and land 
management is collected at the same time to help determine why a site 
has a particular wind erosion likelihood rating.

There are currently 4125 sites in WA, of which 3505 were sampled 
by DAFWA and 620 sites were sampled by South Coast NRM (a 
collaboration between DAFWA and South Coast NRM). The sites are 
situated on transects that dissect the most of the agricultural areas of 
WA (Figure 2.2.2). Surveys are conducted twice a year, in late spring 
when crops and pastures have senesced and maximum biomass has 
been achieved, and in the following autumn just prior to seeding when 
biomass is at a minimum or land disturbance by cultivation maximises 
the erosion hazard.

Figure 2.2.2 Location of roadside survey observation points. Sites are 
coloured according to the number of observation years for 
each point. Native vegetation is shaded grey.
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Steps in determining wind erosion hazard for a site by 
conducting roadside survey

Three factors – soil/site potential, detachment and cover – are 
assessed in the field, and then combined using a matrix table to 
determine the wind erosion likelihood of each site (Figure 2.2.3).
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Figure 2.2.3 Schematic showing the process for determining wind 
erosion likelihood at a site.

Table 2.2.2 Assessment criteria for potential (inherent potential for wind 
erosion)

Category* Description

0 Medium to heavy textured soils with hard-setting surface and/or 
surface gravel >50%

1 Medium to light textured soils with some hard-setting soils with 
some surface gravel

2 Light textured soils with some aggregation

3 Sandy textured soils with little aggregation

4 Loose sandy soils associated with deep sand dunes

* For soils in categories 0–3 in exposed landscape positions (e.g. ridges 
and rises), increase the potential rating by one category.

2 Detachment – degree of soil disturbance

Detachment considers the presence and degree of physical 
disturbance, such as trampling by livestock (Marsh 1982) and tillage by 
machinery. The categories of detachment are described in Table 2.2.3

Table 2.2.3 Assessment criteria for detachment (degree of soil 
disturbance)

Category Degree of soil 
disturbance

Description

1 No significant 
disturbance 

No significant disturbance apparent

2 Partial 
disturbance 

Disturbance of some of the soil surface by:
• no-till/zero till sowing (narrow point/disc)
• first working with blade plough, prickle chain or 

harrow
• light grazing by livestock (vegetation little 

disturbed) 

3 Complete 
disturbance 

Complete soil disturbance by cultivation, heavy 
grazing (vegetation totally disturbed or removed by 
stock) or both

These factors are defined as:

1 Potential (soil/site) – the inherent potential of the land for wind 
erosion

This measure combines soil surface texture, which is dependent on 
soil type and does not change with time, and position in the landscape, 
which determines the exposure to erosive winds. Sites are classified 
into five classes, as per Table 2.2.2.
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3 Cover – amount of protective ground cover

Cover is determined as a percentage of ground covered with protective 
material including living and dead plant material, gravel and stone. Six 
classes of ground cover are described in Table 2.2.4. Wind erosion is 
unlikely to be significant when the ground cover is greater than 50% 
(Findlater et al. 1990).

Table 2.2.4 Assessment criteria for cover (amount of protective ground 
cover)

Category Per cent ground cover

0 0–12

1 13–25

2 26–50

3 51–75

4 76–88

5 89–100

Erosion likelihood calculation

The erosion likelihood of each site is calculated by combining ratings 
for potential, detachment and cover in a matrix which assigns a 
likelihood rating to each site (Table 2.2.5). Although the likelihood rating 
does not indicate actual wind erosion, it estimates the likelihood of 
erosion should erosive winds occur.

Likelihood rating physical characteristics

Code Rating Physical characteristics
Likelihood 

class1

S Safe No wind erosion likely and ground surface 
unlikely to be affected.

AcceptableN Negligible
Wind erosion unlikely although some minor 
dust is possible. Ground surface likely to 
remain intact.

L Low
Dust and minor soil movement is likely 
although ground surface will probably 
remain unchanged.

M Moderate
Dust and some sand movement and the 
start of ground surface particle sorting 
likely.

