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Abstract: 

The EU and other selected jurisdictions have independently expressed intentions of greenhouse gas abatement. Among them is Norway, who has put forward unilateral targets for global abatement contributions, European contributions, as well as domestic caps. This paper compares the welfare costs of different carbon policy schemes with and without restrictions as to where abatement is to take place. We use a technology-rich, dynamic CGE model that accounts for abatements both within and beyond existing technologies, the latter through investments in alternative, climate-friendly technologies. We find that accounting for profitability-induced investments in new technological solutions reduces the abatement costs to about 1/3 compared to results from traditional CGE models that only allow for behavioural changes within existing technologies. This indicates what can be lost if policy makers are not able to signal a trustworthy future climate policy that makes up-front investments in climate technologies profitable. 
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1. Introduction

In the wake of the Copenhagen negotiations in December 2009, several jurisdictions have reported unilateral climate ambitions to the UN. Among them is Norway, who has formed caps in terms of global abatement contributions, European contributions, as well as domestic ambitions for the next decades. 
The main purpose of this study is to quantify national costs of self-imposed GHG mitigation ambitions. As the climate problem is global, the most cost effective policy for a nation would be to fulfil a specified global contribution by releasing the cheapest possible abatements, irrespective of country borders. We compare the national costs of following a cost-effective, transboundary strategy with one that demands a specified part of the mitigation to take place domestically. Specific domestic goals as a response to challenges that are by nature global, can be motivated by a wish to demonstrate that a low-carbon economy is feasible and, thereby, stimulate other countries to follow by. A transboundary strategy also involves mitigation projects abroad, for instance facilitated by the green mechanisms in the Kyoto protocol, through emissions trading in international quota market systems like EU-ETS, and through forest projects or other climate stabilising efforts. 
The costs of imposing a domestic cap in addition to a global will critically depend on the policy’s ability to release the most cost effective domestic projects. Even though the usual recommendation for optimal abatement is uniform emissions pricing, market failures or other inefficiencies can cause second-best situations and increase the abatement costs. We investigate the situation where up-front investments in climate technologies are hampered by the inability of policy makers to signal a trustworthy future climate policy. In face of a perceived short-lived emissions price, up-front investments in climate technologies will not appear profitable; firms will rather reduce their variable costs and scale down output, and consumers will respond by substituting other consumer goods for energy and reducing total consumption. 
We use a CGE model that is able to account for abatements both within and beyond existing technologies. The latter take place through investments in alternative technological solutions. The technology richness of the model enables us to account for potential endogenous changes in climate technologies and is a necessary tool in order to study possible impacts of an uncertain climate policy. 
The methodological approach to abatement cost analyses is critical, as is illustrated by a significant variation in abatement cost estimates within the literature. Stern (2006) does, for instance, sum up a wide range of estimates of global costs related to stabilisation of the atmospheric concentration in 2050 at 550 ppm CO2-equivalents. Traditionally, two main model approaches have dominated. The bottom-up tradition describes the competing energy technologies available, irrespective of whether they are currently in use or at present only known on paper. These models can describe radically different technological scenarios. However, in general, they tend to suffer from applying a partial perspective to the energy system, which fails to count in macroeconomic feedbacks and shows little attention to the endogeneity of demand and factor prices. 

The top-down approach to climate policy analyses mostly use computable general equilibrium (CGE) models. CGE models predict the development of the economy, energy use, and emissions based on micro-economic behaviour and the resource constraints and long-run conditions that restrict the opportunity set of agents and economies. They are empirically pinned down by use of historical data on the responsiveness of agents, and by use of current information on the technology specifications of production and consumption. Thus, their technological responses do not exceed observed practice. 

