Developing Soil Condition Surfaces for ASRIS

Background
This report describes some of the developmental methods currently being used to access data within ASRIS and provide national overviews of soil information.  The final aim was to prepare surfaces of soil condition relating to soil acidity and soil carbon.  The methods used to create these surfaces are also described.
ASRIS soil data
Data held in ASRIS are sourced directly from state/territory and federal agency soil surveys.  The type of data collected for soil surveys are quite varied and depend mostly on the requirements for the study, but also rely on the available resources at the time of the survey.  

Data can come in the form of:

· Soil polygon boundaries

· Soil profile descriptions

· Soil profile photographs

· Site descriptions

· Site photographs

· Soil chemical analysis

· Soil physical analysis

· Soil spectral analysis

· Soil-landscape conceptual models

The ASRIS soil data model
Soil survey methods and survey purposes vary considerably across the country, within each state/territory and within different periods of time and understanding, and surveys can also overlap in areas of interest.  The ASRIS model attempts to capture all relevant soil survey information within a well developed framework that enhances access to the data in a seamless manner.  
The polygon

The base object for accessing and querying data in ASRIS is the soil polygon, which represent areas of soil, or soil-landscape with similar attributes.  Surveys containing polygon boundaries are categorised into different levels based on the scale at which they were mapped.  Level 5 is the most detailed polygon mapping.  Surveys are usually mapped at 1:100 000 or more detailed to be included at level 5.  Level 4 polygons come from surveys mapped at around 1:250 000, typically land systems mapping, but can also be an aggregation of the level 5 polygons.
The component
Within each polygon unit, there are usually several to many different types of soil, referred to as components.  The boundaries of these have not been mapped, but can be inferred by soil-landscape models and soil profile locations to provide summary information to the polygons. There are many methods for summarising/aggregating components into the polygons. ASRIS currently only provides the area weighted average.
The layer
Each component/soil is comprised of up to 5 layers, representing functional horizons through the soil profile.  Each component layer has a specific thickness associated with it.
The attribute

Each layer has soil attribute measurements attached.  The number of attributes depends on the original survey purpose or in the case of expensive analysis, the amount of funding that was available at the time of the survey.  In some cases, attribute information is not available due to the complexity of the survey data, where major projects are needed to bring the data into a consistent format.  Some of the attributes of interest to this current project are:
· pH

· Clay

· Organic Carbon

· CEC

· Bulk Density

· Thickness

· Coarse Fragments
Extracting data from ASRIS
Soil attribute surfaces
Raster layers provide a useful means of communicating specific soil attribute data to the user.  The ASRIS team has been developing a set of methods for creating soil attribute raster surfaces.  These surfaces will need to be updated regularly, as new data becomes available, and we consider the methods to be preliminary with many ideas yet to be implemented.  

Our current process rasterizes the level 4 and level 5 polygon data, based on the ASRIS_ID, to match the AGO EasiGRID geometry (a geometry also adopted by the BRS).  The rasters are stored in the GDA geographic coordinate system and cells are 0.0025 degrees which is roughly 250m.

The ASRIS_ID is used to link the cells in the rasters to attribute data that has been aggregated from components using the Area-weighted average technique and stored in the ASRIS database.  Since attribute availability is dependent on survey, a process is used to check the availability of each attribute, firstly within level 5 and then level 4, for each layer.  The output is a best of surface for each layer, for each attribute.  An accompanying raster indicates the level the value was sourced from.  

Ideally, alternative methods of spatial aggregation (e.g. dominant, least limiting, min, max, extent) would be available to the user.  

