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	Key points

The Climate Change Authority (CCA) requested modelling support and emissions analysis from the Treasury and the Department of Industry, Innovation, Climate Change, Science, Research and Tertiary Education (DIICCSRTE) as an input to their Caps and Targets Review. 
This report provides updated emissions projections and economic analysis for various climate change mitigation scenarios for the CCA, but the results in this report do not constitute official Australian Government estimates. 
The key findings reinforce previous analysis contained in Australia’s 2012 annual emissions projections (Australian Government 2012) and modelling of the economics of climate change mitigation (Australian Government 2008, 2011). 
Emissions reductions consistent with meeting targets between 5 and 25 per cent below 2000 levels in 2020 are achievable with continued economic growth. Central projections of the abatement task and the effective carbon price faced by Australian firms during the flexible price period are lower than in previous assessments. This results in lower estimates of the economic impacts of achieving these targets through a combination of carbon pricing and the Carbon Farming Initiative (CFI). 
The abatement task and domestic emissions levels are lower than previous assessments due to a range of factors including: updates to data on historical emissions, including from electricity generation; lower rates of underlying growth in certain emissions‑intensive industries; and lower technology cost estimates in the electricity sector, especially for wind and solar technologies. 

This report also analyses the economic implications of varying scheme caps. While the level of the carbon price determines the extent of transformation of the industry structure of the domestic economy and the emissions‑intensity of production within industries, under each of the emissions caps modelled, firms source additional abatement overseas through the purchase of international carbon permits.
The effect on gross national income (GNI) of the purchase of each international permit may be expected to be larger than the permit price because the increase in foreign income outflows tends to lower Australia’s terms of trade. Lower caps also create a need to replace forgone carbon revenue with revenue from other sources. Taking all effects together, the effect on GNI of reducing the level of the scheme cap by 1 tonne of carbon dioxide equivalent and replacing the forgone revenue with other taxes is estimated to be around 1.55 times the international permit price.
The modelling considers only the economic effects of action to reduce emissions and these effects should be considered in the context of the broader social benefits associated with averting climate change. 


Context for the report
This modelling report was prepared in response to a request from the Climate Change Authority (CCA) for assistance in its Caps and Targets Review. The results provide input into the CCA’s recommendations on the level of 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 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 Australia’s 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.
Framework for analysis

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 updated historical data on emissions and emissions intensities from Australia’s National Greenhouse Gas Inventory and other sources. They 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.
The modelling results draw on a suite of models that includes two top‑down, computable general equilibrium (CGE) models developed in Australia: the Global Trade and Environment Model (GTEM) created by the Australian Bureau of Agricultural and Resource Economics and Sciences and the Monash Multi‑Regional Forecasting (MMRF) model created by the Monash University Centre of Policy Studies; as well as a series of sector‑specific modelling for electricity generation, transport, agriculture and forestry. 
The CGE models are economy‑wide and capture the interactions between different sectors, as well as among producers and consumers. Sectoral modelling complements the CGE models and provides richer detail for those activities that produce the majority of emissions in Australia. This suite of models provides the most comprehensive approach to examining the effects of carbon pricing and national emissions trajectories on the Australian economy at the global, national, state, industry and detailed sectoral levels.
It should be noted that the modelling in this report does not represent a complete assessment of the economic, social and environmental costs and benefits of climate change policies. It does not consider the risks and impacts of climate change itself nor the benefits associated with averting climate change impacts. 
Scenarios 
Ninety‑nine countries, including all major emitters, covering over 80 per cent of global emissions have pledged mitigation action to 2020 through the Copenhagen Accord and Cancun agreements. Countries are also negotiating a new climate agreement to be agreed by 2015 and to apply to all countries from 2020. The aim of the new agreement is to bring all of the world's major greenhouse gas emitters into a common international framework. 

