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Summary

The Biosphere Working Group (BWG) brings together a multi-disciplinary team of scientists from several different CSIRO Divisions. Its focus is the interaction between the terrestrial biosphere and the atmosphere, particularly the role of the biosphere in the cycles of greenhouse gases (carbon dioxide, methane, nitrous oxide and others). In this triennium, the BWG seeks to address three linked goals: 

· Greenhouse gas budgets at regional to continental scales:  This research is developing new techniques for monitoring biospheric sources and sinks of greenhouse gases at local to continental scales, to support both present inventory requirements and future requirements for full greenhouse gas budgets. 

· Development of abatement options in the terrestrial biosphere:  This work encompasses the development of strategies for increasing greenhouse gas abatement in the terrestrial biosphere, through changes in land use, land management and animal husbandry to increase sinks, reduce sources and to replace fossil fuels with bioenergy.

· Verification of regional-scale greenhouse gas abatement:  Supported by work towards the first two goals, this research aims to assess and monitor the role of present and altered land uses in greenhouse gas abatement, thus verifying the abatement actually achieved. This involves quantifying the potential abatement benefits of programs for landscape redesign at regional scales (such as large-scale revegetation or redesign of agricultural systems), and then applying novel techniques to monitor progress towards realising these benefits.

A crucial principle is the combination of measurements and models across a wide range of scales, within a synthesis framework. Key measurements include (1) stores and changes in biomass and soil carbon, determined by new methods and sampling strategies; and (2) new methods for interpreting biospheric signals in remotely sensed data; (3) land-air fluxes of greenhouse gases at local scales, using new instrumentation capable of long-term measurements; and (4) atmospheric concentrations of greenhouse gases, using new sensors with unprecedented accuracy and mobility. Models (of the terrestrial biosphere, landcover dynamics and atmospheric circulation) provide a means of spatially extrapolating small-scale measurements, within constraints imposed by large-scale measurements. A synthesis of all these techniques promises efficient, long-term, globally consistent quantification and monitoring of sources and sinks at regional and continental scales. Such a development is possible only through the combined efforts of a team with the wide disciplinary breadth of the BWG.

The present resources available to the BWG are sufficient to accomplish much, but not all, of the research needed to meet the above three goals. In particular, the third goal cannot be fully met without additional resources. The allocation of present resources and the additional opportunities are spelt out in this Plan.
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1 Preface

The CSIRO Biosphere Working Group (BWG) brings together the work of several CSIRO Divisions and units concerned with the role of the terrestrial biosphere in the carbon cycle. The BWG is not a line management entity, but exists rather to support and initiate interdisciplinary science, and to interact with Australian Government agencies and other key clients. The BWG was formed in February 1997 and since then has produced a large number of reports and discussion papers (summarised in Appendix 1) as well as scientific publications.

This Science Plan for the BWG embraces a linked set of strategic science activities, leading to major applications in two broad areas: quantifying regional budgets (including sources and sinks) of greenhouse gases, and development of greenhouse gas abatement options through management of the terrestrial biosphere. The work outlined in the plan has the potential to lead on to a third key area of application, the verification of abatement achieved by significant programs for regional-scale changes in landscape design.

The document is intended to serve four purposes. First, it provides a vehicle for planning and delivering well integrated science. The major focus of the BWG is the effective integration of the physical and biological disciplines needed to understand and manage the terrestrial carbon cycle. Second, it provides a statement of the contributions of the BWG to CSIRO through the Sector process. Third, it serves as a statement for clients and funding agencies, to indicate the policy relevance of the strategic science undertaken by the BWG to several major Government initiatives in the areas of greenhouse response and the sustainability of natural resources. Fourth, it provides a summary of CSIRO work in this field for the international scientific community.

2 Strategic Context 

The work of the BWG is central to two broad issues: responses to the enhanced greenhouse effect, and the biophysical sustainability of Australian landscapes.

Greenhouse Issues:  The Australian Government is placing high importance on the 1998 National Greenhouse Strategy (NGS). The first two of the three goals of the NGS are the limitation of net greenhouse gas emissions to meet international commitments (specifically under the Kyoto Protocol) and fostering knowledge and understanding of greenhouse issues. The NGS recognises that attainment of both goals depends critically on quantifying and managing the terrestrial biospheric components of the carbon and other greenhouse gas cycles. The Land Use Change and Forestry (LUCF) Sector contributes about a quarter of Australia's net greenhouse gas emissions according to the 1997 National Greenhouse Gas Inventory, but its contribution to the uncertainty in net emissions is much higher. New methods are therefore needed for reducing the uncertainty in the LUCF sector, at both large (continental) and local (project) scales. 

The terrestrial biosphere also offers significant possibilities for sink enhancement through afforestation, reductions in deforestation and promotion of reforestation (Kyoto Protocol, Article 3.3). Other changes in vegetation and soil management are mooted for future inventory inclusion (Article 3.4). Once these mitigation measures are implemented, their incorporation into greenhouse gas accounting requires better methods for measurement and monitoring at local scales. These demands are accentuated by requirements for rigorous carbon accounting, especially if carbon is to be traded.

New scientific challenges are created by these requirements, in both management and policy contexts. At large scales, it is likely that there will be rapid world-wide development of synthesis methods for determining regional greenhouse gas sources and sinks, in which atmospheric budgets, remote sensing and terrestrial biosphere models are combined. At both small and large scales, traditional methods will be augmented by novel approaches based on remote sensing.

Sustainability Issues:  Increasingly, the Government is seeking joint solutions to problems raised by greenhouse issues (particularly the aspects related to the terrestrial biosphere) and landscape sustainability. Though Australia's natural land and water resources have historically provided the basis for much of our wealth, it is now clear that previous land management practices are not sustainable into the future. Widespread clearing of native vegetation and its replacement by European-style agriculture has decreased net water use by vegetation, leading to biophysical changes including rising water tables, dryland and stream salinity, decreases in water quality and losses in biodiversity.  The solutions to these problems require widespread revegetation and restructuring of landscapes through several strategies, including afforestation, reforestation (restoration of native vegetation), reduced deforestation, and redesign of agricultural systems. These issues are of great long-term significance in rural Australia, and are recognised as high priorities by the Government through a range of programs including the National Land and Water Audit and other National Heritage Trust programs, and the Greenhouse Gas Abatement Program.

There are several connections between the broad greenhouse issue and landscape sustainability: 

· At the land management level, vegetation management (especially revegetation) is a key response strategy in both cases. This strategy may involve any or all of commercial forestry, agroforestry, redesigned agricultural systems or restoration of native woody vegetation for conservation reasons. There is a need to design revegetation strategies which maximise both sustainability and greenhouse benefits, to make best use of limited investment resources. This is flagged in Article 2.1 of the Kyoto Protocol.

· Carbon trading, along with trading for water use and salt and nutrient export, is likely to become more and more important in environmental management and the economics of rural enterprises. In some circumstances, the impacts of carbon trading will change the economic equation in ways that make revegetation a viable option in circumstances where it would otherwise not be viable. These factors will have major implications for other agendas including sustainability of natural resources.

· In response to these factors, programs for landscape redesign at regional scales (such as large-scale revegetation or redesign of agricultural systems) are now under development. An example is the "Heartlands" program for sustainable land management in the Murray-Darling Basin, mentioned briefly in the next section. Such programs will have overlapping goals covering both sustainability and greenhouse agendas (as recognised, for example, by the "Regional Partnerships Program", one of the three major components of the Governments' Greenhouse Gas Abatement Program). As landscape redesign is implemented, it will be crucial from the abatement viewpoint to assess and verify the abatement actually achieved.
· From the scientific viewpoint, many of the questions which need investigation are identical for both greenhouse and sustainability issues. The scientific challenge is to form a quantified, integrated picture of the functioning of Australian landscapes at regional to continental scales, The results of such a synthesis will be better tools for environmental management and policy-making. Such an integrated biophysical view will also have cultural and ethical implications, assisting Australia to grapple with its responsibilities to maintain shared environmental resources and to preserve equity between present and future generations.




Research Scope

The BWG encompasses eight scientific activities, with strong linkages to several closely related projects. These can be grouped broadly into three streams: measurement, modelling and synthesis, as shown in the diagram on the previous page. Following is a brief summary of each activity. More extended descriptions are given in Section 5.

Measurement Activities:

1. Measurements of Local Carbon Balances and Stock Changes in (a) Vegetation Biomass; (b) Fast Soil Pools; and (c) Slow Soil Pools:  This activity will provide measurements of the size and spatial variability of C-stocks in vegetation and soil for strategic land use classes. It will also develop empirical relationships for the chemical and physical processes governing soil C turnover time, in both fast (root, litter) and slow (humic, inert, char) pools.

