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Chapter 1: Introduction

1.1 Context for the report

This report provides a detailed illustration of the long‑term outlook for greenhouse gas emissions. It contains projections for the structure of the Australian and world economies and associated emissions pathways under a range of scenarios at global, national, state, industry and detailed sectoral levels. 
The report was prepared in response to a request from the Climate Change Authority (CCA) for assistance in its Caps and Targets Review. The modelling results are intended to provide input into the CCA’s recommendations on the level of the greenhouse gas emissions caps for the carbon pricing mechanism, indicative national emissions trajectory, national carbon budget, and its assessment of Australia’s progress towards its medium and long‑term emissions reduction targets. The CCA is due to provide these recommendations to the Australian Government by 28 February 2014. 

The modelling presented in the report is the outcome of collaboration between the Treasury and the Department of Industry, Innovation, Climate Change, Science, Research and Tertiary Education (DIICCSRTE). The updated projections build on analysis previously undertaken as part of annual emissions projections (Australian Government 2012) and modelling of the economics of climate change mitigation (Australian Government 2008, 2011). The scenarios and sensitivities were agreed by the CCA and DIICCSRTE to provide analytical inputs to both the Caps and Targets Review and emissions analysis within Government. The results in this report do not constitute official Australian Government estimates.
Emissions projections are constructed to be consistent with the accounting rules applicable to Australia during the second commitment period under the Kyoto Protocol. This includes the application of global warming potentials for greenhouse gases that are consistent with the Intergovernmental Panel on Climate Change’s Fourth Assessment Report, except where otherwise indicated.

Public comments on a range of key assumptions for the electricity, fugitive, transport and agriculture sectors were invited between April and May 2013. DIICCSRTE held two consultation workshops with sectoral experts and received five public submissions on assumptions.
The report uses economic models to make long‑term projections and analyse the effect of emissions reductions on the Australian economy. The emissions projections are compiled against an outlook for the Australian economy broadly consistent with the macroeconomic projections in the 2013‑14 Budget—given the long lead times involved in commissioning detailed sectoral modelling, these were the most up‑to‑date projections available. Detailed outlooks have been drawn from a range of experts for the agriculture, mining and manufacturing sub‑sectors, and updated to incorporate some of the more recent movements in commodity price projections.
1.2 Scenario design

Alternative outlooks are presented for different scenarios under which Australia and the world take action that reduces emissions so atmospheric greenhouse gas concentrations are stabilised at levels that limit the effects of climate change. It examines the impact of different carbon prices on Australia’s economy in the context of different levels of global ambition.

The modelling investigates the projected economic and emissions outlook for Australia in the context of a range of uncertainties. One of the uncertainties that will affect the economic and emissions outlook is the level of the carbon price. Assumptions about the level of international ambition and the extent of international permit trading are important determinants of the level of Australia’s carbon price. These assumptions also affect the prices of the goods Australia imports and exports, which has implications for energy exports in particular. 

Two international action scenarios are modelled. The two international action scenarios assume the world takes action to stabilise atmospheric concentrations of greenhouse gases at levels around 550 and 450 parts per million carbon dioxide equivalent (ppm CO2‑e) in the long term. 
Against this backdrop, four domestic action scenarios are modelled. Economic activity and emissions projections are presented for three scenarios with carbon pricing in Australia including the Carbon Farming Initiative (CFI), and one scenario in which there is neither carbon pricing nor the CFI. 
The scope of the modelling exercise is to consider the effects of mitigation policies on sectoral emissions and the economy. The modelling does not consider the risks and impacts of climate change itself nor the benefits associated with averting climate change impacts. The effects of carbon pricing need to be considered in the context of broader benefits of mitigation action (Stern 2007; Garnaut 2008; Bollen et al 2009; Tol 2009; Aldy et al 2010; Garnaut 2011b).

1.3 Modelling framework
The report uses economic models to make long‑term projections and analyse the effect of emissions reductions on the Australian economy. Emissions projections are produced from the modelling results using information on emissions and emissions intensities from Australia’s national greenhouse gas accounts and other sources.

Economic models mathematically represent how the economy operates and how various agents respond to changing signals. Economic models are useful for exploring the costs of climate change mitigation, as they ensure internally consistent long‑term projections of economic activity and the resulting greenhouse gas emissions. While these models have their limitations, they comprehensively integrate economic and other data with economic theory about how the world responds to changing circumstances.

The report uses a suite of models because no single model adequately captures the global, national, state, industry and detailed sectoral dimensions or focuses on all relevant aspects of mitigation policy in Australia. 
The suite includes two top‑down, computable general equilibrium (CGE) models developed in Australia: the Global Trade and Environment Model (GTEM) and the Monash Multi‑Regional Forecasting (MMRF) model. These CGE models are economy‑wide models that capture the interactions between different sectors and among producers and consumers.
Chart 1.1: How the suite of models fits together
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Note: Solid arrow indicates direct transfer of results as an input/output. Dashed arrow indicates use of results for calibration.

