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Abstract 
Using non-linear programming, an optimization model is set up to model the costs and effects of 
phosphorus (P) pollution abatement at field and farm level. Earlier studies have modelled P 
management and abatement in combination with cost analysis at farm level. The novelty of the 
present study is the focus on incentives to trade and reallocate manure between farm types to reduce 
P losses from intensive livestock farms, which produce manure as a P-rich waste product. The 
effect of regulating P is analysed through changes in the input of mineral fertilizers and manure and 
changes in the soil P levels over time. Two different tax instruments are analysed: a tax on P in 
mineral fertilizer and a tax on P surpluses at farm level.  
 
Results show, that if no policy interventions are implemented to regulate the level of P applications 
over time, average soil P values increase over time on livestock farms. This is because P is applied 
in excess of crop requirements when manure is applied on the basis of crop requirements for N. 
However as the price of mineral fertilizer increases over time, the shadow price of manure P 
increases and manure is naturally reallocated between farm types. But the shadow price of manure 
does not increase enough to reallocate all P surpluses between fields and farm types.  
 
As all P surplus application is costly, on arable farms P is applied according to crop requirements 
whilst taking soil P into account, independently of the chosen policy. Implementing a tax on all P 
inputs including soil P through the P surplus tax motivates livestock farmers to sell manure to avoid 
paying taxes, reducing P surplus applications to zero over time. The P surplus tax constitutes a more 
effective incentive to induce livestock farmers to improve the utilisation of manure P than the 
mineral-fertilizer P tax. Implementing a tax on mineral-fertilizer P motivates arable farmers to 
substitute mineral fertilizers with manure and in this way slowly reduces the P surplus on both cattle 
and pig farms. The mineral–fertilizer P tax increases the shadow price of manure reducing profit on 
arable farms, i.e. arable farmers pay a high price for utilizing mineral-fertilizer P. This is contrary to 
the P surplus tax where the shadow price of manure P decreases because livestock farmers are 
forced to get rid of expensive P surpluses. Both taxes can therefore be seen to regulate two 
problems: that of environmental P pollution, and that of exploiting mineral-fertilizer P, a non-
renewable resource. A positive externality derived from both tax scenarios, is that a considerable 
decrease in the use of mineral-fertilizer N is obtained. 
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