2. Landcover Status and Dynamics:  This activity will provide the detailed land surface information required to parameterise vegetation plant productivity models for use in terrestrial biogeochemical and global atmospheric circulation models, and will develop advanced methods for measuring vegetation, landcover and fire for inventory applications. It will also develop scenarios for changes in land use, both retrospective and prospective.

3. Measurements of Land-Air Exchanges of Greenhouse Gases: This activity will develop and deploy remotely-controlled “eddy flux stations” which enable direct, continuous measurements of the land-air exchanges of CO2 and water by the eddy covariance method, with associated monitoring of meteorological and hydrological variables. A small network of around 5 stations will be used to characterise and verify terrestrial biosphere models for key biomes. Some stations will be operated continuously over several annual cycles in fixed locations, while others will be used in a variety of locations.

4. Measurement of Greenhouse Gas Concentrations: This activity anticipates further development of a CSIRO CO2 analyser, capable of remote operation and yielding continuous concentration differences between any two stations, some 10 times more precise than current capabilities. Measurements from a limited continental network will be interpreted with a regional transport model and embedded in global measurement and carbon exchange modelling. The information will be enhanced by grab-samples (surface and aircraft) for biosphere-specific tracers (isotopes, oxygen-to-nitrogen ratios, volatile organic carbons) and parallel development of tracer techniques, including characterisation of Australian sources.

Modelling Activities:

5. Terrestrial Biosphere Models for: (a) Land-Atmosphere Exchanges; (b) Biogeochemical Cycling;  This major activity provides the models for describing the fluxes and storage changes of carbon, water, energy and other entities in the terrestrial biosphere. Through these models, the multiple kinds of measurement described in Activities 1 to 4 can be used as mutual constraints within a synthesis framework (Activities 7 and 8). The activity encompasses two related strands: (a) modelling of the land-atmosphere exchanges of energy, water, CO2 and other greenhouse gases for incorporation into atmospheric circulation models; (b) continental-scale biogeochemical models of the cycles of water, carbon and nutrients (including vegetation growth processes) to improve estimates of carbon exchanges in both natural and agricultural systems. 

6. Regional Atmospheric Circulation Modelling:  This activity, joint with other parts of climate research in CSIRO, includes the further development of atmospheric circulation models for the Australasian region, and the linkage of these models with terrestrial biospheric processes. 

Synthesis Activities:

7. Determination of Regional Sources and Sinks:  This synthesis activity will determine regional terrestrial sources and sinks of carbon dioxide, other greenhouse gases and water, with resolution from continental to local scales. Two approaches will be combined: synthesis of measurements and models of the of the atmospheric and surface signals or “fingerprints” of greenhouse gas exchanges at the land surface, and direct measurements of fluxes and stock changes in key biomes.
8. Greenhouse Gas Inventories – Science and Methodologies: this activity will provide the connection between the regional source and sink studies (Activity 7) and the National greenhouse gas Inventory. It will also contribute to the development of an internationally accepted framework for uncertainty analyses for greenhouse gas, sources and sinks and inventories.

Related Activities:  

Several related activities make significant contributions to the science plan of the BWG:

Oceanic Measurements and Modelling:  This activity provides information on the exchanges of greenhouse gases between the atmosphere and the oceans around the Australian continent, necessary both for atmospheric inverse modelling and for broad understanding of greenhouse gas cycles. Enhancements involving measurements from ships regularly circumnavigating Australia (providing both oceanic and atmospheric data) are specifically linked to BWG objectives.
Global Greenhouse Gas Cycle Studies:  The greenhouse gas cycles in the Australian region are constrained by global cycles in ways determined by this activity. Further, through this activity (among others) the BWG contributes to global scientific understanding of greenhouse gases and to international measurement programs. Of direct relevance to the BWG are CSIRO initiated improvements to intercalibration between measurement laboratories.

Redesigning Agricultural Systems:  This is a major multi-Divisional project on options for changing Australian agricultural systems to improve sustainability while maintaining productivity. It has a strong component of farm-scale modelling, and is an important partner project for the BWG in the assessment and prediction of greenhouse mitigation options at farm scale in the agricultural sector.

Heartlands – Sustainable Land Management in the Murray-Darling Basin:  This is another major multi-institutional project, presently in its design phase. Its purpose is to provide the scientific underpinning needed for the Australian community to achieve, track and adaptively manage large scale land use change in the Murray Darling Basin, with the long term goal of arresting and even reversing landscape degradation. It is a key means of addressing the interface between science, management and policy in achieving landscape sustainability. It has a potential scientific relationship with the BWG, through shared measurement facilities and modelling tools. Also, it has a broader connection through the incorporation of vegetation-based greenhouse mitigation strategies into the constraints and possibilities imposed by land management, economic and social factors, including the possible influences of carbon trading. 

The third major goal of the BWG as described in the Summary at the start of this plan is verification of regional-scale greenhouse gas abatement. This is a potential contribution to realising the greenhouse gas abatement possibilities of programs of landscape redesign at regional scales, to be undertaken jointly with the Heartlands program.

3 Linkages and Adoption Paths

Relevance to Greenhouse Science Advisory Committee (GSAC) Strategy and Business Plan 1999-2004: The Science Plan of the BWG addresses research priorities identified in the GSAC Business Plan; particularly key deficiencies in the understanding of greenhouse gas budgets which limit ability to mitigate against climate change. The work will contribute to:

· measurement, prediction and verification of local, regional and global scale exchanges of greenhouse gases between the land surface and the atmosphere (an identified outcome of the "Greenhouse and the Climate System" component of the GSAC Plan);
· verifiable and transparent means of estimating the magnitude and uncertainty of sources and sinks of greenhouse gases, and improved understanding of key processes governing the anthropogenic and natural exchanges of greenhouse gases with the land surface (outcomes of the "Tracking Emissions and Sinks" component);
· integration of sustainable land resource use and mitigation strategies into modelling efforts designed to manage biological carbon storage (an outcome of the "Mitigation" component).
Relevance to Australian Greenhouse Office Programs:  The work of the BWG provides strategic science in support of the National Greenhouse Strategy coordinated by the Australian Greenhouse Office. In particular, support is provided for NGS Module 1 (Profiling Australia’s Greenhouse Gas Emissions), Module 2 (Understanding and Communicating Climate Change and its Impacts) and Module 6 (Greenhouse Sinks and Sustainable Land Management) Also, through specific projects on biomass, soil carbon, remote sensing and inventory methodologies, independent scientific support is provided for the National Carbon Accounting System and the National Greenhouse Gas Inventory. A key connection is with the Greenhouse Gas Abatement Program (especially its Regional Partnerships component), through the BWG goal of verification of regional-scale greenhouse gas abatement and the link with the Heartlands program. 

Links with the CRC for Greenhouse Accounting (CRCGA):  Of great importance are the linkages between the BWG and the new CRCGA. These are maintained both by organisational links and by several senior scientists who are members of both research teams. The roles of the BWG and the CRCGA are both complementary and collaborative: the unique contributions of the BWG are through expertise on large-scale carbon cycles and atmospheric science, while terrestrial biology and carbon accounting are areas of collaboration. A key role for the BWG is in providing a bridge between the carbon accounting work of the CRCGA and the climate change work in the wider CSIRO.
Relevance to CSIRO Sector Plans:  The work of the BWG supports two Strategic Issues in the Climate and Atmosphere Sector Plan: "Human Impact on the Global Atmosphere" and "Climate Impacts and Adaptation". The BWG also contributes to the Land and Water Sector through the Strategic Issue "Sustainable Regional Development".

Role of the BWG in CSIRO Climate Change Research: In the Climate and Atmosphere Sector, the BWG contributes expertise in terrestrial biology to the overall research effort on climate change in CSIRO. The work of the BWG also relies on close collaboration with several projects on related aspects of greenhouse gas cycles, particularly projects on global and regional inverse modelling of the carbon cycle and atmospheric CO2 concentrations, modelling of regional atmospheric circulations, measurements of atmospheric greenhouse gas concentrations (in the Australasian region, pivoting around the Cape Grim atmospheric observatory), modelling of ocean circulations and the marine carbon cycle, and measurements of air-sea gas exchanges. 

4 Detailed Activity Plans

Each Activity Plan is organised under the following headings: group(s) responsible, description, work program 1999-2000, work plan 2000-2003, and milestones (for December 1999, June 2000 and June 2001).

From the milestones in these detailed plans, a summary list of milestones to June 2000 has been prepared for to define contractual and reporting arrangements with the Australian Greenhouse Office. This summary is given in Appendix 2.