Conventional analyses, top-down as well as bottom-up, tend to underestimate the potential for emissions reductions. While top-down analyses exclude important profitable technology substitutions and systemic shifts, bottom-up analyses exclude important flexibility of economies by neglecting profitable down-scaling of supply and demand and shifting of costs among market agents. This dilemma has inspired analysts to develop synthesis models. Several amendments of the MARKAL model has been made, aimed at introducing main macroeconomic characteristics; among pioneering works, see Hamilton et al. (1992) and Loulou and Lavigne (1996). An impressively ambitious, recent approach departing from a bottom-up basis is that of Bataille et al. (2006). 
Other recent contributors have used CGE modelling as a point of departure and supplemented it with technology details; see e.g. Böhringer et al. (2003), Laitner and Hanson (2006), and Bosetti et al. (2006). This enables a good representation of technological richness, while simultaneously ensuring advanced status quo characteristics of CGE models like intertemporal dynamic behaviour and the facilitation of a consistent welfare measure. 

Our approach follows this latter strategy. We expand the scope by not restricting the technological adaptation possibilities to the energy supply side, only, but allowing for investments in climate technologies within energy demanding sectors. Energy-intensive manufacturing industries have several technological options, as have households, firms and public service sectors when comes to transportation technologies. Our model is disaggregate compared to many existing models, which have facilitated a detailed modelling of competitive conditions, endogenous labour supply, and tax interaction effects in realistic second-best policy settings.
We use the Norwegian economy and her announced climate ambitions and commitments as our case. At least until 2020, Norway aspires to prolong her participation in the European emissions trading system (EU-ETS). She will also contribute to global abatement in 2020 corresponding to a 30 percent reduction from her 1990 emissions level, and a 10 percent over-fulfilment of her Kyoto commitments within 2012. In addition, Norway has put forward a goal of meeting 2/3 of the global cap by domestic abatements. The scenarios are compared to a published reference path used by the government-appointed Klimakur 2020 commission, tasked with preparing the ground for an evaluation of Norway’s climate policy; see Klimakur 2020 (2010). 
We find that introducing the domestic cap on top of transboundary ambitions, more than triples the abatement costs without adding to the global contributions. As domestic abatement is easier to monitor and enforce than abatement projects abroad, particularly in countries without climate commitments (Rosendahl and Strand, 2010), we account for this calculated risk by tightening the global contribution cap accordingly. About one half of the necessary reductions take place by choosing other technological solutions and the other half by scaling down the emission-intensive activities. Costs in terms of economy-wide welfare reduction (total discounted utility of households) amount to 0.2 per cent, or about 100€ per capita as a yearly average when a cost-effective policy is conducted, i.e. when all agents face the same price of emitting. Given this, the results indicate that costs of ambitious domestic abatement goals are, indeed, not overwhelming. Failing to conduct a reliable, enduring climate policy does, however, more than double the abatement costs, and regional employment in traditional manufacturing tend to suffer the most. By the assumption that the technological barriers are prohibitive when climate policies are not trustworthy, the scenarios with barriers illustrate the outcome of a traditional CGE analysis as compared to our hybrid approach.   
2
The model

General

This analysis is based on simulations of a CGE model for the Norwegian economy. It is an integrated economy-energy-emission model designed for studies of economic and environmental impacts of climate policy (Bye, 2008). In the particular model version employed – MSG-TECH - we have integrated data on technological substitution opportunities today and for the next decades. Technological adaptations are induced to the extent that the optimising agents find the opportunities profitable. The modelling of technological opportunities is based on data from bottom-up approaches to energy and abatement technologies. The technology model consists of industry-specific combinations of costs in terms of investments, operation and maintenance, and benefits in terms of reduced unit emissions. The result is a model which is fundamentally a so-called top-down model, but with technological flexibility that goes beyond current practice, as for traditional bottom-up models like for instance the MARKAL models (ETSAP, 2004).

