Acid rain pollution

The material in this document is a slightly extended treatment of the section on acid rain pollution on pages 312-318 of Chapter 10 of the 3rd edition of the textbook.

10.5 Acid rain pollution

  To see how the environment can be affected by economic behaviour in other countries, consider those pollution flows that are transported over national boundaries by natural processes. Examples include oxides of nitrogen and sulphur, which can be moved over distances of several hundred miles. These precursors of acid rain are not uniformly mixing; their impacts tend to be focused in particular (but often quite large) areas clustered around the pollution source. Figure 10.1 shows the incremental sulphur dioxide concentrations attributable to a single oil combined cycle power station located near Stuttgart in Germany. Significant SO2 depositions are felt over distances of up to 1000 miles and over most European states. 

Figure 10.1 (located in main text): Incremental SO2 concentrations from an oil combined cycle power station located in Lauffen, Germany.

Source: ExternE (1995), page 61. 

10.5.1 Causes of acid rain pollution
The phenomenon of acid rain was first noticed in Scandinavia in the 1950s, when research related acidification of rivers and lakes to the previously unexplained death of freshwater fish. The physical processes underlying acid rain are well understood. Atmospheric stocks of sulphur dioxide and nitrous oxide accumulate primarily from fossil-fuelled power generation. Of secondary importance are emissions of unburned hydrocarbons and NOX  from vehicle exhausts. Stocks of potentially acidic material are transported in the higher levels of the atmosphere for distances of up to 600 miles.

  Acid rain occurs through two principal processes. In dry deposition, deposited particulate matter is chemically transformed into acid through contact with surface water. Dry deposition is the most important mechanism of acidification in the south-western United States. By contrast, wet deposition is characterised by the
 formation of acidic substances, particularly sulphuric and nitric acids, in the atmosphere, which are subsequently deposited through rain or the movement of moist air.

  Unpolluted rain precipitation is in itself mildly acidic. Acid rain itself refers to precipitation where the acidity level is unusually severe.  Acidity is measured according to the pH scale, which is constructed so that a falling pH value is indicative of increasing acidity. The index is common logarithmic, with a change of one unit in the pH index corresponding to a tenfold change in the concentration of the acid in water. A pH measurement of 7 indicates neutrality; the substance in question lies on the border between being described as acidic and alkaline. Clean, unpolluted rainwater is mildly acidic with a pH value of between 5 and 6. Over much of north-west Europe, the current pH level of rainwater lies between 4 and 4.5. The lowest rainwater pH level recorded in Europe (obtained in Scotland) had a value of 2.4. Rainfall in the north-eastern United States currently has a typical pH of 4.4. In Wheeling, West Virginia, one rainstorm gave a pH value of 1.5; to obtain some idea of this level of acidity, note that car battery acid has a pH value of approximately 1.0. 

10.5.2 Consequences of acid rain pollution
Major studies of the consequences of acid rain pollution in Europe have been conducted by the Commission of the European Communities (CEC, 1983) and the World Conservation Union (WCU, 1990). The National Acid Rain Precipitation Program began an important long-term study in the USA in 1980. These research programmes have identified the following consequences:

1. Increased acidity of lakes. Water acidification results in aluminium being leached out of soils, with consequent water poisoning, and fish being starved of salt and oxygen. Damage of this form in the USA has been rated as modest by NAPAP (1990); 9% of lakes studied had pH < 5, at which few fish species can survive. Worst affected regions in the United States are the Adirondack Mountains in New York State, and Florida. Very severe damage has been recorded in Scandinavia. For example, in southern Norway lakes with a total area of 13 000 km2 support no fish, and in another 20 000 km2 fish stocks have been reduced by 50%  (French, 1990). Similar evidence has been found in studies conducted in Germany, Scotland and Canada.

2. Increased acidity of soils which reduces the number of plants that may be grown. However, current damage to crops is thought to be negligible in the USA (NAPAP, 1990) where no significant effects have been observed on crop growth, even at acidity levels ten times that currently prevailing in the eastern United States.

3. Forest destruction due to calcium and potassium nutrient losses by leaching, and replacement by manganese and aluminium, both of which are harmful to root growth. Tree growth may also be affected by direct poisoning of leaves. Some reports have pointed to  massive amounts of forest death in Europe, particularly in France,  Germany, the Czech Republic, Slovakia and Sweden, with coniferous forests being the most heavily damaged. Although the majority of American forests appear healthy at present, some concern has been raised about effects on particular species (French, 1990).

4. Acidification of domestic water supplies and sulphate pollution in general probably affects human health, but in ways that are not yet fully identified. One study attributes up to 50 000 deaths per year in the United States to sulphate pollution (Office of Technology Assessment, 1984).

5. Building and infrastructure erosion. Acid rain damages galvanised steel, bronze, limestone and other carbonate stone and carbonate-based paints, thus causing culturally important damage, such as that to the Acropolis and the Taj Mahal. Stained glass is badly eroded.

