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1. Objective


This presentation describes the methodology and procedures for the quantification of phosphorus and nitrogen losses from diffuse sources into aquatic systems. A model�ling approach is presented which links land use data to loss-coefficients specific for different processes. It is de�scribed which input data are needed, how loss-coeffi�cients can be estimated and how the losses can be calculated. The approach is not catchment specific and can be used for any catchment area or re�gion. An ad�vantage of the modelling approach is the possibility to use the same approach for quantification of the effects of measures taken by agriculture to reduce the nutrient losses into aquatic systems.


A similar version of this presentation is published in German language in Braun und Prasuhn (1998). This publication is also the basic framework for Guideline 5 and 6 of the ‘Recommendation on Harmonised Reporting Procedures for Nutrients (HARP)’ of the OSLO-PARIS-Commission (OSPAR) (NIVA 1998).





2. Introduction


One source of water pollution by phosphorus and nitrogen are inputs from point sources, an�other are losses from diffuse sources (natural background load and dif�fuse anthropogenic pollu�tion). The natural background load represents the situation without any anthropogenic in�fluence, e.g. a region with only natural vegetation. The diffuse anthropogenic pollu�tion includes the phosphorus and nitrogen losses by ag�riculture, forestry, air pollution and following deposition but also by land use due to recreational activities. In most cases agriculture is the most im�portant diffuse anthropogenic source. 


Calculations of the nutrient surpluses originating from agriculture show a surplus for Switzerland of about 11 kgP/ha/y and 83 kgN/ha/y, relative to the total land area used by Swiss agriculture and para-agriculture (figure 1; Braun et al. 1994). About 90% of the phosphorus surplus is determined by soil enrichment, 10% are losses into aquatic systems by surface runoff and soil erosion. About 70% of the nitrogen sur�plus are losses to the air by ammonia volatilization and denitrification and 30% are losses into aquatic systems mainly by leaching. 


Depending on land use, losses of phosphorus and nitrogen can vary in a wide range. One basic idea of the presented modelling approach for the quantification of nutrient losses from diffuse sources and especially from agriculture is the assumption that water quality re�flects the land use in the catchment area of the aquatic system being considered. Therefore every catchment or region has to be characterised by its land use categories, e.g. its partition in:


grassland


arable land (including different crops)


forest


unproductive land


urban areas (without connections to sewage treatment plants)


water surfaces


There are different processes or pathways for losses of phosphorus and nitrogen to aquatic systems. The most important are listed below (see also figure 2): 


losses by surface runoff (transport of dissolved nutrients)


losses by soil erosion (transport of particulate, adsorbed nutrients)


losses by drainage flow (through drainage pipes)


losses by leaching (including interflow, spring water and groundwater exfiltration)


direct atmospheric deposition on water surfaces


direct diffuse inputs (e.g. litter fall, spreading of manure along roads or rivers, accidental spills)


Data concerning land use categories and knowledge about the relative importance of dif�ferent processes within the catchment or region are the main input data into the proposed modelling approach for quantification of nutrient losses from diffuse sources.





3. Quantification of nutrient losses from diffuse sources


The presented modelling approach enables the quantification of the nutrient losses from diffuse sources at catchment level, sub-catchment level or field level. The proce�dure is in principle the same for areas of different sizes; the differences are in the resolution of the baseline data and to what extent of details the loss-coefficients need to be determined. In order to use the modelling approach for the quantification of nutrient losses from diffuse sources for a catchment or region the following calcu�lation steps are necessary (see figure 3): 


1.	The characteristic baseline data are compiled for each homogenous land use area, agricultural field (or group of similar fields in the case of large catchment  areas). These include for example: assignment to the land use category; sur�face area; information con�cerning natural conditions (e.g. precipitation, evapo�transpiration, runoff, soils, slopes) and information concerning anthropogenic influences (e.g. percentage of drained land, intensity of utilisation, nutrient surpluses, amount of applied fertiliser, time of spreading). The smaller the considered catchment or region is, the more detailed is the information required.