UnacceptableH High Widespread dust and soil movement and 
rippling of ground surface likely.

V Very high
Widespread dust and sand movement 
and deep deflation (hollowing out) of soil 
surface likely.

1 See Table 2.2.7
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Insert Table 2.2.5 here
Insert Table Likelihood rating 
definition here

Table 2.2.5 Matrix for assessing likelihood of wind erosion 

Potential 
Inherent potential for 

wind erosion

Detachment 
Degree of soil 
disturbance

Cover 
Amount of protective ground cover

0–12% 12–25% 25–50% 50–75% 75–88% 88–100%

0 1 N S S S S S

0 2 L L N S S S

0 3 M M M N S S

1 1 N N S S S S

1 2 H H L N S S

1 3 V V H N S S

2 1 M M L S S S

2 2 H H M L S S

2 3 V V H L S S

3 1 M M L S S S

3 2 H H M L S S

3 3 V V H L S S

4 1 M M L S S S

4 2 H H M L S S

4 3 V V H L S S
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Resource condition target for wind erosion
The six erosion likelihood ratings can be grouped (for the benefit 
of mapping simplicity) into two classes to provide a wind erosion 
likelihood class for a site (Table 2.2.7).

Table 2.2.7 Likelihood ratings and classes for sites

Likelihood rating Likelihood class

Safe Acceptable

Negligible

Low

Moderate Unacceptable

High

Very High

For the long-term sustainability of the soil resource, DAFWA considers 
that less than 5% of the landscape should be in the unacceptable 
likelihood class each year (target acceptable hazard), with the 
aspirational aim of less than 3% of the landscape being in an 
unacceptable likelihood class (Table 2.2.8).

Table 2.2.8 Hazard and target criteria for Ag Soil Zones

Target Hazard Criteria

Above target Very low <1% of the landscape in an unacceptable likelihood 
class

Low 1–3% of the landscape in an unacceptable 
likelihood class

Moderate 3–5% of the landscape in an unacceptable 
likelihood class

Below target High 5–10% of the landscape in an unacceptable 
likelihood class

Very high >10% of the landscape in an unacceptable 
likelihood class

Example of a rated site. The ratings of this site for wind erosion likelihood 
are: potential – 2 (light textured soils with some aggregation); detachment 
– 1 (no significant disturbance); and cover – 0 (0–12%), leading to a 
likelihood rating of moderate (dust and some sand movement, ground 
surface sorting begins) and a likelihood class of unacceptable.
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Current status and trend
Using the results from the roadside surveys, the proportion of sites with an unacceptable 
likelihood class in the years 2009 to 2012 are assigned to each of the Ag Soil Zones (Table 2.2.9) 
and graphically represented in Figures 2.2.4 to 2.2.7 as zone hazard and Figure 2.2.8 as years 
below target. Colours indicate the average hazard of the zone (very high, high, moderate, low and 
very low) for individual years with a summary showing the number of years that each zone was 
below target over the four-year reporting period.

Table 2.2.9 Hazard summary for 2009–12

Ag Soil Zone
Hazard by year

Years below target
2009 2010 2011 2012

1 Mid West Moderate Low Moderate Low 0
2 Mullewa to Morawa Moderate Low High High 2
3 West Midlands Low Low Moderate Low 0
4 Central Northern Wheatbelt High High Very high High 4
5 Swan to Scott Coastal Plains Not assessed
6 Darling Range to South Coast Low Low Very high High 2
7 Zone of Rejuvenated Drainage Low Low High High 2
8 Southern Wheatbelt Moderate Low High Low 1
9 Stirlings to Ravensthorpe Low Low High Low 1
10 South Coast – Albany to Esperance Low Low Low Low 0
11 Salmon Gums Mallee Very high Very high Moderate High 3

Note: this assessment only covers cleared agricultural land and only small areas of the Darling Range to South Coast and the eastern portion of the 
South Coast – Albany to Esperance were surveyed.
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2009
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Figure 2.2.4 Hazard assessment for 2009.