4.1 Activity 1: Measurements of Local Carbon Balances and Stock Changes

This activity involves three strands, encompasses measurements of carbon balances and stock changes in (a) vegetation biomass, (b) fast soil pools, and (c) slow soil pools:  It will provide measurements of the size and spatial variability of carbon stocks in these pools for strategic land use classes. It will also develop empirical relationships for the chemical and physical processes governing soil C turnover time, in both fast (root, litter) and slow (humic, inert, char) pools.

(1a) Vegetation Biomass 

Group:  CSIRO Forestry and Forest Products, Canberra

Description:  Methods to quantify change in C stocks in woody biomass are required for several greenhouse-related activities: to quantify the 1990 flux, to determine anthropogenic impacts on vegetation that change C emissions or sinks, and to quantify sinks in tree plantings that may be used for C trading.  Spatial estimation of biomass is based on deriving relationships between biomass and the factors that control productivity and allocation of biomass; environmental, physiological, structural and genetic variables, and the impacts of land management.

Vegetation biomass is linked to the terrestrial C cycle through fluxes of C via the processes of photosynthesis, respiration, allocation of assimilates among biomass components, litterfall, root turnover and exudation, decomposition of organic debris, and subsequent respiration from the soil. The temporal and spatial variability of these fluxes will be investigated in relation to environmental conditions and land use.  Pools and fluxes associated with the vegetation will be measured within the source area of the eddy flux stations, to provide partitioning of the C flux among ecosystem components that are integrated by the atmospheric measurements.  Each set of data will contribute to interpretation and corroboration of measurements at various scales. 

Biomass will be estimated within the source area of the flux stations (up to 1 km2 or more).  The area will be surveyed by high-resolution remote sensing to assess variation in the vegetation and its relationship with terrain and environmental factors.  This information will be used as a basis for stratification and a system of plots will be designed to sample adequately the variability in vegetation.  Destructive harvesting and measurement of biomass components will be used to derive allometric equations where necessary.  Biomass will be estimated annually from measurements of vegetation dimensions in the plots.  Below-ground biomass is an important component and methods of estimating this will be investigated in collaboration with the CRC for Greenhouse Accounting and the NCAS.  Ratios of above- to below-ground biomass will be developed in relation to the factors that control allocation.  Sampling additional trees to provide verification of predictions will test the uncertainties involved in these estimates of biomass.

Measurement of key fluxes will be used to estimate changes in storage of C within the biosphere due to land use.  Inputs to the soil C pool are derived from litterfall and root turnover.  The amount and composition of these fluxes determine the relative rates of CO2 respiration, nutrient mineralisation and C storage in the soil.  Soil respiration measures provide an integrated value of the rate of return of CO2 to the atmosphere as a result of root respiration and below-ground decomposition processes.

Measurement of C pools and fluxes in the vegetation are essential to calibrate and evaluate methods for spatial prediction, such as models of productivity and biogeochemical cycling, and remote sensing.  This work will be conducted in collaboration with BWG and CRC scientists.  Determination of isotopic ratios in biomass samples will contribute to identification of sources of atmospheric variations that will aid verification studies using atmospheric inversion techniques.

Measurements of C fluxes linked across several scales will improve understanding of the processes that control C fluxes at landscape scales. This will enable better predictions of the range of C loss or storage in the biosphere under specific conditions of environment and land use.

Work Program 1999-2000:

· In cooperation with BWG and relevant CRC scientists, investigate suitable sites for intensive measurements of the C cycle and appropriate vegetation types and comparisons of land use.

· Determine appropriate scales of measurements and sampling strategies for biomass to link ground-based and atmospheric sampling.

· Develop an experimental design and commence field studies.

Work Plan 2000-2003:

· Commence and maintain field measurement program for estimating biomass, C increment, litter C and soil respiration.

· Sample biomass for isotope determination and investigate methods of analysis.

· Develop a C budget for the vegetation component of the C cycle.

· Use the data on growth increments, allocation of biomass and C fluxes to improve parameterisation and test hypotheses using process-based models (eg CENW) of C exchange.

· Link ground-based measurements of C fluxes, including sources, temporal and spatial variability, to integrated atmospheric measurements from the eddy flux stations.

· Extrapolate local measurements of C pools and fluxes to regional scales based on responses to environmental conditions via land-surface exchange models and remote sensing.

Milestones:

December 1999:  Identification of a few potential sites for detailed study in collaboration with CRC.

June 2000:  (1) Selection of initial site for experimental work in collaboration with other BWG projects, and possibly CRC; (2) Document the experimental design and detailed measurements; (3) Establish field sites and initial measurements.

June 2001:  (1) Complete allometric equations for the site and spatial estimation of biomass; (2) Complete one year of C flux measurements from litter, roots and soil.

(1b)
Fast Soil Carbon Pools 

Group:  CSIRO Plant Industry, Canberra

Description:  Vertical distributions of fine root growth and death (turnover), soil C-pool turnover times, and hence of soil organic C density are emerging as major deficient areas of data and mechanistic understanding for predicting, via dynamic C-cycle models, net annual CO2 fluxes between below-ground and the atmosphere.  They are thus also inadequate for predicting changes in soil C stocks as a function of land clearing and land management.  Calculations based on topsoil parameters, especially when applied to C stock densities appropriate to the whole soil-profile depth, may have been giving misleading conclusions in the National Greenhouse Gas Inventory and greenhouse gas emissions abatement policy debate.  Species groups (eg trees, shrubs, perennial grasses, annual grasses, broadleaf herbs) differ in their rooting depth, inherent root turnover rates, and depths at which fine root turnover is most rapid.  Examples are emerging where the time-trends for soil C density below 30cm depth, following a landcover/land use change, are different (even opposite sign) to those in the top 30cm.  If the anticipated shift to 1m, rather than 30cm, as the international depth-standard for soil-inventory work is adopted, such a phenomenon could alter the policy and “Kyoto-compliance” needs for GHG emissions management with respect to soil C.

The objective of this work is to interact with modellers of the integrated ecosystem C-cycle within BWG [Barrett (VAST) and Kirschbaum (CENW)] and with of other investigators of the terrestrial C-cycle to determine, for selected land management transition sites, the vertical profiles of litter C and N inputs on the surface and below-ground, and of turnover times of soil organic C and N deriving from the litter.  

As well as assisting in the improved formulation and parameterisation of models for potential use on continental-scale flux accounting and verification activities, this work will be used to address such inventory and C-sequestration project-scale questions as why planting pines after pasture or native forest often leads to decrease in the stock of soil C (and whether it is true when the entire soil profile is considered), whether deep rooted crop species (eg lucerne) can be used as an agricultural  technique to sequester long-lasting organic C at depth, and the C-implications of the current trend in Australia to substitute reduced tillage techniques for pasture breaks in crop sequences to maintain soil stability.

Techniques to be employed will include the use of natural abundance carbon isotopes, root ingrowth bags, soil coring and root and soil organic matter pool separation, laboratory incubations of soil cores, field temperature gradient tunnels and , if possible when available, Free Air CO2 Enrichment facilities (probably at Townsville).

This project has close links with a companion project in the CRC for Greenhouse Accounting. The work program described here is distinct from, but compatible with, the CRC Plan.

Work Program 1999-2000:
· Identify, with other such as BWG Activities 1a (Biomass), 1b (Soil: Adelaide group), and 5b (Biogeochemical cycles) and relevant CRC researchers, suitable research sites involving landcover and land management transitions

· Liaise with BWG (Task 5b) and CRC (Project 1.4) modellers the requirements for incorporating into ecosystem C-cycle models variation with depth of: (1) fine root growth (ie below ground net primary production) and death; (2) C-pool turnover times; (3) soil organic C density.

· Commence field experiments and observations on the above

Work Plan 2000-2003:

· Complete the experimental program to answer such questions as 

· Why do pine plantations following pasture or native eucalypt forest often cause decline in soil C density, at least in the top-soil?

· Does the specific decomposition rate of root litter and soil organic matter pools decline with increasing depth in the soil and if so why?

· Under what circumstances does an increase in soil C density below 30 cm compensate for soil C decrease above 30cm (or vice versa)?

· Can deep-rooted perennials such as lucerne be used effectively to sequester C at depth in a way that is more persistent than using species that allocate more C shallower? 

· In collaboration with Activity 5b and other C-cycle modellers, incorporate the findings into the below-ground sub-routines of ecosystem C-cycle models such as VAST and  CENW that already include basic soil C subroutines such as RothC or CENTURY.

· On the basis of the results make recommendations on the effectiveness of land management options for sequestering C below ground

Milestones:

December 1999:  Complete data analysis and report to AGO on NGGI Inventory Development Project on paired site soil sample study on poplar box clearing (Dingo), pine plantation onto pasture (ACT), and temperate  eucalypt clearing )Parkers Gap NSW) sites.

June 2000:  Research sites identified and observation/experiment plan established and started.  