The top-down CGE features of the model ensure a consistent economy-wide framework, enabling us to capture how behavioural effects of a policy instrument in one market induce changes in adjacent factor and output markets, and so forth. Macroeconomic constraints, like sustainability conditions preventing foreign debt from exploding, as well as labour and other factor market equilibrium conditions, will be reflected in market prices and eventually feed back into the behavioural responses. Furthermore, an explicit social welfare measure is a crucial aspect of our model, as we consider welfare implications for the entire economy of various GHG policy approaches. The top-down CGE approach enables us to account for welfare implications of a wide range of market reallocations taking place. The model gives a detailed description of the empirical tax, production, and final consumption structures. Several second-best features through market or policy distortions are modelled, including taxation of labour and discriminatory industrial policies. In addition, barriers to technological investments can be represented.

The modelling of emissions to air, including the GHGs in the Kyoto protocol, links them closely to detailed economic activities, including the production, input and consumption of various energy goods. It specifies 60 commodities and 40 industries, and these are classified with particular respect to capturing important substitution possibilities with environmental implications.

Behaviour 

Consumers are represented by a single average consumer whose utility in every period depends on their consumption of leisure and 26 different consumer goods. The representative consumer determines consumption of leisure and the different goods so that welfare is maximised, defined as the present value of utility defines welfare in the economy. Consumer goods are specified at a detailed level with a view to capture important substitution possibilities. Energy goods transport fuel, heating oil and electricity are specified and different polluting and environmentally friendly forms of transport can replace own car use. Own car use can also avoid climate emissions by investing in new vehicle types with alternative technologies. The modelling of these choices is explained in the next section. Households can borrow from and save in the international finance markets where they, by assumption, face a given interest rate, reflecting that the economy is small and open. Financial savings are endogenously determined, subject to a non-ponzi game restriction that prevents foreign net wealth from exploding in the long run. 
Social abatement costs 

When actors are compelled to adapt to climate instruments, they will normally face costs. They will choose to adapt energy use, investments, production and consumption which they experience as less favourable. When one sets out to calculate the macroeconomic cost of climate policy instruments and measures, these direct costs to individual actors will be important, but so will how the costs are shared among other sectors of the economy through input-output [kryssløpet], factor markets and available opportunities for substitution. Total access to resources will also be affected by variations in labour supply and investments. In the event of initial productivity differences between industries, we can get more or less out of society’s resources when they are re-allocated in response to climate policy. Productivity differences may be a result of a poorly functioning market, displaying for example limited competition, or it can be due to price wedges caused by levies, taxes, subsidies and regulations. 

All direct and indirect changes to actors’ adaptive moves will, at the end of the day, affect household welfare by affecting income from work and capital, transfers and consumer prices. Welfare is determined by current and future utility. 

In addition to the effects of climate instruments, it will be relevant to bring in the indirect effects on welfare of the fact that political mechanisms have to be paid for, or possibly generate revenue for the public purse. To take an example: Compensation to firms in the form of free allowances could crowd out other welfare-generating public outlays or require higher tax revenue and produce, in consequence, tax distortions, while environmental taxes and auctioned emissions trading allowances will generate revenue for the state and result, potentially, in welfare gains. In the calculations, public budgets are offset with the help of adjustments to employers’ social security contributions. If tax on labour is cut, people will be inclined to work more. In terms of the macroeconomy, this is beneficial. Although the value of people’s leisure is taken into account in the model, that value is usually less than the value of employing them due to distorting taxes. 

The concept of cost used in the model comes with certain important constraints. In particular, it does not distinguish between different households and therefore only measures total welfare costs, not distributional effects among different household types. Another important constraint is that resources made available from one place in the economy, such as emission-intensive activities, are presumed to prove useful elsewhere in the economy within a short space of time. Although the modelling assumes something is lost in the process in that it costs to change resource use, the processes go unrealistically fast and without hitches. One way of interpreting this is to assume the existence of good secondary markets for investment goods and capital and low spending on unemployment and retraining. These assumptions are responsible in part for underestimating the cost of adaptive changes. It would be reasonable to conceive of welfare consequences from model calculations as long term. 

