Review: National Carbon Accounting Toolbox (NCAT) / Full Carbon Accounting Model (FullCAM) and data viewer
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Fig. 1. Screen shot of fullCAM opening screen

Mounting concerns about climate change due, in a large part, to the use of fossil fuels for energy has fostered an interest in bioenergy. Biomass for conversion to bioenergy can be obtained from forestry and agriculture, either from dedicated systems, where the entire crop or forest is harvested for bioenergy, or as a by-product of crop or timber production.

In most conventional crop and timber production systems a significant fraction of the biomass remains on site after harvest, whereas, bioenergy systems often remove the majority of above ground biomass at harvest. For example, branches that would usually decompose on the forest floor after a timber harvest, can be compressed into bundles for efficient transport to a power plant. 

However, there is some concern that bioenergy systems may suffer from declining soil carbon. Loss in soil carbon may reduce long-term productivity, and should be accounted for in assessing the net greenhouse gas balance of bioenergy systems. 

In an undisturbed natural ecosystem, the additions and losses of soil organic carbon are balanced over time, and soil carbon stock reaches a stable equilibrium value. Similarly, in a managed forestry or agricultural system where land use practices have remained constant over long periods, inputs and losses will be in equilibrium, but if land use or management practices are altered so that the balance between inputs and decomposition is affected, soil carbon stock will change. 

If we are to sustainably manage bioenergy production then we need a tool that will help assess green house gas balances.

There are a number of greenhouse gas calculators available on the web. Most have been designed to enable individuals to calculate personal or household carbon footprints and then to explore mitigation options and/or changes of behaviour. 

Estimating greenhouse gas balances for agricultural systems can be more difficult due to the complexity of these systems, especially carbon and nitrogen cycles. Direct farm-scale emissions arise from a mix of processes in the plant, animal, residue and soil components, all of which are influenced by climate, soil characteristics, management and unforeseeable events such as bushfires. Emissions also arise from fuel use in farm machinery and that is further complicated when crops and pasture elements are grown in rotation.

Calculators can be broadly characterised as static, spreadsheet based tools and dynamic, process-based models. They can either be confined to the boundaries of the farm (the farm gate approach) or encompass what happens to inputs and outputs before and after entering or leaving the farm. 

There is currently no standard international agreed methodology regarding the allocation of emissions between producers, their suppliers and the final consumers of their products.

Furthermore, there is uncertainty/ambiguity associated with the inclusion of carbon stored in the biomass of annual crops. While the IPCC guidelines recognise carbon sequestration in perennial woody vegetation in orchards, vineyards and agroforestry, carbon sequestered in annual crops is regarded as ephemeral and not credited.

This approach does not appear to take into account the export of carbon into soils by plants via the roots and other plant structures remaining post-harvest. Depending on the balance of gains (photosynthate) and losses (decomposition), soil can be a net sink of carbon and soils can accumulate carbon over long periods of time (e.g. peat).

At the farm gate there are:

1. Indirect emissions associated with goods and services imported onto the farm (e.g. chemical and fertiliser manufacture, tractor manufacture, seed, the transporting of supplies to the farm, energy consumption); 

2. Direct farm emissions (e.g. fuel emissions from tractor and other farm machinery, crop residue decomposition or burning, soil organic matter decomposition, manure storage, livestock emissions, changes in carbon storage in soil and vegetation); 

3. Carbon sequestered in products exported from the farm (e.g grain, silage, beef, timber). 

NCAT (including FullCAM is available on CD free of charge from the Department of Climate Change (www.climatechange.gov.au/ncas/ncat/).

NCAT is a derivative of the National Carbon Accounting System (NCAS). It was developed in 1998 to provide a complete accounting and forecasting system for human-induced sources and sinks of greenhouse gas emissions from Australian land based activities. NCAT provides tools for tracking greenhouse gas emissions and carbon stock changes from land use and management. 

The key component of NCAT is the Full Carbon Accounting Model (FullCAM). This calculates the flows of carbon and nitrogen for land subject to different land use and management activities. 

FullCAM draws together a suite of component models. It is supposed to track the movement of carbon and nitrogen from their removal from the atmosphere, through the growth of the plant, to their return to the atmosphere or leaching from soils after passing through plants, debris, mulch, soil, grazing animals, wood or agricultural products. 

The current version of FullCAM in NCAT accounts for carbon stock changes only. The capacity to account for nitrogen cycling exists in the ‘research’ edition of FullCAM and is to be incorporated into future versions of the toolbox. 

The standard model simulates carbon balances in homogeneous plots (paddocks) of a set (i.e. output expressed as t/ha) or in user-specified area. . Each plot can either have a forest or agricultural system or a mix of the two. Each of these systems is partitioned into layers, namely plant, debris, soil, mineral and product.