June 2001:  First year of data available for reporting.  Advice to the NGGI system about repercussions of the findings for the 1990 CO2 flux baseline inventory.

(1c) Slow Soil Carbon Pools

Group:  CSIRO Land and Water, Adelaide

Description: A significant body of information is currently available on the levels and distribution of stocks of soil organic carbon.  Considerably fewer data are available on the most highly protected forms of soil carbon.  In Australia, these materials are usually dominated by charcoal but other forms which are strongly protected, probably through sorption processes, may also be significant in some soil types.  Because of their biologically recalcitrant nature these materials have a significant impact on the dynamics of soil carbon in the medium to long terms (over 5 years) and an understanding of the processes that lead to their distribution is needed if soil carbon modelling is to be useful for the long-term prediction of carbon dynamics.  Charcoal is a highly variable soil C pool and difficult to measure.  Previous work has demonstrated that soil char can represent up to 80% of the total organic carbon in some soils and soil levels appear to result from a combination of fire history, biomass, conversion rates, soil texture and position in the landscape.  Field observations along with limited laboratory data suggest that zones of char accumulation exist, usually in the lower parts of the landscape probably resulting from colluvial and alluvial depositions.

The major aims of this project are to determine the rates of production of char, the processes which lead to its distribution in the landscape and its potential as a soil carbon sink.  Strong links will be with the work in Activities 2 and 1a, and with the soil carbon modelling in Activity 5b.

Work Program 1999-2000:

· Complete the analyses of soil and char samples provided by D. Graetz

· Measure C/Si ratios for a range of chars and plant materials to estimate conversion efficiency to char

· Prepare/collate a database of existing char data

· Estimate of efficiency of char production from fires in northern Australia

· Produce initial version of char database

Work Plan 2000-2003:

· Establish better estimates of soil char distribution across the landscape

· Determine the contribution and extent of zones of accumulation of char in the landscape and the processes which govern them

· Determine the role of biomass burning in C sequestration in a number of Australian ecosystems

· Establish the level and role of highly protected forms of soil carbon other than char in a number of soil types and the mechanisms of this protection.

· In collaboration with Graetz (Activity 2), provide a first approximation map of char distribution in Australia

· Estimate the role and size of the zones of char accumulation in Australia’s baseline soil C level

· Assess which ecosystems can benefit from burning in terms of C sequestration and which do not (in terms of overall carbon sequestration).

· Provide information on the relative size and importance of chemically and physically protected soil carbon pools.

Milestones:

December 1999:  In collaboration with Activity 2, determination of the annual char sink generated by burning in the Australian continent

June 2000:  (1) Production of a soil char data base including all existing soil char data; (2) All soil samples collected and sites characterised; (3) Methodology for the non-char components established and tested.

June 2001:  (1) First version soil char map produced; (2) Completion of a desktop modelling exercise using the RothC model to determine the impact of char production in a number of environments; (3) Initial estimates of the relative contributions of the char/non-char protected pools to soils.

4.2 Activity 2: Landcover Status and Dynamics

Group:  CSIRO Earth Observation Centre, Canberra; CSIRO Plant Industry, Canberra

Description:  Satellite observations of landcover status and dynamics can be interpreted in terms of functioning, and via calibration, the fluxes of GHG can be modelled.  The overwhelming power of this strategy is that the model is driven by observations of actual landcover dynamics; critical behaviour, such as phenology, is directly measured.

Two discrete but interlocked contributions are required.  The first is the derivation of quality-assured satellite observations in which the substantial imperfections that remain in those currently available datasets are removed.  It is only when this has been achieved that the measurement of landcover status and dynamics can be reliably undertaken.  This contribution encompasses the entire AVHRR archive, 1981-present, and includes the detection and mapping of the episodic disturbances of fire and cultivation.  The critical contribution is the formulation and calibration of the PROTEAN model by Barrett and Graetz, which is detailed in Activity 5b. The linkage between remotely sensed data and modelling is not restricted to the PROTEAN effort.  Other modelling efforts in Activities 5 and 7 will also be serviced, as will be aspects of the soil carbon work of Skjemstad flagged in Activity 1c.

Work Program 1999-2000:

This research, by Graetz, has been directed at two goals: (1) revision of earlier measurements of clearing (1870-1990) and the consequent emissions as of 1990; (2) quantifying the impact of biomass burning on the terrestrial carbon cycle of the continent.

The clearing emissions research is in hand and in preparation for publication.  The research on fire continues and is focused on its two principal impacts on the carbon cycle: the transfer of carbon between pools at the instant of burning, and the long term influence of evolving fire regimes on the population (and carbon) dynamics of woody plants.

Anticipated outputs are:

· Modelled estimates of the carbon emissions from clearing for crops and pastures (1870-1990)

· Measurement of clearing (1982-1990) and estimates of the consequent carbon emissions

· Uncertainty of biomass estimation (Barrett, Galbally, Graetz) 

· Estimates of the size of the biomass burning carbon sink from char formation

· Estimates of the size of the biomass burning carbon sink from woody plant increase ("woody thickening").

Work Plan 2000-2003:

The following research, planned by Graetz and Barrett over the last 12 months, is a closely integrated part of the Biogeochemical Modelling efforts outlined in Activity 5b. The modelling effort, to be developed by Barrett and Graetz, will predict the net fluxes (emissions and sinks) of the principal greenhouse gases (CO2, CH4, and N2O – hereafter GHG) for the continent on monthly time steps.  The model (PROTEAN) is driven by (satellite) observations with the AVHRR sensor of the status and dynamics of the continental landcover (vegetation and soils).  The processing and interpretation of these landcover observations by Graetz and Barrett will include both systematic functioning (metabolism) as well as the episodic disturbances of fire and cultivation.

Anticipated outputs are:

· CSIRO AVHRR Time Series (CATS): Quality-assured datasets of the landcover attributes of reflectance and surface temperatures for the continent at 0.05 degree resolution, 10-day time steps for the period 1981-present.

· The derivation of appropriate landcover attributes required by PROTEAN and other BWG modelling efforts, 1981-present.

· The detection and mapping of the episodic landcover disturbances of fire and cultivation, 1981-present.

Milestones:

December 1999:  Estimates of the size of the biomass burning carbon sink generated by char formation during biomass burning for the Australian continent and other relevant nations.

June 2000:  Estimates for the Australian continent of: (1) Mean and variation in annual emissions from biomass burning (1992-present); (2) Size of the biomass burning carbon sink from woody plant increase (‘woody thickening’); (3) Uncertainty analysis of (1) and (2); (4) Methodology for routine, transparent calculation of biomass burning emissions.

June 2001:  (1) Version 1 of CATS to calibrate PROTEAN version 1; (2) Spatial distribution of GHG emissions from the principal industrial metabolic (anthropogenic) sources (power stations, transport, and livestock) over the continent on a monthly time step (1981 to present).

4.3 Activity 3: Measurements of Land-Air Exchanges of Greenhouse Gases

Group:  CSIRO Land and Water, Canberra

Description:  A small network of remotely-controlled eddy flux stations for measuring fluxes of CO2, heat and water vapour from several key biomes over annual cycles will provide essential information for the parameterisation and testing of the surface flux scheme for these biomes. Information from the flux stations can also be used directly as extra constraints on various inversion analyses being undertaken by the BWG, such as CBL and larger scale budgets. Results from the flux stations will thus feed directly into other work by the BWG. Current patch-scale models can also be analysed using inverse methods to determine the key constraints on fluxes and hence where patch-scale measurement effort should be invested.

Experience from earlier measurement campaigns and reports from participants in the Ameriflux and Euroflux programs indicate that there are problems with the interpretation of flux measurements in hilly terrain and at night. This has implications for attempts to deduce NEP using micrometeorological measurements alone. Theoretical research is under way in CLW to help overcome the difficulties in interpreting flux measurements. 

To help test and improve our surface exchange model and to improve process understanding, periodic field campaigns must be run to supplement the continuous flux measurements. CO2 concentrations within and above the vegetation and the isotopic composition of CO2 in air and various carbon pools will be measured during intensive campaigns at the flux measurement sites to aid understanding of the relative roles of vegetation and soils in the C cycle. Ecophysiological measurements and models will aid in interpreting direct flux measurements and to help parameterise larger scale models. Much of this work will be achieved via collaboration, especially with the “Measurements of Local Carbon Balances and Stock Changes” activity. 

Work Program 1999-2000:

· Prove the capability of the eddy flux station concept through testing of the first system at Wagga Wagga, NSW, by ensuring that fluxes of heat, water vapour and CO2 are being measured properly, and remote control and data retrieval are functioning correctly.

· Conduct intercomparison with a system from the Ameriflux program to ensure that measurement and analysis methods are internationally comparable.

· Investigate suitable sites in the Murray-Darling Basin for long-term flux measurements.