The production side of the model specifies about 40 firms and 60 products which are classified with a view to displaying differences in emissions and substitution possibilities affecting emissions. Each firm produces its own product variants which are different; this implies a certain degree of market power in separated domestic market niches. Firms maximise the current value of the cash flow in setting production levels and composition of factor inputs, including one type of labour, different types of capital, goods, services and energy goods, among them fossil fuels. As for households, firms may also elect to invest in different forms of climate technology; see below. Increasing production increases costs per manufactured item (diminishing returns to scale). Production within an industry can also expand through entry of new firms and varieties. A wider variety range increases utility and productivity of the goods (love of variety).
The model provides a detailed description of electricity supply, distinguishing between hydro power and natural gas power, transmission and distribution. Gas power producers can invest in CCS technology. Norway’s trade in the Nordic market is modelled. Due to policy and resource restrictions, the following activities are exogenously determined: Production of public goods and services, oil and gas, and hydroelectric power and output from agriculture, forestry, fishery, and hunting. 
Norwegian firms compete with foreign suppliers in the domestic market and abroad. The prices they compete with are set by the global markets. In the case of most commodities there is room for different price developments of Norwegian and foreign commodities on the domestic market (Armington hypothesis). There is also room for domestic market prices to develop differently from export prices, modelled by the cost to firms of switching between the domestic and export markets.  
Technology adaptations 
A distinct feature of this version of the model, MSG-TECH, is that households, firms and public operations can also choose to invest in completely new technologies with lower emission intensities.  This applies to the process industry (pp. 27, 34, 37 and 43; see the list of industries in Table 1) and petroleum industry (p. 66), as well as land transport in firms, households and the public sector. By adding realistic emission reduction possibilities through technology investments and attendant economic costs, actors will have a wider range of possibilities than traditional equilibrium models allow for. We have collected documentation on the emission reduction potential and costs of different specified and more or less familiar technologies. This work is accounted for in greater detail in Fæhn et al. (2009). 
Process industries
We estimated the costs for the following industrial processes: cement production (p. 27); production of chemical raw materials (p. 37); aluminium production (p. 43); iron/steel/ferro-alloys (p. 43), and oil refining (p. 40). The measures investigated include different ways of converting to bio-energy, process optimalization, as well as abatement, which also includes CCS. The following sources were used to estimate abatement costs: SFT (2007) and SINTEF (2009); SFT (2009); TELTEK (2009); and   KLIMAKUR2020 (2010). These measures include adopting other forms of energy, improving energy efficiency and carbon capture and storage (CCS), purification of emissions other than CO2 and process optimalization.  
If we arrange the measures by cost annuities and position them in an (X-Y) diagram where accumulated emission reductions are plotted along the X axis and marginal costs (of the latest measure) along the Y axis, we can estimate an equation which conforms as well as possible to our point estimates. The method gives us the following curve for the process industry as a whole: 

Figure 3: Abatement cost curve, process industry 
[image: image12.png]0

95

%0

85

80

75

70

65

0
2008

2010

2012

2014

2016

2018

2020





Road transport
The sources of information on reduction potentials and costs are SFT (2007) and Kanenergi/INSA (2009). The measures in the transport industry comprise in addition to improving efficiency of passenger cars and commercial vehicles, private and public zero-emission vehicles, fuel with added ethanol and biodiesel, measures to coordinate land planning. They assess sensitivity to costs and potentials for the sequence in which the measures are phased in. In our assumptions, the cheapest are introduced first.  
In both sources the potentials and costs of the scheme are estimated for the year 2020. Kanenergi/INSA (2009) also estimates 2030. It is estimated that costs will be lower if the measures are implemented further into the future. Figure 4 shows abatement cost curves for 2020 and 2030 respectively. 

Figure 4: Abatement cost curve, road traffic, 2020 (above) and 2030 (below)
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Petroleum sector

Measures for the petroleum sector were quantified by Klimakur2020’s offshore group, under the leadership of the Norwegian Petroleum Directorate. They include various forms of alternative power supply to the offshore sector (electrification, wind power) and power efficiency improvements by enhancing coordination.  