Soil Condition Surfaces

The Department of Agriculture, Forestry and Fisheries, Australian contracted CSIRO Land and Water to produce a suite of soil condition surfaces using the current ASRIS dataset.  The surfaces requested are as follows:

· pH Buffering Capacity for 0 – 10cm

· pH Buffering Capacity for 0 – 30cm
· Lime requirements for pH of 4.8 in 0 –10cm depth

· Lime requirements for pH of 5.5 in 0 – 10 cm depth

· Lime requirements for pH of 4.8 in 0 – 30cm depth

· Lime requirements for pH of 5.5 in 0 – 30 cm depth

· Tonnes of Carbon per hectare in 0 – 10cm

· Tonnes of Carbon per hectare in 0 – 30cm
· Net Acid Addition Rate (NAAR)
· Maintenance Lime requirement
· Time to critical pH

Calculating soil condition surfaces
Within this project, we have looked at two methods for calculating soil condition attributes.  The first method uses the soil attribute surfaces, as described above. The second method uses database queries to carry out the calculations of soil condition at the component level and then aggregates the results into the polygons.
Method 1. Soil attribute surfaces (polygon averages)
Soil attribute surfaces are combined to calculate soil condition surfaces.  For example, the pH Buffering capacity is calculated by combining the Organic Carbon and Clay layer rasters via several spatially prescribed pedotransfer functions.  The method is essentially a GIS overlay technique.  Each layer contributing to one or other of the desired functional depths (0 – 10cm or 0 – 30cm) is then aggregated using depth weighted averages. 
Each soil condition is then represented for both 0 – 10cm and 0 – 30cm.

Method 2. Components
The second method uses database queries to carry out the soil condition calculations at the component level and then aggregate the results into the polygons.  The level 4 and 5 rasters are linked up to the queries and a composite raster (level 5 taking priorty) is generated.  The component calculations method is preferred because the errors associated with aggregating the results of the non-linear models, are not introduced until the end and so are not compounded.  However, current holdings of data within ASRIS includes data that does not provide components, and hence provides a less extensive coverage.
Data availability

Some soil attribute and spatial data is available for all states and territories (with the exception of the Australian Capital Territory).  The current data holdings in each of the jurisdictions are as follows:
NSW

The Hawkesbury-Nepean CMA has near complete soil attribution at ASRIS level 5.  Modelling of soil condition attributes using the component method is available for this region only.  Data for large areas of the eastern part of the State have been provided as part of the National Soil Data Provision project (also funded by DAFF).  This data does not contain component (level 6) information and can only be used for generating polygon averages. This data contains no bulk density information so where BD is required in the estimation of a soil condition, data from the Atlas of Australian Soils is used.
VIC

The Corangamite CMA represents the total data holdings that can be used for this exercise. It has detailed (level 6 components) soil attribution and can therefore be used for generating soil condition surfaces via both methods.
SA

The entire agricultural zone of south has detailed soils information and can be modelled via both polygon averages and components.

WA

The southwest agricultural region of WA has detailed soils information and can be modelled via polygon averages and components.

NT

The top end of NT has detailed soils information and can be modelled via polygon averages and components.

QLD

State wide soil information is available for QLD.  The data supplied does not meet with the ASRIS specifications.  The polygon average method for generating soil condition surfaces is the only method available with the dataset.
TAS

The northwest and northeast regions of the State have detailed soil information and can be modelled via polygon averages and components.

Soil Condition Models

pH Buffering Capacity
Through work done by Mike Wong and Mike Webb, several pedo-transfer functions were chosen and applied according to location.  They were:
WA

pHBC = 0.48 + (0.54 * OC)
NT

pHBC = ((0.955 * OC) + (0.011 * Clay)) * 2
QLD

pHBC = ((0.955 * OC) + (0.011 * Clay)) * 2

NSW

pHBC = (0.2 + (0.364 * OC) + (0.0213 * Clay)) * 1.428
SA

pHBC = (0.2 + (0.364 * OC) + (0.0213 * Clay)) * 1.428
Victoria
pHBC = (0.2 + (0.364 * OC) + (0.0213 * Clay)) * 1.428
Tasmania
pHBC = (0.2 + (0.364 * OC) + (0.0213 * Clay)) * 1.428
ACT

pHBC = (0.2 + (0.364 * OC) + (0.0213 * Clay)) * 1.428

Where: 
pHBC is the pH Buffering capacity (cmol+/pH unit/kg)