· Install instrumentation at selected site and commence measurement program.

· Develop semi-automated procedures to process the data stream from eddy flux stations, assess data integrity and quality and archive results in a database.

· Construct second station and install at a site identified through consultation with stakeholders from linked research programs and BWG members. 

Work Plan 2000-2003:

· Obtain funding to build and commission third and subsequent flux stations at sites to be identified through consultation with stakeholders and members of the BWG.

· Incorporate data from the new eddy flux stations into the database.

· Maintain and/or improve data processing procedures to ensure highest quality data with lowest possible failure rate.

· Use the data to test and refine current land-surface exchange models.

· Extrapolate local flux measurements to larger scales using land-surface exchange models and remote sensing. 

· Compare water vapour and CO2​ fluxes with estimates from atmospheric boundary layer budgets, and larger scale inverse analyses using atmospheric concentration measurements and DARLAM.

Milestones:

December 1999:  Complete testing of first eddy flux station: (1) Identify site for full-time deployment of eddy flux station; (2) Complete first version of processing, data retrieval and data archiving software to ensure high quality of data collected.

June 2000: (1) First long-term eddy flux station installed and operational; (2) Construction of second flux station completed; (3) Identify and initiate improvements to processing, retrieval and archiving software and hardware; (4) Database for flux data constructed – established a link between this and the international FLUXNET database; (5) Commence data analysis in context of testing and parameterising surface scheme; (6) Identify and plan sequence of campaign-style measurements, and collaborators, necessary to derive optimal data from eddy flux stations.

June 2001 to 2003:  (1) Second long-term flux station installed and operational; (2) Funding for third eddy flux station obtained and construction under way; initiate funding proposals for subsequent eddy flux stations; (3) Continue ongoing data analysis to ensure maintenance of an active and quality-controlled data archive; (4) Complete analysis of the flux data, with the aid of land-surface exchange models and remote sensing, to extrapolate local flux measurements to larger scales; (5) Commence comparison of water vapour and CO2​ flux measurements with estimates from atmospheric boundary layer budgets and larger scale inverse analyses. 

4.4 Activity 4: Measurements of Greenhouse Gas Concentrations

Group:  CSIRO Atmospheric Research, Melbourne

Description:  There has been a slow evolution of global inversion techniques (to obtain surface fluxes from atmospheric concentration differences) towards more regional information. The scaling-down from global-to-regional flux estimation carries with it a number of significant advantages, including global consistency of derived fluxes, large scale integration and efficient, low-cost, long-term, continuous monitoring for flux changes. Ongoing CSIRO global-scale work and planning of relevance to the BWG include a major role in significant international upgrading of global measurement techniques and strategies, increased density of measurement sites in the Australasian region and further exploitation of multi-species information to identify surface exchange processes. 

The new CSIRO Lo-Flo CO2 analyser system has the potential to significantly remove current logistic constraints on continuous field operation, at the same time offering dramatically improved long-term precision. It’s potential for resolving and monitoring atmospheric CO2 changes due to Australian biospheric exchange provides the main thrust of BWG-specific CAR atmospheric composition studies. 

The land-air exchange of gases of biospheric origin leaves distinctive signatures of this exchange by way of trace gas ratios. These are expected to provide additional constraints on inversions of CO2 concentration differences, and thus improve regional flux estimates. By using tracers with a range of atmospheric lifetimes from hours (volatile organic carbons) through months (carbon monoxide) and years (hydrogen), to decades (CH4, N2O, CO2 isotopes), it may also be possible to verify the scale of surface exchange contributing to CO2 change. As a first step in this direction, process studies are required to link tracer signatures to specific biological sources. 

Work Program 1999-2000:  

· Operate a prototype (Mark I) Lo-Flo NDIR CO2 analyser, initially at Aspendale, then at the Cape Grim Baseline Air Pollution Station to establish basic performance. Design and construct a Mark II analyser for operation in ships regularly circumnavigating Australia (as part of Global Ocean Observing System), providing both ocean fluxes and precise ship-to-Cape Grim CO2 differences. 

· Commence concept design of a transportable unit for remote site operation. Commence modelling studies (as part of Activity 7, Determination of Regional Sources and Sinks) to assess potential for verifying and monitoring regional flux estimates from a continental network of such analysers.

· Continue existing operation of GASLAB global atmospheric sampling. Play the key role in a WMO-endorsed global intercalibration and data assimilation strategy (GLOBALHUBS), to improve spatial resolution (to continental scale) and precision of flux calculations from global greenhouse gas measurements. 

· Develop existing (carbon isotopes, O2/N2, CO2/CO/CH4/H2/N2O "anomaly signatures") and new (VOC) methods of identifying terrestrial CO2 exchanges (for instance distinguishing between photosynthesis, plant growth, respiration, biomass burning, fossil fuel). In general, link these studies to the CLW program #3, Measurement of Land-Air Exchanges of Greenhouse gases.

Work Plan 2000-2003:

· Obtain funding for the construction and deployment of a limited number of continental CO2 monitoring sites using the Lo-Flo CSIRO analyser system.

· Provide improved monitoring of globally-consistent Australasian fluxes and flux uncertainties from global network studies.

· With CMR, characterise air-sea fluxes and flux changes around the Australian continent. Make initial estimates of continental fluxes/flux uncertainties from the Cape Grim and ship borne CO2 analysers (add continental stations when available).

· Characterise major Australian continental ecosystems in terms of their exchange of greenhouse gas tracer species, and where possible relate these to direct flux measurements (will involve the use of aircraft sampling near CLW flux sites). Undertake intensive studies to understand and quantify the relationship between plant growth and VOC exchange. Incorporate tracer gas exchanges into appropriate terrestrial biosphere BWG models.

Milestones:

December 1999: Cape Grim prototype Lo-Flo NDIR installed and operating at Cape Grim for assessment of both oceanic and continental signals. Demonstration of a quantitative link between plant CO2 uptake and an atmospheric VOC tracer. Refined estimates of biomass burning signatures in longer-lived (CO, H2, CH4, carbon isotopes) trace atmospheric species in the Australasian region, and characterisation of background signatures.

June 2000: Construct ship-borne NDIR CO2 analyser and commence testing. Complete detailed specification and international funding proposals for GLOBALHUBS. Preliminary measurement of carbon loss as VOCs from plant species as a function of CO2 uptake and other tracer exchange and plant processes.

June 2001: Deploy a continental CO2 Lo-Flo NDIR (initially at a serviced flux station site?) for testing. Develop and field test a multi tracer (VOC plus longer-lived species) technique for distinguishing biospheric exchange on a range of space scales. 

4.5 Activity 5: Terrestrial Biosphere Models 

This major activity provides the models for describing the fluxes and storage changes of carbon, water, energy and other entities in the terrestrial biosphere. Through these models, the multiple kinds of measurement described in Activities 1 to 4 can be used as mutual constraints within a synthesis framework (Activities 7 and 8). 

The activity encompasses two related strands: (a) modelling of the land-atmosphere exchanges of energy, water, CO2 and other greenhouse gases for incorporation into atmospheric circulation models; (b) continental-scale biogeochemical models of the cycles of water, carbon and nutrients (including vegetation growth processes) to improve estimates of carbon exchanges in both natural and agricultural systems. 

 (5a) Modelling Land-Atmosphere Exchanges

Groups:  CSIRO Atmospheric Research, Melbourne; CSIRO Land and Water, Canberra

Description: This activity is focussed on the modelling of land-atmosphere exchanges within the environment of atmospheric transport models. There is a close connection with work on the modelling of biogeochemical cycles, described in Activity 5b.
Regional carbon fluxes may be estimated using process-based models or from inversion studies involving measured atmospheric concentration measurements and a transport model. Significant uncertainties in net C fluxes arise from both approaches – inadequate models and unknown parameter values in the former, and sparse data networks, measurement errors and non-perfect atmospheric transport models in the latter. A key thesis of the BWG is that by combining these and other methods, there will be a net reduction in the uncertainties in estimates of carbon fluxes by providing mutual constraints on the various estimates. One objective is to test this thesis.

To do so, we will improve the existing land-atmosphere exchange model in DARLAM by incorporating a two-leaf canopy model and a soil-carbon dynamics model. Predictions from the land-atmosphere model will also compared with field measurements obtained during OASIS field campaign and other international data sets. The new surface scheme will be used to simulate the CO2 concentration field within the model domain for use in regional inverse studies. (1999-2000).

Remotely sensed data will be used as input to the model and for verifying the predictions by the land-atmosphere exchange model. (1999-2003).

