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1. Background, objectives and policy context 
The nutrient indicators “CSI 020 Nutrients in freshwater” and the agri-environmental indicator “AEI 27.1 Water quality – nitrate pollution” are important in assessing the nutrient and eutrophication status in European freshwaters, and the direction of the development (better or worse) in different regions of Europe. 

Improved environmental quality of surface waters with respect to eutrophication and nutrient concentrations is an objective of several directives: The Drinking Water Directive (98/ 83/EC), the Nitrates Directive (91/676/EEC), the Urban Waste Water Treatment Directive (91/71/EEC), the Integrated Pollution Prevention and Control Directive (IPPC) (2008/1/EC ), the Freshwater Fish Directive (2006/44/EC), and the Water Framework Directive (WFD) (2000/60/EC), and is also addressed in the Common Agricultural Policy (CAP). The intention of the nutrient indicators is to follow the development of nutrient concentrations in European freshwater as these directives and policies are implemented. 
2. Current data analysis, recent changes and suggestions for future improvements
2a. Parameter selection

CSI 020 presents data on groundwater and river nitrate (NO3), river orthophosphate (OP) and lake total phosphorus (TP). AEI 27.1 is concerned with groundwater and river NO3 only. Data on river TP and total nitrogen (TN) and lake chlorophyll have been submitted to Eionet for many years but have not been, to date, included in the indicator. The intention is to include this information in future CSI 020 assessments. River TP concentration reflects the total load of phosphorus to the river system, including particulate phosphorus, which usually constitutes the major part of the riverine and coastal loads. Particulate phosphorus derives from erosion, and TP thus serves as an indicator of the magnitude of this problem. TN data better reflects (relative to NO3 alone)  the total N load to lakes and rivers, including ammonia, which is directly available, and organically bound nitrogen, which can serve as an important nitrogen source in downstream coastal systems. Including lake chlorophyll data, TP and TN will give a more comprehensive measure of the eutrophication status, and thus represent a better basis for assessing the impact of the excessive nutrients (see also section 3.). 
2b. Time series and spatial aggregation
The data are currently presented either as graphs of aggregated time series or maps presenting the latest data (WISE maps). There are several issues to consider regarding data selection for the time series: For a proper analysis of the development, it is essential that the aggregated time series represent the same stations every year, i.e. that the data series are consistent. Missing years in station data series could be replaced by interpolation or extrapolation, but this would reduce the accuracy. However, including more stations would increase the geographic coverage and the representativity. The selection of stations for time series is thus a trade-off between accuracy and representativity. The selection of data for the time series has changed over the years. This year it was decided to allow three years of inter/extrapolation, to include a larger number of stations. This also increased the number of countries represented. Frequent adjustment of the data selection procedure is not ideal, as it affects the time series presented. The general conclusions have not changed markedly over the years, but it is an aim not to make further adjustments of the procedure.
From the selected station time series, different spatial aggregations are made. Currently aggregations are made for Europe as a whole, for geographical regions (regional grouping of countries) and for sea regions (grouping of river basin districts (RBDs) draining to the same sea area, see example Fig. 1). The different aggregations serve different purposes, for instance the sea region aggregation is the most relevant to evaluate river nutrient transport to coastal waters, while for lake data geographical region aggregation is the best. For any comparison of different parameters the aggregation level needs to be consistent.
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Fig. 1. Phosphorus concentrations in rivers (orthophosphate) between 1992 and 2008 in different geographical regions of Europe (the number of river monitoring stations per region in parentheses).
2c. Trend analysis

The station time series are also used for statistical trend analyses, using the Mann-Kendall statistics. The results are discussed in the text, but it is also possible to show the results in maps (see example Fig. 2). The Mann-Kendall procedure can only state whether there is a significant trend or not. A simple calculation (comparing the first and last year) is used to state the magnitude of the change. In future assessments the intention is to analyse this statistically, using Sen’s slope. This will allow a more accurate assessment of the magnitude of the change.
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Fig. 2. The proportion of stations in groundwater bodies with significant positive or negative trends for nitrate-concentration in different European countries over the period 1992-2008.

