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Summary 
The degradation of soils is of major environmental, social and economic concern throughout New 
South Wales and Australia. Decline in soil condition has resulted in significant impacts on 
ecosystem health and rural land productivity. The need to protect vital soil resources in NSW was 
recognised by the NSW Natural Resources Commission (NRC) in 2005, which framed as one of its 
key natural resource management (NRM) targets that ‘by 2015, there will be an improvement in soil 
condition.’ 

Soil condition, synonymous with soil health, is defined as the ability of soil to deliver ecosystem 
services. It is a rating that compares current values for each indicator against the expected values 
for the same soil in natural condition. Soil condition therefore is not an indication of capability, 
suitability or fitness for a particular purpose. The soil condition target was established as a NSW 
monitoring, evaluation and reporting (MER) theme target and incorporated into the NSW State 
Plan 2006, together with the closely associated State of the catchments (SOC) land management 
within capability (LMwC) theme target (Section E4, Targets 10 & 11). A monitoring program was 
designed and implemented by the then NSW Department of Environment, Climate Change and 
Water (DECCW), now Office of Environment and Heritage (OEH), to provide a baseline with which 
to compare data in future years. Eight key indicators were selected as surrogates for soil condition. 

The monitoring program aimed to establish a baseline of NSW soil condition through the 
establishment of a permanent network of soil condition monitoring sites. For pH, soil carbon and 
soil structure, up to 10 monitoring sites were established within each of the 10 priority soil 
monitoring units (SMUs) in each of the 12 extensive rural catchment management authority (CMA) 
regions with four SMUs in the Sydney Metropolitan CMA – making a total target of 1240 sites. SMUs 
were selected in conjunction with CMA staff on the basis of their importance, expected changes in 
use and number of soils issues present. Where possible, sites were paired on the same soil type but 
across different land-uses, including undisturbed ‘reference’ sites. A program of soil data collection, 
with laboratory analysis, was undertaken at each site, together with the collection of land 
management data. By May 2009, 850 sites had been established, of which 730 had received 
laboratory testing.  

It is difficult to measure soil condition directly because it is a product of numerous different 
physical and chemical attributes and processes; so it was assessed using a number of key 
‘indicators’. These include soil organic carbon; soil acidity; wind erosion; sheet erosion; gully 
erosion; soil salinity; soil structure and acid sulfate soils (ASS). Protocols, training and quality control 
checks were used to ensure that errors from field data collection, sample handling and laboratory 
testing were minimised as far as practical to ensure that future changes in the condition of these 
indicators could be detected. 

Each indicator was evaluated for each site and rated on a scale from one to five, with five being at 
or better than reference condition, and one being the poorest possible condition. The ratings were 
averaged by spatial entity into various soil condition indexes. Outputs were checked against 
existing data, such as those from the NSW Soil and Land Information System (SALIS), as well as 
previously published information and the experience and local knowledge of advisory officers. 

All indices were prepared by averaging the results for sites found within various spatial entities. 
That is, the results were averaged for each CMA region on an SMU basis, soil condition indicator 
basis, and state-wide basis. Further results may be found in individual SOC reports and in the NSW 
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2009 State of the Environment (SOE) report. The use of average results masks details of sites in poor 
condition; however, despite the variability, the overall index for soil condition across the state is 3.7 
out of 5. On a state-wide basis this suggests that soils in NSW are in good condition. On average 
however, there has been a noticeable and significant decline relative to their ‘reference condition’ 
at the time of European settlement. There has been a noticeable loss of soil function for ecosystem 
services and agricultural productivity.  

Some parts of the state and for many individual sites some particular soil condition indicators are 
however, in poorer condition overall, and have suffered a significant loss of soil function. These 
specific areas and indicators have lower soil condition indices, indicating poor or very poor 
condition, with a significant or profound loss of soil condition and function, and a substantial 
deterioration against the natural reference condition. The results suggest that on a state-wide 
basis, five out of eight indicators are of significant concern. Low soil organic carbon is the dominant 
issue of concern, with soil structure, sheet erosion, salinity and soil acidity also being of significant 
concern. ASS are of significant concern in some coastal areas. 

The pressures acting on soil condition primarily relate to land management practices, which are 
dealt with in the related theme target, SOC LMwC (Gray et al. 2011). 

Laboratory testing and field data analysis are continuing. Further analysis and development of 
simple decision-making tools are required for the information to be readily used for target setting 
by NRM decision-makers. 
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1. Introduction 
The loss and degradation of soils have been widely linked with the collapse of civilisations (Dale & 
Carter 1955). The most recently published global study (Baiz et al. 2008) shows increases in land 
degradation and notes that land degradation appears to be irreversible. Richter & Markewitz (2001) 
suggest that ‘managed well, soil circulates chemical elements, water and energy for great human 
benefit. Managed poorly, it is impossible to imagine an optimistic future’.  

Soil and land degradation has been a major environmental, social and economic concern in 
Australia for over a century. Such degradation is considered by Diamond (2005) to be the greatest 
ecological threat facing Australia. The need for the protection of our soil and land resources and for 
their ongoing monitoring is well recognised (eg McKenzie et al. 2002; Campbell 2008; Dixon et al. 
2007; Wentworth Group of Concerned Scientists 2008). In NSW, the NRC (2005) addressed the 
protection of soil and land resources in two of its 13 key NRM targets:  

By 2015, there will be an improvement in soil condition. 

By 2015, there is an increase in the area of land managed within its capability. 

These two targets provide for the detailed ongoing assessment of soil condition within the broader 
context of sustainable land-use and land management. They were incorporated by the 
government into a NSW Natural Resources MER Strategy (Natural Resources and Environment CEO 
Cluster Group 2006). The former DECCW (now OEH) was assigned the responsibility for designing 
and implementing the monitoring program associated with these theme targets. Both targets were 
incorporated into the NSW State Plan (Section E4, Targets 10 and 11) (NSW Government 2006). 

This report outlines the overall strategies and procedures adopted by the former DECCW in 
implementing the MER program for the soil condition target theme (Target 10). A brief summary of 
the results revealed by the baseline study is also presented. Details of the LMwC theme (Target 11) 
program are presented in (Gray et al. 2011). 

1.1 Aims 

The chief aim of the monitoring program was to establish a baseline and monitoring methodology 
to detect future changes in each of the soil condition indicators. The specific aims of the current 
soil condition monitoring program were to: 

• design a monitoring procedure to allow assessment of progress towards meeting the MER 
target, ie assess whether there is an improvement in soil condition by 2015 

• identify specific soil condition indicators and develop monitoring designs for each indicator 

• develop a permanent baseline network of soil condition monitoring points across NSW, 
distributed equally across representative, priority soil types over the 13 CMA regions, with data 
on soil condition  

• provide results on the current status of soil condition from the baseline study across CMA 
regions and the entire state  

• highlight particular indicators of concern and geographic areas of concern; information should 
aid in NSW SOC and SOE reporting requirements  

• contribute data and knowledge to inform NRM and decision-making 

• identify ongoing requirements and potential problems for the MER program for this theme.  
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2. Background 

2.1 Overview of soil condition and indicators 

Soil condition is the ability of soil to deliver a range of essential ecosystem services, including 
habitat for soil biota, nutrient cycling, water retention and primary plant production (de Groot et al. 
2002). Soil condition is a measure of the health of NSW ecosystems and agricultural productivity. It 
is commonly referred to as ‘soil health’ by land managers; however, the term ‘soil condition’ is used 
in this report for consistency with other targets. 

Soil condition is difficult to measure directly, as it is a product of numerous physical and chemical 
attributes and processes. However, it can be assessed using a number of different ‘indicators’. 
Indicators are observed values that provide an indication of trends, or of a target being met. 
Indicators simplify information that can help to reveal complex phenomena (see ‘Glossary’). The 
eight indicators selected for this program were sheet erosion, wind erosion, gully erosion, soil 
acidity, soil organic carbon, soil structure, soil salinity and ASS oxidation status. Good soil condition 
requires health in all of these indicators. The indicators were chosen because they are relatively 
easily understood, can be readily and reliably measured to detect change over time, have well 
understood conceptual management models, and are readily scientifically assessed and reported. 
In addition they are relatively stable within monitoring time frames and can be influenced by land 
management.  

2.2 Principles of soil monitoring 

The basic concept of soil condition monitoring is that if soils are sampled in a standard manner, 
tested using standard methods and the results stored correctly, then the same site can be visited 
and retested later using the same protocols to assess soil condition change. 

McKenzie et al. (2002) argue that a baseline monitoring program should be designed where 
possible using a permanent network of sites which are then repeatedly sampled. With permanent 
sites, spatial effects and variations are constrained, thus eliminating many possible error sources 
when trying to detect change. We also adopted a ‘practical partnership’ approach (Dillon et al. 
2011, where paired sites were selected in close proximity on the same soil type but which differ 
according to their land-use or land management. This concept allows for the impact of differences 
in land management to be separated from other influences such as seasonal conditions (Figure 1). 
Where possible, paired sites were established, with actively managed sites being compared with 
relatively undisturbed sites, the latter forming a reference point for natural soil condition. 
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Figure 1: Using paired sites to determine the impact of management or land-use change 

Source: after Dillon et al. (2011) 

Soil condition monitoring may be completed at a number of levels of rigour, and for differing 
purposes, so that the precision and amount of data collected and the degree of detail in data 
collection protocols may vary (see Figure 2). There are many trade offs between monitoring 
methods. Each monitoring level has strengths and weaknesses and they are listed in Table 1. 

The data from each level of monitoring can be used to supplement the information from other 
levels, provided that all data are entered to accessible databases and have reliable dates, spatial 
coordinates, explicitly coded test methods and results.  

Table 1:  Characteristics of soil condition monitoring methods 

Monitoring purpose 

Consideration Process  
Resource 
condition Performance Sentinel data 

Definitions High precision long-
term monitoring of 
environmental 
processes 

Assessment, 
status and 
trends of 
ecosystem 
health 

Evaluation of  
point of 
investment 
effectiveness 

Ad hoc data with 
known context 

Examples Long-term 
ecological research 
networks  

eg Balogh-Brunstad 
et al. (2008) 

NSW soil 
condition 
monitoring 

(this report) 

SoilWatch 

(see Appendix 1) 

SALIS data 

local CMA project 
data 

published papers 

commercial lab 
data 

local 
farmer/producer 
networks 
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Monitoring purpose 

Consideration Process  
Resource 
condition Performance Sentinel data 

Description Highly 
instrumented, high 
precision, frequent 
visitation 

Provides insights to 
processes 

Sampling 
according to 
inclusive 
protocols   

Decadal 
revisitation 

Sampling 
according to 
simple protocols 

Designed for 
revisitation 

Ad hoc data with 
known context (eg 
grid reference, date, 
test methods) 

No revisitation 
planned  

Number of sites 
for NSW  

< 100 500–2000 2000–5000 > 10,000 

Purpose Understand 
processes and build 
models 

Detect change 
over target 
area 

Detect 
differences 
resulting from 
interventions 

Early warning, 
spatial 
understanding of 
distribution and to 
fill gaps and 
spatially 
supplement other 
resource 
monitoring data 
but not detecting 
change over time 

Care required 
for site 
selection 

Great care Much care Some care None 

Decision-
making  

Statistical Data mined 
state and 
regional 
decisions 

Sub-regional 
decisions 

Local decisions or 
further 
investigations  

Owners Scientists State and 
regional NRM 
bodies 

Regional NRM 
bodies 

Landholders 

Laboratory 
testing and 
archiving 

Repeatable, tested 
and archived 

Repeatable, 
tested and 
archived 

Repeatable, 
tested and may 
be archived 

Not repeatable, 
tested but rarely 
archived 

Spatial 
extrapolation 

Very limited Broad Limited Very broad 
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Figure 2:  Relationships between various methods of soil condition monitoring 

This report focuses on resource condition monitoring which is designed to show overall changes in 
soil condition across as much of NSW as possible.  

Performance monitoring on the other hand is designed to track changes in soil condition at sites 
where investment has been made to improve soil condition. This monitoring measures the 
effectiveness of NRM investment through time. Performance monitoring is also known as point of 
investment monitoring. Performance monitoring is a CMA responsibility for which OEH provides 
technical support and guidance. OEH has developed and provides technical support for 
performance monitoring through provision of a performance soil monitoring sampling kit known 
as SoilWatch. Details of the SoilWatch kit are included in Appendix 1.  

2.3 Relationships to other monitoring programs 

The monitoring approach adopted builds on past and present Australian and international soil 
monitoring experience (McKenzie & Dixon 2006 in Australia; Huber et al. 2001 in Europe; Lark et al. 
2006 in the UK; Sparling et al. 2004 in New Zealand). It provides a consistent approach to soil 
condition assessment across the state and complements rather than duplicates or conflicts with 
other existing programs across the state and nation.  

The adopted approach is consistent as possible with the Australian Government’s National Matters 
for Targets developed by the National Committee for Soil and Terrain (NCST), the National 
Committee for Land Use and Management Information (NCLUMI) and the National Committee for 
Salinity, under the auspices of the National Land and Water Resources Audit (NLWRA) (McKenzie & 
Dixon 2006). It links local and regional CMA reporting needs as required under catchment action 
plans (CAPs). 

The approach conforms with existing national monitoring programs relating to soil carbon, (the 
Department of Climate Change National Carbon Accounting System [NCAS]) and wind erosion 
(DustWatch). This means that data from sites established using the protocols from this monitoring 
program (Bowman et al. 2009) can interchangeably contribute to other monitoring programs. 
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3. Indicators 
Each of the eight soil condition and pressure indicators is briefly defined and its impact on both soil 
condition and the impact on the condition of other natural resources is summarised.  

3.1 Sheet and rill erosion 

Sheet and rill erosion refer to water erosion that is dominated by raindrop impact, with the 
detachment and transport of soil particles by water flows of relatively low stream power. It is 
associated with slopes outside of drainage depressions, and essentially occurs at or below paddock 
scale. 

Sheet erosion is the removal of a fairly uniform layer of soil from the land surface by raindrop splash 
and/or runoff. Rill erosion is erosion by concentrated flow in numerous small channels which can 
be obliterated by normal tillage (Rosewell et al. 2007). In this report, sheet and rill erosion are 
treated together. 

Sheet and rill erosion are insidious forms of land degradation and are a ‘National Matter for Target’ 
(McKenzie & Dixon 2006). Topsoil is progressively removed due to the erosion. Continued long-
term sheet and rill erosion can reduce soil quality and the capacity of soil to hold water and 
nutrients to grow plants. Sheet and rill erosion can be responsible for losses of soil carbon and 
nutrients and in many cases the loss of the most productive part of the soil. Complete loss of 
topsoil in many instances represents a complete loss of capacity to provide ecosystem services (see 
Photograph 1). 

 

Photograph 1: Severe sheet erosion  

Source: GA Chapman/OEH 

Sheet and rill erosion can contribute significantly to the deterioration of water quality in streams 
and water bodies. The sediment from sheet and rill erosion carries sand, silt and clay particles, as 
well as nutrients and organic materials associated with those soil particles. Resulting siltation and 
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eutrophication of streams, watercourses and water storages can be a serious ecological and 
economic problem. The nitrogen, phosphorus, organic materials and other nutrients associated 
with the soil particles add to the nutrient load in aqueous ecosystems leading to subsequent algal 
blooms. 

While rainfall erosion and slope are important factors affecting the long-term average rate of sheet 
and rill erosion, the most critical factors in determining the rate of sheet and rill erosion are land 
management practices. These affect the amount and type of groundcover, the degree of soil 
disturbance and the length of time that soil may be left bare and subject to sheet erosion. Sheet 
erosion is expected to be sensitive to climate change (DECCW 2010a). 

Some of the most productive agricultural lands are susceptible to sheet and rill erosion. This is 
because they are often the most intensely used, which results in low levels of groundcover and 
tilled soils left exposed to raindrop impact. To maintain these valuable soils for the long term, they 
need to be managed effectively to minimise the long-term rates of sheet and rill erosion. This 
requires the adoption of improved land management practices such as conservation tillage, no-till, 
stubble retention, mulching and time-controlled grazing. 

In forested areas, sheet and rill erosion can be severe when thunderstorms follow bushfires 
(especially hot burns), which result in very low levels of groundcover. A conceptual model of sheet 
erosion is shown in Table 2. 

Table 2:  Conceptual model of sheet erosion 

Causes • Raindrop impact 

• Inadequate groundcover 

• Exposure of soil surface 

• Soil in a loose tilled condition or otherwise mechanically disturbed 

• Overgrazing and clearing. 

Impacts • Soil loss and loss of biodiversity (seeds, eggs and spores) 

• Surface sealing, reduced infiltration, scalds and increased runoff  

• Turbidity in surface runoff and receiving waters 

• Eutrophication and sedimentation of receiving waters 

• Progression as sheet erosion leads to rill erosion and gully erosion 

• Loss of organic matter 

• Loss of soil fertility 

• Reduced soil capacity to sequester carbon, store water and retain 
nutrients 

• Reduced plant and animal activity productivity. 
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Functional 
thresholds 

• 70 per cent groundcover (Lang 1978) 

• Rainfall intensity exceeds soil infiltration 

• Rainfall amount exceeds soil storage capacity  

• Percentage of remaining topsoil. 

Exacerbating 
factors and 
impediments 

• High antecedent soil moisture content 

• High erosivity rainfall (seasonal or episodic intense rain)  

• Longer slope lengths 

• Hard setting, sealed and compacted surfaces 

• Surface soil sodicity 

• Soil surface condition – loose, or self-mulching topsoils are more 
vulnerable 

• Reduced groundcover such as by long periods of fallow or overgrazing 

• Soil disturbance coinciding with erosive rainfall 

• Impacts of single storm events 

• Erosive rain following bushfires. 

Management 
responses 

• Farm planning 

• Soil conservation earthworks – graded banks, waterways 

• Conservation farming cropping practices – no-till, zero-tillage, direct 
drilling, stubble retention 

• Improved grazing practices to maintain cover and soil structure – 
rotational grazing, time controlled grazing, strategic grazing 

• Maintaining groundcover in intensive agriculture (horticulture) 

• Seasonality of works. 

3.2 Gully erosion 

Gully erosion is the removal of soil by concentrated water flows, resulting in channels greater than 
0.3 m deep. Gullies cannot be filled or smoothed using normal tillage equipment as they are 
usually quite deep and steep sided. Topsoil and subsoil is removed and often delivered directly to 
water bodies with consequent sedimentation and eutrophication of aquatic ecosystems. Land 
intersected by gullies constrains management options and reduces access. Photograph 2 shows an 
example of gully erosion. 
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Photograph 2:  Gully erosion on the Northern Tablelands 

Source: B Peasley/OEH 

Gully erosion is expected to be sensitive to climate change (DECCW 2010a). A conceptual model of 
gully erosion is shown in Table 3. 

Table 3:  Conceptual model of gully erosion 

Causes • Inadequate groundcover 

• Concentration of water flows, eg from road culverts, with increased energy 
leads to development of rills and then finally of a gully 

• Increase of peak flows from increased runoff as a result of clearing, surface 
sealing and/or soil compaction 

• Exposure of subsoil 

• Increase of seepage flows or through flows in association with unstable 
sodic subsoils. 

Impacts • Soil loss 

• Reduction in agricultural productivity 

• Reduced access – difficulty in managing paddocks 

• Turbidity in runoff, particularly subsoil particles, and reduced stream water 
quality 

• Gullies, in some circumstances, can develop into tunnel erosion 

• Impact on infrastructure – roads and  services 

• Loss of carbon to atmosphere and adding to global warming. 
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Functional 
thresholds 

• Depth >30cm, 1.5m, 3m, 6m and depth to bedrock 

• Stability of gully head, sidewalls and floor 

• Degree of branching 

• Unstable subsoils – subsoil sodicity – ESP >6 per cent and ESP >15 per cent 

• Low soil cohesion 

• Gully extent comes to equilibrium with prevailing conditions. 

Exacerbating 
factors and 
impediments 

• Rainfall exceeds evaporation causing seepage flows, for example in winter 

• Steep slopes  

• High rainfall intensity/erosivity 

• Drastic impacts of sudden storm events 

• Run-on – size of catchment  

• High grazing pressures 

• Fire 

• Soil surface condition – especially loose, or self-mulching where whole 
peds can be washed away 

• Drought and effect on plant growth 

• Sodic subsoils 

• Link between salinity and severe gully erosion 

• Historical land-use activities, eg mining, old roads/access tracks, fences 
lines, plough patterns which can concentrate flows. 

Management 
responses 

• Diversion of run-on and seepage away from gullies 

• Farm planning 

• Control of the gully ‘head’  

• Earthworks – stabilisation structures such as flumes, dams or infilling 

• Fencing out stock and judicious grazing 

• Sediment trapping 

• Gypsum stabilisation 

• Stabilisation of banks and re-vegetation. 
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3.3 Wind erosion 

Soil erosion by wind occurs when the force of the wind is sufficient to detach and carry soil 
particles (Rosewell et al. 2007). Wind erosion is a ’National Matter for Target’ for NRM (McKenzie & 
Dixon 2006). 

Like other soil condition indicators, wind erosion is a good indicator of soil health as it accounts for 
the interaction between climate and land management (Leys et al. 2008). Partitioning climate 
impacts from management impacts is not a simple task and is an area of ongoing research (Leys et 
al. 2009). 

Wind erosion processes operate in three phases: 

• Erosion of soil at the site leading to soil loss 

• Transport of the eroded material away from the site (generally as dust) that impacts on the 
atmosphere 

• Deposition of the dust downwind that results in off-site impacts. 

This soil condition monitoring program focuses on the erosion at the site as this is where the soil 
resource is primarily impacted. Wind erosion at the site poses a threat to the soil condition through 
the removal of soil, especially the clay and organic matter fractions (Leys 2002), leading to 
reductions in soil quality, carbon sequestration capacity and food production. Photograph 3 shows 
land which has been subjected to wind erosion in south-western NSW. A conceptual model of wind 
erosion is shown in Table 4. 