6. Loss of visibility, caused by fine sulphate particles produced by airborne sulphuric acid. In the National Parks of the eastern USA this has caused an estimated 50-60% reduction in visibility.

10.5.2.1 Which countries are the principal polluters?
The precursors of acid rain are generated from stationary sources, such as coal-burning power plant, ore smelters and industrial boilers, and from mobile-source vehicle emissions. Acid rain deposition is principally associated with the heavily industrialised regions of Europe, China, the former Soviet Union and North America, where the most heavily polluted areas have levels of sulphur deposition ten times greater than the natural background rate (WR, 1992). Large-scale and systematic reciprocal cross-border acid rain pollution takes place between the countries of Central and Western Europe, and between the individual countries within those areas. Transfers of acid rain pollutants are also very extensive between the USA, Mexico and Canada. In terms of our earlier classification, this suggests that acid rain is a reciprocal spillover problem. However, meteorological patterns imply that many depositions are predominantly one-way, and so it is often better to view acid rain as a unidirectional spillover. For example, 70% of UK emissions are carried by prevailing winds to Germany, the Netherlands, Norway and Sweden. The heavily industrialised region of Silesia in southern Poland has significant adverse affects on neighbouring regions. And flows from the USA to Canada are considerably more important than the reverse flows. 
10.5.3 Pollution control instruments

The principal control instruments available to an environmental protection agency are quantity-of-emissions regulation, requirements to install clean-up technology at the points of emission (such as sulphur scrubbing equipment), emissions charges and tradable permit schemes. The market-based instruments should induce substitution in the direction of using (more expensive) low sulphur coal or from coal to other primary fuels. 

  In the United States, the first substantial control programmes were launched after the passage of the 1970 Clean Air Act. This established a system of local ambient air quality standards, and conferred powers of enforcement on local governments through emission quantity regulations. The system proved to be rather disappointing in its overall effects. For example, the legislation led to taller emission stacks, which succeeded in attaining local ambient standards, but at the cost of largely passing on the problem to neighbouring areas. 

  Subsequent amendments to the legislation, resulting most recently in the 1990 Clean Air Act, look certain to have far stronger abatement effects. The Act requires nitrogen oxide emissions to be reduced by 2.5 million tonnes and sulphur dioxide to be reduced by over 50% to 10 million tonnes (relative to 1980 emission levels). Attainment of the 1990 Clean Air Act targets will be effected through a system of marketable permits in emissions of the precursors of acid rain. The programme’s introduction is in two phases; in the first stage (in 1995) permits were issued for 110 large coal-burning utilities, followed later by permit issues for 2400 smaller generators. Permits, issued at no charge to generators, allow emissions of between 30% and 50% of 1985 pollution levels. Portney (1989) estimated the annual benefits to the USA to lie in the interval $2-$9 billion while control costs are predicted to be $4 billion. 

At national levels, emission reductions have largely been implemented through command and control regulations, although some countries (including France and Sweden) have introduced emission taxes. The UK approach to sulphur emissions control has centered on mandatory abatement investments, including flue-gas desulphurisation technology. In the long term, larger-scale reductions in acid rain precursors in Europe will necessitate the use of either uniform emission taxes or tradable permit schemes. As yet, no European-wide example of either exists.

The 1985 Helsinki Protocol, which bound 21 European states to a 30% reduction in sulphur dioxide emissions (in terms of 1980 base levels) by 1993, illustrates the advantages in securing agreements of a pre-existing international political institution (the European Union), cultural similarity and relatively small numbers of parties. Nevertheless, 13 countries in the geographically relevant area were not signatories to the Protocol. One of these, the United Kingdom, had very weak incentives to enter into voluntary regulation, with approximately 70% of its sulphur emissions being transported outside UK boundaries by the prevailing westerly winds, and receiving little acid rain deposition from other countries. Membership of the European Union has required the UK to reduce sulphur and nitrogen oxide emissions, even though the UK earlier had refused to accede to the Helsinki Protocol.

  Until the collapse of communism in Eastern Europe, a particularly intractable problem had been reciprocal transfers of acid rain pollutants between the countries of Eastern and Western Europe. The scope for internationally negotiated reductions in sulphur and nitrogen emissions has increased with the demise of COMECON, and the prospects for membership of the European Union by a number of Central European states will further enhance the likelihood that mutually beneficial reductions in those pollutants occur.

  Agreements to reduce emissions of the precursors of acid rain have also benefited from technological change (which has reduced abatement costs), high and well-understood pollution damages, and a reasonably high degree of similarity in the burdens that the agreements have imposed upon participating states (all of which correspond to lessons we mentioned above).

International control

  The existence of a federal governmental system in the USA facilitates the introduction of pollution control programmes that have effect over much (but not all) of the areas affected by its acid rain pollutants. How easy has it been to abate the precursors of acid rain in Europe where no such unified sovereign governmental structure exists for all relevant areas? 