Modelling of the global economy and the outlook for global emissions provides projections of carbon prices and the environment in which Australian industries compete. The extent and pace of international action over time remains uncertain. For this reason, two long‑term global action scenarios are modelled as backdrops for four different scenarios for Australia’s emissions outlook. 
The international scenarios both assume that from 2013 to 2020 regions act to meet their pledges under the Cancun Agreement to reduce or limit emissions.
 The medium global action scenario incorporates a world taking action based on the low end of pledges initially and stabilising atmospheric concentrations of greenhouse gases at 550 parts per million carbon dioxide equivalent (ppm CO2‑e) in the long term. The ambitious global action scenario assumes a collective will to cut emissions deeper and sooner. It is based on the high end of 2020 pledges and, from 2021, moving to limit the probability of global average temperatures rising more than 2 degrees Celsius above pre‑industrial levels to 50 per cent. This is consistent with returning atmospheric concentrations to 450ppm in the long term. From 2021, each scenario assumes a common international price which is chosen to achieve the specified environmental outcomes.
The domestic scenarios include three different price paths for Australian carbon prices, including abatement from the Carbon Farming Initiative (CFI); and one scenario in which there is no carbon price and no CFI, which provides a benchmark against which to measure abatement. These scenarios present a central policy projection within an illustrative range of alternative possibilities.
The domestic central policy scenario assumes that, after a two‑year fixed carbon price period beginning on 1 July 2012, the price of Australian carbon units rises linearly from a European Union emission allowance (EUA) futures market price for December 2014 through to a price of A$36/t CO2‑e in 2020.
The central policy scenario also assumes an Australian emissions target of 5 per cent below 2000 levels in 2020 with a national trajectory to 2020 that is consistent with Australia’s provisional quantified emission limitation or reduction objective (QELRO) for the second commitment period of the Kyoto Protocol. Beyond 2020 it assumes a straight‑line trajectory to 80 per cent below 2000 levels in 2050.
The carbon price pathway to 2020 and beyond is subject to uncertainty, and the sensitivity of emissions projections to alternative carbon prices has been assessed by exploring scenarios with higher and lower carbon prices. The domestic low price scenario assumes a carbon price that increases only gradually over the period between 2015 and 2020 to reach a price of around A$8/t CO2‑e in 2020, before rising linearly to the same carbon price in 2030 as in the central policy scenario.
The domestic high price scenario assumes an Australian emissions target of 25 per cent below 2000 levels in 2020 in a world taking more ambitious action. Beyond 2020, it assumes a straight‑line transition to reduce emissions to 80 per cent below 2000 levels in 2050.
International carbon price projections after 2020
A common international carbon price is modelled from 2021 for each of the international scenarios. Different countries may achieve their carbon reduction trajectories through a range of different policies—regulation, subsidies, carbon taxes and emissions trading schemes. Furthermore, abatement costs differ across countries, reflecting their different economic structures and abatement opportunities. The modelling assumes that, by 2021, individuals or governments can trade abatement such that businesses face the same carbon price equivalent in each country. It estimates the carbon price equivalent that would produce sufficient global abatement to achieve the stated environmental outcomes. 
The methodology projects long‑term international carbon price paths that can meet the specified environmental outcomes. It assumes that carbon prices increase steadily over time from 2021 at an annual real rate of 4 per cent, which is the assumed rate of return on assets of similar risk. To project the path of future economic growth and emissions, it takes account of long‑term international trends in population, employment and productivity. The level of carbon prices projected is similar to that presented in previous modelling (Australian Government 2008, 2011) and is within the range of projections in comparable studies. 

International action is projected to reduce the level of global emissions by transforming the structure of economies and driving production towards low‑emissions technologies in sectors such as electricity generation, transport and industrial processes. Emissions are reduced compared to baseline trends with a resulting reduction in the rate of growth in world production: the projections are for average annual growth in gross world product per person of 2.0 per cent in the medium global action scenario and 1.9 per cent in the ambitious global action scenario. This compares with 2.1 per cent in the baseline scenario without international action, in which atmospheric concentrations rise above 1200 ppm, leading to an estimated global temperature rise of more than 4 degrees Celsius above pre‑industrial levels.