 

Photograph 3: Wind erosion exporting valuable topsoil in the Mallee  

Source: J Leys/OEH 
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This indicator also uses data on the dust that is being transported from the site (see Photograph 4) 
due to the offsite impacts such as: 

• reduced air and water quality (Chan et al. 2005; Leys & McTainsh 1998) 

• increased health costs associated with air pollution (Williams & Young 1999) 

• atmospheric warming and cooling (Rotstayn et al. 2008) 

• reduction in the biodiversity due to native vegetation burial and deposition of extra nutrients. 

 

Photograph 4: Wind eroded soil in dust storm near Wagga Wagga 

Source: T O'Kane/OEH 

Table 4: Conceptual model of wind erosion 

Causes • Inadequate groundcover 

• Exposure of the soil surface 

• Exposure of dry surface soil particles to wind. 

Impacts • Soil loss 

• Reduced fertility of remaining soils and reduced agricultural productivity 

• Reduced soil biodiversity 

• Air pollution 

• Smothering and burial of topsoil. 

Functional 
thresholds 

• 40 per cent and 70 per cent groundcover – can be difficult to maintain in 
drought 

• Soil particles <0.9 mm can be moved by wind. 
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Exacerbating 
factors and 
impediments 

• Climate and drought 

• High winds resulting in dust storms 

• Loose, dry, sandy and loamy or fine self-mulching and highly calcareous 
soils have highest risk 

• ‘Fragile’ soils 

• Detachment and trampling of soil crusts by livestock 

• Soil disturbance – eg cultivation, forestry operations, mining. 

Management 
responses 

• Monitoring groundcover  

• Managing stock levels  

• Farm planning and wind breaks to reduce wind energy 

• Monitoring soil moisture prior to cultivation 

• Conservation farming techniques. 

3.4 Soil acidification 

Soil pH is a measure of the acidity or alkalinity of the soil. It is the negative log of the hydrogen ion 
concentration on a scale of 1 to 14 where 7 is neutral, below 7 is increasingly acidic and above 7 is 
increasingly alkaline. Soil pH is typically determined and reported from a 0.01M CaCl2 solution for 
soil monitoring as it is less susceptible to seasonal variations. Unless otherwise stated, all references 
to soil pH in this report are based on method 4B2 in Rayment & Higginson (1992). Soil pH change is 
a key measure of soil chemical condition and has been adopted as a national soil indicator 
(McKenzie & Dixon 2006). Soil pH change is also the indicator used in NSW. As most land-uses 
involve processes which lead to loss of soil bases and therefore increases in acidity, the indicator is 
commonly referred to as soil acidity. 

In NSW, soils have a wide range of pH values with many being naturally acidic. However, increasing 
acidity caused by land-use practices (often referred to as induced soil acidification) can have 
significant negative impacts on soil condition and plant growth. It can be induced by certain land 
management practices such as the removal of agricultural produce, addition of nitrogenous 
fertilisers or the addition of soil nitrate via nitrate fixation associated with legumes. A summary of 
the soil acidification processes can be found in Fenton & Helyar (2007) or Lockwood et al. (2003). 

Soil pH has recognised functional thresholds. Where pH declines below the optimum range for 
plant growth, nutrient deficiencies and toxicities can occur that reduce plant vigour and 
productivity and therefore reduce the productive capacity of the land. For example, where soil pH 
drops below pH 4.75, plant growth for many species is adversely affected by soluble aluminium. 
Soils reaching pH this low represent a significant management challenge to redress this 
degradation problem. Plant growth typically declines progressively with further decline in soil pH.   

Acidification usually affects the surface layers of soils in NSW. These layers are relatively easy to 
manage with soil amendments (eg lime application). However, it is where the acidity (and induced 
acidification) reaches the lower soil layers that the management of the soils becomes increasingly 
challenging. Induced acidification is becoming a major land degradation issue across some regions 
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of NSW. Information generated from the soil condition monitoring program will assist with NRM 
decision making to address this soil degradation issue across key regions of the state. A conceptual 
model of soil acidification is shown in Table 5. 

Table 5: Conceptual model of soil acidity 

Causes • Removal of bases (especially calcium and magnesium) from the soil for 
example by export of farm product 

• Nitrate leaching past root zone, especially during wet and cold periods 

• Use of legumes eg clovers and lucerne 

• Inappropriate N fertiliser application 

• Soil erosion in soils which are increasingly acid with depth (positive 
feedback) 

• Acid rain 

• Reduced soil pH buffering capacity (from loss of organic matter). 

Impacts • Poor plant growth-stunted roots 

• Aluminium, manganese and metal toxicities 

• Reduced nutrient availability for some plants 

• Reduced soil biodiversity, eg loss of soil bacteria 

• Reduced root exploitable environment – droughtiness 

• Reduced evapo-transpiration (positive feedback) 

• Reduced land-use options 

• Reduced yields and farm income positive feedback 

• Poor animal health 

• Increased soil erosion hazard 

• Acidification of receiving waters 

• Increased recharge 

• Increased water logging and salinity. 

Functional 
thresholds 

• Decline from normal pH to: 

o <4.75 aluminium begins to appear in solution 

o <4.5 manganese toxicity and pronounced nutrient deficiencies 

o <4.1 clay dissolution, cereal production not economic 

o <4.0 often ASS or sandy soils. 
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Exacerbating 
factors and 
impediments 

• Natural soil acidity, soils with low buffering capacity (low CEC, low clay 
content) 

• Long wet low growth seasons, eg wet cold winters 

• Cost price squeeze for lime application 

• Insidious and slow impact 

• Slow response to lime 

• Poor understanding of impacts. 

Management 
responses 

• Monitoring soil pH 

• Fertiliser and legume management 

• Lime/dolomite application 

• Actions to increase organic matter to increase buffer capacity 

• Commodity choice 

• Change in land-use  

• Land abandonment and foreclosure if not treated. 

3.5 Soil carbon  

Carbon is the basis for all life on the planet and plays an important role in the structure, 
biochemistry, and nutrition of all living cells. The carbon stored in soils constitutes a significant 
portion of the terrestrial carbon reservoir and soil carbon plays a critical role in a range of soil 
physical, chemical and biological processes (Wilson et al. 2007). Soil carbon is important to soil 
structure and stability and is a critical factor in soil water-holding capacity and water availability. It 
influences cation exchange capacity and mediates the availability and cycling of nutrients in the 
soil. Soil organic carbon is also directly related to the biological activity, biodiversity and biological 
health of the soil. 

Soil carbon is typically concentrated in the surface soil layers where organic inputs and biological 
activity is greatest, and diminishes with increasing soil depth (Photograph 5). The principal natural 
determinants of soil carbon content are soil type and climate, with soil organic carbon content 
usually higher where rainfall is higher and temperatures are cooler. Organic materials tend to 
decompose more rapidly in warmer soils, and across NSW soil, organic carbon levels tend to 
decrease from east to west as average rainfall decreases and average temperatures increase. 

Soils that are inherently more fertile will tend to have higher organic matter contents due to the 
greater biomass production. Soils that are higher in clay will tend to retain more soil organic matter 
than sandy soils. Other factors that exert an influence on soil carbon content include topography, 
plant productivity, soil moisture, soil aeration and, most importantly, land management. In the 
Australian environment, loss of soil organic matter and carbon has been a common feature in 
managed landscapes. Increases in soil carbon are typically equated with soil ‘improvement’; 
therefore, monitoring soil carbon provides a broad measure of soil condition. 

http://en.wikipedia.org/wiki/Cytoskeleton�
http://en.wikipedia.org/wiki/Biochemistry�
http://en.wikipedia.org/wiki/Nutrition�
http://en.wikipedia.org/wiki/Cell_(biology)�
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The importance of the relationship of soil carbon to soil condition is reasonably well understood in 
Australia, and due to its close association with a variety of key physical, chemical and biological soil 
processes and functions, soil carbon has commonly been cited and used as a key ‘headline’ 
indicator internationally, for the detection of change and trend in soil condition (Adderley et al. 
2001, Loveland & Thompson 2002). In Australia, Wilson et al. (2007) demonstrated the use of soil 
carbon as an indicator of land-use impacts on soil condition. Ringrose-Voase et al. (1997) 
demonstrated that soil carbon level relate closely to property values around Wagga Wagga.    

Soil carbon has been selected as one of four key soil condition indicators for the purposes of 
national soil monitoring (Skjemstad et al. 2006; McKenzie & Dixon 2006). Measuring and 
monitoring soil carbon therefore allows us to track trends in soil condition resulting from a range of 
environmental and management pressure. 

More recently, soil carbon, its quantity and storage potential, has attracted increasing attention as 
a means of mitigating greenhouse gas emissions. Monitoring soil carbon provides a means to 
measure and track changes in carbon storage and provides a minimum dataset to underpin soil 
carbon inventory and potentially soil carbon trading. A conceptual model of soil carbon is shown in 
Table 6. 

 

Photograph 5: High organic carbon shown in the dark topsoil of a Brown Dermosol 

Source: M Eddie/OEH 
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Table 6: Conceptual model of soil carbon 

Positive drivers 

 

• Plant growth – biomass production 

• High groundcover percentage 

• Stock inputs – manure 

• Organic  amendments – manures, biochar, compost 

• Rainfall, low temperatures and poor drainage 

• Active soil fauna – earthworm castings etc. 

Negative drivers 

 

• Land degradation such as erosion, salinity and soil structure decline 

• Removal of biomass 

• Proportion of photosynthetic product removed 

• Reduced plant growth 

• Soil disturbance – cultivation leading to oxidation and breakdown of soil 
carbon 

• Fire and practices such as burning stubble 

• Management practices resulting in low biomass production – fallowing, 
heavy grazing. 

Functional 
thresholds 

• Organic Compound (OC) < 0.6 per cent beginning to limit the functions of 
soil – aggregate stability, buffering capacity, cation exchange capacity 
(CEC) 

• OC > 3.0 per cent soils have increasing aggregate stability, higher 
buffering capacity, higher CEC and higher water holding capacity 

• OC > 8.7 per cent soils becoming peat 

• Note – Organic Carbon (OC) = approx Organic Matter x 0.5. 

Exacerbating 
factors and 
impediments 

• High temperature, low rainfall 

• Low soil moisture 

• Lighter soil texture  

• Complexity of predicting changes in soil carbon levels under different 
land-uses in different regions. 
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Management 
responses 

• Maximising plant growth – biomass 

• Reduced product removal 

• Improved cropping practices – no-till, zero-tillage, direct drilling, stubble 
retention  

• Improved grazing practices to maintain cover – rotational grazing, time 
controlled grazing, strategic grazing 

• Organic amendments, eg compost, biochar, mulch 

• Erosion mitigation 

• Community partnerships. 

3.6 Soil structure 

Soil structure is the architectural arrangement of soil particles and the voids between them. Soil 
structure defines the physical component of soil condition as it governs water and gas exchange 
between the atmosphere and the soil. It is sensitive to biological activity, groundcover, 
management actions and, in some soils, changes in moisture content or salinity. 

A well-structured soil can grow plants, harbour soil fauna, eggs, seeds and spores, absorb rainfall, 
provide an aerobic environment for biological activity, provide a good seedbed for crops and sown 
pastures, and is well drained to maximise trafficability of machinery (Cass 1999; Geeves et al. 2007). 
Such a soil is an asset for the environment and for productivity. A poorly structured soil fails in at 
least one or more of these functions. Soil structure is the key physical soil indicator, as the 
maintenance of good soil structure is vital for the delivery of ecosystem services.   

A decline in soil structure can have a marked impact on agricultural production, animal health, 
production costs and an increase in greenhouse gas emissions including carbon dioxide and 
nitrous oxide. A decline in soil structure can take a considerable amount of time and money to 
correct (Shepherd 2007).  The indicator is change in soil structure.  Some soils may naturally have 
poor structure. 

The larger clods in the third tray in Photograph 6 illustrate a decline in soil structure due to 
compaction beneath wheel tracks in a cultivated field.  
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Photograph 6: Soil structure degradation due to compaction in the third tray (trays illustrate Drop 
  Shatter Test results)  

Source: B Murphy/OEH 

The most difficult soil structures to manage are those with surface soils with high levels of sodium. 
If these soils are disturbed when wet by, for example, cultivation or raindrop impact, they can 
disperse, losing pore spaces and becoming hard and cloddy when dry. Water intake and plant 
growth are usually poor. These are called sodic surface soils (Lawrie et al. 2002, 2007). Soil structure 
can be sensitive to land management actions, a conceptual model of which is shown in Table 7. 

Table 7: Conceptual model of soil structure 

Causes • Inappropriate land management on fragile soils, especially when too dry or 
too moist (eg aggressive/excessive tillage, over-grazing) 

• Burning of stubble 

• Compaction by farm machinery when soil is too wet 

• Trampling and poaching by stock such as around watering points 

• Exposure of soils to raindrop impact causing crusting and surface sealing 

• Actions resulting in reduction of soil organic carbon 

• Leaching of previously saline soils creating sodic surface soil conditions. 
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Impacts • Poor germination and emergence 

• Surface ponding 

• Cloddy seed beds 

• Poor trafficability 

• Increased bulk density 

• Reduced porosity and permeability 

• Reduced root penetration 

• Reduced plant growth 

• Pan development associated with intense cultivation 

• Increased runoff, sheet and gully erosion, loss of soil carbon 

• Reduced productivity/yields 

• Reduced soil biodiversity. 

Functional 
thresholds 

• Bulk density thresholds depend on texture but 1.4 t/m3 is considered an 
average value that is acceptable for most plant growth 

• Exchangeable Sodium Percentage (ESP) <3 per cent no limitation 
associated with sodicity 

• ESP 3 to 8 per cent under raindrop impact sodicity begins to affect plant 
growth and management  

• ESP 8 to 15 per cent under raindrop impact sodicity moderate to severe 
limitations 

• ESP >15 per cent under raindrop impact sodicity severe limitations 

• OC <0.6 per cent soil carbon levels sufficiently low to affect soil structure.  

Exacerbating 
factors and 
impediments 

• Climate and drought soils dominated by kaolin clays 

• ‘Fragile’ soils 

• Particle size, especially soils with high percentage of fine sand and silt 

• Low aggregate stability – sodic soils 

• Low inherent aggregate stability – soil sodicity and dispersion 

• Soils with low resilience and capacity to redevelop soil structure after 
compaction. 
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Management 
responses 

• Protection of the soil surface from raindrop impact 

• Improved cropping practices – no-till, zero-tillage, direct drilling, stubble 
retention 

• Improved grazing practices to maintain groundcover – rotational grazing, 
time controlled grazing, strategic grazing 

• Monitoring soil moisture 

• Addition of gypsum and/or lime to sodic soils 

• Managing farm traffic – adoption of controlled traffic 

• Inclusion of a ley pasture phase in cropping systems 

• Increase organic matter 

• Pasture (grasses) rooting systems to improve soil stability 

• Root exudates eg canola 

• Improvement in soil fauna (earthworms, ants and beetles) can improve 
structure in massive soils. 

3.7 Soil salinity 

Soil salinity occurs naturally across much of NSW, with high levels of soluble salts stored in the soil 
and groundwater as a result of landscape processes occurring over many thousands of years. In 
some areas, 'induced' salinity results from human activities altering the water balance in the 
landscape. When this occurs, stored salts are often remobilised and migrate to the ground surface, 
killing vegetation and altering soil structure (Photograph 7). The remobilised salts can manifest as 
dryland, irrigation, mining or urban salinity. Further information about these forms of salinity can 
be obtained from the salinity pages of the OEH website 
(www.environment.nsw.gov.au/salinity/index.htm). 

A salt-affected area refers to any part of the landscape salinised by shallow or rising water tables, 
and is further described by the severity of any effects. Salinity can cause profound terrestrial and 
aquatic ecosystem damage through impacts on water quality both from salt and associated 
erosion. Soils and vegetation are degraded by discharge and evaporative concentration of 
groundwater containing soluble salts. This commences when the water table either reaches the 
root zone, or where it can be concentrated by evaporation (commonly within two metres of the 
ground surface). Monitoring the expansion or contraction and intensity of salt-affected areas 
provides an effective tool for assessing changes in salinity status over time and is the main focus of 
NSW soil salinity monitoring and the intensity of salt-affected areas is one of four indicators for the 
salinity ‘National Matter for Target’  (Land & Water Australia 2009). The other three indicators – base 
flow salinity, depth to groundwater and groundwater salinity – are of concern for surface and 
groundwater monitoring. A conceptual model of soil salinity is shown in Table 8. 

http://www.environment.nsw.gov.au/salinity/index.htm�
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Photograph 7: Soil salinity in a drainage depression 

Source: R Muller/OEH 

Table 8: Conceptual model of soil salinity 

Causes • Interruption of the natural flow of water through the landscape 

• Over-clearing and inappropriate land management actions which increase 
recharge, ie by reducing transpiration by plants 

• Increasing recharge and  resulting greater discharge in low parts of the 
landscape 

• Industry inputs such as sewage treatment plants, intensive animal farming, 
power generation, etc both surface and atmospheric 

• Natural inputs such as weathering of marine parent materials and salt 
accession in coastal areas 

• Accumulation of wind-blown salts during arid climatic phases 

• Use of saline water for irrigation 

• Leaking saline bores. 
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Impacts • Rising water tables 

• Mobilisation of various salt stores in the landscape  

• Development of saline seeps and scalds at discharge points and also along 
geological fault lines 

• Increased salt loads to waterways 

• Decline in surface water and groundwater quality 

• Vegetation stress and or death 

• Infrastructure damage 

• Will be seen in places associated with acidification of sulfidic soils. 

Functional 
thresholds 

• Electrical conductivity (EC) of a saturated soil paste extract (ECe):  

• <2 dS/m non-saline 

• 2–4 dS/m slightly saline 

• 4–8 dS/m moderately saline 

• 8–16 dS/m very saline 

• >16 dS/m highly saline. 

Exacerbating 
factors and 
impediments 

• Slow time frame between cause and effect 

• Impacts are often seen distant to recharge areas  

• No universal panacea, each landscape is different and requires a tailored 
approach 

• Climate and drought 

• Urban development pressures. 

Management 
responses 

• Having an adequate knowledge base to make informed decisions 
regarding salinity 

• Decreasing recharge by increasing transpiration 

• Stock exclusion and grazing management 

• Capping bores 

• Low water use irrigation. 

3.8 ASS 

ASS are naturally occurring sediments and soils containing iron sulfides (principally pyrite) and/or 
their precursors or oxidation products (Photograph 8). The exposure of the sulfides to oxygen by 
drainage or excavation leads to the generation of sulfuric acid (Stone et al. 1998). ASS are found 
underlying many coastal floodplains, in coastal wetlands, and as bottom sediments in coastal 
rivers. As long as ASS are not disturbed or drained, they are relatively harmless; however, if the 
sediments are exposed to air, the pyrite is oxidised and sulfuric acid is generated. This oxidation 
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process may cause profound terrestrial and marine degradation. The resulting acid discharges are 
known to kill fish and oysters, corrode engineering structures and severely reduce agricultural 
productivity. ASS also limit biodiversity by degrading valuable estuarine and wetland habitats and 
are reported to be a significant greenhouse gas emission source (Tulau 2008). ASS have been 
discovered recently associated with wetlands in inland NSW. This monitoring project did not 
include inland ASS. ASS can be very sensitive to land management actions as shown in the 
conceptual model in Table 9. 

 

Photograph 8: ASS scald in the Manning catchment  

Source: G Atkinson/OEH 

Table 9:  Conceptual model of ASS 

Causes • Oxidation of sulfidic soils by excavation, or drainage in low lying estuarine 
environments resulting in the production and release of sulfuric acid  

• Drainage for agricultural production transports acid to nearby estuaries 

• Previously unknown sulfidic sediments have been exposed by extremely 
low river levels in inland wetlands, particularly in the Murray–Darling Basin 

• ASS also associated with sulfide mining and marine parent rocks and their 
saline discharges. 
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Impacts • Potentially significant environmental, social and economic impacts 

• Rapid chemical reaction follows oxidation producing sulfuric acid 

• Rusty iron hydroxide flocs coating stream banks and smothering aquatic 
vegetation 

• Release of toxic metals  

• Scalded soils 

• Low pH in groundwater, drains and streams 

• General degradation of aquatic habitat 

• Fish deaths 

• Death of non acid tolerant vegetation 

• Reduced agricultural production 

• Corrosion of concrete and steel structures. 

Functional 
thresholds 

• pH <4.0 for actual ASS 

• 0.03 per cent sulfur for potential ASS. 

Exacerbating 
factors and 
impediments 

• ASS mainly occurs in coastal environments where there are often high land 
use pressures 

• Drainage may have alternative benefits 

• Remediation costs have limited onsite benefits. 

Management 
responses 

• Identify the extent of the problem via OEH ASS Risk Mapping 

• Avoid disturbance where possible 

• Planning and regulatory constraints  

• Remediation partnerships with local government and communities 

• ASS management plans. 
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4. Site selection 

4.1 Overview 

The soil monitoring program was designed and established with finite resources over a relatively 
short timeframe to report on changes within an area of 800,000 km2. Monitoring sampling designs 
were chosen for each indicator. Not all soil types or land-use conditions could be sampled, 
therefore the overall design focused on being able to make practical statements on the condition 
and variability of the most important, extensive and sensitive soil and land-use combinations 
across NSW. 

Soil carbon, acidity and structure samples were collected at a series of permanent monitoring sites. 
At the same sites, information was collected on land management practices and paddock history 
as well as groundcover, photos and other observations (see Bowman et al. 2009). Separate 
stratification methods were chosen for wind and gully erosion, soil salinity and for ASS. The 
following section outlines how the sites were stratified and selected.   

As each soil monitoring site involves significant field time and laboratory testing resources and the 
number of sites that could be established was limited, it was important to select sites to provide 
the maximum amount of information within the resources available. Sites were selected across 
large and important soil types considered to be subject to change in land-use or land 
management, with several soil condition issues. In this way it would be possible to report on soil 
condition across multiple key areas, encompassing as many NSW environments as possible. Site 
selection was stratified initially by CMA area, then by SMU, by land-use, by typical landholder, and 
by largest soil mapping facets taking soil type slope, aspect and geomorphic position into account. 
The process of selecting suitable sites was a major component of the project. 