Plant growth is simulated via net primary production (NPP), which is the net increase in plant mass taking into account both photosynthesis and respiration; and yield. NPP, yield and biomass partitioning is set by plant allocation and increment tables which set how much biomass is allocated to each plant part in each time interval of the simulation. Plant material moves to the debris layer via turnover or plant death, harvesting or fire; to the products layer by harvesting; and crop material moves by grazing to the atmosphere, the products and the soil layers. Turnover percentages are included in the model database for each species and each component of the species. The model also simulates stem and plant mortality by allowing the user to specify the rate and time of death. The user specifies a crop species or sequence of crops (i.e rotation) to grow in the agricultural system. Each plant part of each species is allocated a carbon percentage. The model database includes carbon percentage and carbon to nitrogen ratio values for a wide range of pasture, crop and tree species. There is limited specificity for horticultural and vegetable crops. 
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                       Fig. 2. Screen shot of mulch inputs and help screen 

The debris layer is comprised of plant material that is dead but which has not reached the soil or mulch. Breakdown processes move material from the debris pool to the mulch or active soil layers. Within the debris there are resistant and decomposable pools. The user specifies decomposition resistant percentages that determine the mass of plant material that goes into the decomposable and resistant pools of debris and soil. The user specifies the decomposition rate for the debris pool which determines how long it takes material to pass through the debris pool in one year (i.e. how much is broken down to atmospheric breakdown products which move to the atmosphere; and solid breakdown products which move to the soil). The fraction going to atmosphere and solid breakdown products is also user defined. 

The soil layer is partitioned into ‘active’ material that can be moved elsewhere in the model via microbial decomposition processes (i.e. to atmosphere, ‘bio’ and ‘humus’ pools in the active soil); and an ‘inert’ material produced via encapsulation from the humus pool that does not move anywhere else in the model. There is temperature, carbon to nitrogen ratio and water sensitivity functionality for decomposition (which modifies the potential rate) of both the debris and soil materials. 

The mineral layer is a store for nitrogen which is assumed to be in contact with all the other pools. Nitrogen flows are the same as the carbon flows and in addition, various processes consume or generate nitrogen. If there is insufficient N, the usual processes of production and decomposition moving material around may be limited. 

The products layer refers to plant material taken offsite such as wood or agricultural products. Material may move to the atmosphere by decomposition at a rate that is specified by the user. 

Each layer (except atmosphere and minerals) is further partitioned into several pools which is a collection of homogeneous material with roughly similar characteristics 

(e.g crop layer is comprised of stem, leaf, root pools). 

FullCAM captures a number of agricultural management options including planting, harvesting, fire, ploughing, herbicide application, grazing change and fertilisation (inorganic and organic) and the resultant effects on the carbon and nitrogen balances and greenhouse emission. The model does not take into account irrigation management, nor the effect of water stress on plant growth. 

The FullCAM model is complex and requires a large input dataset. To aid the user and to reduce the need to collect a large number of input variables, the model comes with a database of default settings relating to land use activities, species information, and soil properties to be used for establishing ‘benchmarks’ for specific system design / landuse. 

Alternatively, the user can change the settings to suit their own requirements. The interface is comprised of tab linked configuration pages. Input variables are grouped into bundles of like variables that can be entered through a single input page. 

Diagrams are provided to illustrate the stocks and flows between the various pools of carbon and nitrogen. The interface also provides links to supporting documentation and electronic help information. 

FullCAM has substantial input data requirements,. It takes quite a long time to complete and generate output, and it requires skill and expertise to operate effectively. This is likely to be a significant barrier to its widespread use by farm business owners or Landcare co-ordinators. 

FullCAM currently accounts for direct, on-farm CO2 emissions only. The accounting of other on-farm greenhouse gases such as methane and nitrous oxide is currently under development.

The Data Viewer

The data viewer has a comprehensive (but dated and CSIRO centric) list of resources in the form of papers in PDF format.
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                Fig. 3. Screen shot of papers available through the data viewer CD

The mapping functionality of the CD to runs erratically but it is similar to Google Earth in conception. Where maps exist, the changes through time can be onserved using a slider bar with a range between 1972-2004. 

Artefacts of the maps mean that most of the variations are lost to the variations in tone and colour. 

What can the FullCAM say about systems producing biomass for bioenergy?
Replacing current agricultural and forestry systems with systems that produce biomass for bioenergy is likely to affect soil carbon stocks, because it will alter the balance between organic matter inputs and losses from the soil carbon pool. 

There is a risk of depletion of soil carbon stocks in biomass production systems, because a higher proportion of the organic matter and nutrients are removed from the site, compared with conventional grain and timber production systems. 

Environmental and management factors will govern the magnitude and direction of change. Initial soil carbon content has a major influence: losses are most likely where soil carbon is initially high. Bioenergy systems such as coppiced willow, switchgrass, or long-rotation timber+biomass plantations, are likely to enhance soil carbon where these replace conventional cropping, as intensively cropped soils are generally depleted in soil carbon. 

Soil carbon losses are most likely where soil carbon is initially high, such as where improved pasture is converted to biomass production: short-term loss of soil carbon is likely, and the equilibrium soil carbon stock under bioenergy systems may be lower than that of the previous pasture. 

Intensively managed bioenergy systems, such as perennial grasses and short rotation woody crops, are likely to have lower equilibrium soil carbon than long rotation forests, due to more frequent site disturbance and high rate of biomass removal. Measures that enhance soil carbon include maintenance of fertility through application of organic or artificial fertilisers or inclusion of legumes to promote plant growth, and retention of nutrient-rich foliage on-site. 

Modelling results demonstrate that loss of soil carbon in bioenergy systems is associated with declines in the resistant plant matter and humified soil carbon pools. However, the relative soil carbon losses in bioenergy systems are likely to be small in comparison with displaced fossil fuel carbon, both for short rotation and saw log plantations. 

Thus, although there may be a small decline in soil carbon associated with biomass production, this is negligible in comparison with the contribution of bioenergy systems towards greenhouse mitigation through avoided fossil fuel emissions.
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