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Introduction
This background document provides some information about the economic cost of nitrogen (N) management in agriculture, with a view of reducing N losses, especially in the form of ammonia to air, while taking account of the whole N cycle. The document is prepared for the fifth meeting of the UN-ECE Task Force on Reactive Nitrogen (TFRN-5) and associated Workshop on "Costs of ammonia emission abatement and climate co-benefits” in Paris, on October 25th & 26th, 2010. The results of the workshop and TFRN-5 meeting will be used to revise the “Guidance Document for preventing and abating ammonia emissions from agricultural sources”. The Guidance Document has the purpose to facilitate the implementation of the ‘basic obligations’ of the 1999 Protocol to Abate Acidification, Eutrophication and Ground-level Ozone (Gothenburg Protocol), and more specifically will contribute to the implementation of the measures listed in Annex IX of this Protocol.
Management is commonly defined as ‘a coherent set of activities to achieve objectives’. This definition applies to all sectors of the economy, including agriculture.  Nitrogen management can be defined as ‘a coherent set of activities related to nitrogen use in agriculture to achieve agronomic and environmental/ecological objectives (e.g., Oenema and Pietrzak, 2002). The agronomic objectives relate to crop yield and quality, and animal performance. The environmental/ecological objectives relate to nitrogen losses from agriculture. Nitrogen management can be seen as ‘an integrated approach’ of reducing N losses and in particular ammonia emissions. An integrated approach means that it includes various elements in a coherent way. As such, N management could in principle encompass all provisions of the Annex IX of the Gothenburg Protocol, i.e. 
(a) Nitrogen management, taking into account the full nitrogen cycle; 

(b) Livestock feeding strategies; 

(c) Low-emission manure spreading approaches; 

(d) Low-emission manure storage systems;
(e) Low-emission manure processing and composting systems; 

(f) Low-emission animal housing systems; 

(g) Possibilities for limiting ammonia emissions from the use of mineral fertilizers
In Annex IX,  N management is specifically defined in terms of decreasing the N surplus on the input-output balance sheet of a farm (Nsurplus) and in terms of increasing the N use efficiency (NUE), i.e., increasing the N output : N input ratio. Evidently, for decreasing the Nsurplus and for increasing NUE, various measures and activities may have to be taken, including all the abovementioned provisions of the Annex IX. However, in this background document, N management is perceived in terms of decreasing Nsurplus and increasing NUE in sensu stricto, and the economic cost of N management in agriculture is perceived as (i) the economic costs of making a N input-output balance sheet of a farm, and (ii) the economic costs of decreasing Nsurplus and increasing NUE through optimization (improved selection, allocation, timing, etc. mainly through knowledge, equivalent to software). This approach minimizes the risk of double counting, i.e., including economic costs associated with provisions b through g of the Annex IX also in the cost estimation of N management. The economic costs associated with ‘low-emission’ animal feeding, animal housing, manure storage, manure spreading and fertilizer spreading will be addressed in other documents.
Box 1. Background information

Economics is the scientific study of the production, sale, distribution and use of goods and wealth. It entails the theory of maximizing profits, based on rational cost - benefit analyses and rational choices. Consumers and farmers usually try to avoid waste of money and of anything of value, and are aware of the economics of scale and efficiency of specialization. At the same time, however, the choices by consumers nor those by farmers are always rational but may also be based on irrational preferences (Knetsch, 1995). These presumptions are helpful in understanding also the way nutrients move around in farms.

Life on earth is self-supporting but for sun light (energy). For nutrients, our earth acts as a ‘closed system’; there is a continuous recycling, transformation and redistribution of nutrients from one pool to another. Nutrients are transferred from one pool to another via plants, animals, humans, water and wind. Commonly, only a small fraction of the nutrients in the various pools is directly available for life on earth, and as a result biomass production and ecosystem functioning is strongly related to the availability of nutrients, especially nitrogen. 
Especially during the last century, humans have greatly affected the flows and cycling of available (reactive) nutrients in the biosphere through mining activities, fossil energy use, soil cultivation and crop production, domestication of animals, fertilizer production, deforestation and growing leguminous crops. As a consequence, the flow of available and reactive nutrients to the atmosphere and biosphere has increased greatly, with a cascade of unwanted side-effects. By large, these side-effects are still externalized, i.e., the effects are not included in decision making and cost-benefit analyses of enterprises. The neglect is exaggerated by the diffuse nature of the side-effects, the complex and site-specific cause – effect relationships and the delays involved. Hence, there is as yet little incentive for saving and recycling nutrients, unless nutrients sources are scarce or environmental policy forces polluters to do so. 
Waste is created by all societies, but the more so when living in wealth. Well-organized societies impose deposits on non-disposable goods and taxes for collecting and recycling wastes. By doing so, side effects are internalized (economized) in our decision making. The higher the deposits, the more goods are returned, the higher the taxes on waste collection, the less waste is produced and disposed off and the more waste is recycled by producer and consumer. These general principles drive the economics of nutrient cycling. They are applicable to animal manure and sewage waste too.
Only for part of cycled nutrients men act as an intermediary and pays, the major part cycles for free. That cycling is to be considered as an ecosystem service. Its value was estimated at 17 • 1012 US dollar per year by Costanza et al. (1997), which roughly translates to 100 US$ per kg of nutrient. Moomaw and Birch (2005) calculated that the aggregated damage costs of N are 16 US$ for each kg emitted into the atmosphere, 1 US$ per kg N emitted to terrestrial areas and 6.9 US$ per kg N emitted into freshwater. All these estimated costs are (much) larger than the current cost of 1 kg fertilizer nutrient, suggesting that careful recycling is cost-effective. However, the topic of the costing of improved nutrient cycling management has been little explored so far, and scientific literature is scarce (e.g., Edwards-Jones et al., 2000).