Within each SMU it was decided to have five replicate sites of the same land-use. This quantum was 
determined as a minimum value to obtain a standard deviation of values for each indicator so that 
for future monitoring, an indication of the required number of replicated sites could be determined 
across a range of soil types and land-uses. The most extensive land-use under the most common 
management regimes on the most common soil type was selected for each SMU. In addition, the 
second most extensive land-use within each SMU was also sampled using the paired sites concept. 
The resulting network of permanent paired monitoring sites provide the ability to report on 
condition and change with a low degree of confidence at SMU level but with more confidence at 
CMA or state level when sites are amalgamated according to soil type and land-use groupings.   

The first level of stratification was the CMAs. These were selected as the first level as the CMAs 
represent large catchments or geographic tracts, thus ensuring relatively even sampling across a 
wide range of NSW climatic and soil environments. More importantly, CMAs are the most 
significant regional natural resource managers in NSW and are expected to be key users of the 
outputs. CMAs also have strong regional knowledge of catchment conditions and have well 
developed community and landholder linkages that are both aware of and are often involved in 
local soil related issues.  

The second level of stratification was to select priority areas within each CMA. This involved the 
establishment of approximately ten priority SMUs for each CMA. The Sydney Metropolitan CMA 
was allocated four SMUs due to its limited area. From pilot trial experience it was calculated that 
optimistically up to 10 SMUs could be sampled with available time and resources.    
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An SMU is defined as a large tract of land with a relatively homogeneous or repeating pattern of 
soils, parent material, geomorphology, and climate. Relevant changes can be detected by 
periodically observing soil conditions and land management within each SMU. Generally SMU 
boundaries coincide with soil landscape, soil mapping or land system mapping boundaries. They 
include all the soils described within the relevant soil landscapes and land systems.   

The SMUs prioritised for soil monitoring occupy significantly large areas, have soil conditions which 
are likely to change (based on expected land-use changes within the next decade), are important 
areas of land either in terms of their productivity or their ability to provide ecological services, and 
are related to existing soil boundaries (usually soil landscapes or land system boundaries). 
However, they often involve groupings of soil landscapes or soil types based on geology, 
geomorphology or climate.  

To establish the SMUs for each CMA, DECCW (now OEH) soil scientists with knowledge of the soils 
of the CMA and the monitoring program met with soil staff of each CMA. The soil condition and 
land management monitoring programs were explained and a series of potential SMUs were 
jointly nominated and defined according to soil types and areal extent from available soil mapping. 
A process of ranking the potential SMUs was applied based on: 

• area or geographic extent of the unit 

• the importance of the unit based on fertility, production values or the consequences of not 
adequately managing the land 

• the pressure or potential changes in land-use for the unit, especially if the changes involve 
more intense land-use 

• vulnerability, which is an assessment of the degree to which the soil condition is likely to 
change with current land-use. 

The scores were rated and multiplied to give an aggregate score. An example is provided in Table 
10. For some adjacent CMAs identical SMUs were selected. In such cases each SMU was sampled 
independently within each catchment. 
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Table 10: Subset of the spreadsheet used to select SMUs in the Northern Rivers CMA 

Vulnerability scores 

SMUs  
Sheet 
erosion 

Gully 
erosion 

Wind 
erosion 

Soil 
acidity 

Soil 
carbon 

Soil 
structure 

Soil 
salinity ASS  V   A  I  P  Score  

Coastal Floodplain 1 1 2 4 4 4 1 0  17 2 4 5 680 

Dorrigo Comboyne 
Plateaux 4 3 1 4 4 5 1 0 22 2 5 3 660 

North Coast ASS 1 1 2 5 3 2 3 5 22 3 5 2 660 

Alstonville Plateau  4 3 1 4 4 4 1 0 21 1 5 5 525 

Casino Alluvials 1 1 1 3 4 5 1 0 16 2 4 3 384 

Walcha Metasediments 4 3 2 3 2 2 3 0 19 5 2 1 190 

Clarence Basin Sodic Soils 3 4 2 2 2 5 4 0 22 4 2 1 176 

Wauchope Low Hills 4 4 1 2 3 2 1 0 17 3 1 3 153 

Granite Borderlands 3 3 2 3 2 2 3 0 18 4 2 1 144 

Kempsey Hills 4 4 1 1 1 1 1 0  13 3 2 1 78 
Explanatory notes 

Score is the value when Vulnerability, Area, Importance and Pressure are multiplied ie Score = V x A x I x P. 

All scores are rated from 1–5, where 1 is low and 5 is high. 

Vulnerability is the degree to which the indicators are likely to change as a result of current practices. It is assessed as the sum of significant indicators.  

Area is the relative geographic extent of the SMU as determined by the panel.  

Importance is the relative value of the soil asset based on either/or fertility, unique productive values, land versatility or consequences if not adequately managed. 

Pressure is a rating of the likely degree of land-use change or land-use intensification. 

Value of one is given where the indicator is to be monitored.
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The SMUs were prioritised based on the aggregate scores. The plan was to complete each SMU in 
order of priority and SMU maps were produced and provided to CMA staff for comment and 
review. The soil stratification map for NSW is shown in Figure 3 below. SMUs are shown in order of 
monitoring priority (dark red being highest reducing to dark green) within each CMA. 
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Figure 3: Soil stratification map of NSW
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In the SOC 2010 soil condition reports, each SMU was described according to most prevalent soil 
types using the Australian Soil Classification (ASC) (Isbell 2002). Targeted land-uses are also listed. 

For ASS, stratification of NSW coastal catchments was based on the relative area of mapped high 
risk, low elevation ASS (Naylor et al.1998). Within river catchments, further stratification was based 
on the representativeness of terrain elements, land-use and land management regimes. Where ASS 
are not present they have not been included in condition indexes. 

The third level of stratification involved selecting sites within the SMUs. Site selection was designed 
to include replicates of the two most common land-uses within each SMU and the sites were 
paired where possible. Relatively undisturbed reference sites were also sampled where available. 
This proved difficult in some SMUs which had been extensively cleared or which had a long land-
use history. For SMUs with two land-uses, five sites were selected for the most extensive land-use 
and up to five sites were paired against the second most extensive land-use. If available a reference 
site, ie a site with natural condition, was also included. For SMUs with one land-use, five sites were 
selected for monitoring one of which being paired, if possible, with a reference site. Where 
possible, paired sites of contrasting land-uses were located in close proximity to one another. The 
intention was to match these based on soil type, slope position and aspect. The guidelines are 
provided in further detail in Bowman et al. (2009). 

CMAs were asked to provide lists and contacts of landholders who they felt were typical managers 
of the land-uses within the CMAs. The objective was to obtain landholders who were applying the 
‘most common’ or typical land management practices for the targeted land-use in the SMU. The 
intention was to avoid the most advanced landholders but also those landholders who were 
applying older, out-of-date practices. Another desirable requirement was for land managers to 
have good paddock management records. There was variable response on this by CMAs. In some 
instances, agronomists from the Department of Primary Industries, or Rural Lands Protection Board 
(now Livestock Health and Pest Authorities) assisted with landholder contacts. The aim was to 
obtain a representative picture of soil condition, yet this process lead to some bias as CMAs tend to 
be in contact with progressive landholders. An alternate approach would have been to locate 
sufficient sites within each SMU at random; however, time constraints precluded resources for 
landholder negotiations. The degree of bias is unknown but can be tested by establishing further 
sites. 

4.2 Gully erosion site selection 

The MER program’s principal protocols cover soil erosion, acidification, salinity, carbon, structure, 
groundcover, land and soil capability and land management and are restricted to a network of 
permanent 25 m x 25 m sites within specific SMUs, generally 10 per CMA. However, gully erosion 
sites are rarely represented within these units because they generally occur in drainage lines, fans, 
floodplains and sometimes lower slopes. Therefore gully erosion is assessed using separate 
assessment protocols. 

The assessment of gully erosion required two separate methodologies: 

• Low resolution monitoring program for 10 CMAs based on aerial photograph interpretation 
(API) or digital airborne imagery (DAI). This process shows changes in the proportion of the 
landscape effected by gully erosion 
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• Detailed baseline site survey and subsequent high resolution assessment of established gully 
systems in 12 CMAs. This process shows changes within gully systems. 

Both assessment processes include the recording of adjacent or contributing catchment land-use 
and condition features that are essential for the establishment of credible land resource datasets. 
These features and rules are incorporated into the Land and Soil Capability (LSC) tool for the 
development of a conceptual model for the management of gully erosion. 

A sieving approach was used to arrive at the locations for individual soil monitoring sites. The first 
level of stratification was by CMA. Priority areas were derived from the relative value of the soil 
asset, land-use pressure, land degradation and vulnerability within each CMA area. If relevant gully 
erosion systems were represented within SMUs they were included. 

Assessment of gully erosion was based on the methodology derived for the Soil Conservation 
Service (SCS) Land Degradation Survey of NSW 1987–88 (Graham 1989) to derive a low resolution 
monitoring program using a grid cell analysis. This statistical approach involves aerial photo 
inspection of sites of 100 ha centred on regularly spaced sample points on a five km (east–west) x 
10 km (north–south) grid in the Eastern and Central Divisions of NSW. Intersecting grid points with 
significant gully systems for each CMA were derived through an analysis of the dataset. These sites 
were allocated proportionally to each CMA (Figure 4). 

 

Figure 4: Broad-scale gully erosion monitoring sites (map includes CMA seaward buffer)  

Note: Selected gully erosion sites for broad-scale gully trend monitoring are shown as dots. 
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A detailed site survey and subsequent DAI assessment involved selecting gully units for each gully 
description class based on their proportional occurrence within each CMA. Gully occurrence was 
determined using Graham (1989) (Figure 5 and Table 11). 

 

Figure 5: Detailed gully erosion monitoring sites within CMAs (map includes CMA seaward buffer) 

From this selection, a considerable degree of professional discretion was used to select appropriate 
gully systems occurring within each CMA. Known soil landscape distribution, land-use types and 
reasonable accessibility also contributed to gully selection.  

Based on budget and time constraints, it was determined that at least eight gully systems for each 
CMA would be an adequate representation, with a maximum of 130 gully systems for the state.  

Table 11: Stratification of gully systems 

CMA name 
Total gullies per 
CMA 

No. of gully systems to be selected based on 
relative CMA gully system totals (actual no. 
surveyed) 

Border Rivers–Gwydir 13,983 12 (13) 

Central West 12,548 12 (12) 

Hawkesbury–Nepean 2858 8 (8) 

Hunter–Central Rivers 10,221 12 (13) 

Lachlan 13,201 12 (12) 
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CMA name 
Total gullies per 
CMA 

No. of gully systems to be selected based on 
relative CMA gully system totals (actual no. 
surveyed) 

Murray 2090 8 (8) 

Murrumbidgee 15,005 16 (16) 

Namoi 16,553 16 (19) 

Northern Rivers 4007 8 (8) 

Southern Rivers 6885 8 (8) 

Western Not Available 8 (8) 

Lower Murray Darling Not Available 4 (4) 
Based on the frequency of mapped occurrences from Graham (1989). 

4.3 Salinity site selection 

As was the case with gully erosion, two types of saline sites were selected for monitoring. Firstly, all 
mapped saline sites were assessed for changes in size and intensity and salt output for SOC 
reporting of dryland salinity as a soil condition indicator. In this case, existing mapping (see Section 
7.7) of all known saline sites across most of NSW was assessed. Secondly, a set of key sites were 
assessed for detailed changes in saline attributes and land management activities. It is hoped that 
the selected sites can be used as a baseline if salinity mapping is not repeated. In addition for the 
detailed sites, the information collected can be used to learn about the impact of land 
management activities on salinity over time. For the detailed sites it was necessary to work across 
several properties to gather the information required to characterise the whole saline site. When 
selecting the affected areas to be monitored, consideration was given to the following: 

• Sites were essentially existing and significant dryland saline outbreaks selected in conjunction 
with CMA/Landcare/local government to ensure that sites are relevant to management 
activities.  

• The affected area is representative of other affected areas in the region and across the state.  

• Sites have some history of past salinity investigation or site characterisation work.  

• Where possible, sites selected have existing groundwater monitoring bores or piezometers in 
place for use in water level and water quality monitoring.  

• Good relationships exist with landholders, Landcare groups and CMAs to ensure long-term 
access to study areas, to encourage community monitoring, and to safeguard the sites.  

• The catchment area is manageable and of a size where fieldwork can be completed during 
several days. 

• Affected areas and adjacent areas are accessible to quad bike and soil sampling equipment. 

Due to the variable nature of salinity, survey methods were modified slightly to suit the local site 
conditions. Extrapolation between sites is not definitive and should only be used to identify 
broader-scale processes that may be operating at similar sites. 
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Five locations were selected as having representative salt-affected areas. These have been 
surveyed and sampled with plans to monitor changes in soil salinity patterns in the future. These 
locations are: 

• Mumbil (Central West CMA)  

• Boorowa (Lachlan CMA)  

• Quandialla (Lachlan CMA) 

• Livingston Creek (Murrumbidgee CMA)   

• Yarrawa (Hunter–Central Rivers CMA). 

Surveys at Tamworth (Namoi CMA), Albury (Murray CMA) and Old Bonalbo (Northern Rivers CMA) 
were planned but work was not able to be completed due to climatic and resource issues. 

In addition to the sites selected specifically for salinity MER activities, several other sites being 
studied under hydrogeological landscape (HGL) mapping projects will be considered in any future 
MER activities relating to salinity outbreaks. These include the following areas: 

• Wollun (Northern Rivers CMA) 

• Braidwood (Southern Rivers CMA) 

• Capertee Valley (Hawkesbury–Nepean CMA)  

• Mt Annan and Campbelltown (Sydney Metropolitan/Hawkesbury–Nepean CMAs). 

• The HGL projects were funded through the State Salinity Enhancement program. 

4.4 ASS site selection 

ASS SMUs were identified for monitoring by the Hunter–Central Rivers, Northern Rivers and Sydney 
Metropolitan CMAs. Therefore sufficient sites were sampled from each of these CMAs to 
adequately monitor the soil condition of the SMUs. Additional sites were also selected for 
monitoring the ASS indicator itself so that a state perspective of the issue could be determined. 
The number of sites was chosen proportional to the relative area of low elevation (< 2 m AHD), 
high risk ASS in each catchment on the NSW coast north of Sydney. Site selection within 
catchments was designed to include replicates of the two most common land-uses and were 
paired where possible. Relatively undisturbed reference sites were also sampled where available. 
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5. Data collection methods 
This section outlines the methods used to collect data for each of the indicators.  

Figure 6 provides an illustrated summary of data collection procedures which were undertaken at 
each of the field stations, otherwise known as sites. Further detail concerning the field data 
collection protocols may be found in Bowman et al. (2009). 

 

 

Figure 6: Activities undertaken at each field site 

Source: M Carnarvas 

5.1 Sheet erosion 

The Universal Soil Loss Equation (USLE) (Wischmeier & Smith 1978) and its successor, the Revised 
Universal Soil Loss Equation or RUSLE (Renard et al. 1997) were used to assess the effect of sheet 
and rill erosion on soil condition. The direct field measurement method of assessing sheet and rill 
erosion was discounted in favour of modelling due to the episodic nature of sheet and rill erosion 
and the possibility of any effects being masked by ploughing or bulk density changes. In effect, 
sheet erosion hazard rather than actual sheet erosion was monitored. 

The USLE and the RUSLE are quantitative, empirical models that are in common use and are based 
on the statistical analysis of a large volume of plot data. The RUSLE model has been adapted to 
NSW by Rosewell (1993). The RUSLE uses the basic equation that soil loss is given by the empirical 
equation: 

A = R × K × (L × S) × C × P 
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Where: 

A is the predicted long-term average soil loss (t/ha/yr). 

R is a measure of the erosivity of rainfall (the product of storm kinetic energy and maximum 30-
minute intensity = EI30). 

K is the measure of soil erodibility expressed as long-term average soil loss rate per unit of EI30 
under standard conditions. 

LS factor is the combined effect of slope length and slope gradient. 

C is a crop and cover management factor that describes the effect of crop management in 
protecting the soil surface from erosion and the nature of the surface soil whether it is in a loose 
tilled condition. The higher the biomass covering the soil surface, the lower the value of C. The 
longer the soil is left with nil or low cover levels, the higher the value of C. The longer that loosely 
tilled soil is exposed to raindrop impact, the higher the value of C. If loosely tilled soil is exposed 
100 per cent of the time throughout the year, then the value of C is 1.0. 

P is a land management practice factor describing effects of soil conservation practices, such as 
contour ploughing, minimum tillage, contour banking, and strip cropping.  

In the MER program several lines of investigation were undertaken, including state-wide modelling 
and estimating sheet erosion risk at monitoring sites. Further development of sheet erosion 
modelling is required to improve reliability. 

State-wide modelling using Digital Elevation Models (DEMs) and Moderate Resolution 
Imagery Spectroradiometer (MODIS) remotely sensed data as inputs to the USLE 

This process used the following information as inputs to the USLE:  

R is based on national rainfall erosivity dataset. 

K is based on Soil Regolith classification based on soil type (See Yang et al. 2006). 

LS factor is derived from a 25 m pixel DEM as well as the assessment of topographic maps. There 
was some uncertainty in the estimate of the LS factor from the DEM so the MER field stations were 
used to calibrate the sheet and rill erosion predictions from this method. 

C is derived from land management survey results (Bowman et al.  2009) and assessed according to 
values in Rosewell (1993). This was augmented by direct groundcover measurement and analysis 
of average bare ground values obtained from cloud free MODIS satellite imagery taken every eight 
days from 2000 to 2008. Bare ground percentage was estimated and converted to cover factor 
using Equation 31 in the second edition of SOILOSS (Rosewell 1993). C factors were also assessed 
by allocating values from Rosewell against land-use and climate zone (Edwards 1979).  

Assessing C was not simply a matter of measuring groundcover at one point in time. The value of C 
is determined throughout the cropping or land management cycle. A single estimate of 
groundcover can be useful provided that estimate is taken at the most critical time in the cropping 
or land-use cycle. The value of time series satellite MODIS data is that it allows multiple estimates of 
cover to be made over a protracted period of time. More work remains to be completed on 
accurately assessing C factor from normalised difference vegetation index (NDVI) datasets as they 
do not account for groundcover from dead vegetation. 



38    State of the catchments 2010 – Technical report series 

An estimate of the predicted erosion using the information from each of the MER  field 
stations 

R is based on national rainfall erosivity dataset. 

K is derived from soil profile description data, and calculated from a graphical device called a 
nomogram based on soil test results. 

LS factor is based on slope values that were derived from slope measurements at each site and 
slope length was derived from a combination of field assessments and assessment of topographic 
maps. 

C is derived from land management survey results (see Bowman et al. 2009) and assessed 
according to values in Rosewell (1993). These were augmented by direct groundcover 
measurements during the MER soil program. However, because of practical constraints on field 
work during the 2008 monitoring program, groundcover measurements were not always made at 
critical times in the land-use cycle. 

The dataset from the MER field stations was not complete as land management information was 
not being gathered for many of the early sites prior to a formal questionnaire and the slope length 
was not always gathered at the early sites either. Therefore the state-wide method was used to 
complement the soil loss predictions from the MER stations. The prediction of the impact of sheet 
and rill erosion on soil condition in the state was based on the combination of the two 
methodologies. 

5.2 Gully erosion  

The gully erosion baseline was established using two separate methods: 

• Low resolution grid survey: detailed aerial imagery analysis to classify and map gully extents 
and associated land-use within 100 ha cells on an intersecting grid basis. 

• Detailed onsite differential Global Positioning System (GPS) survey, classification and 
photography of 128 selected gully systems. 

Low resolution grid survey 

Gully erosion for 10 CMAs was assessed at 1200 cells across NSW. These were classified and 
mapped according to the gully features defined in Graham (1989). Sydney Metropolitan, Lower 
Murray Darling and Western CMAs were not included due to lower occurrence and logistical issues. 
Each cell is represented by a 1:25,000 topographic map. For each CMA, cells with little or no gully 
erosion were recorded but not evaluated for the baseline. These comprised the grid intersection 
areas that recorded gully densities <100 m/100 ha (ie no appreciable and minor gully erosion). 
From each CMA, either 15 per cent of the total number of cells or 16 cells, whichever was the 
greater, were selected. If 15 per cent was deemed as being a relatively excessive number of sites, 
their inclusion was examined for a logical reduction. Any reduction ensured that cells exhibiting a 
greater concentration of grid assessment points with gullies of Class 2 or greater remained. The 
majority of the 100 ha intersecting grid assessment sites had gully erosion rating classes of 2 or 
greater (as depicted in Graham 1989). Each cell comprised up to 8 x 100 ha sites. 

A GIS shapefile was created with an associated database that depicts each assessment point and its 
surrounding 100 ha area. This can be used in conjunction with a range of rectified imagery formats 
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for onscreen assessment and database populating. Shapefiles containing the 100 ha intersecting 
grid assessment sites were projected across one of three available image formats. They were 
assessed by one of the following order of priority processes: 

• Use the latest available SPOT satellite imagery as a base image – assessment being undertaken 
by viewing the most recent imagery under a mirror stereoscope 

• Digital Air Imagery (DAI) Level 2, 2D map tile mosaic images – assessment undertaken by 
viewing the DAI and the most recent frame aerial photography under a mirror stereoscope 

• DAI precision Level 1 images were prepared for stereo viewing using a planar digital stereo 
viewing unit. 

In all of the above processes, the linear gully units were classified, digitised and captured on-screen 
using ArcGIS software. A project file was generated for each CMA comprising an attribute table, 
database and shapefiles of the digitised gullies. The attribute tables are included for each 
assessment area. Attributes of most interest were: the collective extent of the active gully erosion 
features, the associated detailed land-use and the percentage of total crown canopy cover of trees. 
These were determined using API density guides. 