	International action reduces emissions

	International carbon prices
	Global emissions
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Note: The step down in emissions in 2021 reflects coordinated world action with a harmonised international carbon price; and the step down in 2031 reflects the expansion of global mitigation policy to agriculture emissions.
Source: Estimates from GTEM.
Global mitigation action sees world demand for emissions‑intensive goods fall, compared to a baseline without climate change action. Higher levels of international ambition see faster transformation of economies from the combustion of fossil fuels towards renewable sources of power. 

Australia’s emissions projections
The Australian economy continues to grow in all scenarios. In the central policy scenario, the size of the economy in real GDP terms is projected to grow by around one‑third over the decade to 2020 and a further one‑third over the decade to 2030. As the population grows and the economy expands, employment increases, by around 1.5 million people over the period to 2020 and a further 1.7 million over the decade to 2030.
This economic outlook presents a substantial abatement task. Without either the carbon pricing mechanism or the CFI, Australia’s emissions are projected to rise to 685 Mt CO2‑e in 2020. To achieve a 5 per cent reduction in emissions in 2020 compared to 2000 levels implies an abatement task of 131 Mt CO2‑e.

This abatement task is lower than previous economy‑wide assessments.  These projections take account of more recent historical emissions levels and a lower rate of underlying growth in key emissions‑intensive industries. In addition, there have been a range of changes to the scope and measurement of emissions compared to the Australia’s Emissions Projections 2012 report, as well as changes to reflect emissions accounting in Australia’s second commitment period under the Kyoto protocol.
Domestic emissions are reduced and further abatement is sourced overseas
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Note: Straight lines indicate alternative national trajectories to emissions reductions targets of 5, 15 and 25 per cent below 2000 levels in 2020, including adjustment for abatement through GreenPower.  Dashed lines indicate Australia’s annual average assigned amounts for the first commitment period (2008 to 2012) and second commitment period (2013 to 2020) under the Kyoto Protocol.

Source: National Greenhouse Gas Inventory and projections from MMRF.
Under carbon pricing, Australia is projected to meet this abatement task through a combination of domestic abatement, including the CFI, and internationally‑sourced abatement from the purchase of international carbon permits. During the flexible price period, the level of Australia’s net emissions (domestic emissions plus international abatement) is determined by the cap on emissions in the covered sector and the level of emissions in the uncovered sector. Emissions in the covered sector above the cap and the CFI are offset by purchasing international abatement. The modelling assumes a path for the cap on the covered sector such that Australia’s net emissions match the national trajectory for net emissions 

Australia’s domestic emissions are projected to rise slowly from current levels in the central policy scenario. The main contributors to this rise are direct combustion of fuels and fugitive emissions from energy extraction industries—both of which reflect the very rapid growth projected for gas production and liquefaction—and agricultural activity, which is not covered by the carbon pricing mechanism. Growth in domestic emissions is projected to average 0.4 per cent per year over the period from 2012 to 2030. This is well below the rate of growth projected for the economy or population, so that emissions intensity per unit of production in the economy and per person are projected to fall steadily over the period. 
The emissions intensity of the economy falls over time
Central policy scenario
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Source: Projections from MMRF.
The carbon pricing mechanism and the CFI are projected to reduce domestic emissions by 65 Mt CO2‑e in 2020 and 156 Mt CO2‑e in 2030 in the central policy scenario compared to the no carbon price scenario. Emissions reductions occur in all covered sectors of the economy by reducing the emissions intensity of production as well as by driving a structural change in the economy towards production of lower emissions‑intensive goods and services. Reductions in emissions intensities are greater where mitigation costs are projected to be lower, such as for industrial process emissions, and less where mitigation costs are higher, such as for direct combustion emissions. Overall, changes in emissions intensities within industries contribute around three‑quarters of cumulative domestic abatement to 2020 and two‑thirds of abatement to 2030, while changes in the structure of the economy deliver the balance.
The electricity generation sector provides the largest source of domestic emissions reductions over time, delivering a quarter of domestic abatement over the period to 2020 in the central policy scenario. The reduction in emissions occurs through a switch towards lower emissions generation, including renewable sources, and slower growth in electricity demand. These changes are in addition to the effects of the Renewable Energy Target, which remains in place in the no carbon price scenario.