Figure 5: Abatement cost curve, oil and gas extraction

 [image: image4.emf]y = 1670x

2

 - 1442x + 1413,6

0

500

1000

1500

2000

2500

3000

3500

0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6

mill tonn CO2

NOK/tonn CO2


Emissions and climate policy instruments

The model’s production and consumption activities are linked to coefficients for emissions to air as projected by the emissions inventory of Statistics Norway. The emission-generating activities include intermediate goods, energy goods, consumption activity, processes and waste disposal sites. This is a relatively detailed account of the authorities’ economic mechanisms. The account of climate mechanisms include differentiated and uniform CO2 taxes, national and international allowance systems, as well as allowances that are free of charge, subsidies and compensation schemes for firms. It is assumed that the authorities’ budget balance is always maintained. In the version of the model used here, this is accomplished by adjusting employers’ social security contribution. 
3
The three simulated scenarios

3.1
I: The transboundary strategy

Assumptions

The transboundary strategy is one where the country prolongs the participation in the EU-ETS and unilaterally aspires to contribute to global abatement corresponding to a 30 percent reduction from the national 1990 emissions level. In addition it commits itself of a 10 percent over-fulfilment of her Kyoto commitments. The authorities employ the flexible mechanisms specified under the Kyoto Protocol to fulfil global targets not met by domestic abatement or purchases in the EU-ETS. The most prevalent mechanism to date is the green development mechanism, which permits the purchase of emission reductions from third countries (CER allowances). As domestic abatement is easier to monitor and enforce than abatement projects abroad, particularly in countries without climate commitments, we account for this calculated risk by tightening the global contribution cap. Based on Rosendahl and Strand (2010) we assume 25 % less reduction potential than the purchased quotas.

The EU-ETS participation implies that several Norwegian industry and energy-producing firms will confront an allowance price in the EU allowance market which, in line with assumptions, is determined abroad independent of domestic actions. Should the EU(ETS sector fail to cut emissions sufficiently to achieve the Norwegian total allowance in EU(ETS, the firms will purchase allowances in the EU(ETS market.

The following sectors are required to surrender emission allowances in 2008(12: oil and gas producers, manufacturers of chemical and mineral products (including cement), pulp and paper commodities, chemical raw materials (including fertilizer), refined oil products, and gas power generation.
 About 40 per cent of current Norwegian climate gas emissions fall under the allowance system for the period 2008(12. Total Norwegian allowances amount to 75.2 million metric tonnes, capped at 15 million metric tonnes annually over the five years. 87 per cent of the allowances allocated to the firms affected are free of charge with the exception of the offshore sector which has no free allowances. The value of these free allowances is included as a subsidy to each of the affected sectors. Since the size of the subsidy follows from historical emissions, it is introduced as a set transfer to the firms from the public budgets which are not affected by the firms’ adaptive arrangements.

In January 2009, guidelines were approved for EU(ETS for the period 2013(2020. This round extends to major Norwegian metallurgical firms, and the model calculations incorporate the metal industry sector from 2013. We base our estimates on information that the EU 2020 emissions ceiling will reach 79 per cent of  2005 levels, with annual cuts of 1.74 per cent thereafter. In addition, a separate market connected to EU(ETS will be introduced for emissions from European air traffic. The calculations do not include the aviation market. Firms will be able to get up to 100 per cent of their allowances free of charge when production competes with manufacturers outside the common allowance trading system. This, we assume, will apply to two-thirds of the firms’ operations.  

Under the Kyoto Protocol, Norway has committed to remaining below a total emissions ceiling of 250.6 million metric tonnes CO2 equivalents in the five years 2008(12. Norway has further elected to exceed the Kyoto target by 10 per cent. These conditions are incorporated as maximum annual global emission contributions of 44.9 million metric tonnes CO2 equivalents for each of the five years.

