The greenhouse effect

The materials in this document contain (a) some material that was included in the 2nd edition but excluded from the third edition and (b) a table which provides fuller information pertaining to Table 10.9 of the main text (3rd edition).

10.7.5 Emission abatement costs
  Boero et al. (1991), in an excellent survey of the macroeconomic consequences of controlling greenhouse gases, identify several classes of abatement cost, and examine the relative merits of a number of alternative methods of estimating those costs. Abatement costs are classified into three types:

(a)
possible GDP gains (negative costs) from correction of market failures: so-called ‘no regret’ policies;

(b)
continuing costs in the form of losses from curtailed energy use or fuel substitution, consisting of foregone output or resource costs from energy-saving measures;

(c)
transitional costs, due to disruption and premature scrapping of capital, and short-run labour immobility. 

  The first of these three classes - the so‑called ‘no regret’ possibilities - which imply that some degree of GHG abatement is available at negative cost, have been discussed above. Class (c) (transitional) costs can be very important; few studies consider them explicitly. They will be minimised, though, by a gradual, phased introduction of abatement programmes. 

  Most empirical studies concentrate on category (b) costs. Several approaches can be identified in the attempts to measure these costs:

1. ad hoc estimates of marginal costs per unit CO2 saved for each abatement strategy considered in isolation;

2. input‑output models (see Chapter 9);

3. the incorporation of a technical abatement module into a macroeconomic model, which measures abatement costs of alternative carbon emission scenarios in terms of foregone consumption possibilities;

4. general equilibrium models, attempting to form a money measure of welfare costs such as the Hicksian equivalent or compensating variation (see Chapter 12 for an explanation of these concepts).

  The ad hoc approach is exemplified by many of the pairwise comparisons of abatement strategies (e.g. Keepin and Kats, 1988 for nuclear power vis a vis energy efficiency; Hohmeyer, 1988 for fossil versus renewable fuels), by the papers submitted by national governments to the IPCC Policy Panel (e.g. Department of Energy, 1989 for the UK), and by the McKinsey Report to the Ministerial Conference on Atmospheric Pollution and Climatic Change (McKinsey, 1989).  These ad hoc studies attempt to find least-cost abatement techniques, but they do so without taking into account substitution possibilities and relative price effects. Their conclusions, therefore, have serious limitations. 

  Input‑output models are discussed at length in Chapter 9, and we defer consideration of them until then. The third approach is exemplified by the work of Manne and Richels (1989, 1990), using a model which simulates CO2‑energy‑economy interactions and which can be used to estimate the costs of carbon emissions limits. The model focuses on long-run energy‑economy interactions, and permits a variety of assumptions to be made concerning elasticities of substitution (both between energy sources and between energy and other productive inputs) and rates of technological improvement. Manne and Richels examine the costs of emission limits under several scenarios, and demonstrate that the costs can be significantly reduced by adoption of the least-cost technologies.

  The use of a computable general equilibrium (CGE) framework (see Chapter 9 for details) also permits a rich examination of policy options and yields conclusions about long-run cost savings. Most CGE models focus on static efficiency in the allocation of resources, with endogenous relative prices serving as the means by which efficient, equilibrium outcomes are achieved after carbon taxes (or other abatement instruments) are deployed. 

  Table 10.3 reports the main findings of the survey by Boero et al. The table is constructed so that increasingly stringent control is applied as one goes down the rows. The first column states the emissions change expected to be achieved in the final year of the projection (given in parentheses), expressed as a percentage of the emissions that would be expected in that final year under a ‘do-nothing’ or ‘no intervention’ scenario. The second column states the final emission change relative to the ‘reference’ year, shown in parentheses. This emission change in this second column is more unreliable than that in the first column, as it is dependent upon the assumption made regarding actual world growth rates over the simulation period. However, it is included because international GHG diplomacy is usually based upon changes relative to a base reference year (for example, international conferences have tended to set emissions targets relative to 1990 as the reference year). 