The coal, oil and gas fugitive sector is projected to be the second largest source of abatement, achieving around 14 Mt CO2-e emissions reductions in 2020, while production in this sector continues to grow to meet strong export demand.  The industrial processes sector is projected to contribute a proportionally large amount of abatement of around 10 Mt CO2-e in 2020. Abatement in industrial processes is driven by reduction of synthetic greenhouse gases through gas switching and destruction, as well as the implementation of abatement technologies and process improvements. 

Emissions reductions occur across all sectors
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Source: Estimates from MMRF.

Direct combustion abatement of 4 Mt CO2-e is projected in 2020 in the central scenario, growing in the longer term as new investments incorporate low-emissions technologies.  The transport sector is projected to deliver about 4 Mt CO2-e of abatement in 2020, primarily from road transport due to changes in the fuel mix. Beyond 2020, abatement is projected to continue with the uptake of hybrids and electric vehicles.

Waste emissions are projected to decline in the central policy scenario, with the carbon price and the CFI together contributing to 3 Mt CO2-e of abatement in 2020. Methane capture and waste diversion are projected to be the biggest drivers of abatement.

The CFI complements the carbon pricing mechanism by allowing farmers and land managers to earn carbon credits by storing carbon or reducing greenhouse gas emissions on the land using approved methodologies. These credits can then be sold to people and businesses wishing to offset their emissions under the carbon pricing mechanism rather than purchasing units from other sources. The CFI is projected to reduce domestic emissions by 16 Mt CO2-e in 2020. 

In agriculture, the CFI is projected to drive abatement of 3 Mt CO2-e in 2020 primarily through reduced emissions from livestock and improved savannah fire management practices. For the land use, land-use change and forestry (LULUCF) sector, the CFI is projected to achieve 12 Mt CO2-e of domestic abatement, with avoided deforestation and forest management practises the largest contributors. 

Higher carbon prices drive greater reductions in domestic emissions. The level of the carbon price determines the extent of transformation of the industry structure of the domestic economy and the emissions intensity of production within industries. For a given emissions cap, higher carbon prices will result in a greater transformation of the domestic economy, resulting in firms sourcing less abatement overseas.
Economic effects of alternative caps

The Climate Change Authority also requested advice on the economic implications of varying scheme caps. 
Tighter emissions caps drive greater reductions in net emissions, which may see firms source additional abatement overseas. Tighter caps do not lead to higher domestic carbon prices because the carbon pricing mechanism is an internationally‑linked scheme. 
The direct economic effects of reducing the level of the scheme cap by 1 tonne CO2‑e will be to increase foreign income outflows by the carbon price (assuming tighter caps have no material impact on global prices) and reduce Australian Government revenue by the carbon price. The effects on gross national income (GNI) may be expected to be larger than the carbon price because the increase in foreign income outflows tends to lower Australia’s terms of trade. Estimates from the MMRF model suggest the effect on gross national income is around 30 per cent greater than the value of the international permits purchased. 
Replacing forgone carbon revenue from alternative sources will typically also carry additional welfare costs. While taxes fund public services and transfer payments to improve the wellbeing of the Australian people as a whole, they also tend to change investment, employment and consumption decisions in a way that reduces welfare. These costs have not been modelled, but previous studies suggest that the marginal cost to welfare is typically around 25 per cent of the value of revenue generated.

Taken together, the welfare cost of reducing the level of the scheme cap by 1 tonne CO2‑e and replacing the forgone revenue with other taxes is estimated to be around 1.55 times the carbon price. In all scenarios, average incomes measured by GNI per person grow over time. 
Economic effects are different for alternative 2020 targets
GNI per person
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Source: Estimates from MMRF.

� All years referred to are financial years ending in that year (that is 2011-12 is 2012). Comparisons to current values relate to 2012 levels.


� 	The temperature change is determined within the Model for the Assessment of Greenhouse-gas Induced Climate Change (MAGICC v6), which is calibrated against more complex climate models and was used in the Intergovernmental Panel on Climate Change’s Fourth Assessment Report.


� 	These figures include an adjustment for emissions reductions through GreenPower, which the Government committed would be additional to meeting Australia's emissions reduction target.
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