Assessments were derived as a desktop interpretation from DAI or SPOT 5 satellite imagery. The 
gully system extent differences were determined from a comparative analysis of baseline and 
remotely acquired sequential survey shapefiles of point and polygon data within an ArcGIS 
environment. The imagery was also assessed to detect any associated landscape feature changes. 

Detailed onsite survey 

Gully systems were surveyed and mapped to establish the outline trace, water flow line, depths, 
volumes and catchment areas. Assessments for each gully system also included adjacent land 
condition and contributing catchment features. Onsite assessment and classification of gully 
severity and features such as stream order, detailed soil descriptions and soil classification were 
also included. Specific gully features including nick points, pot holing, lateral heads; rock bars 
within each gully system were also benchmarked and photographed. Other features which were 
recorded included tunnelling, worminess, fluting, undercutting, vertical gully sides and saline 
outbreaks. All features within each gully system were described, recorded and photographed to 
allow sequential comparisons. 

There will be a requirement to undertake limited verification visits (>15 per cent of sites) to ensure 
the gully configurations derived from the imagery are accurately derived and to establish possible 
misclassification rates. 

5.3 Wind erosion 

Two data sources were used for wind erosion monitoring: 

• Computational Environment Management System (CEMSYS), which modelled state-wide 
erosion data to model the propensity for wind entrainment of soil depending on site condition 

• Measured dust concentration from DustWatch nodes to assess trends in dust deposition, 
regardless of dust source. 
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CEMSYS modelled state-wide wind erosion monitoring 

CEMSYS is used to model wind erosion (Shao et al. 1996); (Shao and Leslie 1997; Leys et al. 2003; 
Shao et al. 2007); Leys et al. 2010) and  has been used to monitor wind erosion at national, state and 
regional scales in Australia (Butler et al. 2008). Like the RUSLE, CEMSYS models the propensity for 
wind erosion at source sites. It is the only model available to model wind erosion across all of NSW. 
The level of wind erosion is expressed as soil transport rate with units of mg/m/s. 

CEMSYS was applied over the NSW CMA domain (see Figure 7) at a 10 x 10 km pixel resolution 
(192,078 pixels for NSW) for the period July 2006 to June 2007. Climate files were generated at a 50 
km grid for the Australian continent to achieve a better climate file at the margins of NSW. The 
climate files were then recomputed for a 25 km grid for the NSW domain to give increased detail in 
the wind fields for the state. Vegetation cover level was derived from remotely sensed NDVI MODIS 
satellite data at a resolution of 250 m and was up scaled to the 10 km grid. The model calculated 
the sand flux rate (TQ, mg/m/s) every six hours and results were averaged over a monthly period. 

Known limitations of the modelling approach include the following: 

• Currently, only one year of data has been used primarily because computations have not been 
completed for all available years. As wind erosion is highly episodic in both space and time, a 
number of years of data are required to build a more complete picture of erosion levels. The 
2007–2008 year is currently being run.  

• CEMSYS has limited soil particle size data to drive the model. A current ‘Caring for our Country’ 
project is expanding the number of soils used in CEMSYS. 

• Cover values are derived from NDVI data. NDVI is a ‘greenness’ rather than a vegetation cover 
index. Groundcover from bleached or dead vegetation cover is underestimated by using NDVI. 
Currently other programs (AusCover) are developing remotely sensed bare ground, dead 
vegetation and live vegetation layers. These data will greatly enhance the CEMSYS predictions 
in the future. 

DustWatch dust concentrations 

DustWatch dust concentration data was also used to assess wind erosion trends based on its multi-
year coverage. DustWatch data are expressed as hourly average particulate matter <10 
micrometers (PM10) readings. Data are available from July 2005 for 11 DustWatch nodes (DWN); 
from January 2008 for 21 DWN and from December 2008 for 23 DWN (Figure 7). The PM10 
monitors are maintained and operated by selected DustWatchers. The PM10 data are sampled with 
DustTrak® sensors which are portable, battery-operated laser photometers which give real-time 
mass concentration within the particle size range 0.1 to approximately 10 micrometers (Leys et al. 
2008). Data are downloaded via telemetry once a week, and quality control processes are 
implemented before storing the data in a meteorological and dust database (MADD). 
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Figure 7: DustWatch nodes as of September 2008 (map includes CMA seaward buffer) 

5.4 Soil acidity 

Soil acidity (pH) for all measured sites was assessed on the basis of the average minimum value 
over the 0–10 cm layer. Field methods and interpretation were based on the pilot scheme 
conducted for the National Land and Water Resources Audit (Chapman et al. 2007). For soil acidity 
and soil carbon, samples were taken using the protocol detailed in Bowman et al. (2009). At each 
site, 10 replicate samples were taken for each of the four depth increments: 0–5cm, 5–10cm, 10–
20cm and 20–30cm. The 0–5cm and 5–10cm depth increments were selected for reporting for two 
reasons:  

1. The 0–10 cm depth range is commonly reported in the literature and property soil testing and 
is therefore a recognised standard depth in the soil, agronomy, soil testing and farming 
communities. 

2. The 0–10cm depth range is typically where soil pH changes are most readily identified.   

By splitting the 0–10cm depth increment into two samples, we expect changes within the 5–10cm 
depth increment to be more pronounced than changes within 0–10cm. This is particularly 
important for soil pH where previous sampling has indicated greatest declines are found for soils at 
the 5–10cm depth. 
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Additional depths (10–20 and 20–30 cm) were also assessed in order to benchmark these soil 
depths for soil pH and to determine changes of sub-surface soil pH. It is important to note that at 
the time of reporting, soil testing had only been completed for one of the soil cores for a portion of 
the sites. 

5.5 Soil carbon  

Soil carbon was assessed through examination of surface and near surface values using available 
soil carbon test results from the permanent soil monitoring sites. Samples were collected using 
protocols described in detail in Bowman et al. (2009). The same samples used for soil pH were also 
measured for soil carbon and bulk density. For each site, 40 samples were collected from 10 cores, 
one for each of the four standard sampling depths to 30 cm. This depth range corresponds to basic 
Kyoto carbon requirements. It is expected that soil carbon changes will mostly occur at 0–5 cm and 
to a lesser extent for 5–10 cm depths. Assessments were based on 0–5cm and 5–10cm depths and 
the deeper sampling used as a baseline to assess long term changes. 

Laboratory testing of all samples continues. At the time of reporting, one soil sample of the 10 soil 
cores for the baseline 850 sites had been tested for soil carbon and bulk density. Work is planned in 
conjunction with CSIRO to scan soil samples using Mid Infra Red (MIR) equipment to efficiently 
estimate various soil carbon fractions. If successful, this will allow soil carbon to be modelled to 
predict future trends in carbon under existing land management and climate regimes as well as to 
develop regional scenarios to best manage soil carbon for climate change adaptation. 

5.6 Soil structure  

Field sampling methods were based on the pilot scheme (Murphy et al. 2007) which assessed the 
methods of Shepherd (2000, 2007), McKenzie (1998, 2001) and Lawrie et al. (2002) to evaluate soil 
structure.  

The detailed field protocol is presented in Bowman et al. (2009). The methodology followed was 
modified for NSW conditions as detailed in Bowman et al. (2009). For each MER site the 0–5 cm and 
5–10 cm layers were assessed for: 

• visual soil assessment (VSA) (Shepherd 2000, 2007) including the drop shatter test, porosity 
test, soil colour differences, rooting depth and drainage indicators 

• soil texture (NCST 2009) 

• pedological structure (NCST 2009)  

• aggregate stability based on the Aggregate Stability in WATer (ASWAT) test (Field et al.1997).  

Samples were taken for later testing of particle size distribution, soil carbon, pH and cation 
exchange capacity and exchangeable captions. 

5.7 Soil salinity  

Soil salinity baseline was established at five saline sites for long-term monitoring. For the 
monitored salt-affected areas, assessment was based on the NLWRA national indicators for salinity 
standards (Land & Water Australia 2009) and Australian and New Zealand Risk Management 
Standard AS/NZS 4360:2004 (Spies & Woodgate 2005).    



Assessing the condition of soils in NSW   43 

Evaluation of soil salinity for SOC reporting was done by evaluating saline outbreak maps and is 
further described in the evaluation section of this report. 

Electromagnetic induction surveys 

Geonics EM31 electromagnetic induction (EMI) surveys were carried out across and around the 
monitored salt-affected area sites. This tool was used as an aid to define differences in salinity 
intensity across the salt-affected area. The following line spacings were used:  

• EM31 at 100 m line spacing across the entire area  

• EM31 at 10 m line spacing across the discharge area. 

The initial widely spaced EM31 survey across the discharge site was used to select the locations for 
taking soil profiles. These were selected to include locations with high, moderate and low salinity 
intensity, as well as for background salinity intensity across the wider area. It is important that for 
any subsequent surveys, calibration of the EMI instrument is carried out at the same location as the 
initial calibration to ensure comparability of results. 

Data from these surveys have been collected as .xyz data files and processed to produce apparent 
electrical conductivity (ECa) maps of the salt-affected areas and the land surrounding them. These 
have been exported in JPEG format.   

Soil salinity profiles 

A soil coring rig has been used to collect cores of up to 120 cm in depth for the purpose of 
describing soil profiles and to collect samples of electrical conductivity profiles.  

Soil salinity profiles have been described and sampled at selected points across and around each 
salt-affected area to characterise how salt is distributed in the landscape, how salty it is and how it 
moves over time. The location of the profiles will be determined by preliminary EM 31 mapping 
carried out at each survey location. 

On average, 12 profiles have been used to characterise each monitoring location. The different 
profiles are as follows: 

• Two profiles within each salt-affected area (high salinity intensity) 

• Two profiles on the periphery of each salt-affected area (moderate salinity intensity) 

• Two profiles outside each salt-affected area (low salinity intensity) 

• A further six to eight profiles to describe the wider landscape around the monitored affected 
area (background intensity). 

• Profile samples collected at each site were analysed for the following parameters: 
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Horizon Structure type Percentage of concretions 

Texture Ped size Effervescence 

pH (H2O) Dispersion Permeability 

Munsell colour Slaking Drainage 

Colour Presence of roots EC1:5 

Mottles Percentage of gravel ECe 

Structure grade Concretions type  

 

Profile descriptions are based on methodology explained in Charman & Murphy (2007), Isbell 
(2002) and NCST (2009). Profile descriptions are presently stored in Excel format and relevant fields 
imported to SALIS. 

5.8 ASS 

Low-lying, ASS (Naylor et al. 1998) were examined at 40 sites on the NSW coast between Sydney 
and Tweed Heads. Major horizons were described and the soils were sampled at fixed depths of 0–
10 cm, 50–60 cm, 100–110 cm and 150–160 cm. They were also sampled at four fixed depths and 
within major horizons using protocols in Bowman et al. (2009). Testing conforms to nationally 
accepted standards (Ahern et al. 2004). 

Field sampling methods are detailed in Bowman et al. (2009).  

At each site, one soil profile was described according to Milford et al. (2001) and classified 
according to Isbell (2002). Samples were sent to the Southern Cross GeoScience Environmental 
Analysis Laboratory for a standard suite of ASS tests. The samples were sealed in 70 mL screw cap 
sample jars and stored below 4oC until delivery to the laboratory. Additional profile samples were 
collected from representative soil horizons and tested for a standard suite of soil tests at the OEH 
Yanco laboratory. In addition, 10 core samples were collected from 0–5 cm, 5–10 cm, 10–20 cm and 
20–30 cm from within a 25 m x 25 m quadrat. These samples were tested for bulk density, organic 
carbon, pH, EC and moisture content at the OEH Yanco laboratory. Laboratory analyses are still 
continuing. 

Experienced soil surveyors or trained field technicians collected samples in June 2007, October–
December 2008 and April–May 2009 at a newly established network of approximately 40 
permanent sites (Photograph 9). Staff were trained in site selection and sample collection methods 
that are documented (DECC 2009) and quality controlled.  
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Photograph 9: Layout of a 25 m x 25 m sampling quadrat, located on an ASS scald in the  
  Manning catchment 

Source: G Atkinson/OEH 
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6. Laboratory operations 
For each site (Bowman et al. 2009) there were: 

• 40 ‘core’ samples taken from a series of 10 cores at 0–5 cm, 5–10 cm, 10–20 cm, and 20–30 cm 

• two ‘structure’ samples taken from the drop shatter test material at 0–5 cm and 5–10 cm 

• several ‘profile’ samples (usually two to five samples) from major soil horizons of the soil profile 
which was described to at least 50 cm in the south-west corner of each quadrat. Profile testing 
includes the same tests undertaken to characterise soil landscapes. 

The soil sample tests are listed in Table 12. 

As of June 2009 more than 37,000 samples had been received for testing from over 800 sites.  

In order to report soil condition for the SOC report deadline, the laboratory was requested to 
initially analyse one complete core (ie four samples from the core taken from the first row nearest 
to the south-west corner of each site).  

For each salt-affected site there were: 

• EC profile samples collected at 0–5 cm, 5–10 cm, 10–20 cm, 20–40 cm, 40–60 cm, 60–80 cm and 
80–120 cm. These were analysed locally for EC1:5 and texture to determine ECe 

• bulked A-horizon samples and bulked B-horizon samples collected for future analysis of water 
soluble ions to identify salt species. 

For each ASS site, tests and calculations were undertaken as shown in Table 12. 

Table 12:  Details of soil tests undertaken on various samples 

Sample type/s Test name Soil test version code or reference 

Core Bulk Density (Core Method) P14A/2  BD 

Core and 
profile 

pH in 1:5 Soil:0.01M CaCl2 C2B/2pH 

Core and 
profile 

Electrical Conductivity in 1:5 soil:water C1A/3EC 

Core and 
profile 

Total Carbon (LECO) C6D/1OC 6B3  C30A 

Core and 
profile 

Moisture Content P1A/1 MC 

Core and 
profile 

Gravel (per cent) P7B/3- 5 PSA 

Structure Emerson Aggregate Test P9B/3 EAT 

Structure pH Buffer Capacity To be determined 

Structure and 
profile 

Cation Exchange Capacity and 
Exchangeable Cations (Ca, K, Mg, Na) 

C5A if pH < 7.5 or  

C5B if pH > 7.5  

Structure pH Buffering Capacity Rayment & Higginson 1992 
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Sample type/s Test name Soil test version code or reference 

Profile Nitrogen determined by dry combustion 
using LECO 

Sulfur determined by dry combustion 
using LECO 

C30A Natural Resources Lab 
Procedures 

Rayment & Higginson 1992 

Profile Water Repellency  P22A 

Profile Unified Soil Classification Class P13A 

 Dispersion Percentage P8A 

Profile Wind Erodible Aggregates P21A 

Profile Phosphorus (Bray No1) C8A  if pH < 7.5 

Profile Phosphorus by Calcium Lactate  C8C/1  if pH > 7.5 

Profile Volume Expansion  P5A 

Profile Linear Shrinkage P6A Only if D per cent > 50 or if 
Volume Expansion test fails 

Profile Phosphorus Sorption (single point 
method) 

C8B/2 

Profile Particle Size Analysis (Hydrometer and 
sieving) 

P7B/3 

Profile Permanent Wilt Point (Pressure Plate) P18B/2 

Profile Field Capacity (Pressure Plate) P18B/2 

Profile Nitrogen (Dry Combustion – LECO) C30A Natural Resources Lab 
Procedures 

 Rayment & Higginson 1992 

Profile Sulfur (Dry Combustion – LECO) C30A Natural Resources Lab 
Procedures 

Rayment & Higginson 1992 

ASS Bulk Density, pH 1:5 Soil:Water, EC, TAA 
pH (KCl) Total Actual Acidity, Total 
Potential Acidity, Acid Neutralising 
Capacity, Chromium Reducible Sulfur, 
Net acidity, Lime Requirement 

Ahern et al. 2004 

 

Saline soils  Water soluble cations (Ca, Mg, K, Na) and 
anions (SO4, Cl, CO3, HCO3)  

Rayment & Higginson 1992 

Soil test codes and details for many of the tests are found at 
www.environment.nsw.gov.au/soils/testmethods.htm.  

 

http://www.environment.nsw.gov.au/soils/testmethods.htm�
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6.1 Laboratory procedures 

Samples were delivered to NSW OEH Natural Resources Laboratory at Yanco and were checked 
against delivery notes and despatch lists for special storage instructions (eg for ASS). Samples were 
registered in the Laboratory Information Management System (LIMS) and labels prepared 
containing the LIMS lab identification. Labels were then attached to all the samples for 
identification. Undried samples were weighed in the bags, and the moisture content was measured 
on a subsample. All samples were then dried at 40°C and tested for bulk density. The four core 
samples from the core taken from row zero were then selected for testing as outlined in Table 12. 
Samples are then crushed as per laboratory protocol (P7B/3-5PSA). Any material greater than 2 mm 
was removed and weighed. This included gravel (mineral fraction of the soil > 2 mm), fresh organic 
material (roots, straw, litter) and charcoal. The weights of each of these individual materials were 
recorded. Structure and profile samples were dried at 40o C, and then stored ready for crushing and 
final analysis. 

Reporting of results 

When testing and quality assessments had been completed, the results were authorised and 
reported. Lab test results were dispatched in Excel form to the: 

• NSW SALIS administrator 

• field team supervisor for checking against expected values based on local knowledge  

• quality control officer for assessment of anomalous results. 

Sample storage 

Sample remnants are stored in perpetuity at the NSW Soil Sample repository at the Yanco Natural 
Resources Laboratory. The samples form an important component of the long-term baseline of soil 
condition for NSW. Retesting of some of the samples will be required to ensure calibration for 
accurate change detection. Sample storage materials and sample management are based on the 
storage system used by CSIRO Land and Water. Details can be found at 
www.clw.csiro.au/aclep/archive/index.htm.  

6.2 Laboratory capacity and testing priorities 

Soil testing commenced at the Yanco Natural Resources Laboratory in early 2008. The lab was 
being re-established and still being equipped up until June 2008. It is expected that sample testing 
will continue for several years for all soil cores to be completed. The completion of structure 
samples and profile samples is considered to be a long-term project.   

Studies by Wilson et al. (2007), Chapman et al. (2007) and Wilson (2010) indicate that it is necessary 
to know the variance of 10 replicates for each depth, in order to have sufficient confidence in mean 
values for soil carbon and to a lesser extent pH, in order to detect changes within minimum 
detectable change limits.   

In order to report on overall condition of soils in the state, the priority has been for the samples 
from one core for all sites to be tested. In addition, priority has been allocated to bulk density and 
sample drying in order to reduce any impacts of moisture change in the samples. All results for the 

http://www.clw.csiro.au/aclep/archive/index.htm�
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SOC soil condition report were based on soil test results from single cores and for that reason they 
should not be used to assess changes over time. 

The second laboratory testing priority is to complete analysis on all core and structure samples 
collected from the Central West and Border Rivers–Gwydir CMAs. This will allow two case studies to 
be completed which will be used to commence dialogue with CMAs to help formulate appropriate 
responses. 

The third priority was to complete analysis on all Hunter–Central Rivers CMA core and structure 
samples for a coastal CMA case study to be completed. The Hunter–Central Rivers and the Central 
West CMAs were initially selected for trial reporting.  

The fourth priority was to test soluble cations and anions of the core samples. The fifth priority was 
to complete analyses on core and structure samples for all remaining CMAs. The sixth priority was 
to complete analyses on all profile samples.  
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7. Assessment, evaluation and reporting  
This section provides details about the methods used for each indicator to assess, evaluate and 
report on soil condition. 

7.1 Overview 

Each of the eight soil condition indicators was assessed using a combination of field 
measurements, laboratory analysis and modelling processes. The method adopted varied 
considerably for the different indicators; however, the broad procedure for all is as presented in 
Figure 8.  

 

 

 

 

 

 

 

Figure 8: General process for deriving soil condition indices 

The principal objective of this project was to establish a network of sites that will form a benchmark 
against which future changes in soil condition can be monitored. This was fundamental to the 
design of the methodology. For the 2008 baseline, a means of assessing current condition was 
required. A five-class scale was determined for all natural resource monitoring themes where Class 
5 was at or better than pristine condition and Class 1 was in effect completely degraded – or in the 
case of soils, unable to deliver ecosystem services. The condition of the indicator in its current state 
was compared with a theoretical baseline reference condition that is assumed to be the 
undisturbed soil condition of pre-European settlement. This however is a more difficult exercise 
and requires a somewhat different methodology. Thus where methodological compromises have 
been required, they favour the benchmarking objective. The reference condition for this 
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benchmarking stage is the pre-European condition. The data acquired in this benchmarking study 
will form a 2008–2009 baseline against which future changes can be measured more reliably.  

The changes in the condition of a soil, relative to either reference condition, can be summarised 
using a ‘soil condition index’, with ratings between 1 (very poor) to 5 (very good). The description 
of each soil condition index class is given in Table 13. Note that in the table it is not yet necessary to 
define the reference condition. 

Table 13: Soil condition index classes 

5 Very good No loss of soil function. Either no deterioration or an improvement on 
reference condition. 

4 Good Slight loss of soil function. Noticeable but not significant deterioration 
against reference condition. 

3 Fair Noticeable loss of soil function. Noticeable deterioration against 
reference condition. 

2 Poor Significant loss of soil function. Considerable deterioration against 
reference condition. 

1 Very poor Profound loss of soil function. Severe deterioration against reference 
condition. 

 
Individual indices relating to specific indicators at specific sites were then amalgamated in different 
ways to derive indices for the site, the SMU, the CMA region and ultimately the whole state. The 
indices may retain focus on the individual indicators, such as the condition of sheet erosion across 
a CMA region, or be combined to give the overall soil condition across the CMA region or other 
spatial entity. Figure 9 illustrates the process for amalgamating indices up to the state level. 
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Figure 9: Derivation of the soil condition index 
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Change over time can be expressed as a difference in the soil condition index.  

Detail relating to the process for each individual soil condition indicator is provided in the 
following sections. 

7.2 Sheet erosion 

Predicted sheet erosion based on RUSLE modelling is expressed in tonnes/ha/year and is a relative 
value. There is overall moderate confidence in the current modelled sheet erosion results. 