Estimating the cost of making a N input-output balance sheet of a farm
Estimating the cost of making a N input-output balance sheet of a farm requires the recording of all N inputs into a farm and all N outputs out of a farm. There are two procedures for making nitrogen input-output balances, namely the farm-gate balance and the soil-surface balance (e.g., OECD, 2001; Oenema et al., 2003). Basically, the farm-gate balance records all N inputs and all N outputs of the farm, while the soil-surface balance records all N inputs to agricultural land and all N outputs in harvested crop products from agricultural land. Basically, the surface area of the farm-gate balance is the whole farm; the surface area of the soil-surface balance is an agricultural land (one field, all fields of a farm).  In general, it is easier to establish a farm-gate balance than a soil-surface balance, because of data availability. The results of the farm-gate balance and the soil surface balance should be similar, but may differ because of the use of correction factors for NH3 volatilization from manure storages and the neglect of some input items. Hence, it is important to use standardized formats for making farm-gate balances and soil-surface balances.

Information from countries that have implemented farm-gate N balances in practice (e.g. Denmark, The Netherlands) indicate that farmers learn easily to interpret a farm-gate N balances. They may also easily learn to compile a farm-gate N balance on the basis of records of the farm economic administration combined with tabulations of N mass fractions in the various material inputs and outputs of a farm. However, in many cases the farm-gate N balances are compiled by accountancy offices. If done on a routine basis, i.e. for a number of farms each year, it takes on average half a day for compiling a farm-gate N balance together with a farm-gate P balance. Accountancy offices in Denmark and The Netherlands charge farmers on average about 500 euro per farm per year for farm N & P gate balances. The net costs to the farmers are less than 500 euro, because of the deduction of these costs from the taxable farm income (personal communication C. Daatselaar, Agricultural Economic Institute LEI, 20 October 2010). Likely, the costs of compiling a farm-gate N balance will be rather similar in other countries, especially when these countries have gained some experiences and have set-up the knowledge infrastructure for compiling balances.
In addition to the direct costs to farmers, national governments will have increased costs too, for supporting and establishing the knowledge infrastructure and for supporting the control and verification of farm-gate N balances. It is important that common formats and protocols are being used, so as to making the N balances reliable and comparable. This should be the tasks of research institutes with quality control and assurance standards. Without incentives and target values for Nsurplus and NUE from (supra) governmental institutions,  implementation of farm-gate N balances in practice may be less useful. Farmers should have the impetus to use the Nsurplus as indicator for (improving) the N management. It is difficult to estimate the cost incurred to national governments for supporting and establishing the knowledge infrastructure and for supporting the control and verification of farm-gate N balances. Likely, the costs for national governments are > 1 million euro per year per Party.
Estimating the cost of decreasing Nsurplus and increasing NUE at farm level
Again, estimating the cost of decreasing Nsurplus and increasing NUE at farm level is not a straightforward undertaking as there is a risk of double counting, i.e. counting the costs associated with the other provisions of Annex IX twice. Therefore, the economic costs of decreasing Nsurplus and increasing NUE is considered here mainly as an optimization process leading to increased efficiency without the need of investing in hardware (hence, improved selection, allocation, timing, etc. mainly through knowledge). There is not much empirical information about the cost of decreasing Nsurplus and increasing NUE at farm level. Here it is argued that the Netherlands may be used as a case for estimating these costs, although with some limitations. The following arguments are put forward for selecting NL as case: 

(i) Low-emission manure spreading, low-emission manure storage systems and some low-emission animal housing systems have been implemented and enforced from the early 1990s and the capital and variable costs associated to these ‘hardware’ approaches of decreasing ammonia emissions have been made during the first half of the 1990s; 
(ii) A farm-gate N & P balance approach with targets for decreasing Nsurplus (and Psurplus) was implemented and enforced during the period 1998-2003. The Nsurplus at farm level decreased significantly, while this decreasing Nsurplus was not related to investments in low-emission manure spreading, low-emission manure storage systems and some low-emission animal housing systems.

