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Introduction

This discussion note briefly introduces the Gothenborg Protocol of the Conventional on Long-Range Transboundary Air Pollution (CLTRAP), lists the main conclusions of the recent review of the Gothenburg Protocol, summarizes the main recommendations of the European Union (EU) Thematic Strategy on Air Pollution, and than provides some suggestions for work to be done by the UNECE Task Force on Reactive Nitrogen (TFRN) to improve the effectiveness and efficiency of the Gothenborg Protocol.
Gothenburg Protocol

The 1999 Gothenburg Protocol is a multi-pollutant, effects-based protocol, directed to abate acidification, eutrophication and ground-level ozone (vegetation and human health). It addresses four substances (SO2, NOX, NH3 and VOCs). Targets have been set for all four pollutants and cost-effective emission ceilings have been calculated on the basis of integrated assessment modelling for each pollutant. Reactive nitrogen plays a key role in acidification, eutrophication and ground-level ozone formation (UNECE, 1999).
The objective of the Gothenburg Protocol is “to control and reduce emissions of sulphur, nitrogen oxides, ammonia and volatile organic compounds that are caused by anthropogenic activities and are likely to cause adverse effects on human health, natural ecosystems, materials and crops, due to acidification, eutrophication or ground-level ozone as a result of long-range transboundary atmospheric transport, and to ensure, as far as possible, that in the long term and in a stepwise approach, taking into account advances in scientific knowledge, atmospheric depositions or concentrations do not exceed the critical loads of acidity and nitrogen, and the critical levels of ozone as described in annex 1 for specified territories”. 
Each of the parties that have ratified the protocol has basic obligations, including (i) achieving the set emission ceilings according to the set time-scale (2010), (ii) applying limit values to stationary and mobile sources of emission according to the set time-scale, and (iii) applying, as a minimum, the NH3 control measures specified in Annex IX of the Protocol, and applying, where it considers it appropriate, best available techniques for preventing and reducing NH3 emissions. The Annexes of the Protocol and the Guidance Documents on Control Techniques and Economic Instruments to the Protocol to Abate Acidification, Eutrophication and Ground-level Ozone provide detailed specification of the techniques and measures needed to meet the set ceilings and limits.
Review of the Gothenburg Protocol
The Review of the Gothenburg Protocol (CLRTAP/MNP/IIASA, 2007) lists the following main conclusions:
1. Emissions of all pollutants have shown a downward trend since the signing of the Gothenburg Protocol, especially for SO2 and NOX.
2. Deposition of acidifying substances in Europe has declined since the 1980s, with positive effects on the chemical composition of soil and lakes. Nitrogen deposition remains a widespread problem for European ecosystems. Despite reductions in precursor emissions, no clear downward trend in ozone indicators for human health and ecosystems can be detected in Europe.

3. Latest scientific findings suggest that current levels of exposure to fine particulate matter in Europe cause significant reductions in life expectancy. Secondary aerosols, formed from precursor emissions of SO2, NOX, NH3 and VOCs constitute a significant fraction of PM2.5 in ambient air.

4. The benefits of current efforts under the Protocol exceed abatement costs. According to new scientific insights, however, efforts under the protocol lead to less improvement towards the ultimate objectives of the Protocol, in terms of the protection of ecosystems and health, than originally estimated.

5. To reach the ultimate goal of the Protocol - the protection of ecosystems and human health – further measures will be needed.

6. The effectiveness of the Protocol could be further improved by increasing the number of ratifications. There are strong synergies between the environmental objectives of the Protocol (i.e. reducing acidification, eutrophication, ground-level ozone) and a reduction of health impacts from fine particulate matter. Extending the remit of the Protocol to cover particulate matter could increase the cost-effectiveness of pollution control strategies.

7. In addition, the cost-effectiveness of further measures needs to be analyzed in close conjunction with other policy objectives, including those on climate change, energy security, transport and agriculture.