The evaluation of the average long-term sheet and rill erosion rates is based on the expected 
lifetime of the soil, assuming an overall soil depth of 100 cm. This gives an acceptable long-term 
soil loss of about 10 t/ha, which is consistent with those used in the USA (Edwards & Zierholz 2007). 
The values for the soil condition rating system become: 

5 < 1 t/ha 

4 = 1 to 5 t/ha 

3 = 5 to 20 t/ha 

2 = 20 to 200 t/ha 

1 > 200 t/ha 

7.3 Gully erosion  

Gully erosion was assessed by examination of 100 ha cells by aerial imagery interpretation at 1200 
sites, and from 129 detailed onsite surveys. The gully features in both assessment processes were 
assessed according to gully presence and gully features based on Graham (1989). Gully erosion 
severity (Figure 10) was determined and these results were then related to gully depth to derive a 
gully erosion class (Table 14). Future analyses include investigating soil parameters linked with 
gully erosion and the associated volumetric conversion of sediment yield.  
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Figure 10: Gully systems to severity classes 

Source: after Franklin et al. 2003 

Table 14: Conversion of gully erosion classification to condition indicator classes 

 Gully erosion 
 class 

Av. depth 
of gully (m) 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

a = > 6 m 1.1 1.2 1.3 2.4 2.5 3.4 3.5 4.3 

b = 3–6 m 1.1 1.2 2.3 2.4 3.3 3.4 4.2 5.0 

c = 1.5–3 m 1.1 2.2 2.3 3.2 3.3 3.4 4.2 5.0 

d = < 1.5 m 2.1 2.2 3.1 3.2 3.3 4.1 4.2 5.0 

Eight-class gully erosion classification system is from Figure 10, five gully erosion condition indicator classes 
are compatible with Table 13. 
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7.4 Wind erosion  

CEMSYS model outputs 

The model has been validated for calculating dust loads (Shao et al. 2007); however, validating 
sand drift for a 10 km pixel has not been achieved and is problematic. This is because sand drift 
data are not available at the 10km pixel scale; rather they are only available for 25 m by 25 m sites 
and scaling this data up to 10 km is not easy and has not been completed to date. Despite this, the 
model appears to have a meaningful distribution of wind erosion in the landscape based on 
experience and other data sources such as the roadside surveys and DustWatch. In some areas 
there appears to be erroneous values such as the high erosion area at the eastern end of the 
Central West CMA in Figure 11. This region is a forested highland and it appears that the model has 
over-predicted the wind velocities for the area. In addition, remote sensing fails to always 
discriminate bare ground from dead vegetation on some soil types (eg Grey Vertosols) as seen in 
the western end of the Border Rivers–Gwydir CMA in Figure 11, which results in over-estimation of 
erosion. Despite these problems, overall confidence in the output is moderate to high, depending 
on the area. 

The CEMSYS model output is for 10 x 10 km pixels giving a total of 192,000 pixels for the model 
domain. The modelled sand flux (TQ mg/m/s) was calculated on a six-hourly basis for the period 
2006–2007. Model sand fluxes were then converted to monthly averages. As an example, the 
output for November 2006 is shown in Figure 11. 

Figure 11: Modelled sand flux (TQ mg/m/s) for November 2006 

The frequency distribution of the soil flux values for each monthly map was calculated. A system of 
soil flux classes was devised as shown in Table 15. 
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Table 15: Wind erosion condition rating 

Date TQ=0 
0 < TQ 
<= 10 

10 < 
TQ 
<= 
20 

20 < 
TQ <= 
40 

40 < 
TQ <= 
80 

80 < 
TQ <= 
160 

160 < 
TQ <= 
320 

320 < 
TQ <= 
640 

640 < 
TQ <= 
1280 

1280 
< TQ 
<= 
2560 

2560 
< TQ 
<= 
10240

% of 
pixels 
> 80 
mg/m/s

Condition 
rating 

Current 
condition

July 
2006 128,082 54,243 2828 2925 1675 1125 1075 125  0  0  0 1 

Very 
good 4.6 

Aug 
2006 137,614 50,500 1714 1075 550 525 100  0  0  0  0 0 

Very 
good 4.9 

Sep 
2006 111,911 58,870 6744 5775 4850 2803 1000 125  0 0   0 2 

Very 
good 4.4 

Oct 
2006 92,992 56,098 5328 6716 7966 9400 7850 4053 1350 325  0 12 Poor 2.0 

Nov 
2006 82,519 57,620 7422 10771 11,469 10,793 8042 2622 770 50  0 12 Poor 2.1 

Dec 
2006 81,985 59,938 7295 8982 9792 9606 7445 5175 1731 129  0 13 Poor 1.9 

Jan 
2007 86,474 63,483 9144 9240 8474 7036 4947 2626 579 75  0 8 Fair 2.8 

Feb 
2007 99,350 69,797 5408 5435 5836 3899 1793 560  0  0  0 3 Good 4.0 

Mar 
2007 89,254 68,934 5435 7047 6389 6131 5235 2793 835 25  0 8 Fair 2.9 

Apr 
2007 108,534 63,817 5901 5354 4472 1889 1711 350 50  0  0 2 

Very 
good 4.4 
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Date TQ=0 
0 < TQ 
<= 10 

10 < 
TQ 
<= 
20 

20 < 
TQ <= 
40 

40 < 
TQ <= 
80 

80 < 
TQ <= 
160 

160 < 
TQ <= 
320 

320 < 
TQ <= 
640 

640 < 
TQ <= 
1280 

1280 
< TQ 
<= 
2560 

2560 
< TQ 
<= 
10240

% of 
pixels 
> 80 
mg/m/s

Condition 
rating 

Current 
condition

May 
2007 126,101 55,558 3341 2657 2025 1346 775 275  0  0  0 1 

Very 
good 4.6 

June 
2007 125,503 52,976 4291 3992 2774 1454 815 189 76 8  0 1 

Very 
good 4.6 

Number of pixels in each soil flux (TQ) classes and the per cent of pixels > 80 mg/m/s for each month for NSW. 

The row of November 2006 shows the statistics for Figure 11. The condition score and its equivalent condition rating are also given. 
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The next step was to define a soil flux threshold above which it was considered that there would be 
a reduction in soil condition. The threshold of TQ > 80 mg/m/s was selected by using roadside 
survey data from the Lower Murray Darling, Murray, and Lachlan CMAs. The roadside survey 
methods are outlined in Leys et al. (2009). The survey uses geo-located points that are revisited 
twice a year along an approximately 1000 km road transect in each of the CMAs. Each site is rated 
on a five-class scale for erosion condition (both wind and water). Direct comparison of the 10 km 
CEMSYS pixel data with the roadside survey data is problematic as the roadside data are 
representative of a 100 m x 100 m area, which is considerably smaller than a 10 km pixel. There can 
also be several roadside survey sites with a range of erosion values within a single 10 km pixel. 
Therefore, the approach used was to select the CEMSYS erosion class that was proportional to the 
roadside survey result; that is, if the roadside survey indicated that 10 per cent of the area was 
eroding, then the CEMSYS class that was close to 10 per cent of pixels was chosen. This resulted in 
the threshold class of > 80 mg/m/s being selected. 

The TQ soil flux classes and the percentage of pixels above the 80 mg/m/s threshold for the 
monthly modelled data outputs are shown in Table 15. The statistics for Figure 11 indicate that 12 
per cent of the state had pixels with values > 80 mg/m/s. 

The next step was to devise a soil condition rating scale. The approach was to rate a unit area, be it 
a state, CMA area or SMU depending on the per cent of area eroding above the soil flux threshold 
class. The classification used is listed in Table 16. 

Table 16: Percentage area above TQ threshold 

Condition 
class 

Percentage area above TQ threshold of 80 
mg/m/s 

Condition 
rating 

5.0–4.5 <2 Very good 

4.5–3.5 >2–5 Good 

3.5–2.5 >5–10 Fair 

2.5–1.5 >10–15 Poor 

<1.5  >15 Very poor 

 

The data in Table 15 can be described by the following equations: 

y = 58.4x2 - 31.9x + 5.0 for x <= 20 per cent 

y=1 for x > 20 per cent 

where y is the condition score and x is the percentage area of the unit with TQ > 80 mg/m/s. 

The CEMSYS model was applied on a state-wide basis. The results for each CMA and the soil 
management units were all obtained using the same method, which involved: 

• calculating the sand flux rate for each month 

• clip cutting the area (either state, CMA or SMU) to derive the statistics 

• applying the ratings as per Table 16. 

As stated previously there is only one year of modelled data, so trend analysis is not possible from 
CEMSYS data. Trends were based on analysis of airborne particles finer than 10 micron diameter 
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detected every minute across a sparse network of 23 newly established instruments operated by 
DustWatch in western and central NSW (Leys et al. 2008). The network has a basic coverage of NSW 
and is less than three years old. It has instrumentation in the inland CMAs but not the coastal CMAs. 
It is expected that some of the inland CMAs will continue to co-invest and increase the coverage of 
the network, especially those with ‘moderate or severe wind erosion’ in the Caring for our Country 
Business Plans. 

DustWatch data 

The DustWatch nodes were established over the 2005 to 2008 period, therefore some CMAs have 
longer records than others and the CMAs that co-invested with OEH have more than one 
DustWatch node. DustWatch data are used to evaluate the offsite levels of dust deposition and the 
trend in wind erosion over the period 2006–2008. The following equation is used: 

∑ >= 12*)025.0( 3m
mghh monthyear

 

where yearh
 is the average annual hours exceeding 

3025.0
m
mg

. 

Linear trend lines were fitted (note there are only three years of data) to the annual average hours 
for each CMA (Figure 12) to determine the trend for those CMAs with data (Central West, Lachlan, 
Lower Murray Darling, Murrumbidgee, Murray, Namoi and Western). Those CMAs without 
DustWatch data were assigned trends based on expert knowledge. 
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Figure 12: Average hours with dust deposition above 25 μg/m3 for each CMA per dust year (July to 
 June)   
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Adjustment of the rankings 

After the analysis for setting the condition rating of each SMU was compiled (Appendix 4), the 
outputs were evaluated by an expert panel of staff that have familiarity with DustWatch data and 
the extent of wind erosion in NSW. The condition ratings were generally increased (see adjusted 
output column in Appendix 4). 

Reasons for adjusting the condition score related to factors that influence wind erosion, such as: 

• areas with higher densities of trees and shrubs  

• self-mulching/cracking clays on lake beds 

• floodplains with cracking clay soils  

• areas with high levels of dead or bleached groundcover that would be under-predicted by the 
NDVI cover estimate 

• stony areas 

• granite soils in high rainfall areas. 

The best way to test the adjustments is to: 

• have independent data such as roadside surveys for comparison   

• obtain groundcover data that can account for dead cover and litter  

• use remote sensing methods to identify eroded areas 

• correlate DustWatch data with modelling data (currently underway). 

7.5 Soil acidity 

Monitoring sites were assigned one of five condition classes to indicate soil acidity change. Class 5 
(which is at or exceeds reference pH levels) generally represents undisturbed sites. Acidification 
was assessed by the use of reference pH data (derived from pH of soils with the same classification 
from undisturbed sites and from other available pH data from undisturbed sites) and the allocation 
of sites into zones of rainfall leaching potential. Soil pH is governed by a range of factors including 
rainfall, temperature, soil texture, organic matter content and land management (Fenton & Helyar 
2007; Lockwood et al. 2003). 

Sites where land-use has been assessed as timber/scrub/unused or national/state parks or logged 
native forest (Milford et al. 2001) are considered to be Class 5. Land management activities at these 
sites have had minimal influence on soil acidification. Otherwise the minimum value of average soil 
pH (derived from soil core data taken from 0–5 cm and 5–10 cm depths) was compared with 
reference values from relevant zones modified by Great Soil Groups (GSGs) (Stace et al. 1968), and 
from any pH information resident in SALIS that was reliably obtained from undisturbed sites. The 
reference values for GSGs are listed in Appendix 2.  

All SMUs were allocated into a soil acidification zone based on the annual average leaching values 
of Prescott (1948) – the Prescott Index. The amount of leaching is the prime factor which governs 
natural pH distribution in soils (Corbett 1969). The Prescott Index is a simple water balance 
equation based on average monthly rainfall and evaporation data. Zones for SMUs were adjusted 
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where necessary based on the presence of quartz-rich well drained parent materials that develop 
readily leached, acidic soils (eg siliceous sand derived from the Hawkesbury Sandstone would be 
allocated to a more leaching climate zone). Appendix 2 provides reference values for SMUs based 
on their climate zone.  

The GSG classification was used in preference to the ASC of Isbell (2002) as: 

• there are far more profiles in SALIS with GSG classification than with ASC (29,000 GSG; <22,000 
ASC). Many of the profiles need further ASC classification. 

• GSG classification system has a manageable number of endpoints.  

• There is more data in the literature for pH of GSGs. 

The lowest condition class for acidity is where pH values fall below 4.1. At pH of 4 or less, the 
following will usually happen:  

• Clay particles dissolve and release aluminium and hydroxide ions which in turn then bind with 
hydrogen ions in what is for practical purposes an irreversible reaction (Williams et al.1998). 
This reaction tends to buffer pH values whilst any clay is present. 

• Loss of clay can be associated with soil structural breakdown (Hollier 1999) and many ions such 
as phosphorus and calcium are severely deficient (Fenton & Helyar 1999).  

• Surface soils of low pH usually have highly acidic subsoils (Slattery et al. 1999) and economic 
treatment is seldom viable.  

• pH 4.0 is near the lower limit for most soil dwelling bacteria (Hollier 1999). 

• Amelioration is not usually possible. 

Other functional thresholds are based on pH of 4.5, where manganese toxicity can occur and 
molybdenum becomes unavailable to plants (Fenton & Helyar 1999). At pH 4.75, aluminium 
becomes soluble (Isbell et al. 1997). Table 17 shows the assignment of sites to soil condition 
classes. 

Table 17: Assignment of soil acidity condition ratings 

Soil acidity 
condition class 5 4 3 2 1 

Soil acidification 
zone 

Expected natural pH for the zone 

a >4.75 Not applicable <4.75 <4.5 <4.1 

b >5.0 >5.0 <4.75 <4.5 <4.1 

c >5.3 <5.3 <4.75 <4.5 <4.1 

d >7-5.5 <5.5 <4.75 <4.5 <4.1 

e >7.1-5.8 <5.8 <4.75 <4.5 <4.1 

Threshold effects  mid point from 5 
to 3 (noticeable 
decline) 

Al becomes 
soluble 

Mn becomes 
soluble 

Clay 
dissolution 
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7.6 Soil carbon 

Soil carbon content was assessed on the basis of the average value over the 0–10 cm layer. This 
depth increment was selected as it is commonly reported in the literature and property soil testing 
and is therefore a recognised standard depth in the soil, agronomy, soil testing and farming 
communities. 

Soil carbon content is governed by a range of factors including rainfall, temperature, soil texture, 
topography, drainage and land management. Assessment of soil carbon levels was based on 
figures in the literature (Hazelton & Murphy 2007).  

Class 1 was defined as below soil condition functional threshold (0.6 per cent) as defined in 
Hazelton & Murphy (2007). The remaining four classes for each SMU were determined using the 
threshold values of Hazelton & Murphy (2007) with a range of values defined by the range of values 
determined within a given SMU. This meant that while the magnitude of soil carbon values differed 
between monitoring units, a defined series of classes appropriate to the unit were placed on a 
broader recognised scale. 

Soil condition classes were then allocated by geographical location and were assigned on the basis 
of where the SMU value was placed on the overall scale of 1–5 using three possible soil classes (A, B 
and C). These classes were defined using GSG largely on the basis of soil clay content (Table 18) 
(see Appendix 3). 

Table 18: Allocation of soil carbon levels for individual sites into soil condition classes 

Plains Slopes Tablelands
Tablelands 
high altitude Coastal 

Organic  
soils 

GSG Group  GSG Group GSG Group  GSG Group  GSG Group GSG Group

%OC A B C A B C A B C A B C A B C D 

>16.0 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

12.0 to 16.0 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 

8.0 to 12.0 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 

6.0 to 8.0 5 5 5 5 5 5 5 5 5 4 5 5 4 5 5 2 

5.0 to 6.0 5 5 5 5 5 5 5 5 5 3 4 5 3 4 5 2 

4.0 to 5.0 5 5 5 5 5 5 5 5 5 3 3 4 3 3 4 2 

3.0 to 4.0 5 5 5 5 5 5 5 5 5 3 3 3 2 3 3 1 

2.6 to 3.0 5 5 5 5 5 5 4 5 5 2 3 3 2 2 3 1 

2.0 to 2.6 5 5 5 4 5 5 3 4 5 2 2 3 2 2 3 1 

1.6 to 2.0 4 5 5 3 4 5 3 3 4 2 2 2 1 2 2 1 

1.2 to 1.6 3 4 5 3 3 4 2 3 3 2 2 2 1 2 2 1 

1.0 to 1.2 3 3 4 2 3 3 2 2 3 2 2 2 1 2 2 1 

0.8 to 1.0 2 2 3 2 2 2 1 2 2 1 2 2 1 1 2 1 

0.6  to 0.8 2 2 2 1 2 2 1 1 2 1 1 2 1 1 2 1 

<0.6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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7.7 Soil structure 

Soil structure was assessed using multiple field and laboratory tests at most of the current 
networks of soil monitoring sites. Values from the VSA method (Shepherd  2000, 2007) and surface 
and near-surface soil bulk densities were compared against reference surface soil classification 
values after Lawrie et al. (2002), (Table 19). The mean value was chosen to represent soil structure 
condition. 

The VSA gives a numerical score based on the observed soil properties. The interpretation of this 
score has been developed by Shepherd and this is used to assess the soil structure at each site. A 
combined system is used to give an integrated soil structure index based on the VSA, as well as the 
soil carbon levels and bulk density when these data are available. The evaluation of the soil carbon 
and bulk density for soil structure is based on values presented in Hazelton & Murphy (2007). 

Table 19: Soil structure condition class based on soil test values and surface soil type 

Surface soil type (Lawrie et al. 2002) 

Test Value 

Loose sand 

Fragile 
coarse 
textured 

Fragile 
m

edium
 

textured 

Sodic 
surface soils

Coarse 
structured 
clay surface 
soils 

Friable soil 
surfaces 

Self-
m

ulching 
clays 

H
ighly 

organic 
surface soils

>30 5 5 5 4 4 5 5 5 

15 to 30 4 3 3 2 2 4 4 4 

VSA_pasture 

<15 3 3 2 1 1 3 3 3 

>25 5 5 5 4 4 5 5 5 

10 to 25 4 3 3 2 2 4 4 4 

VSA_cropping 

<10 3 3 2 1 1 3 3 3 

>1.5 5 5 5 4 4 5 5 5 

1.0 to 1.5 4 3 3 3 3 3 3 4 

0.5 to 1.0 3 3 2 2 2 3 3 3 

Drop shatter 
test 

(from VSA) 

<0.5 3 3 2 1 1 3 3 3 

>1.5 5 5 5 4 4 5 5 5 

1.0 to 1.5 4 3 3 3 3 3 3 4 

0.5 to 1.0 3 3 2 2 2 3 3 3 

Soil porosity 
(from VSA) 

<0.5 3 3 2 1 1 3 3 3 

<1.2 5 5 5 4 4 5 5 n/a 

1.2 to 1.4 4 4 4 4 4 5 5 n/a 

1.4 to 1.6 3 3 3 3 3 4 4 n/a 

1.6 to 1.8 2 2 2 2 2 2 2 n/a 

Bulk density 

(0–10cm) 

>1.8 2 2 1 1 1 1 1 n/a 
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Surface soil type (Lawrie et al. 2002) 

Test Value 

Loose sand 

Fragile 
coarse 
textured 

Fragile 
m

edium
 

textured 

Sodic 
surface soils

Coarse 
structured 
clay surface 
soils 

Friable soil 
surfaces 

Self-
m

ulching 
clays 

H
ighly 

organic 
surface soils

>3.10 5 5 5 4 4 5 5 n/a 

1.72 to 
3.10 

4 4 4 3 3 4 4 n/a 

1.00 to 
1.72 

4 3 3 2 2 4 4 n/a 

0.70 to 
1.00 

3 3 2 2 2 3 3 n/a 

Soil carbon 

(carbon % 0 –
10 cm) 

<0.70 3 2 2 2 2 3 3 n/a 

7.8 Soil salinity 

Evaluation of soil salinity across NSW was undertaken through the assessment of observed salt 
intensity and assessment of the relative areal extent of saline outbreak. Salinity outbreak mapping 
in different regions of NSW has been carried out at different times over the past decade. The spatial 
outputs from this mapping were used to assess and average the relative extent, severity and salt 
export of known salt-affected surface soils within each SMU.    

The following salinity outbreak datasets were used for this assessment: 

• Outbreaks 2004 – Central West, Lachlan, Southern Rivers CMAs 

• Salt 2000 – Hawkesbury–Nepean, Hunter–Central Rivers, Murray, Sydney Metropolitan CMAs  

• Barwon outbreaks – Border Rivers–Gwydir, Namoi, Northern Rivers and Western CMAs 

• Murrumbidgee outbreaks – Murrumbidgee CMA 

• Murray outbreaks – Murray CMA. 

Work is underway in OEH to combine these datasets into a single state-wide dataset. Outbreak 
data was limited for the Western and Sydney Metropolitan CMA areas and non-existent for the 
Lower Murray Darling CMA area. In these cases, expert knowledge was used to estimate the 
probable areal extent and intensity of saline outbreaks. 