We will also include the vegetation and soil carbon pools in the land-atmosphere exchange model, allowing us to incorporate our ecological knowledge and field biomass measurements into the model and to provide further constraints on regional inversion.  (2000-2003)

Work Program 1999-2000:

· Complete revision of the CSIRO land-atmosphere flux model to incorporate the two-leaf model of Wang and Leuning (1998) and a model of soil carbon fluxes (Wang, 1999). 

· Complete inclusion of the new surface scheme in DARLAM .

· Use the new version of DARLAM to study the feasibility of estimating biological parameters at large scales (such as maximum photosynthetic capacity) using inverse techniques and CO2 concentration data from Cape Grim CO2.

Work Plan 2000-2003:

· Include both vegetation and soil carbon pools in the land-atmosphere exchange model, and incorporate the revised model in DARLAM

· Include C4 photosynthesis in the land-atmosphere exchange model 

· Devise and evaluate methods to use effectively  remotely sensed data as inputs to the surface exchange model 

· Devise and test methods to use remotely sensed data to test model predictions

· Verify the land-atmosphere exchange model using field measurements obtained during the OASIS field campaign and other internationally available data sets

· Use DARLAM to estimate the net primary production of the Australia for the period 1985 to 1995, to study its interannual variation, and compare the NPP estimates from DARLAM with other estimates in the BWG

· Use DARLAM and inverse technique to estimate the net carbon exchange over part or the whole Australian continent

Milestones:

December 1999:  Complete incorporation a two-leaf model and a soil carbon dynamics model into DARLAM. Complete the sensitivity analysis relating of surface CO2 concentrations at Cape Grim to values of photosynthetic capacity of terrestrial ecosystems in south-east Australia.

June 2000:  Include C4 photosynthesis in the land-atmosphere exchange model and compare the model predictions with field data for OASIS and other data sets; Estimate the net primary production of Australian continent and compare with other estimates of NPP.

June 2001:  Include the vegetation and soil carbon pools in the land-atmosphere exchange model;  Estimate the net carbon exchange of part or whole Australian continent.

(5b) Modelling Biogeochemical Cycles

Groups:  CSIRO Land and Water (Canberra), CSIRO Plant Industry (Canberra) and CSIRO Atmospheric Research (Melbourne)

Description:  This activity is focussed on the biogeochemical models linking the cycles of energy, carbon, water and nutrients, with emphasis on vegetation growth, the hydrological cycle and the effects of changes in land use and land management. A theme is the incorporation of constraints from remotely sensed data. There is a close connection with the land-atmosphere exchange modelling work described in Activity 5a, and with the work in Activity 2 on the dynamics of landcover change.

The key outputs will be:

· Steady-state continental surfaces of key fluxes and stores in the carbon balance (net primary productivity, biomass, soil carbon) derived from remotely sensed data; 

· Methodologies for quantifying uncertainties in these estimates;

· Development and application of a capability for modelling the linked balances of water, carbon and nutrients at regional scales, with emphasis on the effects of and changes in land use and land management, and on the connections between airborne and waterborne transport.

The activity draws from a rich background of existing relevant models, each developed from similar core scientific principles but for quite different applications. These models include:

· VAST 2.0 (Vegetation And Soil carbon Transfer): a production efficiency and soil respiration model being developed to predict biospheric fluxes of C between the land surface and the atmosphere from 1981 to 1994, using Pathfinder AVHRR data with existing climatic, vegetation and edaphic data sets.  The application is to predict the spatial and temporal distribution of continental landscape productivity, using remote sensing data on canopy greenness.

· BIOS (Balances In the Overall System): a coupled model of landscape water, energy, carbon and nutrient (N and P) balances, including terms for the lateral transport of materials across the land surface. Its application is to determine the linked regional balances of water, carbon and nutrients, with emphasis on the role of land use and land management changes in modifying these fluxes and on the connections between land-air fluxes and the waterborne leakage fluxes to water bodies.

· CENW (Carbon, Energy, Water, Nutrients): a generic forest growth model that simulates the fluxes of carbon and water, the interception of solar radiation and the dynamics of nutrient cycling through plant and soil organic matter pools. Its principal application is in predicting forest growth.

The tasks of this activity, as detailed below, will be accomplished using a combination of the science and the model codes embodied in these existing and ongoing developments.

Work Program 1999-2000:

· Continental surfaces of steady-state NPP, C-stocks and C mean residence time for Australia 

· Development of a methodology for large scale sampling strategies aimed at decreasing uncertainty in C-stocks over large data sparse regions

· Development and trial application of modelling framework for the linked balances of water, carbon and nutrients at regional scales, with emphasis on the effects of changes in land use and land management, and the connections between airborne and waterborne transport.

Work Plan 2000-2003:

· Spatial distribution of NPP and soil respiration derived from non-industrial sources across the continent at monthly time steps between 1981 and present

· Summation of the spatial distribution of biospheric fluxes (previous point) and anthropogenic greenhouse gas emissions, to estimate total net fluxes of greenhouse gases from all sources 

· Application of catchment-based framework for water, carbon and nutrient balances at continental scale, examining present, past and future scenarios 

· Further development of methodologies for quantifying uncertainties in NPP and soil respiration modelling.

Milestones:
December 1999: (1) Derivation of continental surfaces of steady-state NPP, C-stocks and C mean residence time for Australia; (2) Algorithm development and initial coding for linked regional balances of water, carbon and nutrients, incorporating effects of changes in land use and land management, and waterborne transports. 
June 2000:  (1) Development of methodology for large scale sampling strategies for data sparse regions; (2) Initial application of model for linked regional balances of water, carbon and nutrients, under present land use and climate

June 2001:  (1) Scenario development and initial application of catchment-based framework for water, carbon and nutrient balances at regional and continental scales, examining present, past and future scenarios; (2) Derivation of spatial distribution of NPP and soil respiration across the continent at monthly time steps between 1981 and present; (3) Summation of the spatial distribution of biospheric fluxes and anthropogenic GHG emissions, to estimate spatial distribution of total net fluxes of GHGs from all sources.
4.6 Activity 6: Regional Atmospheric Circulation Modelling

Group: CSIRO Atmospheric Research (Melbourne)

Description:  Regional atmospheric models from CSIRO Atmospheric Research are being used to provide the “forward modelling” component of the Carbon Budget Program. The models provide a framework within which best-guess source and sink estimates are embedded. This activity has strong explicit links to the activities "Terrestrial Biosphere Models for Land-Atmosphere Exchanges" (5a) and "Determination of Regional Sources and Sinks" (7).

The regional models are integrated forward in time for periods of several months, initialised by, and in conjunction with, analyses of observed atmospheric meteorological variables. The models provide a consistent specification of the three-dimensional fields between the standard analysis times, provide a meaningful sequence of surface and subsoil variables, and perform transport and surface flux calculations for the requisite trace gases.  

Two models are being employed:

· The Division of Atmospheric Research Limited Area Model (DARLAM). This model has been progressively developed over the last 10 years, and has been used for many detailed climate simulations over the Australian region. It employs one-way nesting at its lateral boundaries, using data from analyses or from a coarser scale (typically global) model.

· The conformal-cubic (C-C) model. This is a new global model which has a stretched grid arrangement possessing high resolution over Australia and progressively coarser resolution elsewhere. The model may be constrained to approximately follow atmospheric observations by weakly relaxing towards the sequence of observed fields. This model is free of any spurious lateral boundary effects and also simulates global distributions of trace gases and soil variables (with somewhat reduced accuracy in the coarser part of the domain). The trace gas research at CAR commenced with DARLAM but is progressively being transferred to the C-C model.

Work Program 1999-2000:

· Perform “forward” simulations of trace gas transport with the DARLAM regional model.

· Undertake preliminary “forward” simulations with the conformal-cubic model.

Work Plan 2000-2003:

· Achieve realistic “forward” simulations of radon and CO2 concentrations, including urban and rural sources and sinks.

· Refine the model numerical scheme to improve the advection of gases which have steep concentration gradients 

· Incorporate necessary parameterisations and provide long simulations for use by other BWG team members.

Milestones:

December 1999:  (1) Complete 7-month “forward” DARLAM runs for radon and CO2, and validate against Cape Grim observations. (2) Modify the C-C model to simulate global transport of trace gases and incorporate surface flux prescriptions. (3) Undertake preliminary 1-month trace gas transport simulations with the C-C model.

June 2000:  (1) Produce “forward” C-C model simulations for radon which behave as well as the previous DARLAM simulations. (2) Produce “forward” C-C model simulations for CO2 which reproduce qualitatively the main features of the Cape Grim observations. (3) Perform C-C trace gas simulations with the Wang and Leuning model of canopy conductance and photosynthesis.

June 2001:  (1) Undertake multi-month simulations which can be used for inverse calculations to refine the specification of Australian CO2 sources.