2d. Current situation analysis

While the time series and trend analysis show the development of nutrient concentrations over time, the current situation is best portrayed using the WISE maps. These present the latest reported data, and represent more stations and countries. There are two types of maps, one showing the proportion of stations within each concentration class for each country and one showing the average concentrations class for each RBD (see example Fig. 3). A future improvement of the present situation analysis can be to include distance to target analyses. This will be made possible when the new WFD compliant nutrient standards are available (based on the good/moderate status class boundaries).
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Fig. 3. WISE map showing the average river orthophosphate concentration in European River Basin Districts (RBDs). http://www.eea.europa.eu/themes/water/interactive/soe-ri-or/ 

3. Towards full DPSIR nutrient indicators
The current approach to data analysis evaluates the state of European waters with respect to nutrient concentrations, and changes that have occurred over time. The above suggested changes in methodology will give a more precise evaluation. However, in future assessments it is possible to broaden the perspective, including a focus on pressures and impacts, not only the ‘state’ as reflected by nutrient concentrations.
The reported data on nutrient concentrations can not be used to identify the pressures causing the current state or which measures are responsible for any observed changes. To evaluate this, the data must be compared with data on emissions (see example Fig. 4). It is also possible to do a proper spatial analysis, overlaying maps of concentration data by maps of emissions. The opportunity for conducting comparisons with emission data is now  improved by the establishment of the new SoE-WISE  ‘emissions to water’ reporting, for which data on both diffuse sources (e.g. agriculture) and point sources (e.g. waste water discharges) will be reported on a regular basis by Member Countries to the EEA. In the future, when emissions have been monitored for a sufficient number of years, it will also be possible to compare trends in emissions and concentrations.
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Fig. 4. Diffuse emissions of nitrogen to freshwater (Bouraoui et al. 2009). This is an example output of a JRC modelling exercise. In time, such maps can be produced via data from the new SoE-WISE emissions reporting stream and can be updated periodically. 
A stronger coupling between the concentration data and the ‘impacts’ of increased nutrient concentrations can also be made. Including chlorophyll as a parameter (as suggested above) in the analysis, will give a better indication of the eutrophication impacts in lakes. These data have been available for many years, making it possible already to show trends at this stage. The new biological indicators which are being developed (see background document on biological data reporting) can give an even better impression of the impacts of excessive nutrients. These indicators are so far developed to assess mainly eutrophication impacts on different biological quality elements in lakes and rivers (see Fig. 5). When reporting of biological data has improved upon last years test reporting, then these indicators can be used for impact assessment, and to assess the distance to the WFD target of good ecological status in areas where nutrients is the dominant pressure. Spatial comparison can be made e.g. to evaluate the coupling between nutrient pressures, concentrations in water and ecological conditions, identify where the situation is worst, or whether the ecological conditions remain poor even if nutrient conditions have improved. 
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Fig. 5. Proportion of stations in different Ecological status classes for phytoplankton in lakes. Data based on test reporting in 2009. (for further info: see background document on Biological data)
4. Data reporting and request for more data

There is large variation in reporting between different member states. Some started reporting late, and these countries or stations are consequently not included in the time series and trend analyses. In future assessments it could be considered to assess a shorter time period in addition to the analysis going back to 1992, to include more stations. It is important that there are as few gaps in the data series as possible. If a gap exceeds three years, the station is removed, and it is likely never to be included again in the analysis.
In the analysis of current status, all available recent data are used. Still there are areas with poor coverage. There are both countries and RBDs missing for certain parameters, indicating either lack of established stations, lack of analysis of certain parameters, or lack of reporting. In some areas the spatial coverage of stations is limited, giving less accurate data and the possibility of bias. It is important to cover areas that are representative with regard to status and pressures. 
5. Concluding remarks

There are many ways of presenting and analysing the reported data, and there will be a trade –off between keeping the indicators short and presenting many aspects of the data. Nonetheless, the suggested further developments in this document can strengthen the indicator. It should be noted, however, that Eionet data will remain essential to the indicator enabling an ongoing evaluation of the European freshwater quality with regards to nutrients and eutrophication. Continuous reporting of a high number of representative stations strongly enhances the accuracy of the assessment. 
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