8. In addition to available end-of-pipe emission control measures, non-technical and local measures will be of increasing relevance, especially if multiple policy objectives are pursued. Emissions from international shipping will still offer a large potential for cost-effective abatement measures.
Thematic Strategy on Air Pollution
The objectives of the EU Thematic Strategy on Air Pollution (COM(2005) 446 final) is to meet the objectives of the Community’s Sixth Environmental Action Plan on air quality: ‘to attain levels of air quality that do not give rise to significant negative effects on, and risks to human health and the environment by 2020’. The Clean Air for Europe (CAFÉ) program (COM(2005) 447) has produced the scientific basis for the ‘Thematic Strategy on Air Pollution’. CAFÉ is the program of technical analysis and policy development that underpinned the development of the Thematic Strategy. Various health and environmental ambition levels for 2020 have been evaluated in CAFÉ and a global ambition level has been proposed in the Strategy. The work showed that additional efforts (relative to the Framework Directive for ambient air (Com 1996/62), including the emission ceilings of the Gothenburg Protocol) were needed to achieve the objective of the Sixth Environmental Action Program.
A series of policies actions are mentioned in the EU Thematic Strategy on Air Pollution, under the headings ‘make legislation work better’ and ‘integration with other policy areas’: 
1. Making environment legislation work better.

a. Simplification of air quality legislation
b. Strengthening implementation
c. Modernizing monitoring and reporting
d. Control of human exposure to PM2.5 in ambient air
e. Revision of the NECD
f. Coherence with other environment policies
2. Integrating air quality concerns into other policy areas
a. Energy
b. Transport
c. Agriculture

d. Structural Funds

e. International dimension

Policy action 1e includes a revision (lowering) of the emission ceilings under the National Emission Ceiling Directive (NEC) (2000/1258/EC), which are similar to those of the Gothenburg Protocol for the EU countries. Policy action 2c expects a reduction in ammonia emissions from agricultural sources following the reform of the Common Agricultural Policy and an effective implementation of the Nitrates Directive, the IPPC Directive, the Environmental Impact Assessment Directive and the Water Framework Directive. 
Currently, agriculture contributes on average about 80-90% to the total emissions of NH3 into the atmosphere in the 27 Member States of the European Union (EU-27). Most of the NH3 originates from animal manure in animal houses, manure storage systems and following the application of animal manure to agricultural land. Mineral N fertilizers also contribute to NH3 emissions. Major sources of N in agriculture of the EU-27 include mineral N fertilizers (about 10.5 Tg per year), animal manure (excreted about 10 Tg per year, of which 5 Tg is applied to agricultural land and 3.5 Tg is dropped to land by grazing animals), biological N2 fixation (about 1 Tg per year) and atmospheric N deposition (about 2 Tg). The N from animal manure is derived from animal feed and can be considered as recycled N. Part of the excreted N is derived from imported animal feed (about 7 Tg per year). The N from atmospheric N deposition can be considered also as recycled N; about half is derived from NH3 emitted from agriculture and the other half is largely derived from nitrogen oxides (NOX) derived from combustion sources.

Integrated measures in agriculture to decrease NH3 emissions

Recent studies suggest indeed that including the effects of a full implementation of the EU Nitrates Directive, IPPC Directive and the Water Framework Directive greatly contribute to lowering emissions of NH3 into air and to achieving the targets of the Thematic Strategy on Air Pollution. National projections also suggest an autonomous decrease in emissions (~10%) due to less animals and less N fertilizer use, but the intended abolishment of the milk quota system and the recently set targets for biofuel use were not included in these projections. The full implementation of the Nitrates Directive was estimated to lead to a ~26% decrease in N leaching in EU-27 in 2020 relative to the reference year 2000. Simultaneously, NH3 emissions will decrease by 14%. Lowering the protein content of the animal feed by 10% leads to a further decrease in nitrate leaching and emissions of NH3 and N2O. The NH3 emission abatement measures of the Gothenburg Protocol (further refined by the UNECE Expert Group on Ammonia Abatement) are effective in decreasing NH3 emission, but some of these measures increase the emissions of N2O and the leaching of N (Oenema et al., 2007)
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Figure 1. Results of scenario analyses for agriculture in EU-27 in 2020, using statistical data for 2000 as reference. Scenarios include ‘Current trends (national projections), ‘Additional NH3 policy (cost-effective NH3 emissions abatement measures), ‘Full implementation of Nitrates Directive, with or without lowering the protein content of the animal feed, and with or without additional NH3 policy Oenema et al., 2007)
Though effective in decreasing N leaching and gaseous N (NH3, N2O and NOX) emissions from agriculture, full implementation of the Nitrates Directive and Water Framework Directive have significant effects for agriculture. It will require combinations of low-protein and low-P animal feeding, as well as manure treatment and spatial restructuring of conglomeration of animal production systems. 

The following policy recommendations were made under work conducted for the European Commission (Oenema et al., 2007):
· The measures dealing with N input control in the Nitrates Directive (Balanced N fertilization) and the UNECE – CLRTAP and the IPPC and NEC Directives (protein content of the animal, integrated N management) should be the guiding and overall arching principles of measures in agriculture aimed at to decrease emissions of NH3 and N2O and the leaching of N. 