Source: Treasury.

The GTEM model, developed by the Australian Bureau of Agricultural and Resource Economics and Sciences (ABARES), is used to model the international economy and provides insights into the evolution of Australia’s key trading partners (Pant 2007; Australian Government 2008, 2011). The version of GTEM used disaggregates the world into 13 geographic regions and 19 industrial sectors.
The international scenarios are designed to achieve certain long‑term atmospheric greenhouse gas concentrations. The Model for the Assessment of Greenhouse‑gas Induced Climate Change (MAGICC) is used to map emission trajectories from the international scenarios to estimated atmospheric concentrations (Raper et al 1996; Wigley and Raper 1992; Wigley and Raper 2001; Meinshausen et al 2009). 

The MMRF model, developed by the Centre of Policy Studies at Monash University (Adams et al 2010), is used to model the Australian economy. The version of the model used includes 57 industries, as well as state and territory‑level detail.
A series of sector‑specific models for electricity generation, transport, agriculture, forestry and waste complement these CGE models and enrich the understanding of the economy’s likely response to climate change mitigation policy. For example, the electricity sector features long‑lived and discrete investment decisions and a wide variation over the course of a year in wholesale prices in response to demand conditions, which are difficult to capture accurately in a recursive CGE model. 
ACIL Allen Consulting modelled the electricity generation sector. They applied their PowerMark LT model to represent generation and investment decisions at the generator level or by the unit within each generator, giving insights into the transformation of the electricity generation sector. The model incorporates a range of fuel types, including brown and black coal, natural gas and renewables (including hydro, biomass, solar, wind and geothermal), technology like carbon capture and storage, and differences between natural gas technologies.

The Commonwealth Scientific and Industrial Research Organisation (CSIRO) modelled the Australian road, air, water and rail sectors. They used their Energy Sector Model (ESM) to provide a detailed representation of choices between fuels and technologies, taking account of a range of existing policies and the time taken to turn over the transport stock (Graham and Reedman 2011; Graham et al, 2008). 
The Centre for International Economics (CIE) modelled the agriculture sector. CIE used three models to estimate domestic agricultural production and livestock populations based on a range of domestic and international economic factors: the Global Meat Industries (GMI) CGE model; the Dairy partial equilibrium model; and the Grains partial equilibrium model. 
Abatement under the CFI scheme for agriculture, forestry, land‑use change and legacy waste sectors was analysed by DIICCSRTE. The abatement estimates are based broadly on a top‑down approach using marginal abatement cost curves, constructed to be consistent with previous bottom‑up estimates published by DIICCSRTE and combined with detail about short‑term abatement. Where appropriate, expert judgement is applied that draws on observed and expected rates of CFI uptake and technical abatement potential.
The results from each of these models are drawn together into an integrated set of projections that are consistent at the macroeconomic level and sufficiently detailed in key sectors to provide insights into the likely transformation of the Australian economy under carbon pricing. Modelling of the global economy with GTEM provides the international economic and emissions context for modelling of the Australian economy within MMRF which, in turn, is informed by sectoral modelling. 
Reports commissioned from external consultants are available on the CCA website http://climatechangeauthority.gov.au.
1.4 Model limitations and uncertainty

Economic models allow examination of complex issues rigorously and consistently across long timeframes. Nevertheless, as approximations of the real world, they have limitations that affect the interpretation of results. These limitations include:
· The models are aggregated to different extents reflecting data and computing power limitations. For industries where firms have differing patterns of inputs and emissions intensities vary widely, this simplification reduces the accuracy of the modelling and results.

· The CGE models provide better estimates of long‑term economic adjustments than short‑term transition paths. The domestic modelling within MMRF represents short‑term transition paths based on assumptions that capital, labour and emissions intensity improvements take time to respond to changes in the economy, and is supplemented with sectoral models and other insights from partial analysis. The international GTEM modelling, by contrast, assumes labour and capital adjust immediately across industries, and it does not capture as many of the transition costs as would be experienced in the real world. 

· The models do not capture market failures caused by asymmetric information, strategic interaction between agents, public goods (goods for which the consumption by one individual does not preclude the consumption by others) and externalities.

· The models do not capture transaction costs in reducing emissions, such as through regulating emission trading schemes. 

The modelling relies upon a range of assumptions. As climate change operates over very long timeframes, quantitative analysis of carbon pricing and climate change mitigation must take a long‑term view. This report provides international projections to 2050 and domestic projections to 2030. This difficult exercise requires assumptions for a wide range of economic, social and environmental variables, which can change in unpredictable ways. Some forms of uncertainty are explored by undertaking sensitivity analyses.  Further details of the suite of models used and the underlying assumptions are presented in Appendix A of the report.
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