Intensity 

Intensity is based on visual assessment of saline outbreaks (Milford & Simons 2002) and is recorded 
as a field in salinity outbreak mapping datasets. For the evaluation of salt-affected areas, each 
intensity class has been assigned a score from 5 (no vegetation loss or erosion) to 1 (severe 
vegetation loss and/or presence of erosion). A full listing of intensity scores is contained in Table 
20. 
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Table 20: Intensity score for the evaluation of salt-affected areas 

Intensity 
score Intensity class Description 

5 013 Non-saline wet site 

4 014 Confirmed sub-surface store of salt 

4 055 
Minor gully erosion: salt discharges within gully floor or from banks 
of gully 

4 065 
Moderate gully erosion: salt discharges within gully floor or from 
banks of gully 

4 075 
Severe gully erosion: salt discharges within gully floor or from banks 
of gully 

4 085 
Extreme gully erosion: salt discharges within gully floor or from 
banks of gully 

3 015 
Early phase of dryland salinity outbreak with salt tolerant plant 
species present 

3 115 
Early phase of salinity development caused by irrigation practices 
with salt-tolerant plant species present 

3 215 Soil salinity due to marine influences 

2 025 
Dryland salinity outbreak affected by low to moderate levels of 
sheet erosion 

2 125 
Salinity site caused by irrigation practices and associated with low 
to moderate levels of sheet erosion 

1 045 
Dryland salinity outbreak affected by severe to extreme rates of rill 
and sheet erosion 

1 145 
Salinity site caused by irrigation practices and associated with 
severe to extreme rates of rill and sheet erosion 

1 Mining/Urban Salinity due to mining and/or urban development influences 

Relative extent 

The area percentage of each SMU affected by individual intensity classes was determined by 
intersecting salt outbreak polygons with the SMU polygon and extracting the area data. This was 
then converted to a percentage of the total SMU area. A score from 5 (negligible area affected) to 1 
(extensive area affected) was assigned based on the ranges given in Table 21. These ranges were 
determined through discussion with people with extensive knowledge and experience gained 
from working in the dryland salinity field. 
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Table 21: Area scores for the evaluation of salt-affected areas 

Area 
score 

Range in salt-
affected area (%) Description 

5 0–0.1 Negligible land area salt-affected 

4 0.1–1 Small land area salt-affected 

3 1–3 Significant land area salt-affected 

2 3–5 Large land area salt-affected 

1 5–100 Extensive land area salt-affected 

Salt load/electrical conductivity 

Salt-affected areas have offsite impacts on surface water quality. Through consultation with 
experts, a simple scoring system was determined to characterise salt load and quality (EC) impacts 
on surface water. Scores range from 5 (low salt load and water quality impact) to 1 (severe salt load 
and water quality impact). Table 22 details the scores used. 

Table 22: Salt load/EC scores for the evaluation of salt-affected areas 

Load/EC 
score Load EC Description 

5 L L Low salt load and water quality impact 

4 L M Low to moderate salt load and water quality impact 

4 M L Low to moderate salt load and water quality impact 

3 M M Moderate salt load and water quality impact 

3 H L Moderate salt load and water quality impact 

2 L H High salt load and water quality impact 

2 M H High salt load and water quality impact 

2 H M High salt load and water quality impact 

1 H H Severe salt load and water quality impact 

Salinity condition index 

The salinity condition index scores have been derived by taking the average of the three scores 
previously discussed for each intensity class, those being: 

• intensity score 

• area (relative extent) score 

• salt load/EC score. 

These have been averaged to get the overall salinity condition score for the SMU. The scores used 
are listed in Table 23. 
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Table 23: Overall salinity condition index ratings for evaluation of salt-affected areas 

Salinity condition  
index class Range Description 

5 4.5–5.0 Minimal salinity impact on land and water 

4 3.5–4.5 Low salinity impact on land and water 

3 2.5–3.5 Moderate salinity impact on land and water 

2 1.5–2.5 High salinity impact on land and water 

1 1.0–1.5 Severe salinity impact on land and water 

7.9 ASS 

A five-class ASS condition index was used to compare monitored values against a five-class scale 
where Class 5 is at or exceeds reference (undisturbed) values and Class 1 is where severe 
acidification has occurred (Table 13). At this point, economic treatment is seldom viable. Class 1 
arguably represents soil ecosystem service failure and hence ecosystem collapse. 

Whilst soil acidity, measured by pH, is a useful indicator of ASS condition, it is not sufficient enough 
because potentially environmentally damaging acidity is associated with metal acidity and 
retained acidity is associated with partially oxidised sulfur compounds. 

The ASS condition metric used is ‘Realised Acidification Risk’. This is the:  

 Titratable Actual Acidity (TAA)/Net Acidity (NA) x % sulfur (%SCR) for a sample.  

This metric is integrated over the depth of the profile to provide an overall assessment of a site. It 
measures the acidity that has been generated by oxidation as a proportion of the total acidity in 
the soil and ranks the size of the risk based on the total amount of oxidisable sulfur. To derive the 
Realised Acidification Risk for a site, the value for each sample is multiplied by four at the surface, 
three at 50 cm, two at 100 cm and one at 150 cm and added together to produce a Depth-
weighted Realised Acidification Risk. This reflects the relative importance and accessibility of the 
acid to the environment. In 37 per cent of sites, over 50 per cent and up to 500 per cent of the 
Realised Acidification Risk was found in the 1–10 cm sample. 

An unoxidised sample will have a TAA of zero, therefore its Realised Acidification Risk will also be 
zero. A fully oxidized sample will have a Realised Acidification Risk of one. Similarly undisturbed 
sites have a Depth-weighted Realised Acidification Risk of zero whereas the most highly degraded 
site measured in this study had a value of 115. An average value is 40. A soil condition index (SCI) 
was allocated to each site based on its Depth-weighted Realised Acidification Risk (Table 24). Sites 
can also be ranked by their relative degree of degradation using this method. 
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Table 24: Ranking of ASS class based on depth-weighted realised acidification risk 

Soil 
condition 
index class 

Depth-weighted realised acidification 
risk for a soil profile 

5 <1 

4 1 to 12 

3 12 to 36 

2 36 to 72 

1 >72 

 
ASS can have a high percentage of sulfur (of perhaps three per cent), yet be in very good 
(unoxidised) condition, giving them a soil condition index in Class 5. A similar soil that has been 
drained and oxidised would be severely degraded (SCI Class 1) yet if the percentage of sulfur was 
lower than 0.03 per cent, the soil would be in relatively fair condition (SCI Class 3). 

Reference values were based on values for undisturbed sites sampled during this program, data 
from SALIS and threshold values (0.03 per cent) provided in Stone et al. (1998). 
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8. Quality control and data management 
Careful quality control and data management were recognised as important issues and 
emphasised throughout the program.  

8.1 Quality control 

At a general level, quality control was obtained by providing detailed training to all staff via a series 
of workshops, on-the-job quality control inspections and reporting of ambiguities and issues on a 
fortnightly basis. An experienced soil surveyor was appointed to ensure the quality of field work 
and to check laboratory outputs. 

Quality control and checking were applied to field work, to laboratory work and to data 
management as outlined below.  

Field work quality control and assurance procedures 

In the field, quality control focused on the following aspects of monitoring: 

1. OH&S assessment 

2. Station/site selection and preparation: 

o Application of criteria, reasons for selecting station noted 

o Possibility of using paired sites 

o Initial soil inspection completed 

o Comparison of site with any available soil information  

o Site layout and measurements – 25 m x 25 m square laid out 

o Locating profile close to the south-western corner of the site 

o Suitable soil moisture conditions  

o South-western corner identified correctly and appropriate markers placed 

o Location of permanent fixtures for site location. 

3. Soil profile description:  

o Check data card entries for geomorphic and pedologic accuracy 

o Check all aspects of colour, texture, structure and pH assessments  

o Identification of B horizon for ASC purposes 

o Check ASC and GSG soil classifications. 

4. Samples and sample collection: 

o Sample bags pre-labelled 

o Samples examined from under fence line 

o Soil profile sample (one per layer/horizon)  

o Inclusion of at least six peds >5 mm diameter (if present) 
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o general sampling procedure. 

o Soil structure visual assessments – check assessment of: texture, drop shatter test, porosity 
test, colour test, mottles, surface cracking, evidence of dispersion, cloddiness, crusting, 
surface ponding, bolus formation test, potential rooting depth. 

5. GPS: 

o Correct data (UTM, GDA94) 

o Record stations as waypoint 

o Use of OziExplorer to track site access. 

6. Photographs: 

o Check all necessary photographs taken    

o Appropriate camera GPS and time settings used. 

7. Field data collection form – check completed form – all fields entered correctly. 

8. Equipment – note any equipment issues. 

Laboratory quality control  

All quality control and quality assurance procedures were followed as required by analytical 
methods. Quality control actions included:  

• analysis of a standard soil for one in every 10 samples 

• duplicate soil sample testing for one in every 10 samples 

• the inclusion of two proficiency study samples (from the Australian Soil and Plant Analysis 
Council) per batch of samples. 

Samples were retested if the results fell outside the warning or control limits stipulated in Scientific 
and Technical Operating Procedures, Quality control procedure Document No: 54094.  

Data management quality control  

The following data management procedures were undertaken: 

• Cross-checking of all formulas in all spreadsheets by logic and cell references 

• Simple data arrays were run against outputs 

• Cross-checking of totals and averages by SOE staff 

• Review of all outputs for perverse results and analysis for systemic errors in formulas and Excel 
look-up tables. 

All monitoring condition index values were checked for perverse outcomes by local experts and by 
theme experts. Checking included assessments against literature values and checking against 
SALIS data for soils within the same SMU. Where values were adjusted, notes were taken for further 
investigation. In some instances adjustments were made to threshold values or benchmark soil 
types. 
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8.2 Data management 

 Reference data and metadata 

Reference data relates to standards for recording data. Key reference data sources include the Soil 
and Land Information System Handbook (Milford et al. 2001), the Australian Soil and Land Survey 
Field Handbook (NCST 2009), the Australian Soil and Land Survey Laboratory Handbook of soil and 
water chemical testing methods (Rayment & Higginson 1992) and Soil Survey Test Methods (see 
www.environment.nsw.gov.au/soils/testmethods.htm). A glossary of terms used in soil condition 
monitoring can be found at the end of this report.  

A state-wide map for overall soil condition is published in the SOE Report 2009 (DECCW 2009). 
Metadata records have been prepared and provided to OEH Information Sciences.  

Location and safekeeping of datasets 

Table 25 provides details on the location of the various datasets relating to the soil condition and 
also the LMwC monitoring programs. Back-ups of all key datasets are to be maintained by the 
Spatial Systems Unit. 

Evaluation databases, spreadsheets and their explanatory documentation are kept on N:drive at 
Parramatta. There are spare copies with the Manager, Soil Science Unit at Wagga Wagga and the 
Manager, Spatial Systems Unit at Hurstville. 

All working materials are contained on the N: drive at Parramatta: 
N:\DNR_Parramatta_Share\SOILSDB\PROJECTS\MER Monitoring and Evaluation of Soil. 
Arrangements are being made to ensure the data is secure and accessible over the long-term. 

Table 25: List of datasets, their locations and custodians 

Dataset Data location Current custodian 

Soil profiles SALIS Natural Resources 
Information Unit 

Soil monitoring 
units 

OEH Geodatabase 

Q:\workareas\waggarc\gis_support\sgrant\Soil_Str
atification\GIS-
data\Stratification_data\NSW_Soil_only.mdb\Geog
raphics_GDA94_srid5\strat_NSW_final 

Soil Science Unit 

Land management 
data 

Access and Land Management Database 

OEH Geodatabase 

Natural Resources 
Information Unit 

Land and soil 
capability 

Access Based Data Utility for Land and soil 
capability (ABDUL) 

OEH Geodatabase 

Natural Resources 
Information Unit 

Gully erosion OEH Geodatabase – Inverell Server 

P:\INVEGIS\Gully MER Project 

Remote Sensing and 
Land Assessment 
Unit 

Site photographs SALIS Natural Resources 
Information Unit 

http://www.environment.nsw.gov.au/soils/testmethods.htm�
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Visual soil 
assessment 

SALIS Natural Resources 
Information Unit 

Wind erosion 
surface (CEMSYS) 

OEH Geodatabase and Rasta files on 
N:\DNR_Dust_Group\CEMSYS\GIS_Output\NSW060
7_10k_grids (Hurstville server) 

Landscape 
Modelling and 
Decision Support 
Unit 

Sheet erosion risk Raster files 

N:\DNR_Parramatta_Share\SOILSDB\GISDATA\Erosi
on 

Landscape 
Modelling and 
Decision Support 
Unit 

Salinity outbreaks OEH Geodatabase 
N:\SSD_Division_Share\Soils\MER 

Land Assessment 
Unit 

ASS site 
observations 

Kempsey Server Soil Science Unit 

Land-use data OEH Geodatabase Land Assessment 
Unit 

Rainfall erosivity Raster file 

N:\DNR_Parramatta_Share\SOILSDB\GISDATA\Erosi
on 

Landscape 
Modelling and 
Decision Support 
Unit 

Lab data SALIS Natural Resources 
Information Unit 

Lab data from 
SoilWatch 

SALIS Natural Resources 
Information Unit 

 
Data reporting units and confidentiality 

Individual site results and landholder details are confidential. This is because it is important to: 

• maintain good relationships with landholders to help with site revisits 

• ensure sites do not receive any undue attention for example by neighbours or natural resource 
managers. Special treatment of the sites may lead to results having further positive bias and 
the results not being representative. 

The finest spatial reporting grain is by collective results from a land-use within an SMU. 

Steps involved in data processing 

For soil acidity, carbon and structure, files were extracted from field databases, laboratory data and 
from SALIS. The files were combined using a macro into a single database table. The table was in 
turn entered into a spreadsheet which rated the individual sites against benchmarks, obtained 
condition index scores for SMUs, for catchments and for the state, constructed pie charts, allocated 
colour classes to index scores and produced final output reports. 

For sheet erosion soil loss, values were determined for each site and allocated soil condition 
classes. Class scores were then amalgamated into indices for SMUs, catchments and NSW using a 
reporting spreadsheet. For gully erosion, all sites were allocated a soil condition rating. The site 
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ratings were amalgamated into respective SMUs in ArcGIS. For wind erosion, CEMSYS outputs were 
rated according to the percentage of area of each SMU which exceeded the dust erosion threshold. 

Where results were not available, assessments were based on expert knowledge. For these SMUs, 
expert knowledge is provided as the only data source. Soil testing remains to be completed. Data 
management and data guidance documents are in preparation. 

Future data management and evaluation 

Arrangements have been made in the data evaluation spreadsheet to compare differences and 
determine trends.  

Further work is required to design output products which not only provide condition ratings, but 
also assess the magnitude of changes as well as provide useful reporting of trends and forecast 
future conditions on the basis of continuing trends.  
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9. Results 
As of May 2009, 850 monitoring quadrat sites had been established across the state for the soil 
condition monitoring program, of which 730 sites have been laboratory tested for at least one cell. 
An additional 129 gully erosion monitoring sites had also been established. Figure 13 shows the 
location of the monitoring quadrats and the gully erosion sites.  

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Soil condition monitoring sites 

Quadrats (blue triangles) and gully erosion sites (darker blue squares) as of late May 2009. Namoi, Lachlan, 
Lower Murray Darling to be completed. Coloured areas indicate soil monitoring units that are shown in 
Figure 3. 

Results from the program were prepared for each of the 13 CMA regions. These were reported in 
the SOC 2010 report (DECCW 2010b) 
(www.environment.nsw.gov.au/soc/stateofthecatchmentsreport.htm), which are described in 
Section 9.1 below but are not presented in this document. Results were also prepared for the state 
as a whole, and are reported in the NSW SOE report 2009. An overview of the report has been given 
in Section 9.2 below. 

Note that results relating to human activities that impact on soil condition are dealt with in the SOC 
LMwC theme report (Gray et al. 2011). This is a consequence of the separation of the soil condition 
and land management issues into separate monitoring themes by the NSW NRC (2005).  

9.1 Soil condition by CMA region 

For each CMA region, results on soil condition were derived for each SMU and for each of the eight 
soil condition indicators over the whole CMA. An example of the key result pages are shown in 
Figure 14 and Figure 15, and are described below. A map showing the location of each SMU within 
the region and the key results was also included in the reports. 

http://www.environment.nsw.gov.au/soc/stateofthecatchmentsreport.htm�
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Results by SMU 

Figure 14 is an example of a summary soil condition result page for a hypothetical CMA region. It 
presents the key aspects of the results for each SMU within the region, as described below. 

SMU name and details – includes the major soil types present and the land-uses actually 
monitored (normally corresponds to the dominant land-use). 

Soil Monitoring Unit Name.         
Soil types and monitored land use

Range 
of 

Indices

Data 
sources & 
confidence

Munsell Floodplains

1
Brow n Dermosols. Improved 
pastures & cropping 3.9

 Acidity, 
Organic 

Carbon, Soil 
3.0 B & S,       

High

Northcote Plateau

2
Red Ferrosols. Improved pasture & 
cropping 3.6

 Acidity, 
Organic 
Carbon

2.0 B & S,       
High

Stace Plateau

3
Red Ferrosols. Improved pasture, 
cropping & horticulture 3.4

 Acidity, 
Organic 
Carbon

2.0 B & S,       
High

Isbell Alluvials

4
Black Vertosols. Pasture & cropping

3.5  Acidity 2.0 B & S,       
High

Marshall Metasediments

5
Yellow  Kurosols. Improved & 
unimproved pasture 3.4  Organic 

Carbon 2.0 B & S,       
Medium

Holmes Basin

6
Natric Grey and Brow n Kurosols. 
Forestry & pasture 2.9

 Sheet erosion, 
Gully erosion, 
Soil structure

2.0 B & S,       
Medium

Patton Low Hills

7
Rudosols and Red Chromosols. 
Forestry, national park & pasture 4.4  Gully erosion 2.5 B & S,       

Medium

Hubble Hills

8
Brow n Kurosols and Brow n 
Kandosols. Pasture 3.1 3.0 B & S,       

Low

McKenzie Ranges

9
Red and Yellow  Chromosols. 
Improved & unimproved pasture & 
forestry

4.0  Sheet erosion, 
Acidity 3.0 B & S,       

Medium

Butler Estuary

10
Brow n and Grey Hydrosols. Grazing, 
forestry & sugar cane 3.7  Acidity 1.0 B & S,       

Low

Average 
Soil 

Condition 
Index

Soil 
Monitoring 

Unit 

Lowest scoring           
soil condition             

indicators & index

Sheet erosion, 
Gully erosion, 
Wind erosion, 

Acidity, 
Organic 
Carbon,  

Expected 
trend in soil 

condition

 

Figure 14:  Typical soil condition results by SMU  
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Soil condition index – gives the overall index derived by considering all soil condition indicators 
over all sites within the SMU. Definitions of each grade are as provided in Table 13 and at the base 
of the summary page. The colour of each index box represents the condition index class, in 
addition to the precise value. It is stressed that soil condition index relates to the ability of the soil 
to provide ecosystem services and is rated on a continuum where Class 5 is at or better than 
natural or pre-European condition and Class 1 is not able to provide ecosystem services. 
Implications of rates of change since European settlement for many of the indicators are 
problematic. This is because many changes may have been historic. However, sites which are not in 
very good condition must have been subject to land degradation over the last two centuries. Soil 
condition does not rate the soil for any particular type of land-use. Changes in land-use may have 
occurred and the current land-use may not have contributed to the soil condition rating. 

Range of indices – for NRM purposes it is important to note that each index is composed of a 
range of scores. For example, a high index score may mask a number of problem scores, being 
based on some very good ratings and some very poor ratings. The variability of soil condition 
indices between different sites and indicators within each SMU is displayed by a small pie chart. For 
example, for SMU 1 in Figure 14 the average overall index is 3.9 (fair), but the pie chart shows there 
is a range of values from the different indicators with 15 per cent falling in the poor range and 40 
per cent falling in the very good range. 

Trend in soil condition – this identifies whether overall soil condition in each SMU is improving, 
remaining steady or declining. As condition focuses on comparison in the natural state, scores of 
less than five indicate a (post-European settlement) decline in soil condition. While it is more useful 
to focus on trend in soil condition over the last five years, the baseline has only been recently 
scientifically established so it is not possible to compare with previous data. However it is well 
established that many land management actions impact on soil condition (eg Charman & Murphy 
2007; Russell & Isbell 1983) and this relationship is used as a surrogate to indicate current expected 
trend in condition.   

Information from the SOC report on LMwC (Gray et al. 2011) has been used to predict the future 
trend in soil condition over the next five years. The method assumes there are no dramatic changes 
in land management techniques until the next reporting period. The trend is indicated as 
described in Table 26. 

Table 26: Trend categories for soil condition 

Trend 
indicator 

Category description 

↑ Very good to good – soil condition is improving. Land is managed at or better 
than capability and soil condition is expected to improve over the next five years. 
The LMwC Index will be greater than 3.6 

↔ Fair – soil condition remains steady. Land is managed close to capability – soil 
condition is expected to remain steady. The LMwC index will be between 3.5 and 
2.6 

↓ Poor to very poor – soil condition is declining. Land management is poor or very 
poor and not within capability, with an LMwC index of 2.5 or less 
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Lowest scoring soil condition indicators and index – gives the lowest ranked soil condition 
indicator or indicators, ie the indicators of most concern in each SMU. The associated index is also 
given. 

Data source – identifies the primary sources of data used in the derivation of the results. The codes 
used are defined in Table 27.  

Table 27: Data source code and implications 

Data source 
code 

Data source Implications 

B Baseline: obtained from data 
collected from soil condition 
monitoring 

Data are reliable, representative of SMU and 
land-use and can be used to measure 
change  

S NSW SALIS Data are reliable, but representativeness 
and exact means of sampling are unknown. 
Data density is variable  

K Expert knowledge: based on 
published and unpublished 
datasets as well as field experience 
with soils in the SMU 

The quality of expert knowledge can vary 
from extremely good to subjective 
impression. Expert knowledge is an 
excellent means of verifying baseline and 
SALIS data 

M Modelled: derived from process 
models  

Modelled data depends on the quality of 
the input data and the degree to which the 
model can accurately predict outputs 

 
Data confidence – three levels of confidence in the data are identified in Table 28. 

