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1 INTRODUCTION  

Within the framework of the Convention on Long-range Transboundary Air Pollution and its protocols (UN/ECE, 

1999), Parties have to regularly report their emissions and to achieve national emission ceiling values. Since 1999 

ammonia (NH3) is included as an air pollutant in the Gothenburg Protocol covering the time period 1990 to 2010. 

The target for Switzerland according to this protocol is a reduction of ammonia emissions by 13%. NH3 emission 

inventories for Switzerland were therefore compiled and published by Stadelmann et al. (1998) for 1990 and 1995 

and by Reidy et al. (2008) for 1990, 1995, 2000 and 2003. Since in all considered years, agriculture contributed with 

about 93-95% to the total national NH3 emissions, these inventories had a special focus on agriculture. While expert 

assumptions for activity data on structural and management parameters were used for 1990 and 1995, emissions 

from 2002 onwards were based on data from representative farm surveys. 

National emission ceilings are set in the Gothenburg Protocol for 2010. A new representative farm survey 

was therefore carried out in winter 2007/2008 to establish an updated time series on emissions and provide baseline 

data for the negotiations on a revised Protocol for the time period beyond 2010. A special objective was to study the 

influence on NH3 emissions of the new agricultural policy and direct payment program introduced since 1994 with 

clear environmental and animal welfare requirements. 

 

2 MATERIALS AND METHODS 

2.1 Representative farm survey for activity data 

The approach chosen to collect activity data for 2007 from a representative sample of farms was basically the same 

as described by Reidy et al. (2008). A twelve page questionnaire on livestock and manure management was 

distributed to a random sample of 6565 farms stratified according to three geographical regions (East, Central, 

West/South), three altitude zones (valley, hills, mountains) and five farm types. All in all, 3133 questionnaires (i.e. 

48% of the distributed questionnaires) could be included in the data analysis. The Federal Office for Statistics 

provided activity data on livestock numbers and farming surface for these farms in an anonymous form. For 2002 

the original data from Reidy et al. (2008) could be used. More information on the farm survey is given in Kupper et 

al. (2010a). 

2.2 Emission calculations 

Emission calculations for 2007 and 2002 were individually made for each farm included in the analysis using the 

model AGRAMMON (Kupper et al. 2010b). As the model DYNAMO used by Reidy et al. (2008), AGRAMMON 

is a nitrogen (N) flow model that calculates emissions for grazing, housing, manure storage and application for 24 

livestock categories. For each of the 32 classes of the survey (region x altitude x farm type) and for each livestock 

category an average emission factor per animal per year for grazing, housing, storage and application was 

calculated. These mean emission factors were used for upscaling emissions to the national level by multiplying them 

with animal numbers of the respective classes. Emissions could be assigned to the municipality level and mapped in 

a km2 grid resolution. For 1990 and 1995 a simplified calculation at the national scale was performed. Due to the 

difference in the applied methodology a full homogeneity of the emission time series cannot be assured. 
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3 RESULTS AND DISCUSSION 

3.1 Emissions in 2007 

Total NH3 emissions in 2007 were 52.3 kt N with a 94% contribution from agriculture (49.0 kt N).Within 

agriculture livestock production and manure management contributed to 90% (43.9 kt N), the rest coming from 

mineral N fertilizers (2.3 kt N), organic fertilizers (0.3 kt N) and crop surfaces (2.4 kt N; including grassland). 

Cattle, pigs and poultry contributed to 79%, 15% and 3%, respectively, of the emissions from livestock production 

and manure management. The distribution between grazing, housing, manure storage and application was 3%, 34%, 

16% and 47%, respectively.  

3.2 Development of emissions between 1990 and 2007 

Total anthropogenic emissions declined by 13% between 1990 (59.3 kt N) and 2007, agricultural NH3 emissions by 

14% and emissions from livestock and manure management by 11% (Figure 1). The lowest level of agricultural 

emissions was reached in 2004 (47.5 kt N). 
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FIGURE 1 Development of NH3 from livestock production and manure management between 1990 and 

2007 divided to grazing, housing, manure storage and application 

 

 The strong increase in loose housing systems and exercise yards for cattle was due both to the new 

compulsory animal welfare regulation in the direct payment program and economic/labour considerations. A similar 

development was observed for pigs due to market driven label programs leading to over 60% of the fattening pigs 

now being kept in housing systems with multi-area pens with littered areas and outside exercise yard. According to 

Swiss measurements (Berry et al., 2005) these systems produce twice as much emissions as conventional housings 

with partly or fully slatted one-area pens. These developments for cattle and pigs led to an increase of housing 

emissions by 44% between 1990 and 2007 (Figure 1).  

 Consequently, the N flow per dairy cow into storage was reduced by about 6% in spite of the over 40% 

increase in milk yield. For fattening pigs the N flow into storage was reduced by 41% due to an approximately 30% 

reduction in excretion per animal place thanks to a combination of feeding measures, change in genetic potential and 

higher housing emissions. Due to the reduced N flow from livestock, the sum of storage and application losses were 
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reduced by approximately 30% between 1990 and 2007 with a clear shift towards higher emissions from liquid 

manure and a decrease from solid manure due to changing housing systems.  

 Emissions from crop production decreased by about 30% between 1990 and 2007 mainly thanks to a 

decrease of mineral fertilizer use as a consequence of the farm-related nutrient balance requirements. 

 

4 CONCLUSIONS  

The national ammonia emission target of a 13% reduction between 1990 and 2010 according to the Gothenburg 

Protocol can probably just be reached, provided that emissions do not further increase until 2010. This or even a 

certain reduction can be expected since voluntary programs for emission mitigation measures with financial 

assistance have recently been introduced in different Cantons.  

 The development of emissions was influenced in different ways by the new agricultural policy and the 

related direct payments program introduced in the mid nineties. On the one hand animal welfare requirements led to 

a strong increase of housing emissions. These were largely compensated by lower storage and application losses 

resulting from the reduction of the N flow due to increased grazing and higher housing emissions. On the other hand 

the farm-related nutrient balance regulation leads to a limitation of animal numbers, lower N excretions of pigs 

thanks to feeding measures, more careful use of manure to minimize losses and a reduction of mineral fertilizer use. 

The mechanisms of these interactions must still be analyzed in more detail. 

 With the increase in housing emissions, the share of the stationary and more or less constant emissions 

during the year from housings and storage have increased from 39% in 1990 to 50% in 2007. This shift, together 

with the relatively small overall decrease of calculated national emissions of 13% between 1990 and 2007 and some 

open questions with respect to the homogeneity of the emission time series might partially explain why the available 

time series of the annual averages of measured concentrations and wet depositions of reduced N compounds do not 

show a significant downward trend (NABEL 2009). From 2000 onward the monitoring network is substantially 

denser than in the previous decade and the temporal trends of the measured concentrations and wet depositions 

correspond well with the calculated emission trends (Thöni and Seitler 2009). 
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