· The implementation and enforcement of the measures of the Nitrates Directive should be combined with those of Ammonia Abatement Technologies of the UNECE – CLRTAP and the IPPC and NEC Directives, so as to circumvent pollution swapping.
· In addition to NH3 emission ceilings and limits, input limits for N from animal manure and NO3 concentration in groundwater and surface waters, there is scope for formulating targets for N use efficiency for specified farming systems. Such targets for N use efficiency have the advantage of providing a measure for an integrated N input control and for N losses to the environment. 

· Providing incentives via Rural Development Regulations to the N use efficiency for specified farming systems provides opportunities for rewarding those farmers that go beyond certain standard criteria and thereby decreasing N losses in an integrated way.

· Animal welfare regulations for animal housing should be combined with NH3 and N2O abatement measures and NO3 leaching abatement measures

· In addition to spatial zoning of areas with high nature values and/or vulnerable to NO3 leaching (within the context of the Nitrates Directive and the Birds and Habitats Directives), there is scope for spatial planning of N polluting agricultural activities in areas that are less vulnerable. This can be relevant also given the trends towards conglomerating large, specialized and intensive farms in areas with cost-specific advantages. 
· The role of the agro-complex (suppliers, farmers, processing industry and retailers) has so far received little or no attention in decreasing N losses from agriculture. This is surprising, as the agro-complex and especially suppliers, processing industry and retailers play a dominant role in (the development of) agriculture. It is suggested to explore the potentials of the agro-complex in improving N use efficiency and decreasing N losses from agriculture.  

Possible recommendations for discussion on the Gothenborg Protocol review
Evidently, there is need for more effective and efficient policy measures to be able to achieving the targets of the EU thematic strategy on air pollution and the proposed (tightened) ceilings of the Gothenborg Protocol. The key features seem here (i) developing a more integrated approach in relation to the multiple roles of reactive N, and (ii) better legislation and better implementation of existing legislation. 
Compared to the other Protocols of the CLRTAP, the Gothenburg Protocol has a novel, integrated approach because it is a multi-pollutant, effects-based Protocol.  However, as regards N, the Gothenburg Protocol has as yet no full integrated approach; it focuses on NOX from combustion sources and NH3 from agricultural sources. Although the Advisory Code of Good Agricultural Practice of Annex IX of the Gothenburg Protocol explicitly mentions provisions on ‘nitrogen management, taking account of the whole nitrogen cycle’, and ‘livestock feeding strategies’, the current experiences are that there are possible trade-offs and antagonistic effects to other N emissions, which have not yet been properly addressed. 
Also, the Gothenburg Protocol does not address other N emissions associated with the production and combustion of biofuels. Finally, there are options that should be considered regarding the integration with other policies (climate, energy, agricultural policies) and the effectiveness of implementation in practice.
We propose that the following actions be considered as a contribution to making the Gothenborg Protocol more effective and efficient in achieving its targets: 
· To include explicitly the synergies and trade offs with nitrous oxide (N2O) emissions in the Protocol, for example, in relation to NOX and NH3 abatement measures;

· To explicitly mention nitrate (NO3-) as pollutant of surface waters and groundwater in the Protocol, and to address the possible (synergistic and antagonistic) effects of NO3- leaching abatement measures on especially NH3 emissions;
· To further explore and define integrated measures for decreasing NOX, NH3 and N2O emissions to air and NO3- leaching to water simultaneously, and to revise the guidance document of the Gothenborg Protocol accordingly.

· To fully recognize the important roles of managerial measures, structural measures, as well as changes in life-style of society on gaseous N emissions, apart from the technical/technological measures usually considered;

· To further discuss the interactions between the measures of the Gothenburg  Protocol to decrease N-related acidification, eutrophication and ground-level ozone and the (forthcoming) policy measures to reduce N-related climate change effects (and vice versa), and to derive recommendation for further integration of these policy measures;

· To further explore and discuss the integration of policies aimed at decreasing N emissions from agriculture with agricultural policies and to define possible stimulative (economic) instruments for effective implementation in practice;
· To promote integrative indicators for N use efficiency in agriculture and to suggest the coupling of these indicators (using threshold values) with for example the intended abolishment of the milk quota systems, farms in and near Nature 2000 areas, initiatives within the framework of Rural Development Regulations, permits for IPPC farms, etc.
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