    The abatement record in Europe has turned out to be quite impressive, and the cooperative process that has taken place between European countries is often regarded as a model for international environmental cooperation. That cooperation has been most visibly manifested in one convention and a set of associated protocols. These are

· The Long Range Transboundary Air Pollution Convention (LRTAP) Convention, 1979 (ratified 1983)

· The Geneva Protocol, 1984 (Finance of EMEP)  (in force 1988, 30 ratifiers by November 1995)

· The Helsinki Protocol, 1985 (in force 1987: Sulphur)

· The Sofia Protocol, 1988 (in force 1991;  NOx)

· Large Combustion Plant Directive 1988 (in force 1993 after ratification)

· Oslo Protocol 1994 (Sulphur)

· Geneva Protocol 1995 (VOC)

  The 1985 Helsinki Protocol bound 21 European states to a 30% reduction in sulphur dioxide emissions (in terms of 1980 base levels) by 1993. In June 1988, EC Environment Ministers agreed to national reductions in emissions from large combustion plants. These and other agreements have met with some success, with SO2 emissions falling by more than 20% between 1980 and 1989. At national levels, emission reductions have largely been implemented through command and control regulations, although some countries (including France and Sweden) have introduced emission taxes. In the long term, larger-scale reductions in acid rain precursors in Europe will necessitate the use of either uniform emission taxes or tradable permit schemes. As yet, no European-wide example of either exists. 

    European cooperation about acid rain illustrates a number of themes commented upon earlier in the chapter. First, securing agreement was facilitated by the existence of an international political institution (the European Commission, later to be the European Union). Second, cooperation is helped when there is a relatively high degree of cultural similarity among the cooperating countries. Third, regional problems that affect relatively few countries are likely to be addressed successfully through supranational cooperation. This appears to be exemplified by the case of sulphur control in Europe, where agreement involved a relatively small numbers of parties. 

    That international treaties are often incomplete (at least initially) is attested to in this case by 13 countries in the geographically relevant area not being signatories to the Protocol. Also noteworthy here is the fact that agreement is most likely when participants have strong local incentives to act (even without international cooperation). One European country - the United Kingdom- had very weak incentives to enter into voluntary regulation, with approximately 70% of its sulphur emissions being transported outside UK boundaries by the prevailing westerly winds, and receiving little acid rain deposition from other countries. However, membership of the European Union has required the UK to reduce sulphur and nitrogen oxide emissions, even though the UK earlier had refused to accede to the Helsinki Protocol.  

    Until the collapse of communism in Eastern Europe, a particularly intractable problem had been reciprocal transfers of acid rain pollutants between the countries of Eastern and Western Europe. The scope for internationally negotiated reductions in sulphur and nitrogen emissions has increased with the demise of COMECON, and the prospects for membership of the European Union by a number of central European states will further enhance the likelihood that mutually beneficial reductions in those pollutants occur. Even though a full solution to acid rain problems in Europe involves many countries, it has been beneficial to start with a relatively small set of crucial participants. 

    Agreements to reduce emissions of the precursors of acid rain have also benefited from technological change (which has reduced abatement costs), high and well-understood pollution damages, and a reasonably high degree of similarity in the burdens that the agreements have imposed upon participating states (all of which correspond to lessons we mentioned above). 

    Considerably more progress has been made in reducing sulphur rather than nitrogen emissions. Why should this be so? Sandler (1997) offers two explanations. First, there is usually a greater degree of self-pollution from sulphur, and so the incentives to clean-up sulphur emissions are high even in the absence of international cooperation. In contrast, NOx emissions are much less characterised by local benefits. Second, sulphur emission problems are more concentrated than those associated with nitrogen, largely because they are much less dependent on car and other mobile pollution sources. This implies that sulphur abatement tends to be easier to implement and more cost effective. 

    We argued earlier that a test of the effectiveness of international cooperation should be based on comparison of the Nash (non-cooperative) and cooperative outcomes. Given that a high proportion of national sulphur depositions are accounted for by national emissions, the Nash equilibrium would likely involve significant reductions in national emissions, and one would not expect to find a large divergence between Nash and cooperative outcomes. Indeed, Sandler has argued that the reductions in SO2 emissions agreed by parties to the LRTBPA are no greater than they would have been in the absence of a formal agreement. So using this effectiveness criterion, cooperation to reduce acid rain has been much less effective than is often thought. Acid rain control agreements have tended to codify actions that nations were already doing. Not all would accept this conclusion however. One example of a different assessment is given in Box 10.3.

Box 10.3 (located in the main text) : Acid rain games in Europe

� It is interesting to note that tall chimneys/emission stacks were introduced partly to reduce the ambient levels of pollution in the vicinity of the pollution sources. But a chimney does not eradicate a pollutant; it relocates it. Tall chimneys have been significant in disseminating pollutants over long distances. 