Table 10.3 Estimates of GDP losses - main global models

	Emission change


	Study
	Loss of GDP per annum at end of projection period (relative to baseline) (%)

	Relative to baseline (%)
	Relative to reference year (%)
	
	
	

	-37 (2020)
	  +17  (1985)
	Burniaux et al (1991b)
	1.8
	

	-39 (2025)
	      0  (1988)
	Edmonds and Barns (1990a)
	1.8
	world cooperation

	-39 (2025)
	      0  (1988)
	Edmonds and Barns (1990a)
	4.0
	OECD action only

	-40 (2050)
	+162 (1990)
	Edmonds and Reilly (1985)
	1.0
	

	-50 (2100)
	    na   
	Nordhaus (1990b)
	1.0
	

	-50 (2030)
	     na  
	Whalley and Wigle (1990)
	4.2
	global tax case

	-51 (2025)
	  -20   (1988)
	Edmonds and Barns (1990a)
	2.3
	

	-68 (2050)
	 +17   (1990)
	Anderson and Bird (1990a)
	2.8
	

	-69 (2025)
	 -50   (1988)
	Edmonds and Barns (1990a)
	5.7
	

	-75 (2100)
	 +16   (1990)
	Manne and Richels (1990)
	5.0
	

	-88 (2075)
	 -67   (1990)
	Mintzer (1987)
	3.0
	slow build-up case


  After standardising the results as far as possible, Boero et al. conclude as follows. ‘Abatement of 40 to 50 percent [relative to the baseline of what would have happened otherwise] might tentatively be expected to reduce long‑run GDP by no more than 3 percent (a reduction in the growth rate of no more than one‑tenth of one percent over thirty years followed by a resumption of normal growth).’ Boero et al. (1991), page S16

 However, these cost estimates assume relatively slow adjustment in which no adjustment costs are incurred. Ingham and Ulph (1990) show that these costs are far from negligible, and would rise dramatically under rapid change.

10.7.7 Distributional issues
We conclude our discussions of the greenhouse effect with a few observations about the consequences of concerted international action to reduce the rate of increase of greenhouse gas concentrations for the distributions of income and wealth across countries and between groups within countries. 

  The first thing to note is that bringing not only developed but also developing countries into the set of countries that are committed to significant GHG reductions will almost certainly require fairly large transfers of income to the poorer countries. This seems to be a necessary condition for the developing countries to participate in such programmes. 

  Secondly, although there is currently no head of steam behind the use of carbon (or other emission-based) taxes at an international level, it is interesting to think about what such a scheme might imply. The instrument could be operated in two ways. First, a common tax rate could be set for all countries, chosen so as to bring about whatever was deemed to be the appropriate global emissions target. Notice that this implies that there cannot then be independent choices about national targets: what happens in any country will depend on how its producers and consumers react to the common world tax rate. Secondly, one might envisage there being both global and national targets. Then tax rates would have to differ between countries (and so the overall abatement effort would not be taking place at least cost).

  A major problem with this second variant is that once tax rates are allowed to vary between nations, there are major implications for the relative competitiveness of economies (and we might expect countries to manoeuvre so as to get tax rates which give them a favourable position). 

  Whether or not the tax is uniform over countries, it would have substantial (and as yet largely unexplored) effects upon the international terms of trade. The magnitude of these changes would depend on the level of the tax, and on whether it is levied upon producers (thus acting like an export duty) or consumers (and so acting as an import tariff).

  How large would (uniform) carbon taxes have to be in order to attain reasonable abatement targets? Calculations by Barrett (1990) shed some light on this issue. Barrett's estimates of the tax rates required on fossil fuels to reduce CO2 emissions by 20% in the short term (within three years) and the long term (within ten years) are reproduced in Table 10.5

Table 10.5 Tax rates required to reduce carbon dioxide emissions by 20%  

	
	Short-run
	Long-run

	
	Tax rate (%)
	Change in demand

(%)
	Tax rate (%)
	Change in demand

(%)

	Gas
	40
	 - 4
	14
	 + 3

	Coal
	54
	 - 9
	19
	 + 4

	Oil
	67
	- 11
	24
	- 25


  Boero et al., in their 1991 survey, quote central tendency estimates of required tax rates from existing simulation work. In order to achieve reductions (in long-run equilibrium) of CO2 emissions by around 40% relative to their uncontrolled levels, a tax rate of between $100 and $300 per tonne of carbon would be required. However, carbon taxes to achieve such magnitudes of global CO2 reduction, but imposed in OECD countries alone, either would be prohibitively expensive (Burniaux et al., 1991b) or could not achieve the target (Edmonds and Barns, 1990a).