OC is Organic Carbon (%)


Clay is Clay (%)
A pH Buffering Capacity surface was calculated for each layer.  The layers were then combined using a depth weighted average to provide a pH BC for 0 – 10cm and also for 0 – 30cm.
Lime requirements

A lime requirement was calculated for each layer and then all layers summed for both 10cm and 30cm.  Two target pH’s were used: 4.8 and 5.5.  Negative results, where liming was not required, were set to 0.
Lime = (pHBC * 5 * ThickP * BD) * (target pH – current pH) * 100/NV * (1-(CF/100)
Where: 
Lime is the lime required to increase the pH (Mg CaCO3) 
pHBC is Buffering Capacity (cmol+/pH unit/kg)


ThickP is a proportion of the thickness of the layer 
BD is Bulk Density (Mg/m3)


CF is Coarse Fragments (%)


NV is Neutralising Value = 75
Net Acid Addition Rate (NAAR)
NAAR was calculated for Statistical Local Areas (SLA census areas) based on yield, climate and crop type and supplied as a spreadsheet of SLA averages.  A lookup table was devised to group crop types into 16 higher orders of ALUM land use classes.  A combination of catchment scale landuse and SLA allowed this data to be linked and then mapped to a surface of NAAR (eq. Mg CaCO3/ha/yr) so that we could calculate Time to critical pH.  The final 
Maintenance Lime Requirement
This is the amount of lime required to offset NAAR each year.  Surfaces were created for each depth, to take changes to NAAR with depth into account.
MLR = NAAR * (100 / NV) * (pNAAR / 100)

Where:
MLR is Maintenance Lime Requirement (Mg/ha/yr)

NAAR is Net Acid Addition Rate (eq. Mg CaCO3/ha/yr)


pNAAR is proportional NAAR




pNAAR = 24.3 for 0 – 10 cm




pNAAR = 62.6 for 0 – 30 cm



NV is Neutralising Value = 75
Acid required to reach critical pH
The acid required to reach two critical pH values (4.8 and 5.5) was calculated for each layer based on proportional thickness for the two depths of interest (0 – 10 cm and 0 – 30 cm).  These layers were then summed to calculate a total acid requirement for both depths.

acid = (pHBC * 5 * ThickP * BD) * (current pH – critical pH) * (1-(CF/100))
Where: 
acid is the acid required to reach critical pH (eq. Mg CaCO3)

pHBC is Buffering Capacity (cmol+/pH unit/kg)


ThickP is a proportion of the thickness of the layer 
BD is Bulk Density (Mg/m3)


CF is Coarse Fragments (%)
Time to reach critical pH
Time to critical pH was calculated for each depth 0 – 10 cm and 0 – 30 cm, based on how long it would take for NAAR to input the acid required to reach each critical pH value.  NAAR changes with depth, so a proportional NAAR was used for each depth.
time = acid / (pNAAR * NAAR)

Where:
time is time taken to reach critical pH with NAAR inputs (years)

acid is the acid required to reach critical pH (eq. Mg CaCO3)
NAAR is Net Acid Addition Rate (eq. Mg CaCO3/ha/yr)


pNAAR is proportional NAAR




pNAAR = 24.3 for 0 – 10 cm




pNAAR = 62.6 for 0 – 30 cm
Total Carbon
Proportional layers of total carbon were calculated and totalled to created total Carbon for 0 – 10 cm and 0 – 30 cm)

C_ha = OC * BD * 100 * ThickP * (1-(CF / 100))
Where:
C_ha is total Carbon (t C/ha)

OC is Organic Carbon (%)
BD is Bulk Density (Mg/m3)


ThickP is a proportion of the thickness of the layer