Table 28: Data confidence levels 

Data 
confidence 
level 

Description 

High Derived from representative sites in the baseline study, compared with data from 
SALIS and evaluated using expert knowledge 

Medium Derived from incomplete baseline and/or SALIS and has been evaluated using 
expert knowledge 

Low Derived from modelling or expert knowledge  

 
Issues considered in assigning data confidence categories included compliance with NSW Soil 
Condition Monitoring Protocols across indicator sampling methods, site selection and analysis. 
Other considerations were data age (during baseline establishment or earlier) and replication 
(number of sites per SMU/land-use combination). 

Data confidence is a relative ranking. High data confidence is not necessarily the highest level of 
data confidence that is possible. It is essential to separate data confidence concerning condition 
over a geographic entity compared to the ability to track changes in condition over time. For 
example, five sites sampled according to land-use within an extensive SMU does not provide ideal 
data confidence of soil condition across the entire SMU. 
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Soil condition by indicator 

An example of the summary result page that was prepared for each of the eight soil condition 
indicators across the entire catchment is given in Figure 15.   

Soil Condition Indicator

Range 
of 

indices

SMUs 
with poor 

or very 
poor 

condition

Data 
sources & 
confidence

3.3  6 B & K        
Low

3.7  6, 7 B & K        
High

4.5 - B & K        
Medium

2.8  2, 3, 4, 10 B & K        
Medium

3.0  2, 3, 5 B & K        
Medium

3.4  6 B & K        
Medium

2.6 - B & M        
Medium

4.4 - B & K        
Low

3.5

3.6

Erosion - Wind

Acidity

Water erosion of topsoil and subsoil by concentrated overland 
f low s. Reduces land management options and reduces terrestrial 
and aquatic ecosystem function and productivity.

Build up of salt in the soil or on the ground surface. Potential to 
cause profound terrestrial and aquatic ecosystem damage 
including massive erosion.

Soil Salinity

Organic Carbon

Wind erosion of topsoil and subsoil by the actions of w ind. 
Reduces land management options & reduces terrestrial and 
aquatic ecosystem function and productivity.

Soil pH is a major indicator of soil chemical health. Declines 
w ithout adaptive management practices such as addition of 
suff icient lime. Associated w ith erosion, structure & carbon 

Architectural arrangement of soil particles and voids. Governs 
soil w ater and gas exchange. Prime determinant of soil physical 
health.

Low -lying coastal soils formed in marine environments. Exposure 
and drainage may result in production of sulfuric acid into w ater 
bodies and profound ecosystem damage.

Soil Condition Index for 
Hypothetical CMA Region

State Soil Condition Index

Coastal Acid Sulfate Soils

Prime biological determinant of soil health. Sensitive to land 
management practices including those that sequester carbon by 
plants from the atmosphere.

Soil Structure

Expected 
trend in soil 

condition

Water erosion, predominantly rain splash and non-concentrated 
f low s. Erodes topsoil and reduces terrestrial and aquatic 
ecosystem function and productivity.

Erosion - Sheet

Erosion - Gully

Soil 
condition 
indicator 

index

  

 
Figure 15: Typical soil condition results by indicator  
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The data in the indicator summary page are described below: 

Soil condition indicator – lists the eight indicators with a brief description. 

Soil condition indicator index – gives the overall index for the indicator derived by averaging the 
relevant results for all SMUs over the CMA region. Definitions of each grade are as provided at the 
base of the summary page. The colour of each index box also represents the index class (see Table 
29). 

Table 29: Soil condition indicator index  

4.6–5.0 Very low Process does not impact soil function 
significantly 

3.6–4.5 Low Process slightly impacts soil function 

2.6–3.5 Moderate Process moderately impacts soil function 

1.6–2.5 High Process considerably disrupts soil function 

<1.5 Very high Process profoundly disrupts soil function 

 

Range of indices – the variability of indices for each indicator throughout the CMA region is 
displayed by a small pie chart, as described in Section 9.1.1 above.  

Expected trend in soil condition – this identifies whether each indicator throughout the CMA is 
improving, remaining steady or declining. The codes and definitions are as described in Section 
9.1.1 above. Data are derived from the LMwC monitoring results. 

SMUs with poor or very poor soil condition – lists the SMUs that have a soil condition indicator 
indices of 2.5 or less, that will significantly or profoundly impact on soil function in that SMU. For 
example, in Figure 15, soil condition is poor for acidity in SMU 10 (Butler Estuary). 

Data source and confidence – this identifies the primary sources of data used in the derivation of 
the results and the resulting confidence of data reliability, as described in Section 9.1.1. 

9.2 State-wide results 

The results from individual SMUs and CMAs were further amalgamated to the state level to gain a 
broader picture of the condition of soils across the state and to identify particular areas and issues 
of concern. A summary of results is presented here, with further detail to be provided in the NSW 
SOE report 2009.  

The number of SMUs in each CMA that gained a poor or very poor soil condition index (< 2.5) for 
each indicator identifies the main issues of concern in each CMA region (Table 30).  
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Table 30: Number of SMUs in each CMA with poor soil condition index 

CMA region 
Sheet 
erosion 

Gully 
erosion 

Wind 
erosion Acidity 

Organic 
carbon 

Soil 
structure ASS 

Soil 
salinity 

Border Rivers–
Gwydir 

2 0 0 0 0 4 n/a 0 

Central West 1 1 0 1 0 1 n/a 2 

Hunter–Central 
Rivers 

4 0 0 0 2 0 0 4 

Hawkesbury–
Nepean 

1 0 0 2 6 0 n/a 2 

Lachlan 1 1 0 3 5 4 n/a 2 

Lower Murray 
Darling 

0 0 1 0 2 0 n/a 1 

Murrumbidgee 1 0 0 3 0 1 n/a 3 

Murray 1 0 1 5 5 4 n/a 1 

Namoi  4 0 1 0 0 1 n/a 1 

Northern Rivers 1 2 0 1 1 1 1 0 

Sydney 
Metropolitan 1 0 0 0 1 0 0 1 

Southern Rivers 3 1 0 0 4 0 n/a 1 

Western 0 1 4 0 3 0 n/a 0 

State total 20 6 7 15 29 16 1 18 
Poor soil condition for each indicator defined by index (< 2.5) 

 

The indices for the eight soil condition indicators on a state-wide basis, together with the overall 
state index are given in Table 31 below. These are the results against which future changes may be 
compared. 

Table 31: Soil condition indices for each indicator in NSW 

Sheet 
erosion 

Gully 
erosion 

Wind 
erosion Acidity 

Organic 
carbon 

Soil 
structure ASS 

Soil 
salinity 

STATE 
INDEX 

3.6 4.2 4.3 3.7 3.2 3.3 3.3 3.6 3.7 

 
An additional summary of data is presented in Table 32, which reveals the range of indices 
determined for each indicator. Table 5 above also provides further insight into land management 
across the state.  
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Table 32: Percentage of indicator# in each soil condition index class 

Condition index class 
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4.6–5.0 Very good 32 39 66 19 7 2 25 15 1 0 

3.6–4.5 Good 15 39 13 40 21 35 0 49 63 2 

2.6–3.5 Fair 37 16 15 28 48 49 50 21 36 39 

1.6–2.5 Poor 15 6 5 12 23 13 25 15 0 56 

<1.5 Very poor 1 0 1 0 0 1 0 0 0 2 
# % of all SMUs 

 
From the results in Tables 30, 31 and 32, it is evident that on a state-wide basis, soils in NSW are in a 
fair condition. It is stressed that the indices are averages and that soil condition can vary 
considerably between individual sites, however, it should be noted that 58 per cent of SMUs have a 
soil condition indicator which is either poor or very poor. On average, there has been a noticeable 
and moderately significant decline in the condition of NSW soils relative to their ‘reference 
condition’ at the time of European settlement. There has been a moderate loss of soil function for 
ecosystem services and agricultural productivity. The overall index for soil condition across the 
state is 3.7 indicating overall good soil condition. Most indicators are also in good condition with 
only organic carbon, soil structure and ASS in the fair class. It is emphasised that soil condition is 
not the same as the ability to sustain current land-uses. 

Some parts of the state and some particular soil condition indicators are in a poorer condition, and 
have a significant loss of soil function. These specific areas and indicators are in a poor or very poor 
condition, with a significant or profound loss of soil function and a substantial deterioration against 
the natural reference condition. 

The results suggest that on a state-wide basis, low organic carbon is the dominant issue of concern, 
with soil structure, sheet erosion, salinity and soil acidity also being of significant concern. ASS are 
of significant concern in some coastal areas. 

A brief summary of the each of the soil condition indicators across NSW as revealed by the MER 
project is given below, in order of greatest to least concern: 

• Organic carbon – this is assessed as being the most serious issue of concern across the state. Its 
overall current condition is fair with an index of 3.2, with a wide range in indices from (2.0) poor 
to good (4.0). 29 of the 124 SMUs (23 per cent) have indices at or below 2.5 (poor). It is a 
significant issue of concern (ie has a poor index in three or more SMUs) in five of the 13 CMA 
regions. 

• Soil structure – this is assessed as being the second most serious issue of concern across the 
state. Its overall current condition is fair with an index of 3.3, with a range in indices for 
individual SMUs generally between 2.0 (poor) and 4.0 (good). Fourteen per cent of SMUs have 
indices at or below 2.5 (poor). It is a significant issue of concern in three of the 13 CMA regions, 
but is a concern in at least one SMU in seven CMA regions. It is a particular issue in areas with 
sodic surface soils. 
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• Sheet erosion – this is the next most widespread issue of concern across the state. Its overall 
current condition is fair with an index of 3.6, with a range in indices for individual SMUs 
generally between 2.0 (poor) and 5.0 (very good). Sixteen per cent of SMUs have indices at or 
below 2.5 (poor). It is a significant issue of concern in three of the 13 CMA regions.  

• Salinity – this is a concern in many areas across the state. It has an overall soil condition index of 
3.6, meaning it just falls into the good condition class, although individual SMUs range 
between 1.5 (very poor) and 5.0 (very good). Fifteen per cent of SMUs have indices at or below 
2.5 (poor). It is a significant issue of concern in two of the 13 CMA regions, but is a concern in at 
least one SMU in ten CMA regions. 

• Acidity – this is a moderate issue of concern. Its overall current condition is fair with an index of 
3.7, with a range in indices for individual SMUs generally between 2.0 (poor) and 5.0 (very 
good). Twelve per cent of SMUs have indices at or below 2.5 (poor). It is a significant issue of 
concern in three of the 13 CMA regions.  

• ASS – these potentially hazardous soils are in an overall fair condition in NSW, but in some 
locations they are in poor condition. The overall state index is 3.3, the lowest of all indicators, 
with values for individual SMUs ranging from 2.0 (poor) to 5.0 (very good).  

• Wind erosion – this is a concern in the western parts of the state. It has an overall state-wide soil 
condition index of 4.3, meaning it falls into the good condition class; however, indices for the 
western CMA region are only 2.8 (fair), with individual SMUs ranging down to 1.0 (very poor). It 
is a significant issue of concern in at least one SMU in four of the western-most CMA regions. 

• Gully erosion – this is a concern in several areas across the state. It has an overall soil condition 
index of 4.2, meaning it is in overall good condition, although it generally ranges between 3.0 
(fair) and 5.0 (very good). Six per cent of SMUs have indices at or below 2.5 (poor). It is not a 
significant issue of concern in any of the 13 CMA regions, but is a concern in at least one SMU in 
five CMA regions. 

Based on trends determined from the degree to which the land management (ie actions 
undertaken during the course of land-use) is within capability, it appears that current pressures on 
soil condition across the state as a whole are generally slightly rising. This means that overall soil 
condition is expected to further decline. However, the situation varies between different soil 
condition indicators, between sites and across different CMA regions. The pressures on organic 
carbon and soil structure appear to be noticeably increasing across most CMA regions, suggesting 
the condition of these indicators will decline with time. The pressures on sheet erosion, gully 
erosion, wind erosion, acidity salinity and ASS also appear to be slightly increasing or remaining 
steady over most CMA regions, suggesting a trend of slight decline or maintenance of condition for 
these indicators. 
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10. Discussion 
The results derived from this soil condition monitoring program and the information provided in 
SOC reports and the SOE report 2009 are the best available to date in relation to the important soils 
and land-uses that have been selected. There are however, several issues with the current dataset 
and evaluation process for this theme that need to be considered when drawing conclusions from 
the results. 

Results presented in this report are based on data available in May 2009. At that time 850 
monitoring sites had been sampled. Of these, laboratory testing has been done on samples from 
730 sites, with at least one of the 10 core samples from each site having been analysed. Additional 
monitoring sites need to be completed in most CMA regions, particularly the Lower Murray 
Darling, Lachlan and Murray CMAs.  

The limited number of sites within each SMU restricts the ability to represent all potential variations 
due to land-use and management history that would be desirable. The sites were collected over 
priority areas of each catchment where monitoring is most required, but they do not cover all 
landscapes or all land-uses within a catchment. There may be known locations within a CMA region 
where there are soil related issues that are not being monitored.  

There may be some bias of monitoring sites within the selected SMUs towards better-than-average 
soil condition. The landholders who agreed to participate in the monitoring project may be more 
progressive in caring for their soils and adopting sustainable land management practices than 
average landholders in their area. They have generally had previous collaboration with local CMAs, 
suggesting a degree of commitment in caring for their land. This concern is reinforced by the broad 
tendency for local experts to report poorer soil condition and land management practices across 
an SMU than is revealed by the results. An alternative approach would be to select landholders and 
sites at random, but the associated problems in gaining access effectively prevented use of this 
approach. 

Offsetting this possible bias toward sampling better land management within SMUs is that the 
SMUs chosen generally represent areas that have higher land-use pressures that may have resulted 
in lower average soil condition. Other SMUs that have not been sampled because they are not of 
concern may have higher average soil condition. These issues are relevant to reporting the present 
soil condition relative to the pre-European settlement reference condition. 

Nevertheless, despite any sampling biases that may have occurred in the baseline study it will not 
impact on the ability to use these sites for future comparisons. The principal objective of this 
project was to establish a baseline of data against which future change in soil condition can be 
monitored. This has been achieved and all sites can be used for assessing future changes without 
any sampling bias. The problem only arises when comparing results with the present reference 
condition of pre-European settlement.  

The use of expert knowledge where inadequate quantitative data were available has enhanced the 
quality of reported condition results but cannot be used for future comparisons. These data have 
been separated from quantitative data and have been ascribed a low confidence level. As further 
quantitative data are acquired, the reliance on expert knowledge will be reduced. There are 
potential limitations in relation to the assessment of the various individual indicators as outlined 
below. 
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Wind erosion 

The DustWatch program does not measure erosion at its source, but rather the dust that is in 
transport. In many cases this is dust that is many kilometres from its original source. The spatial 
distribution of the DustWatch Node stations is far less than the number required to adequately 
monitor the priority SMUs in each CMA. Despite this, the DustWatch data are the most 
comprehensive state-wide objective data available. A full description of DustWatch can be found in 
Leys et al. (2008). 

Salinity 

• Some regions have been mapped by physically visiting the salt sites, while others have been 
mapped by API only. 

• The quality of the mapping varies, depending on the experience of the person carrying out the 
mapping. 

• Mapping has been carried out over different times in different areas making the dataset 
susceptible to the different seasonal and climatic effects. 

• Not all areas of NSW have undergone any salinity outbreak mapping. 

There is ongoing work within OEH to clean and update the salinity datasets and to combine the 
data into a single state-wide dataset. 

ASS 

• Unlike simple indicators such as per cent carbon or pH, ASS is a soil type that has complex and 
rapid chemical interactions with the environment that are difficult to quantify into a single 
metric. Therefore many of the measurements taken could not be used to develop a soil 
condition index, despite being useful indicators of ASS condition. 

• Poor wet season access to swamps may restrict re-sampling.  

• Possible diagnostic minerals have not been used as indicators due to the cost of analysis. 

• Fewer monitoring sites were established than planned and none were established on the 
South Coast.  

10.1 Statistical reliability 

The results at the SMU level provide average (mean) condition scores as well as a standard 
deviation from the mean. The results are a summary of the best information available and provide 
an indication of current soil conditions, which are sufficient for target setting at SMU level. 
However, given the expected pace of soil condition changes it is expected that the current baseline 
will not be sufficient to statistically detect change at high levels of confidence at the SMU level. 
Nevertheless, at the state level, with judicious grouping of sites by major 
soil/geology/climate/land-use combinations, it is expected that there are sufficient sites to 
statistically detect changes with valid confidence. 

Work by Wilson et al. (in press) suggests that the sampling method adopted in the program, 
involving 10 replicates within a 625 m2 quadrat, provides an accuracy within 15 per cent of the true 
mean 90 per cent of the time, at least for pH, carbon and bulk density. This is considered sufficient 
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accuracy to determine change thresholds of 0.2 per cent carbon and 0.2 of a pH unit at more than 
90 per cent of sites. Whilst the focus of that study was on basalt derived soils in the New England 
Tablelands, similar results have been obtained for soils derived from granites and metasediments. 
The studies also show that the same sampling method has similar change detection resolution 
across most intensive land-uses, with the exception of forested reference sites. In general, this 
means that there is a high level of confidence in the ability to detect future changes on targeted 
land-uses.  

10.2 Application to NRM decision-making 

The NSW Natural Resources Monitoring, Evaluation and Reporting Strategy (Natural Resources and 
Environment CEO Cluster Group 2006) emphasises the use of monitoring data for natural resource 
decision-making. The design of NRM programs and specific targets should consider the summary 
information presented in the SOC and SOE reports, together with more detailed information 
products that are planned from this monitoring program. These products may be augmented by 
consultation with technical specialists in soil condition from OEH, Department of Primary Industries 
and CMAs.  

Consideration of the following issues may assist with the use of soil monitoring information for 
natural resource decision-making.  

Monitoring within spatial and predictive contexts 

Monitoring data used on its own can only be used to provide information on status and trends at 
the particular sites where the data originated. Broader land resource assessments (eg soil maps and 
land-use maps) are required in conjunction with monitoring site results using models or less 
preferably, extrapolation assumptions to assess the spatial extent of condition. Output maps are 
generalised and are also dependent on sites being representative of the monitored soil types and 
land-uses. In many instances, the soil types and land-uses may only represent a portion of the land 
area shown within the maps. 

Similarly, process models are required to assess future trajectories from monitoring data. McKenzie 
et al. (2002) outline the merits of integrating modelling, mapping and monitoring. When paired 
site monitoring data, spatial extent information and process modelling is combined and carefully 
evaluated, it is possible to predict the impacts or vulnerabilities of individual indicators. For 
instance, whilst an indicator may be declining at several sites, modelling will be able to predict the 
most likely rate of future decline and the extent of the area impacted. At present, models are 
available for most indicators. 

Monitoring in a risk management context  

Risk assessment is based on the chance of something happening that will have an impact upon 
objectives. It is measured in terms of consequences and likelihood (Australian & New Zealand 
Standards 1999). The risk management framework makes it possible to assess and compare the 
relative consequences and impacts of disparate entities. This will be required to compare the likely 
vulnerability of unrelated indicators. For example, is it more important to protect an endangered 
species or to control organic carbon decline? 
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The concept of residual risk is particularly useful when planning intervention strategies. Confidence 
of the effectiveness, duration and likelihood of success of particular actions can be compared when 
placed in a residual risk framework. 

The cumulative impacts of scenarios can be assessed within a risk management framework. The 
condition of one indicator can often impact on other indicators and in turn influence more 
indicators. Cause and effect of indicators within spatial contexts can be predicted, ie soil erosion 
impacts water quality and hence estuary eutrophication, vulnerability to weeds and rural 
economics. If each likely cascaded scenario is rated for its cumulative risk, it is possible to rank and 
cost the scenarios. Those with a higher benefit: cost ratio would then be matched against budgets 
and planned in more detail for implementation.  
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11. Ongoing activity 
Considerable work still needs to be undertaken to complete the current baseline study of the soil 
condition monitoring program and to effectively progress the program into the future. The key 
target of the monitoring program, as set by the Natural Resources Commission (NRC 2005) is:  

By 2015, there will be an improvement in soil condition. 

In order to test whether this target is being met, an ongoing program of monitoring will be 
necessary. This section provides an overview of requirements and proposed activities at the broad 
level and for each individual indicator. 

11.1 Broad requirements 

Further sampling  

The continued establishment of monitoring sites is required in currently under-represented parts 
of the state. The aim was to establish up to 100 sites (ie 10 sites in each of 10 SMUs) in each CMA. 
There were two exceptions to this rule.  

• Exception one: in SMUs with only one land-use, only six sites were required ie five sites for the 
main land-use and if possible, a sample of a reference site.  

• Exception two: due to the relative small area, the Sydney Metropolitan CMA had only four 
SMUs with 40 sites.  

Taking the above into account, it is estimated that approximately 200 extra sites are required. 
When this target is achieved it is expected that sufficient information will be available to provide a 
reasonable indication of soil condition across a broad range of land-use and soil type combinations 
across NSW.  Sampling of SMUs throughout the southern and western parts of the state will 
therefore remain a high priority.   

Analysis of the results of the SOC report 2008 baseline will provide an indication of variability 
within land-use and SMU combinations. This will, in turn, provide sufficient information for 
statistical power analysis for an indication of the number of monitoring sites required to accurately 
detect soil condition change. 

Laboratory testing 

Soil samples collected from the monitoring program have been subjected to a broad range of 
laboratory analysis providing data on the key indicators of soil condition. Soils analysis to date 
includes bulk density, pH (CaCl2), EC, LECO carbon, aggregate stability, ASS and sodicity. 

Soil samples have been archived in order that additional analysis might be undertaken in the 
future. A key opportunity for further analysis exists in the area of carbon analysis and modelling. 
Key to current soil carbon models is the need for carbon fractionation to determine the quantities 
of labile, stable and recalcitrant carbon across soil types and land-uses.  

This analysis can be undertaken by wet chemistry analysis or, more recently, using MIR 
spectrometry techniques. NSW OEH has the capacity to undertake both approaches and work is 
already underway with CSIRO to complete analysis of this type of 1000 or more samples to 
populate and calibrate the National Carbon Accounting Toolbox (NCAT). Application of carbon 
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modelling and the NCAT to NSW data will greatly assist our assessment of carbon storage across 
the state and options to address greenhouse gas emissions and soil carbon trading. 