Over and above these international commitments, Norway has agreed self-imposed targets under the Climate Agreement which go even further. By 2020, the goal is to have contributed to global emission cuts corresponding to 30 per cent of Norway’s emissions in 1990. Norway is also aiming to become carbon neutral by 2030 in connection with an ambitious and global climate agreement where other countries make major commitments. Without this agreement, carbon neutrality won’t be accomplished until 2050. We have implemented these self-imposed global targets as a maximum global emissions contribution of 35 million metric tonnes CO2 equivalents from 2020, with the Kyoto ceiling of 44 million metric tonnes CO2 equivalents kept constant until 2020. Carbon neutrality, i.e. a ceiling of 0 million metric tonnes CO2 equivalents, or net zero carbon footprint, is assumed to be in place from 2040. 

Emissions from the EU(ETS sector are imposed by the European allowance price, which is incorporated in respect of the allowance price in the intermediate option under Klimakur2020’s allowance price estimate (Klimakur2020, 2009). In that individual countries and groups of countries, for example within the EU(ETS collaborative sphere, put constraints on the use of flexible mechanisms, the prices of these have so far remained significantly below the EU(ETS price. We have assumed a price level around the current price throughout the Kyoto period, letting it rise steadily towards the EU(ETS price level around 2020, after which we keep it unchanged. As regards the offshore sector, an extra national emission tax over and above the EU(ETS price is in force. It has so far tended to remain at about 200 NOK, and we have extended it further in time (in real terms). Figure 1 shows the curves until 2020 for all prices. .  

Figure 1: Estimated emissions/allowance prices in the calculations, 2004 prices, NOK/ metric tonne CO2 equivalents 
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Impact on domestic emissions and allowance trading

the EU-ETS quota price brings about a domestic mitigation of 3 million tonnes of CO2 equivalents within 2020. The dominant part takes place, as expected in the EU-ETS sector. At this level of domestic abatement, technological measures account for about a third. 

The allowance buyers’ share of the costs stands at about 90 per cent. Figure 1 sums up the allowance purchases split into EU-ETS allowances (blue) and green mechanisms (red), respectively. The drop in purchases in the European market from 2012 to 2013 is due to the inclusion of more industries combined with continuously increasing prices. 
Figure 1: Virkningsberegning A: Allowance trading abroad, mill. tons CO2-equivalents
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Social abatement costs 

The costs, measured in terms of welfare losses is estimated to 0,07 per cent reduction from the reference path. For the firms within the EU-ETS sector, the allowance price represents their marginal cost of emitting, and thus the marginal abatement cost. It increases gradually from 10 to 40 € along the path (see Figure ). The allowance purchases that are necessary to fulfil their European commitments also represent social costs as they crowd out other uses of foreign currency. So does the allowance purchases necessary to reach the global targets set by the government. The real value of the purchases amount to twenty times the abatement costs. 
There are factor that contribute to reduce costs. First, the emission prices paid by the firms for residual emissions will rise in time. When this additional revenue is fed back into the economy, employers’ social security contributions can be lowered. This helps bring about higher real wages and higher labour supply and employment compared to the reference path. This translates into welfare gains. 

We see macroeconomic gains as resource use in the economy shifts away from the process industry, because of their relatively low macroeconomic marginal returns. Production falls by 5 percent and employment by 3 precent.
These results are highly sensitive to the future development of the quota prices and to the functioning of the international quota markets.
3.2 
II: The trustworthy scenario with domestic target
Assumptions

In the second scenario, we include the target of meeting 2/3 of the global cap by domestic abatements. The global target is then met with more certainty, but at higher costs. We still assume Norway has international allowance commitments. In this scenario, the policy instrument is a trustworthy climate tax imposed on all emissions sources.  A national emission price will require the EU(ETS sector to pay the Norwegian government an additional price determined by the market for their emissions so as to even out the difference between the EU(ETS allowance price and the national allowance price. 

Impact on domestic emissions and allowance trading

Longer term domestic emission reductions will be determined by how the national emission ceiling is scaled down relative to emissions in the reference path ( cf. figure 4. As the figure shows, the national allowance cap lies higher than the annual global targets set by the country. It means that the country as a whole will have to buy allowances abroad in addition to making national cuts. 