Figure 2.2.6 Hazard assessment for 2011. Figure 2.2.7 Hazard assessment for 2012.
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Figure 2.2.5 Hazard assessment for 2010.

Figure 2.2.8 Summary hazard assessment for 2009–12 
showing Ag Soil Zones that are consistently 
below target condition.
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Influence of the previous season
Climate variability plays an important part in pre-disposing whole 
landscapes to wind erosion. In 2010, record low rainfall during the 
growing season was experienced across the majority of the south-west 
of WA (Figure 2.2.9). This severely reduced the amount of plant growth 
expected over the winter, particularly pastures. There was still sufficient 
rain to produce crops in the high rainfall zones (western wheatbelt), but 
further east, many crops failed. The exception was the South Coast 
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– Albany to Esperance and the Salmon Gums Mallee zones, where 
normal rains were experienced.

The poor growth of pastures in 2010 increased the erosion hazard in 
the western portion of the wheatbelt, because farmers held on to stock. 
In many instances, already depleted ground covers were reduced to 
below 50% by autumn 2011, resulting in very high grades in the 2011 
hazard maps (Figure 2.2.10). The very high hazard grade for the Central 
Northern Wheatbelt zone was due to non-existent pastures and failed 

Figure 2.2.9 Rainfall decile map for 2010 growing season. Figure 2.2.10 Hazard assessment for 2011.
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crops. Even though the crops were affected by the bad 2010 season, 
in the majority of cases stubbles were sufficient to resist major erosion. 
Conditions in the wheatbelt ranged from very low (north and far east) 
but high and very high in the central areas.

The interaction between land management and climate (season 
conditions) are the major drivers of possible wind erosion. A poor 
season with poor management will always see erosion occurring, 
but erosion is not confined to poor seasons. In 2011, above average 
rainfall resulted in increased plant growth and subsequently increased 
plant biomass. However, increased crop stubble causes mechanical 
problems during seeding of the subsequent crop. Therefore many 
farmers burnt their paddocks to remove the stubble, thereby increasing 
the erosion hazard grade from very low and low to moderate, high or 
very high, depending on the soil type. Over the last four years, there 
has been a significant increase in windrow burning which retains more 
than 50% of the stubble, and a decrease in complete burns. However, 
in 2012 the number of complete burns increased from 15% to 45% of 
all burnt sites, resulting in an increase in the number of unacceptable 
hazard sites.

Discussion and implications
The roadside survey technique and hazard matrix will only predict the 
likelihood of erosion at that site, if winds are strong enough to move 
soil. There is generally no follow-up to see if erosion has occurred on 
the vulnerable sites because of the lack of time and resources required 
to comprehensively monitor erosion events.

Satellite imagery is being investigated as a means of detecting the 
presence or absence of erosion after the roadside survey (Eisilie et al. 
2011, 2012). The transition from at hazard to actual erosion is also very 
dependent on the timing of rain. The 2012 survey indicated that an 
unacceptable proportion of sites were at hazard of erosion, but actual 
erosion was low because of widespread gentle rains at the break of 
season. However, two months later, after seeding was complete, a long 

dry spell was followed with a cold front and strong prefrontal winds 
which caused wind erosion in parts of the state. This example reflects 
the hazard that is always present with inappropriate management.

Wind erosion in the south-west of WA over the monitoring period 
2009–12 was variable, in both time and space, as would be expected 
for this episodic event.

From analyses of roadside survey data, the erosion hazard remains 
low, from harvest to pre-seeding (i.e. over the summer/autumn period), 
on about 85% of the sites visited over the last four years (Carter et al. 
2012). The remaining 15% of sites have changed from one hazard state 
to another, indicating that the majority of sites have been managed 
in an acceptable condition across a variety of seasonal conditions. 
However, the condition of the resource can fluctuate wildly from one 
year to next, mainly because of seasonal conditions prior to and 
during the growing season. Aggravation of the situation arises through 
retaining unsustainable stock numbers and accelerating ground cover 
removal through burning.