(iii) Some empirical data are available, both ex-ante and ex-post. 

There are also arguments suggesting that NL might be not a representative case here: 

(i) Agriculture in NL is highly intensive and the N surpluses at farm level in the second half of the 1990s were high relative to many other countries. Also decreasing the Nsurplus of intensive livestock farms requires manure export from these farms, which is costly.
(ii) Farmers in NL are relatively well-educated and the added value chain of the food production-processing-retail chain relatively well-positioned and structured relative to many other countries.
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Figure 1. Forecasts of farm income (in guilders per year, with 1 euro is ~2.2 guilder) of specialized dairy farms, mixed dairy farms, arable farms, and landless pig and poultry farms in  three scenarios to decrease N and P surpluses (differing in ways of implementation) in the Netherlands. For dairy and arable farms decreases in Nsurplus ranged from 60-80 kg and from 5-15 kg N per ha per year; while Psurplus decreased from 5-10 kg per ha per year for both types of farms (De Hoop and Stolwijk, 1999). 
Ex-ante information about the economic costs of decreasing Nsurplus at farm level can be found in De Hoop and Stolwijk (1999). In 1999, they examined the expected economic effects of a significant decrease in Nsurplus in dairy farming, arable farming and pig and poultry farming for the period 2000-2005. Figure 1 shows the expected changes in farm income for three scenario’s. The forecast study indicated significant changes in farm income due to changes in the target Nsurplus and Psurplus. Farm income of livestock farms decreased dramatically, while farm income of arable farms increased. This shift in income was explained by the fact that decreases in target Nsurplus and Psurplus limited the room for application of animal manure; livestock farmers were forced to export excess animal manure to arable farmers, who imported the animal manure for free or even with a premium. At the same time, arable farms made less cost for the purchase of synthetic fertilizers. For dairy farms, the economic costs of decreasing Nsurplus translated to ~1.5 euro per kg N per ha per year (ignoring the cost associated with the decrease in Psurplus. The gain of arable farmers was ~0.5 euro per kg N per ha per year.

Ex post empirical information suggest that the actual cost of decreasing Nsurplus are on average less than the cost forecasts suggested in Figure 1 and De Hoop and Stolwijk (1999). The reason is that increased learning brings new solutions and optimization overtime. Farmers find new ways to decrease the cost related to decreasing Nsurplus, mainly through producing less manure and hence they have less manure transportation costs. Decreasing manure production is done via improving animal performance (e.g. increasing milk yield per cow, less young stock per cow; lowering the N and P contents of purchased animal feed). Further, the utilization of nutrients from manure has increased significantly, mainly through improved timing of the application and applying the manure in appropriate portions (better match between N demand by the crop and N supply via animal manure). The net result is that the cost of the decrease in Nsurplus during the period 2000-2005 for dairy farmers was close to zero (Daatselaar et al., 2010; personal communication C. Daatselaar, Agricultural Economic Institute LEI, 20 October 2010). However, there are large differences between farms; dairy farms that do not have to export manure have gained on average 1000 to 3000 euro per year while dairy farms that have to export manure have lost on average 3000 to 5000 euro per year, while decreasing the N surplus by about 60 to 80 kg of N per ha per year. Arable farmers have gained benefit from decreases in Nsurplus while landless pig and poultry farms have been faced with increasing cost for manure export (see also figure 1). Further, results indicate that there is little or no statistical correlation (covariance) between Nsurplus and farm income, and that there is still a large variation in income and Nsurplus of farms of rather similar structure, suggesting that there is further room for optimization and decreased Nsurplus without compromising farm productivity (Daatselaar et al., 2010; Brink et al., 2011). 
Empirical information on the relationship between farm management, Nsurplus and financial consequences have been collected also by Rougaar et al., 1997 and Ondersteijn 2003 and Ondersteijn et al., 2003. A major conclusion of these studies is that improved management leads to improved efficiency and to improved financial results, though within certain boundaries as indicated above. Similar conclusions have been reached by Powell et al., 2009; 2010 and Rotz, 2003. Improving the utilization of nutrients from manure while decreasing use of synthetic fertilizers is highly cost-effective measure to decrease Nsurplus and increase NUE.
Additional information has been obtained from reports of national governments about the implementation of EU environmental policies, such as the Nitrates Directive, the Rural Development Program and the National Emission Ceilings Directive. Countries report that the cost of decreasing N losses range from as low as <1 euro per kg N to as high as 10 euro per kg N, depending on the measure. Some countries also report the cost for collecting information such as additional soil sampling and manure sampling. 
Finally, information about the cost and benefits of decreasing N losses and N surplus can be found in the European Nitrogen Assessment (ENA), to be released by April 2011 (Brink et al., 2011; Jarvis et al., 2011; Jensen et al., 2011).
Note, discussion needed on differences in types of studies; longitudal comparisons of one or few similar farms and comparisons of many different farms. 
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