Prediction and scenario modelling 

Soil condition modelling results are perhaps best used when soil condition, climate and land 
management data can be input to models for prediction and scenario production. 

It is possible to produce quantitative forward estimates of condition for sheet erosion, soil acidity 
and soil carbon using existing models. Qualitative predictions can be made using the same data to 
assess trends in soil condition for gully erosion, wind erosion, soil structure, salinity and ASS using 
the methodology developed in the SOC land management within capability theme (see Gray et al. 
2011.  

It is also possible to arrange a system where users can choose a particular normalising or weighting 
system, or they can make their own. Some suggestions to date are: 

• risk weighting (weighting based on likelihood and consequence of decline) 

• triage weighting (weighting based on capacity and opportunity cost to rectify) 

• across state/CMA/SMU/postcode/local government area (LGA) etc normalisation to enable 
comparisons 

• offsite impact weighting (public damage weighting). 

Indicator gaps 

This monitoring project did not include inland ASS. In 2008 these emerged as a major threat to the 
water quality in the Murray–Darling River system. It is possible that methodologies applied for ASS 
monitoring in Coastal NSW may in part be adapted to suit inland ASS monitoring. 

Some potential indicators such as soil nutrient status and soil alienation (removal of ecosystem 
services through pollution, scalping, burial, covering with paved surfaces) were not included but 
can be analysed from existing data and soil samples collected during this monitoring program.  

Other soil biological condition indicators apart from soil carbon were considered but not chosen 
for monitoring primarily due to the measurement techniques, conceptual models and links to land 
management actions being mostly new and unproven. In addition, timeframes for biological 
activity fluctuations are relatively short (eg entire cycles of activity within six weeks of rain), making 
re-sampling sites impractical. 

Salinity outbreak mapping data are lacking for the Western, Lower Murray Darling and Sydney 
Metropolitan CMA regions, and is incomplete in all other CMA areas. Until coverage of salinity 
outbreak mapping increases, the project will be reliant on local knowledge and expert opinion. 

Future analysis 

Much analysis remains to be completed. Further identification and investigation of perverse results 
will be an important initial step. Relationships of indicators with land-use, with other indicators and 
with land management assessments need to be established. Exploratory data mining to assess 
patterns of soil condition by geology, soil type, climate, land-use and land management practices is 
also required. The extent and quality of the data provides scope for many future research projects. 
Future analysis will, unless otherwise indicated, focus on change in condition and trend in 
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condition at monitoring sites. This means that change and trend indices will need to be trialled and 
further developed. 

Site revisits 

Analysis of the data and review of the completeness and quality of data from each site will help to 
determine which sites are to be revisited. Depending on budgets, staff resources and indicators of 
most interest, it is likely that a subset of sites will be selected for revisits. 

Preparations for future data collection 

Soil and land management measurement teams would be expected to revisit sites on a five-yearly 
basis, with up to 20 per cent of NSW being updated each year. Semi-automated reporting systems 
in place can be used to report on soil condition changes at other intervals, such as three-yearly, to 
meet NSW SOE reporting requirements. 

11.2 Specific indicator requirements 

Sheet erosion 

A final estimate of the crop and cover management factors considered for sheet erosion 
assessment using the RUSLE (C values) for various key SMUs is planned. The LandMAPT 
methodology (Murphy & Murphy 2007) will be used to record the condition of land across the 
landscape, thus enabling better estimates of C values.  

Further work is required to improve assessment of soil erodibility across the state and to better 
assess slope length from DEMs. Methods to determine bare soil from satellite platforms need to be 
improved so as to be able to validate both NDVI and land-use against groundcover, and to 
determine appropriate soil loss tolerances for each SMU. There is also a need to compare the soil 
loss predictions from the modelled soil loss data (DEM and the NDVI data) compared to the soil loss 
predictions for the MER stations using on-ground information. 

Gully erosion 

Preliminary assessments have been made to estimate gully volumes from onsite data and from air 
imagery analysis. These can be linked to sediment delivery models and soil data to demonstrate 
the impacts of gully erosion on water quality in rivers, wetlands and estuaries.  

Sequential MER assessments will be derived from desktop interpretations of DAI in the central and 
eastern divisions and with SPOT in the western division. The gully system extents are being 
examined by overlying baseline survey shapefiles derived from line and point survey data within an 
ArcGIS environment. The imagery would also be assessed to detect any associated landscape 
feature changes. There will also be a requirement to undertake limited verification visits to ensure 
the gully configurations derived from the imagery are accurately derived and to establish possible 
misclassification rates. 

Wind erosion 

Further runs of CEMSYS wind erosion model are required, as well as completion of the DustWatch 
monitoring site network. 
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Soil acidity and soil carbon 

Completion of a small number of SMUs (and particularly reference sites within these) is required in 
order to fully quantify and evaluate reference values for the determination of soil condition index.  

Data analysis using ASC is also required (where currently unavailable) to standardise soil condition 
index evaluation state-wide. This will require modest investment in the classification of key SALIS 
soil profile data. 

Salinity 

Continued mapping of selected salt outbreaks is required for future evaluation of landscape 
processes operating in salt-affected areas. Soil profile EC analysis is ongoing and bulked sample 
analysis for soluble salts is still to be carried out. 

ASS 

Flooding and very wet seasonal conditions prevented the sampling of some ASS. Data collection 
was suspended in June 2009 due to floods on the North Coast. At that stage there remained two 
sites in the Clarence catchment and eight sites in the Richmond catchment to complete the 
planned sampling. Sampling in the Clarence catchment has included only one of the 10 quadrat 
samples at each site, also due to wet conditions. 
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Appendix 1: SoilWatch – soil condition performance monitoring  

Background 

SoilWatch is a soil health performance monitoring program which is used to measure the 
effectiveness of incentive funding. In other words, the purpose of SoilWatch is to monitor changes 
in soil condition as a result of place based investment in programs or actions. Public funding bodies 
are increasingly required to justify their project allocations. OEH has provided technical guidelines 
and a practical framework to CMAs which will allow them to quantify the impact of their incentive 
funding through the consistent monitoring of changes in soil health over time. The information 
collected will complement OEH resource condition monitoring data on soil condition. 

The procedure 

Key steps in performance monitoring using SoilWatch are as follows: 

• CMA officers determine potential location of sites based on incentive funding and priorities. 

• A treatment site and a control site are selected. The two sites should differ only in the future 
project/management to be funded. Sites such as roads, stock camps and gullies must be 
avoided. 

• CMA staff are accredited through OEH training then complete the soil sampling, take 
groundcover and landscape photographs and record the site location with a GPS. The process 
is quick and simple. 

• The completed kit is then sent to the OEH Natural Resources laboratory in Yanco for 
processing. Results are sent to the CMA and NSW SALIS. The restocked and cleaned kit is then 
returned to the CMA ready for reuse. 

SoilWatch kits 

An integral part of the program is the SoilWatch kit. The kit itself is a rugged, secure, waterproof 
case on wheels. It includes an instruction booklet, 22 stainless steel soil cores in fitted PVC tubes 
with end caps, a simple sampling plan, a metal dolly, a GPS, a digital camera, two metal rods and 
two red site marker caps, a tape measure, two site labels for groundcover photos and a checklist. 
To minimise transport costs users need to supply a spade and mallet. 

Soil sampling 

Soil sampling is quick and simple. Samples are collected by visualising the site as a clock face and 
following the simple sampling plan. The cutting edge of the steel core is carefully (so as not to 
affect carbon test results) placed on the soil surface, the metal dolly seated on top, the core is then 
hammered all the way into the soil. The steel core is then carefully dug out, placed back into the 
PVC tube and the lid secured. 

To distinguish the soil samples from the two sites, the caps of 11 of the 22 tubes are marked with 
bright paint and these are used on the treatment site. The unpainted tubes are used for the control 
site. This avoids the confusion of labels which may be unclear, or accidentally removed. 
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Soil testing 

Once the sampling is complete, the kit is returned to a laboratory where soils are tested, grid 
references and photos downloaded and groundcover assessments are made. The standard test 
suite is pH (H2O and CaCl2), lime requirement, electrical conductivity (1:5 H2O), total organic carbon 
percentage (LECO), gravel content, field texture, Emerson aggregate test, soil colour, bulk density 
and estimate of porosity. Of the 11 samples per site, one is chosen for bulk density testing (0–10 
cm). The remaining ten are divided into 0–5 cm and 5–10 cm and then bulked. 

OEH staff at the laboratory download the grid reference way points from the GPS. They assess 
groundcover by comparing photos of the site with standard images and make observations of the 
landscape and general site location. The kit is cleaned and refurbished and sent back to the CMA 
owner. 

Future development 

Two of the many benefits of this program lie in the simplicity of the kit, and that the program can 
be easily adapted to various soil health or land management priorities by adding to the suite of soil 
tests. Likewise, additional field tests may be added if required eg presence of earthworms or 
rooting depth. Some users have requested a DVD to supplement the instruction booklet. 



102    State of the catchments 2010 – Technical report series 

Appendix 2: Reference values for soil pH for Great Soil Groups (GSG) 
GSG Reference Value Acidity min value 

0–5 and 5–10cm in 1:5 CaCl2 
Expected zones by GSG 

Acid Peat 4.7 a 

Alkaline Peat 7 e 

Alluvial Soil Variable As per zone and drainage 
and texture 

Alpine Humus Soil 4.3 a 

Black Earth 6.5 c 

Brown Clay 7 c,d,e 

Brown Earth Variable b,c,d 

Brown Podzolic Soil 5.3 b  

Calcareous Red Earth 7.3 e 

Calcareous Sand 7.3 e 

Chernozem 6.5 c 

Chocolate Soil 6.3 b,c,d 

Desert Loam 7.3 e 

Earthy Sand 5 a,b 

Euchrozem 6.3 c 

Gleyed Podzolic Soil 4.8 a,b 

Grey Brown Calcareous Soil 7.3 e 

Grey Clay 6.7 c,d 

Grey Earth 5.3 a,b 

Grey-brown Podzolic Soil 5.6 a,b,c 

Humic Gley 4.5 a 

Humus Podzol 4.5 a 

Kraznozem 5.5 b 

Lateritic Podzolic Soil 5.5 b,c  

Lithosol Variable As per zone and parent 
material 

Neutral Peat 7.3 e 

Non-calcic Brown Soil 6.3 b,c,d 

Peaty Podzol 4.3 a 

Podzol 5.8 a,b 

Red and Brown Hardpan Soil 6.5 c,d,e 

Red Brown Earth 6.7 b,c,d 
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GSG Reference Value Acidity min value 
0–5 and 5–10cm in 1:5 CaCl2 

Expected zones by GSG 

Red Calcareous Soil 7 e 

Red Clay 6.7 c,d,e 

Red Earth 6 b,c,d,e 

Red Podzolic Soil 5.5 b,c 

Rendzina 6.5 b,c 

Siliceous Sand Variable a,b,c,d,e  

Solodic Soil 6 b,c,d 

Solodized Solonetz 6.5 c,d,e 

Solonchak 8 e 

Solonetz 7 d,e 

Solonised Brown Soil 7 d,e 

Soloth 5 a,b,c 

Terra Rossa Soil 6.5 a,b,c,d 

Wiesenboden 6.5 a,b,c,d 

Xanthozem 5.3 b 

Yellow Earth 5.5 a,b,c 

Yellow Podzolic soil 5.5 a,b,c 

 



104    State of the catchments 2010 – Technical report series 

Appendix 3: GSG soil carbon evaluation groupings 
Great Soil Group  Group Great Soil Group Group 

Alluvial Soil B Non-Calcic Brown Soil B 

Acid Peat D Neutral Peat D 

Alpine Humus Soil D No Suitable Group B 

Alkaline Peat D Podzol A 

Brown Clay C Peaty Podzol D 

Black Earth B Prairie Soil A 

Brown Podzolic Soil A Rendzina A 

Brown Earth A Red-Brown Earth B 

Chocolate Soil A Red And Brown Hardpan Soil C 

Chernozem A Red Clay C 

Desert Loam C Red Earth B 

Euchrozem B Red Calcareous Soil C 

Earthy Sand C Red Podzolic Soil B 

Grey-Brown Calcareous 
Soil 

A Solonized Brown Soil C 

Grey-Brown Podzolic Soil B Solodic Soil C 

Grey Clay C Solodized Solonetz C 

Grey Earth B Soloth C 

Gleyed Podzolic Soil A Solonchak C 

Humic Gley D Siliceous Sand C 

Humus Podzol D Solonetz C 

Kraznozem A Terra Rossa Soil B 

Calcareous Red Earth C Wiesenboden A 

Calcareous Sand C Xanthozem A 

Lithosol B Yellow Earth B 

Lateritic Podzolic Soil B Yellow Podzolic Soil B 
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Appendix 4: Adjustment of wind erosion condition ratings 
CMA SMU Code Original 

Output 
Adjusted 
Output 

Lower Gwydir Floodplains BRG-1 1.0 2.6 

Basalt Outwash BRG-2 1.2 2.6 

Boomi Whalan Floodplains BRG-3 1.0 2.6 

Inverell Basalts BRG-4 4.5 4.5 

Rowena Floodplain BRG-5 1.0 2.6 

Tenterfield Granites BRG-6 1.5 4.0 

Bundarra Granites BRG-7 5.0 5.0 

Bingara Rises BRG-8 5.0 5.0 

Northern Tableland Basalts BRG-9 5.0 5.0 

Border Rivers–
Gwydir 

Warialda Sands BRG-10 3.6 3.6 

Hill End Trough CW-1 5.0 5.0 

Cowra Tough Chromosols CW-2 5.0 5.0 

Central West Tablelands CW-3 4.8 4.8 

Jurassic Sandstones CW-4 4.6 4.6 

Cobar Peneplain Rises CW-5 5.0 5.0 

Bogan Sodosols CW-6 4.3 4.3 

Molong Rise CW-7 5.0 5.0 

Carrabear Alluvials CW-8 3.8 3.8 

Parkes Platform Red Soils CW-9 5.0 5.0 

Central West 

Canobolas Basalts CW-10 3.2 3.6 

Singleton Valley Floor HCR-1 5.0 5.0 

Merriwa Plateau HCR-2 5.0 5.0 

Muswellbrook Valley Floor HCR-3 5.0 5.0 

Hunter Floodplains HCR-4 5.0 5.0 

Landsdowne Foothills HCR-5 5.0 5.0 

Steep Folded Hills HCR-6 5.0 5.0 

Cooplacurripa Footslopes HCR-7 5.0 5.0 

Goulburn River Valleys HCR-8 5.0 5.0 

Mining Rehabilitation HCR-9 5.0 5.0 

Hunter–Central 
Rivers 

Acid Sulfate Estuaries HCR-10 5.0 5.0 
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CMA SMU Code Original 

Output 
Adjusted 
Output 

Cobar Peneplain Flats W-1 4.1 4.1 

Murray Darling Depression W-2 1.7 2.6 

Cobar Peneplain Rises W-3 4.9 4.9 

Mulga Sandplains W-4 1.0 1.6 

Darling River Coolibah W-5 1.0 2.6 

Broken Hill Fans W-6 1.0 1.6 

Bree Clay Grasslands W-7 2.2 2.2 

Simpson Strezlecki Swales W-8 1.0 1.0 

Old Darling Floodplains W-9 5.0 5.0 

Western  

White Cliff Gibber Rises W-10 1.0 2.6 
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Glossary 

Acidity Soil pH is a measure of hydrogen ion activity, or acidity. It is a major 
indicator of soil chemical health. 

Acid sulfate soil (ASS) Naturally occurring sediments and soils containing iron sulfides 
(principally pyrite) and/or their precursors or oxidation products. The 
exposure of the sulfides to oxygen by drainage or excavation leads to the 
generation of sulfuric acid. 

Baseline Initial or starting measurements. Also applies to the spatial framework 
(for land targets, the intersection of major land management systems 
maps with land and soil capability maps). 

Benchmark The criteria on which an indicator is judged to be functional, sustainable 
or acceptable. These are critical values (thresholds) where the soil’s 
capacity for productivity and/or delivery of environmental services alters. 
Benchmarks may be based on universal standards, eg pH of 4.75 (the 
threshold for aluminium solubility) or on soil type tolerances, for 
example, compaction affects earths more than cracking clays. 

Class A collection of objects or sets that can be unambiguously defined by a 
property that all its members share. 

Environmental 
indicator 

Simple measures that tell us what is happening in the environment. They 
can be used as diagnostic tools to detect trends in the environment. 
They can be used to see if environmental objectives are being met and 
they can be used to communicate the state of the environment to the 
general public and decision-makers. 

Functional threshold An indicator tipping point value at which a change in soil condition 
properties occurs.  One example is the acid pH of 4.75 when aluminium 
ions become soluble. Another is 70 per cent groundcover. Below this 
threshold sheet erosion rates markedly increase. 

Gully erosion The erosion of topsoil and subsoil by concentrated overland water flow. 

Hazard The innate features of the landscape that cause the landscape to be 
susceptible to degradation. It is the inherent likelihood of an event 
occurring. 

Index Relates the value of a variable (or group of variables) to a base level, 
which is often the value on a particular date. The base level is set so that 
the index produces numbers that are easy to understand and compare. 

Indicator Subset or component that can be measured or modelled to provide an 
indication of a target being met. 

Investigative 
monitoring 

Monitoring to determine decision support for investment. 

Limitation  Innate aspect of the land that makes it susceptible to degradation and 
requires an indicator to monitor. Limitations drive the Land and Soil 
Capability assessment. 

Land management 
practice 

Land management practices are activities undertaken during land-use. 
Some land management practices include cultivation, harrowing, 
mowing, changing stocking rates, applying fertiliser or burning. 
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Land system An area or group of areas throughout which there is a recurring pattern 
of topography, soil and vegetation. 

Organic carbon The amount of carbon bound in organic compounds in the soil. It is a 
prime biological determinant of soil health. 

Performance 
monitoring 

Evaluation of investment effectiveness, eg if monetary investment is 
being spent on the right issues and whether appropriate changes have 
resulted.   

Pressure Stress exerted by society on the natural environment (soil) by the use of 
resources and the use of land such as by clearing, cropping, grazing, 
drainage and use of fertilisers.  

Pressure indicators A variety of natural processes whereby pressures are transported and 
transformed to manifest themselves in changes in environmental 
conditions. 

Protocol Stable system of sampling and measurement that allows geographic and 
time-based comparisons to be made. 

Reference condition The value of a condition indicator in ‘natural’ condition. It is determined 
from measurements in undisturbed sites, published literature and 
modelling. 

Resource condition 
monitoring 

Follows trends in indicators to understand whether the overall health of 
the resource is changing. Shows whether NRM targets are being met. 

Risk The combination of probability and consequence of outcome occurring 
when human activity is combined with hazard. 

Sentinel  Ad hoc data with sufficient coordinates to be used as a known point with 
a certain soil condition at a particular time. Data are often collected for 
reasons not directly related to soil monitoring. 

Sheet erosion Soil movement caused by rain splash and non-concentrated water flows. 

Soil condition The ability of soil to deliver a range of essential ecosystem services such 
as biotic habitat, decomposition of organic matter; the transformation, 
exchange and cycling of nutrients; water partitioning; climate regulation 
as well as being a media for primary production and ultimately for food 
resource security. Also referred to as soil health. 

Soil condition indicator Measured soil properties that respond to soil pressures and can be used 
to assess soil condition. The soil condition indicators used for this report 
are: degree of sheet erosion, degree of gully erosion, degree of wind 
erosion, soil structure, organic carbon, soil salinity, soil acidity, and 
induced acidification of ASS. 

Soil condition indicator 
classes 

Ordinal classes from 1 to 5 based on loss of soil function and 
deterioration against a reference condition. 

Soil condition index A measure of the condition of the soil compared to reference conditions. 
It is the average value of all relevant condition indicator classes within 
one or a set of SMUs. 

Soil condition index 
classes 

Ordinal classes of soil condition indexes from 1 to 5 based on loss of soil 
function and deterioration against a reference condition. These classes 
are coloured from red to green. 

http://glossary.eea.europa.eu/terminology/concept_html?term=pressure�
http://glossary.eea.europa.eu/terminology/concept_html?term=society�
http://glossary.eea.europa.eu/terminology/concept_html?term=resources�
http://glossary.eea.europa.eu/terminology/concept_html?term=land�
http://glossary.eea.europa.eu/terminology/concept_html?term=pressure�
http://glossary.eea.europa.eu/terminology/concept_html?term=variety�
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Soil landscape  An area of land of consistent origin and form that has recognisable and 
describable topography and soils that are capable of being represented 
on maps and of being described by concise statements. 

Soil monitoring unit 
(SMU) 

A large tract of land with a relatively homogenous or repeating pattern 
of soils (and parent material, geomorphology, and climate) where soil 
condition change and land management changes can be periodically 
observed in order to detect relevant changes in soil condition and 
changes in land management. 

Soil pressure indicators Processes that threaten soil condition. The soil pressure indicators used 
for this report are: sheet erosion, gully erosion, wind erosion soil 
structure decline, carbon decline, soil salinity, soil acidity, and 
acidification of ASS. 

Soil salinity The accumulation of salt in soils or on the ground surface. It has the 
potential to cause profound terrestrial and aquatic ecosystem damage 
including massive erosion. 

Soil structure The architectural arrangement of soil particles and voids. It governs soil 
water storage and movement and gas exchange and is a prime physical 
determinant of soil condition. 

Pressure indicator 
score 

Measures the extent to which pressures threaten the delivery of 
ecosystem services. It is the average value of all relevant pressure 
indicator class scores in one or a set of SMUs. 

Soil pressure indicator 
classes 

Ordinal classes from 1 to 5 based on degree of threat to soil function. 

Trend Improvement or deterioration of condition from one time step to the 
next. 

Wind erosion The detachment, transportation and re-deposition of soil particles by 
wind. 
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