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FOREWORD 

The phenomenon of acid rain remains high on the political and environ-
mental agendas some decades after it was first implicated in Scandinavian 
water ecosystem damage and, allegedly, in forest damage. Action on the 
policy front has combined scientific, economic and modelling research in a 
unique way. Data on the long-range transport of the relevant pollutants 
have been generated. The concept of a critical load, ie the deposition of 
pollution below which no damage is done, has provided a benchmark for 
the assessment of damage. Control costs and cost-minimising models have 
been developed. One result has been the 1994 Second Sulphur Protocol 
which is perhaps unique among international agreements for its founda-
tions in these 'integrated assessment' approaches to policy. But much 
remains to be done. Control costs based on available technologies such as 
flue gas desulphurisation certainly overstate the true costs of compliance. 
Other activities such as energy conservation and fuel switching are cheaper. 
Critical loads represent a major scientific breakthrough but they tell us little 
or nothing about the behaviour of pollution damage once the loads are 
exceeded. This book has its rationale in the requirement for further work 
and research. It focuses on what is known about acid rain damages and their 
economic costs. Understanding more about damages has to be an essential 
ingredient in the next stage of integrated assessment modelling. 

David Pearce 
Chairman, Task Force on Economic Aspect of Abatement Strategies 

United Nations Economic Commission for Europe 
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1 

BACKGROUND TO THE ACID RAIN PROBLEM 

The consequences of transboundary transport of acidifying pollutants from 
the increasing combustion of fossil fuels became apparent in Europe in the 
1960s. Large numbers of lakes and streams in Scandinavia showed a marked 
change in pH, and rain was observed to be significantly more acid over large 
parts of Europe. Deterioration in the state of forests was also linked to 
exposure to acid substances and associated changes in soils, in addition to 
other causes such as drought and frost. 

National and international concern led to the establishment of scientific 
research to investigate the causes of the observed changes and how they 
could be controlled and reversed. In particular this included the Cooperative 
Programme for Monitoring and Evaluation of Long-Range Transboundary 
Air Pollution (EMEP), initiated under the Organisation for Economic Co-
operation and Development (OECD) and now an important part of the 
overall structure under the UN Economic Commission for Europe 
(UN IECE) Convention on Long-Range Transboundary Air Pollution 
(CLRTAP). At first the emphasis was on sulphur dioxide (502) as the main 
pollutant causing damage, but subsequently the significant contribution 
from nitrogen species was also recognised; these include both oxides of 
nitrogen (NO), generated by the transport sector and stationary sources of 
combustion, and reduced nitrogen originating as ammonia (NH3), mainly 
from agriculture. 

In the 1970s models were developed at the Norwegian Meteorological 
Institute to simulate the transport of 502 and other acidic species across 
Europe, and the contributions of different countries to the overall pattern of 
deposition. This became the EMEP Centre West, with a sister EMEP Centre 
East established in Moscow with similar objectives, both covering the whole 
of Europe. Simultaneously a monitoring programme was established with a 
number of 'EMEP stations' making comparable measurements of the 
concentrations of the same range of species in air and precipitation. 

The clear trends in acidification and increasing concern about the effects 
on fish and forests resulted in agreement on the need to reduce 502 
emissions, and the First Sulphur Protocol. This was the so-called '3D-per-
cent club', whereby signatory countries agreed to reduce their emissions of 
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S02 by 30 per cent relative to their emissions in 1980 by the end of 1993. A 
further protocol was set up to stabilize emissions of NOx' which were also 
increasing steadily, especially with the growth of road transport. 

However these steps were insufficient to combat increasing acidification 
in sensitive areas. Further measures were necessary, and the process of 
developing new international agreements to reduce acidification began 
under the auspices of the UN I ECE. Scientific questions arose as to just how 
low deposition of acidifying species needed to be to avoid further acidifica-
tion. Furthermore, since some areas of Europe are more sensitive than others 
and are suffering from acidification far more severely, it was important to 
place more emphasis on reducing emissions which led to deposition in these 
areas. It was clear therefore that a further uniform reduction in emissions 
across all European countries would not be the most effective strategy for 
the next protocol on sulphur emissions to replace the '30-per-cent club' after 
1993, but that it would be important to reduce emissions more in some 
countries than in others. 

THE SECOND SULPHUR PROTOCOL 

The Second Sulphur Protocol was signed in June 1994, with a schedule of 
agreed emission reductions to be achieved at specified times between the 
years 2000 and 2010 (Table 1.1). The development of this protocol represents 
a major step forward in recognising scientific criteria for setting environ-
mental standards, as represented by critical loads. Critical loads represent 
levels at, or below, which annual deposition is expected to have no adverse 
effects on natural ecosystems. They have been derived across Europe 
according to objective methods agreed by the UN IECE Working Group on 
Effects, and though necessarily simplified, distinguish the relative sensitiv-
ity of different regions of Europe in terms of soils and surface waters. 

To investigate cost-effective strategies for emission reductions a special 
Task Force on Integrated Assessment Modelling (TFIAM) was established, 
which assessed different scenarios for emission reduction. Integrated assess-
ment models were used to combine data on emissions, atmospheric 
transport between source and receptor regions, critical loads or target loads 
as an intermediate step towards them, and abatement options and costs. 
The aim of such modelling studies was to derive tables of emission reduc-
tions for each country which provided cost-effective strategies for reducing 
acidification. 

Because of the cost, it was not possible to reduce emissions sufficiently 
to attain critical loads. Hence the TFIAM investigated a large number of 
scenarios setting less stringent target loads. Eventually the one adopted as 
the basis for the protocol was the '60-per-cent gap-closure scenario' whereby 
deposition in excess of the critical loads is to be reduced by at least 60 per 
cent relative to 1990. Thus critical loads will still be exceeded in some areas 
after the new protocol is implemented. This raises questions about the 
environmental effects that will result, and to what degree loads will be 
reduced by the year 2010. 

4 