4.7 Activity 7: Determination of Regional Sources and Sinks 

Groups: CSIRO Atmospheric Research (Melbourne) and CSIRO Land and Water (Canberra)

Description:  The goal of this key synthesis project is the determination of regional terrestrial sources and sinks of carbon dioxide, other greenhouse gases and water, using multiple measurement constraints within a modelling framework. Several measurement approaches can provide signals or “fingerprints” of greenhouse gas exchanges at the land surface. These approaches, represented in the BWG measurement-based projects, are of four kinds: 

· atmospheric concentrations of greenhouse gases at key locations

· direct land-air flux measurements at key locations

· local carbon balances and storage changes in both biomass and soil

· remote sensing of landcover and the dynamics of vegetation. 

The models, likewise from other BWG projects, include a terrestrial biosphere model to predict land-air exchanges and biogeochemical cycling of greenhouse gases, a model to predict similar exchanges between air and ocean, and an atmospheric circulation model to determine how these gas exchanges affect atmospheric gas concentrations, especially at the key measurement locations. The BWG approach is founded on the premise that these models, when constrained by the multiple measurement, can yield heavily constrained estimates of net land-air fluxes and other key terms in the terrestrial balances of greenhouse gases.

The central problem in implementing this "multiple-constraint" approach is the process by which different kinds of measurement and model are synthesised under a single framework. None of the measurements gives complete, direct information about the primary quantities sought, which are the space-time distributions of the fluxes of the major GHGs and water. However, a terrestrial biosphere model can predict these sought quantities, subject to the availability of certain key process parameters. The essence of the approach is to use the multiple kinds of measurement to constrain these parameters to optimal values, and then to infer the sought variables using these optimal values, rather than inferring them directly from any one kind of measurement. The inference is done by using the model to predict the observable variables at the locations where measurements are available, and then finding the set of parameter choices which minimises the overall departure between model and measurements.

The multiple-constraint (MC) approach extends beyond current atmospheric inverse (AI) methods, in which surface source-sink distributions at large scales are determined from measured concentration distributions alone. Key differences include: (1) AI is restricted to concentration measurements, whereas MC can accommodate data of any kind predictable by the generic model; (2) AI infers sources and sinks directly from concentration measurements, without the need to infer an intermediate set of parameters; (3) the inverse problem in AI is linear because of the linearity of atmospheric mixing processes, whereas in MC the problem is nonlinear because the model is nonlinear in general; (4) hence, the AI approach uses (linear) inverse theory as its mathematical foundation, whereas the MC approach will need to use uses the related but not identical discipline of (nonlinear) parameter estimation; (5) the MC approach can access multiple sources of constraining data with vastly different spatial, temporal and process resolutions, so it is potentially capable of far more constrained predictions. This is its major strength.
Work Program 1999-2000: 

· Produce a land surface model which has specified land and vegetation properties (soil depth, photosynthetic capacities, and similar) about which there is a priori but imperfect information from vegetation and soil maps. 

· Arrange for this model to predict all measured variables, including remotely sensed information (NDVI, surface temperature), land-air fluxes, vegetation storage changes, and atmospheric concentrations (in concert with an atmospheric circulation model).

· Run the atmospheric transport model and land-surface model together in trial inverse mode, to determine most effective locations and sampling strategies for concentration measurements. (Sampling strategies may involve mobile samplers). 

· Construct formalism for nonlinear parameter estimation, including decisions on prior constraints on parameters.

· Investigate methods for ascribing uncertainties to estimated parameters, and thence the final flux estimates.

Work Plan 2000-2003:

· Decide on around 100 bioclimatic regions across the continent, defined by soil-vegetation-climate associations but not necessarily contiguous, which can be treated as homogeneous from the point of view of terrestrial biospheric function. 

· Aggregate the spatially heterogeneous remotely sensed predictions up to bioclimatic regions, to get a manageable number of variables on which to invert.

· Use the parameter-optimisation process to adjust a few key soil and vegetation parameters in each of the bioclimatic regions, thus constraining the full, continental flux field.
Milestones:
December 1999:  (1) Scoping and conceptual development of multiple-constraint approach; (2) development of overall science plan. 

June 2000:  (1) Bioclimatic regions selected; (2) terrestrial biosphere model developed to predict all observable variables in forward mode; (3) theoretical development of approach for uncertainty estimation; (4) first evaluation of potential for determining broad-scale sources and sinks using multiple-constraint approach
June 2001:  (1) Application of multiple-constraint approach for initial constrained estimates of regional sources and sinks; (2) evaluations of the relative impacts of the various measurement constraints at different measurement scales.

4.8 Activity 8: Greenhouse Gas Inventories – Science and Methodologies 

Group: CSIRO Atmospheric Research (Melbourne)

Description:  This activity provides the connection between the Regional Sources and Sinks work and the National Greenhouse Gas Inventory. The outcome sought from the research of the BWG is “improved greenhouse gas inventory frameworks and methodologies, including estimation of uncertainties.”. The function of this activity, Greenhouse Gas Inventories – Science and Methodologies, is to link the more general work on sources and sinks in the biosphere to the specific needs of the inventory to ensure that the scientific products can be adopted by the inventory. (This work here is distinct from CSIRO work that is specifically on methodology and calculations for the NGGI.)  Major activities include the development of an internationally accepted framework for uncertainty analyses, and the development of methodologies for the national greenhouse gas inventory to be represented in a spatially explicit form in a geographical information system. This representation of the national greenhouse gas inventory in a spatially explicit form is essential so that the national inventory can capture the benefit of the BWG regional sources and sinks work through spatially explicit comparisons.

Work Program 1999-2000:  The major activity on this time frame is the completion of the IPCC activity on Uncertainty and Good Practice in National Greenhouse Gas Inventories. This will include a Summary meeting in Australia in February 2000 and the presentation of the outcomes of this activity, a set of Inventory Uncertainty Guidelines to the next meeting of the Conference of Parties of the FCCC.

Work Plan 2000-2003:  This work will include the science underlying the representation of the national greenhouse gas inventory in a spatially explicit form and the comparison of  the national greenhouse gas inventory and the output of the BWG activities, measurements and modelling of greenhouse gas exchange across a wide range of scales. The methodologies for estimating national greenhouse gas inventories are not spatially explicit at present. Modifications to the methodologies (consistent with IPCC Guidelines), will be developed, including those necessary to take into account spatial and temporal covariances of activities and emission factors. Furthermore the measurements of greenhouse gas exchange include both natural and anthropogenic exchanges, whereas the inventory contains only the latter. Spatially explicit models of these natural exchanges will be developed and run alongside the inventory.  This will allow valid comparisons between the estimated and measured emissions and uptakes. An initial round of comparisons will be made between the spatially explicit inventory (along with the parallel model of natural exchanges) and existing measurements of greenhouse gas exchange which should provide valuable information for inventory verification and greenhouse gas exchange model development. Subsequently the inventory will be compared with the outputs of the regional sources and sinks work and this will provide the first comprehensive verification of the terrestrial component of Australia’s greenhouse gas inventory.

Milestones:

December 1999:  Draft framework for analysis of uncertainties in national greenhouse gas inventories;  theory connecting inventory methodologies and global budgets of trace gases

June 2000:  First applications of uncertainties framework to terrestrial components of Australia’s greenhouse gas inventory. 

June 2001:  Acceptance of guidelines for analysis of uncertainties in national greenhouse gas inventories by the Conference of Parties of the FCCC;  Guidelines and methodologies for converting national greenhouse gas inventories into spatially explicit forms;  Inventory verification studies through comparisons of the spatially explicit inventory (and a parallel model of natural exchanges) with existing measurements of trace gas exchange.

Appendix 1: Reports and Discussion Papers Produced by the BWG

The following discussion papers were included in the Report for the Australian Greenhouse Office by the Biosphere Working Group of CSIRO's Climate Change Research Program, CSIRO, Canberra, February 1999. This report was collated and edited by Miko Kirschbaum and Roger Gifford, BWG convenors for 1997-98. The papers were supplied in confidence to the Australian Greenhouse Office.

· Gifford, R.M. and Howden, S.M. Vegetation thickening and its role in Australian terrestrial carbon cycles: a global ecological perspective. p. 7-40.

· Galbally, I.E. Notes on the interpretation of "land Use Change and Forestry" as contained in the Kyoto Protocol and on the existing Australian inventory methodology for this sector. p. 41-59.

· Gifford, R.M., Barrett, D.J. and Ash, A.J. Pasture improvement for potential additional C-sinks for inclusion under the Kyoto Protocol. In:. p. 60-66.

· Swift, R.S. and Skjemstad, J.O. Agricultural soils as potential sinks for carbon. p. 67-74.

· Swift, R.S. and Skjemstad, J.O. Estimating soil carbon. p. 75-83.