Figure 4: Reference path emissions, national emissions ceiling and the country’s global emissions ceiling, in million metric tonnes CO2 equivalents
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The price in the national allowance trading market will make adjustments to enable the implementation of the necessary measures. The evolution of the emissions price is shown in figure 5. 

Figure 5: Impact estimate B: National emissions price curve in 2004 NOK
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Figure 6: Impact estimate B: Emission reductions by category of mechanism  
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Since CO2 tax is levied on the residual sector in the reference path but not on the EU(ETS sector, the reduction measures will be skewed right from the start in the direction of the EU(ETS sector with the exception of the offshore sector (areas shaded dark red), as figure 6 shows. Thereafter, more will take place in the residual sector (areas shaded blue in the figure), primarily metal production. In the beginning, the biggest reductions will be achieved within the old technologies from the reference path (the dotted areas in the figure), particularly by scaling back operations. Gradually, technology investments (plain colours, called tech in the figure) acquire increasing significance. From 2013, when metal production is incorporated into the EU(ETS sector, most of the emission cuts in the period to 2020 will be explained by measures in the EU(ETS sector, and technological measures will account for about as much as the other adaptive measures.

 Of the total emission cuts of 12 million metric tonnes CO2 equivalents by 2020, 8.2 million metric tonnes CO2 equivalents are taken in the EU(ETS sector, including the offshore sector. Technological adaptations in the EU(ETS sector account for about 4.4 million metric tonnes CO2 equivalents; the remainder follows from scaling back activity levels. Within the EU(ETS sector the oil and gas sector helps cut emissions by 1.9 million metric tonnes CO2 equivalents. The model calculates as per assumption very small activity changes in this industry, and virtually the whole reduction is a consequence of technological adaptation. The residual sector cuts 3.8 million metric tonnes CO2 equivalents. Here, per assumption only road traffic emissions can be cut by technological improvements, and accounts for cuts amounting to 1.7 million metric tonnes CO2 equivalents. The remainder comes from scaling back energy consumption and activity levels. 

Figure 7: Impact estimate B: Allowance purchases abroad, in million metric tonnes CO2 equivalents 
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While the national allowance price enables climate policy targets to be achieved for domestic emissions, the international commitments meet the Norwegian targets Norway has assumed over and above allowance purchases. Figure 7 depicts the evolution of allowance purchasing in the EU(ETS markets and via the flexible mechanisms. 

To fulfil EU(ETS commitments, the estimates show that the domestic cuts made by firms will be too small in the pre-2013 phase. After that time, however, domestic reductions will more than meet commitments and Norwegian firms will be in a position to sell emission rights on the EU(ETS market. Norway’s national target for global contributions requires however more substantial cuts than the national ceiling provides for. The government must therefore purchase emission rights via flexible mechanisms. In 2020, the self-imposed ceiling will require purchasing more than 13 million metric tonnes CO2 equivalents via these mechanisms, and at a price which will likely be in the same league as the EU(ETS allowance price. 

Social abatement costs 

The cost of fulfilling the Climate Agreement equals a cut in welfare of 0.23 per cent. The leading component of welfare costs in Estimate B is costs associated with adaptive steps in firms and households to cut emissions. The marginal cost of these changes, that is the cost of reducing the final tonne, is represented for each year by the estimated national real allowance price. Its path is shown in Figure 5. It rises over time with increasing emission reductions. By 2020, the real allowance price reaches 1,528 NOK/metric tonne CO2 equivalents.

Although firms sell EU(ETS allowances for much of the period up to 2020, the real value of the total allowance acquisition for the country as a whole is positive and represents macroeconomic costs. The annuity value of total allowance trading equals about 20 per cent of the total macroeconomic costs. 