The Central Northern Wheatbelt zone is an area of concern because it 
was below target for all years of the monitoring period. A severe dust 
storm near Dalwallinu in 2011 (photo page 47) and further reports in late 
2012 (DustWatch 2012) reinforces concerns for the zone. Other areas 
that are below target (high hazard) were mainly affected by the drought 
of 2010, with other years being on target. The higher rainfall zones of 
the south have coped better with poor seasons, in most cases. See 
management implications (below). In poor seasons, some farmers were 
able to maintain protective groundcover levels by not cropping, de-
stocking and/or agisting stock off-farm. Some of the high rainfall areas, 
for example Kojonup, have gravelly soils so even in the absence of 
ground cover they have a low wind erosion hazard.

The variability in hazard rating is related both to management and 
seasonal conditions. Grain growers appreciate the need to maintain 
adequate cover (more than 50%) with the widespread management 
practice of stubble retention. A problem can arise where ground cover 
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is excessive after a good season and complete burning is used to 
reduce the stubble load. This issue occurred in the central wheatbelt 
and southern wheatbelt in 2011, increasing the hazard rating at many 
sites at the start of the 2012 season (as mentioned above). Fortunately, 
a gentle soaking rain eliminated the hazardous situation. Poor stubble 
management can be a threat in times of poor growth, but also following 
good seasons. Grain growers now realise that complete burns are a 
high risk strategy and the roadside survey observations are reporting 
more windrow and partial burns, particularly in the northern agricultural 
regions.

Grazing animals, particularly sheep, have been implicated in reducing 
covers and detaching surface soil to a point where moderate to very 
high hazards can occur during drought periods (Marsh 1982). The 
zones of Darling Range to South Coast and Rejuvenated Drainage have 
more stock enterprises than northern and eastern zones. Overgrazing 

after low winter rainfall was common with the resulting development 
of high to very high erosion hazards, particularly in the higher rainfall 
zones. Anecdotal evidence suggested that these farmers were less 
experienced in coping with these adverse situations because, being 
in a reliable rainfall zone; they tend not to sell-off or agist stock, unlike 
their counterparts in drier more variable areas.

Wind erosion is not routinely monitored by DAFWA in the intensive 
industries (feedlots and irrigated agriculture), but issues of dust 
nuisance can occur with both.

With irrigated agriculture on the Swan Coastal Plain, seedling damage 
due to sandblasting can have serious economic impacts, particularly 
to carrot growers. Strategies to prevent sand movement on these 
intensely cultivated sandy soils usually involve irrigation. This may 
be a waste of resources, but outweigh the loss of the emerging crop. 

Stubble management through burning. Low risk windrow burning (left) and higher risk landscape burning (right).
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Alternatives to irrigation as an ameliorant would be better structured 
soils (clay additions) or addition of soil binders to aggregate the 
disrupted structure. Ground cover manipulation is not possible in most 
circumstances.

Recommendations
Management actions to minimise wind erosion need to be targeted at 
areas that have a high hazard, especially Ag Soil Zones, such as the 
Central Northern Wheatbelt, where high hazard tends to occur each 
year. It should be noted however, that past hazard as described in this 
chapter, is only a guide to future hazard, and vigilance is required on all 
soils throughout the south-west of WA that have the inherent potential to 
wind erode.

Specific recommendations include:

•	 Predictions of high wind erosion hazard are publicised before 
critical erodibility is reached, and extension campaigns highlight 
management options.

•	 The target condition of greater than 50% ground cover on-site, and 
less than 5% of the landscape with an unacceptable hazard, is the 
minimum standard for good practice wind erosion management.

•	 Stubble retention in cropping systems is the default for good 
practice wind erosion management. Wind erosion hazard is to be 
assessed first for all stubble handling problems.

•	 Soil constraints likely to increase soil erosion hazard are treated 
wherever feasible. Constraints to achieving sufficient ground 
cover include, but are not limited to, salinity, soil acidity, and water 
repellence.

•	 Grazing pressure on ground cover is calculated to prevent 
thresholds being exceeded.

•	 Improved technologies are developed to assist famers to manage 
protective ground cover in periods when erosion hazard is high.
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