2.	 A loss-coefficient corresponding to the relevant characteristics of each ho�mogenous area or agricultural field (or group of similar fields) is determined for each process (e.g. in kgP/ha/J). These loss-coefficients are ob�tained by multi�plication of the water fluxes and the corresponding concentra�tions. Table 1 gives the distribution of the total annual runoff into hydrological processes ac�cording to land use in a considered catchment or region. Table 2 shows the range of con�centrations for the cor�responding water fluxes. The values in table 1 and 2 are proposed values which can be used as a first rough estimation, in case better estimates are not available for the catchment or region. A description how the values can be determined within the proposed range follows in the box below. 


3.	Nutrient losses from each homogenous area or field are given by the sum of the losses due to all processes. This provides annual area-specific nutrient losses for each homogenous area or field.


4.	Each catchment or region can be characterised as the sum of its homogenous areas or fields. The characteristic baseline data for all homogenous areas or fields are obtained from area-related statistics and censuses of agricultural hold�ings. 


5.	Steps 1 to 3 can now be performed with the data from step 4 for all homoge�nous areas or fields in the considered catchment or region. The sum of all nu�trient losses from all homogenous areas or fields yields the nutrient losses for the entire catchment or region.








The values in table 1 and 2 should be corrected in accordance with natural and anthropogenic conditions of the homogenous area or fields in considera�tion. The choice can be made either from experience or by calcula�tion, a risk level (1-4) being assigned to each individual parameter (e.g. soil, topogra�phy, intensity etc.) and the overall risk of the homogenous area or field being cal�culated by addition of the risk values of the individual parameters. The values will be chosen in the upper range of the tabulated values in tables 1 and 2 if the overall risk is high and in the lower range if the overall risk is low.


Example: In case of surface runoff a risk level for the following individual pa�rameters can be assigned: amount of rainfall, total annual runoff, soil, topogra�phy, distance to surface waters, land use intensity, existence of buffer zones and so on. In the case of wet soil, steep slope and high intensity of land use, all individual parameters have a high risk level and therefore the overall risk will be high. This means that values should be chosen in the upper range of those tabulated in tables 1 and 2. If there is a soil with high permeability, in the plain and with extensively used grassland, the risk level of all these mentioned in�dividual parameters are low and there�fore the overall risk, too. This means that values in the lower range in tables 1 and 2 should be chosen (see also Braun et al. 1991 or Prasuhn und Braun 1994).











6. The results of a first quantification by the modelling approach are then com�pared and controlled with the nutri�ent load quantified at the lowest point of the catchment under consideration, taking account of the retention and discharges from point sources. A comparison with other catchments or regions is also possible. As a rule this procedure yields different results: R1 (modelling approach), R2 (measurements at the lowest point of the catchment) and R3 (comparison with other similar catchments or re�gions). As a further step, the loss-coefficients are corrected in such a way that a new calculation with the modelling approach gives the most plausible result RP. This does not mean that the coefficients are aligned with the measure�ments taken in the relevant bodies of water. It is quite possible for the waterbody measurements to have major errors, which are then revealed by the model calculations.





A detailed description of the methodology is given in Braun et al. (1991), in Prasuhn und Braun (1994) and in Prasuhn et al. (1996). An advantage of the mo�delling approach is that it provides a breakdown of phosphorus inputs from diffuse sources into the relevant bodies of water by different processes (surface runoff, soil erosion, drainage runoff, leaching etc.), which is of crucial importance if the model�ling approach is also used to quantify the effects of implemented measures. 





4. Quantification of effects of measures taken in agriculture


It is possible to use the same modelling approach in order to quantify the effects of measures taken by agriculture. The steps in order to use the model are described below and summarized in figure 4:


1.	The homogenous area or field to be studied must be characterized by different parameters (e.g. soil, topography and type of use).