· Kirschbaum, M.U.F. The inconsistent treatment of fire in the national greenhouse gas inventory. p. 84-87.

· Khanna, P. Consideration of import and export of wo0od and wood products in the National Greenhouse Gas Inventory. p. 88-90.

· Galbally, I.E. A framework for assessing and communicating uncertainty in national greenhouse gas inventories. p. 91-101.

· BWG. Towards national carbon accounting. p. 102-120.

· Gifford, R.M. Soil carbon fluxes: uncertainty and methodology development. p. 121-139.

· Galbally, I.E. Verification: a key process in the Kyoto Protocol. p. 140-152.

· Gifford, R.M. The carbon dioxide fertilising effect in the context of national greenhouse gas inventories. p. 153-167.

· Skjemstad, J.O. Soil carbon processes. p. 168-175.

· Galbally, I.E. Human activities, natural processes and the contribution of biomass burning to national greenhouse gas inventories. p. 176-182.

Other reports produced by the BWG before and since the above compilation include:

· Graetz, R.D. (1998) The terrestrial carbon pools of the Australian continent: an assessment of their size, dynamics and tractability. Consultancy Report 98/1, CSIRO Earth Observation Centre, Canberra.

· Kirschbaum, M.U.F. (1999) What contribution can trees make towards meeting Australia's commitments under the Kyoto Protocol? Environmental Science and Policy (In preparation).

· Galbally, I.E. and Tichy, M. (1999) The logical structure of national greenhouse gas inventories and the associated uncertainties. Background paper for the IPCC Expert Meeting on Uncertainties and Cross-cutting Issues in Inventory Management, Culham, UK, 5-7 October 1999.
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Appendix 2: The BWG and the Australian Greenhouse Science Program

The Australian Greenhouse Science Program is the present primary funding mechanism of the Australian Government for strategic greenhouse science. Under this Program, a Workplan for 1999-2000 has been agreed between CSIRO, the Bureau of Meteorology Research Centre (BMRC) and the Australian Greenhouse Office (AGO).representing the Australian Government. The Workplan is organised around the following headings, as decided by the Government's Greenhouse Science Advisory Committee: 

· The Driver of Climate Change

· Greenhouse gases

· Carbon cycle modelling

· Aerosols

· Projecting Climate Change

· Improving representation of the coupled climate system

· Regional and global climate model evaluations

· The role of Antarctica in regional climate

· Regional climate change and model simulations

· Identifying and Tracking Climate Change

· Rehabilitation and analysis of climate records

· Deep ocean measurements

· Climate Variability and Trends

· How will climate change affect Australia's climate variability?

· Impacts and Adaptation

· Climate change and Australian ecosystems

· Communicating the Science and Policy Linkages

The BWG is the responsible provider or co-provider of the first two of the above components, "Greenhouse Gases" and "Carbon Cycle Modelling". Through this, the BWG receives funding from the Australian Greenhouse Science Program  in 1999-2000 as detailed in Appendix 2.

This funding involves contractual obligations to meet the milestones set out below, as agreed between the BWG, CSIRO and the AGO during the development of the present document. These milestones are a summary of those set out in the detailed Activity Plans in Section 5, grouped under first two of the above headings, for the purpose of reporting to the AGO.

Greenhouse Gases: Outputs

	Item
	Land-based network of greenhouse gas measurement facilities

	Responsible Provider/s
	CSIRO Biosphere Working Group

	Partners
	CRC Forestry Land-use Greenhouse Accounting

National Land and Water Audit

	Application/policy relevance 
	Greenhouse mitigation through verification of sinks 

Relationship between ‘greenhouse’ and sustainable land management issues

Verification of greenhouse inventories

Applications to carbon trading

	Outputs
	New methods for constraining local-scale estimates of GHG flux

Better inventory methods that include estimates of uncertainty at varying scales

Approaches for verifying regional-scale based on a synthesis approach

Better strategies and tools for estimating change in soil and biomass carbon at a range of spatial scales

	Outcomes
	Scientific underpinning for land-use policy in relation to greenhouse

More cost-effective inventory 

	Non-greenhouse
	This work will be linked to regional sustainability studies, especially existing work under the National Land and Water Resources Audit and work under the prospective regional-scale studies of sustainable land use in the Murray-Darling Basin and elsewhere, so that realistic management strategies that optimise greenhouse and sustainability goals are developed.


Greenhouse Gases: Milestones
	Milestones 1999–2000
	Responsible Unit
	Time 

	General
	
	

	Complete site selection and experimental protocols for flux stations and carbon stock measurements and produce report on measurement workplan
	CSIRO-LW,  CSIRO-FFP, CSIRO-AR
	Dec 1999

	Flux measurement
	
	

	Complete initial field testing, software and procedural development of first flux station
	CSIRO-LW
	December 1999

	First long-term flux station installed and operational on selected site 
	CSIRO-LW
	June 2000

	Second flux station constructed, tested and calibrated
	CSIRO-LW
	June 2000

	Stock measurement
	
	

	Carbon stock measurements commenced on same site as flux station
	CSIRO-FFP
	June 2000

	Identify paired research sites for studies of landcover and management changes on soil carbon
	CSIRO – PI, CSIRO LW
	June 2000

	Produce soil char database including all existing char data1
	CSIRO – LW
	June 2000

	Atmospheric concentration measurement
	
	

	Model-based guidance on network design and sampling within network provided
	CSIRO – AR
	Dec 1999

	Development (to initial testing stage) of prototype instrument for concentration measurements to support the flux stations
	CSIRO – AR
	June 2000


1 This study investigates the effect of fire in producing charcoal (a potentially important carbon sink), and was identified as part of the previous portfolio of NGRP-funded work.
Carbon cycle modelling: Outputs

	Item
	Carbon cycle modelling

	Responsible Provider/s
	CSIRO Atmospheric Research 
CSIRO Biosphere Working Group

	Partners
	CRC Southern Hemisphere Meteorology
CRC Terrestrial Greenhouse Accounting

	Application/policy relevance 
	Attribution of future concentrations to identified nations/national blocs (e.g. the Brazilian Proposal)

Definition of ‘ultimate concentration targets’ 

Global Warming Potentials beyond current commitment period

Verification of regional sources/sinks of greenhouse gases (related to the National Carbon Accounting System)

	Proposed outputs
	Models capable of assessing proposals for international greenhouse gas targets including the following dimensions of those proposals:

· ‘attribution’ of past and future contributions to global warming

· assessments of ‘allowable’ emissions under differing proposed ‘ultimate concentration targets’

· assessments of trade-offs between different gases.

Scientifically rigorous design of networks of land-based measurement stations

Evaluations of the implications of carbon ‘leakage’ on meeting concentration targets

Integration of carbon cycle models on different scales linking emissions and mitigation modelling with the natural cycles of greenhouse gases. 

Better estimates of national net primary production (useful for carbon accounting)

	Outcomes
	Government decision making regarding ‘burden sharing’ and ‘ultimate concentrations targets informed by objective scientific analysis

An ‘independent check’ of emissions propositions proposed by Parties to the CoP

Optimal management of terrestrial biosphere to enhance sinks

More efficient monitoring of national sources and sinks

	Non-greenhouse
	

	Mitigation
	This work will result in clearer specification of targets beyond the first commitment period


Carbon cycle modelling: Milestones

	Milestone
	Responsible unit
	Date

	Terrestrial Biosphere Modelling
	
	

	Commence development work on CSIRO biosphere model to incorporate remotely-sensed data for source/sink studies1
	CSIRO–AR
	June 2000

	Develop model for linked regional balances of water, carbon and nutrients, incorporating waterborne transports, and apply in a trial region 2
	CSIRO–LW
	June 2000

	Introduce light, water and nutrient constraints into  above model.
	CSIRO–PI
	June 2000

	Policy-related modelling and analysis
	
	

	Methane module operational in new global modelling framework
	CSIRO – AR
	June 2000

	Incorporation of revised CO2 module in new global modelling framework
	CSIRO – AR
	June 2000

	Develop large-scale sampling methodology to decrease uncertainty in C stock estimation.
	CSIRO–PI
	June 2000

	Complete first estimation of magnitude and uncertainty of continental biomass burning as a carbon sink through char formation and woody plant increase3
	CSIRO–EOC
	June 2000

	Global and regional carbon modelling
	
	

	First evaluation of potential for determining broad-scale sources and sinks using inverse modelling
	CSIRO–AR

CSIRO – LW
	June 2000


1 This work links directly to work in the ‘projecting climate change section — improved representation of coupled models. The intention is to transfer these improvements to the climate model
2 This milestone will not be met through the Australian Greenhouse Science program, but through other sources, it is included because the next milestone, contributes to the more comprehensive effort.

3The production of char data-bases referred to in the table on page 3 is needed to meet this milestone
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