  Taxes, either on carbon content or on pollutant emissions more generally, also have important implications for the tax structure within economies. Such taxes would be regressive in impact whether they are additional to or substitutes for existing taxes. Some evidence on this is reported in Pearson and Smith (1990), in which it is shown that a 15% VAT rate on domestic heating fuel (which was zero rated in the UK in 1990) would cut demand by 5.5% overall. However, the demand from the lowest decile would fall by 10% while that of the highest would fall by less than 2%, because of the relative impact of the charge. A dilemma is thus posed for tax schemes that aim to switch the base of tax from income to pollution‑related expenditures. Although revenue neutrality may be achieved, other transfers would be required if distributional neutrality were sought. Symons et al. (1991) demonstrate that a 6.5p/kg carbon tax would be sufficient to meet a 20% CO2 emissions reduction. However, this would have ‘dramatic adverse distributional effects for low-income households’ (page 20). The authors argue that it is possible to design a larger CO2 tax (11‑12p/kg, equivalent to a rate of $61.5 per tonne carbon) in conjunction with tax/benefit changes that maintains fiscal neutrality and largely avoids those adverse effects upon distribution. Common’s results using input-output modelling (reported in Chapter 9) however, show that the regressivity estimates just referred to are overstated when account is taken of the indirect (as well as direct) effects of the tax changes.

  In addition to redistribution between household groups, there are likely to be substantial sectoral income shifts. Jorgensen and Wilcoxen (1990a,b,c) have employed macroeconomic modelling techniques to estimate the effects of environmental legislation on the US economy. The magnitude of potential impacts can be gauged from Jorgensen's estimate that a 20% drop in US carbon emissions would be associated with a 79% fall in US coal output. To the extent that sectoral production is geographically specialised (as it certainly is for primary fuel sources), sectoral impacts will have regionally specific distribution effects too.

  Some analysts have advocated a compensating reduction in taxes on labour and capital to taxes on pollution to avoid excessive tax burdens. It is sometimes argued that such tax packages can yield ‘double dividends’ in the form of environmental improvements and general efficiency gains from eliminating known distortions of the existing tax structure. Good discussions of these issues are to be found in Grubb (1989a), Bertram et al. (1989), Weizsacker (1989), Weizsacker and Jesinghaus(1992), Weizsacker et al. (1997), Hansen (1990), Brown (1989) and Kosmo (1989).
Estimating the costs of abating pollution: CO2 ABATEMENT COSTS TO REACH Kyoto targets:

The Table reproduced below gives full information on which Table 10.9 (page 334) of the main text was based. Figures in table below assume that revenues are recycled in lump sum fashion to whole economy. Real costs can be reduced if revenues are targeted to reduce distortionary taxes (so generating double dividend). 

GDP loss in 2010  (in % of GDP)  for attainment of 2010 Kyoto target.

	Model
	No trading
	Annex I trading
	Global trading

	
	US
	OECD-Europe
	Japan
	CANZ
	US
	OECD-Europe
	Japan
	CANZ
	US
	OECD-Europe
	Japan
	CANZ

	ABARE-GTEM
	1.96
	0.94
	0.72
	1.96
	0.47
	0.13
	0.05
	0.23
	0.09
	0.03
	0.01
	0.04

	AIM
	0.45
	0.31
	0.25
	0.59
	0.31
	0.17
	0.13
	0.36
	0.20
	0.08
	0.01
	0.35

	CETA
	1.93
	
	
	
	0.67
	
	
	
	0.43
	
	
	

	G-Cubed
	0.42
	1.50
	0.57
	1.83
	0.24
	0.61
	0.45
	0.72
	0.06
	0.26
	0.14
	0.32

	GRAPE
	
	0.81
	0.19
	
	
	0.81
	0.10
	
	
	0.54
	0.05
	

	MERGE3
	1.06
	0.99
	0.80
	2.02
	0.51
	0.47
	0.19
	1.14
	0.20
	0.20
	0.01
	0.67

	MS-MRT
	1.88
	0.63
	1.20
	1.83
	0.91
	0.13
	0.22
	0.88
	0.29
	0.03
	0.02
	0.32

	RICE
	0.94
	0.55
	0.78
	0.96
	0.56
	0.28
	0.30
	0.54
	0.19
	0.09
	0.09
	0.19


Source: IPCC(III) 2001, Table TS.5, page 57. 

One set of results (Oxford) has been omitted from this table, as it had not been fully reviewed at time of writing, and relied on early 1980’s data for initial parameterisation. 



























