2.	The process leading to substantial nutrient losses from the considered ho�mogenous area or field into the aquatic system must be iden�tified.


A measure to reduce the nutrient losses is proposed (examples see table 7).





4.	An estimation of the effect of the proposed measure on the loss-coefficient of the process identified as important is made for the considered homogenous area or field. This yields the area-specific reduction potential (e.g. in kgP/ha/J), which represents the extent of the reduction on the loss-coefficient due to the mea�s�ure.


5.	The proportion of the area of the entire catchment or region on which the pro�posed measure may realistically be adopted is estimated.


6.	The reduction potential of the proposed measure for the entire catchment or region is ob�tained by multiplying the area-specific reduction potential (step 4) by the pro�portionate area (step 5).


7.	The reduction potential of different measures for the entire catchment or re�gion is obtained by addition of the reduction potentials of the individual mea�sures. Since the measures have effects on each other but these inter�actions cannot be considered in the calculations, it is suggested that the sum of the reduction potentials of the individual measures will be reduced by a per�centage to be specified (e.g. 10% or 20%).


8.	Modified choice of area-specific reduction potentials and proportionate areas is possible for calculation of scenarios. As a rule there is little scope for modification of area-specific reduction potentials, because they are obtained from field tests and cannot be varied at will.


Delays inevitably occur in the implementation of measures and also because of long hydrological pathways. For these reasons it is not uncommon that it may be years later before the effect actually achieved by the measures is detectable by measurements in the rele�vant bodies of water and that a comparison with the model calculation forecasts be�comes possible.


More detailed information on the use of the modelling approach to quantify the ef�fects of measures is contained in Braun et al. (1997) and in Prasuhn et al. (1997).





5. Quantification of natural background load


In order to know how serious water pollution by diffuse sources really is, it is useful to distinguish between the natural background load and diffuse anthropogenic pollution. The natural background load describes the situa�tion without anthropogenic influence, e.g. the situation of a natural vegetation cover. It encompasses the losses from forests, unproductive land and deposition on water surfaces. Only anthropogenic pollution can be reduced by measures, never the natural background load. The rela�tion between natural background load and anthropogenic pollution shows the degree of the pollu�tion and the greatest possible reduction po�tential.


The modelling approach described in chapter 3 can also be used for quantification of the natural background load for any catchment or region.  Some adaptations have to be con�sidered:


1. Under natural conditions, without any anthropogenic influence, land use is dif�ferent (no grassland used by agriculture, no arable land and no urban areas).


2. Under natural conditions the water fluxes and the concentrations are different. Table 3 gives a possible range of concentrations for the natural back�ground load de�pending on land use and processes or hydrological pathways.


3. The results of the modelling approach for quantification of the natural back�ground load have to be compared with measurements taken in the aquatic systems of areas as close as possible to natural conditions.





6. Reported examples


The results of the quantification of diffuse sources can be reported in any way. However, it is helpful to order them primarily according to the main processes and secondly according to the land use categories. For the step of quantification of the effects of measures taken by agriculture one needs to focus the different processes on different homogenous areas or fields (see figure 4). 


Tables 4 to 6 show as examples the proposed input data, the chosen loss-coef�fi�cients and the proposed reporting system for nutrient inputs to aquatic systems in three different regions in Switzerland, as results of the described modelling approach (Prasuhn und Braun 1994). It has to be emphasized that the results in ta�bles 4 to 6 are examples which cannot be applied to other catchments or regions. Every catch�ment or region shows a specific land use cha�racteristic, has different main pro�cesses to be re�garded, needs an individual choice of the loss-coefficients and leads finally to a regional-specific water pollu�tion as well as to a re�gional-specific po�tential of the reduction of the diffuse anthropogenic water pollution by measures taken in agriculture. 


Figure 5 and 6 show the potential of the reduction of the individual measures and the potential of the reduction of the diffuse anthropogenic water pollution by the combi�nation of different measures in three different regions (Prasuhn et al. 1997).
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