Since the emission prices paid by the firms for residual emissions will rise considerably in time, more government revenue will be generated by the mechanisms in this estimate than in scenario I. When this additional revenue is fed back into the economy, employers’ social security contributions fall by around 30 per cent relative to the reference path. This helps bring about higher real wages and higher labour supply and employment of between a ½ and 1 per cent. This translates, as explained above, into welfare gains. 

We see macroeconomic gains as resource use in the economy shifts away from the process industry, because of their relatively low macroeconomic marginal returns. The scaling back of the industry will proceed at an even faster pace in this estimate than in Estimate A, where we only had the effects of EU(ETS. The most significant impact is observed in the chemical raw material industry and metal production, where activity levels and jobs fall by 39 and 28 per cent respectively. 
3.3
III: The unreliable policy scenario

Assumptions

The third scenario reflects a case where the government fails to conduct a reliable, enduring climate policy. In this case, technological barriers are prohibitive and only adjustments of activity and factor composition are available responding actions. This is characterised by lack of reliable signals about future emission prices. As a consequence, in each period the agents respond only to the current period's emission price. When the price incentives of domestic tax or allowance market systems are perceived to be short-lived, long-term investments will not be profitable. Thus, there are prohibitive barriers to technological investments. Rather, firms reduce their variable costs and scale down output, while consumers respond to higher prices by substituting other consumer goods for energy and reducing total consumption. 
Impact on domestic emissions and allowance trading

Figure 8 shows the distribution of emission cuts by sector, when technological measures are prohibitively discouraged. We see that abatement in the traditional manufacturing sector increase by a third compared to scenario 2. Domestic shipping also takes a larger share of the burden. The sectors with less abatement include first of all land transport and offshore. The latter does, by assumption, not respond by downscaling.
Figure 8: Emission coefficients in scenario II compared to scenario III 
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The overall international trading of allowances will be the same and determined by the national and global targets (see Figure 4).  However, the composition is more biased towards green mechanisms, as the EU-ETS sector increases its share of domestic abatement.

Social abatement costs

Failing to conduct a reliable, enduring climate policy does, however, more than double the abatement costs, and regional employment in traditional manufacturing tend to suffer the most. This latter effect is, in isolation, beneficial for the economy as a whole, since the sector is sub-optimally large as it enjoys concessional tax arrangements. 
Figure 10: Marginal abatement costs without technological abatement compared to scenario 2 
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It is first of all the abatement costs that increase, while the allowance purchases become slightly cheaper because of the compositional change.  

4. Conclusions

Global cost-effective policies would require that the actions take place where abatement costs are the lowest. One would expect that reserving a share of the actions to take place domestically would be more costly, especially so within prosperous economies. Our results support this anticipation. A cost-effective way of achieving the domestic targets is by letting the marginal costs of the reductions be equal for all sources. Costs can be even lower by returning tax revenue via cuts in employers’ social security contributions reduces the cost of the policy because the consumption of time at work is intrinsically lower than what is optimal for welfare because of labour taxation. Even when this policy is conducted, we find that domestic abatement possibilities at levels specified here are far more expensive than international costs reflected by the expected international allowance prices. The marginal abatement cost is more than 4 times as large and welfare costs more than threefold the cost of allowing for unrestricted quota market exploitation. This is even true, when we account for the uncertainty og global achievements in CDM projects through leakages. 
The result that domestic targets increase costs is even stronger if the government does not succeed to give reliable policy signals. Costs more than double. By the assumption that the technological barriers are prohibitive when climate policies are not trustworthy, the scenarios with barriers illustrate the outcome of a traditional CGE analysis as compared to our hybrid approach. It thus points to the large danger of overestimating abatement costs in top-down as well as bottom-up analyses and the necessity of combining the two approaches.
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� Firms will be allowed to have a certain level of CER quotas, which belong to the flexible mechanisms ( see below. This is not included in our modelling. 


� Insofar as the reference curve assumes carbon capture and storage (CCS) in  gas power production, the emissions from the reference curve are assumed to remain unchanged in the efficiency estimates. 





