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Guide to the reader:
· This document illustrates the use of biological data reported in 2011-2012 for assessing ecological status for separate biological quality elements (BQEs) in rivers and lakes and compare with data reported for the same BQEs via the first RBMPs 

· The reader are also advised to look at the current WISE maps showing the biological elements 
· Please consider the following questions when reading this document: 
· Are the biological results shown for your country in accordance with relevant national assessments?
· Do the spatial differences across Europe make sense relative to pollution pressures and water quality?
· Comments and suggestions for improvements of the indicators are welcome and should be made in context with the freshwater EIONET workshop in autumn 2013

· Please be aware of the following shortcomings when reading the document:

· Although 25 countries have contributed biological data during the first two years of reporting, there are still data gaps from many countries. 
· Also within many countries, the stations reported may not be fully representative for the country as a whole. 
· Although many countries have developed and intercalibrated their assessment methods for all the requested BQEs in rivers and lakes, there are still some countries that had not finalized their assessment methods for one or more of the BQEs during the reporting period. 
· The results are therefore quite uncertain and may not yet provide a confident picture of the overall European reality for the different BQEs. 
Countries are encouraged to improve their reporting to ensure a representative network of stations, in order to ensure comparability and usability of their data.
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Introduction
Background
The WFD requires monitoring and assessment of ecological status of water bodies using biological quality elements (BQEs) and supporting abiotic quality element. The biology represents the status and impact part of the DPSIR model for water management, and fills the gap relative to other EEA indicators on pressures, status and measures. The State-of-Environment (SoE) guidance was revised in 2009 to include reporting sheets for four biological quality elements: Phytobenthos and macroinvertebrates in rivers and phytoplankton and macrophytes in lakes. The guidance is available at: http://forum.eionet.europa.eu/nrc-eionet-freshwater/library/reporting_eionetwfd/guidance_2009pdf (page 87-95). The data dictionary for the reporting of BQEs is based on the SoE guidance, but provides further specifications on data reporting. Collection of SoE biology data has been done first for 2 test years (2009-2010) + 2 official years (2011-2012). The results reported in this document are based on the official reporting years only.

Purpose of this document
The purpose of this document is to: 

· Show the first official results of this new biological dataflow (figures, maps, assessment) 

· Illustrate how the data can be used - to assess ecological status for the specific BQEs and specific pressures/impacts
·  Evaluate the usefulness of the biological data, including the added value in addition to the WFD ecological status information from the RBMPs
· Consider needs for further development of the biological indicator

The data in Waterbase are collected through the EIONET reporting process and are therefore sub-samples of national data assembled for the purpose of providing comparable indicators of pressures, state and impact of waters on a Europe-wide scale. The data sets are not intended for assessing compliance with any European Directive or any other legal instrument. Information on the sub-national scales should be sought from other sources.

Justification for development of a biological indicator

An assessment based on the biological data can be expected to give added value compared to the assessment of the overall ecological status for river and lake water bodies reported in the WFD-River Basin Management Plans (RBMPs) in several ways: 

· Good ecological status is an objective of the Water Framework Directive (WFD) for rivers and lakes, and should be assessed using primarily biological quality elements (BQEs). The selected biological quality elements are those for which assessment methods are best developed by the countries implementing the WFD. 

· Most of the biological indicators can provide direct information on the impacts of specific pressures, e.g. nutrient enrichment and organic pollution, hydromorphological pressures, acidification etc., and can therefore provide a link to the underlying causes for change in the ecological status of river and lake water bodies. 

· The biological data can also be combined with other data used in core set indicators for nutrients in freshwater (CSI020) and oxygen-consuming substances in rivers (CSI019).

· The EQR values provide more precise measurement of ecological status than the categorical status class given in the WFD-RBMP reporting, and can be used to assess changes within a status class, as well as between status classes.

· The annual reporting of the ecological status of the BQEs will allow construction of temporal trends with better time resolution compared to the WFD RBMP data, which is reported only once every six years.

· The biological data can also be linked to other data on biodiversity reported under the Habitats Directive, and can provide information on ecosystem services, e.g. nutrient retention, and quality of bathing water relative to human health (e.g. the data on cyanobacteria can be compared to the WHO guidelines for bathing waters).

Context description and policy target

The indicator is directly related to specific policy targets of the Water Framework Directive (WFD) "good ecological status" of rivers and lakes and prevention of deterioration from high ecological status. The indicator can also be linked to other water related directives, e.g. the Nitrates Directive (91/676/EEC) dealing with pollution pressures from agriculture and the Urban Wastewater Directive (91/271/EEC), as well as to the Habitats Directive target of favourable conservation status for freshwater habitats and species. The recent assessment of the first RBMPs shows that diffuse pollution from agriculture is still one of the most important pressures on European rivers and lakes. Indicators showing the biological impacts of this pollution are essential to plan pollution reduction measures and assess their effectiveness in terms of improvements of ecological status. Most of the BQEs included in this dataflow are particularly sensitive to nutrients and/or organic pollution. The data on phytoplankton chlorophyll and total biomass can also be related to the OECD environmental quality criteria for lakes, and the data on Cyanobacteria can be compared to the WHO guidelines for cyanotoxins of 1 µg/l microcystin for drinking water and 10 µg/l microcystin for bathing water using conversion factors from toxin content per cell to chlorophyll a and total biomass (WHO 1999). 
Definition of the proposed biological indicator
Biological quality elements and sensitivity to different pressures
Phytobenthos is used as an indicator for nutrient enrichment in rivers, based on changes in taxonomic composition of diatoms or non-diatom algae (Intercalibration technical report 2012, Schneider & Lindstrøm, 2011). Macroinvertebrates in rivers respond to several pressures, e.g. acidification, organic enrichment, hydromorphological pressures or general degradation, which is usually a mixture of point source pollution causing organic enrichment and hydromorphological pressures causing altered habitats.

Phytoplankton is a sensitive indicator for nutrient enrichment in lakes caused by diffuse and point source pollution. Macrophytes are also responding to nutrient enrichment caused by diffuse and point source pollution in lakes. Macrophytes also respond to siltation and to hydromorphological pressures, but the metrics reported are mainly those responding to nutrient enrichment.

Determinands and reported values

Ecological status class

The data include the categorical ecological status classes (high, good, moderate, poor, bad) for each of the selected BQEs. The status class is reported by the country, alternatively calculated by the ETC based on reported EQR values and national classification system (see below). 
Ecological quality ratio (EQR)

The proposed indicator shows ecological status for phytobenthos and macroinvertebrates in rivers and phytoplankton and macrophytes in lakes, based on the ecological quality ratio (EQR values) as required by the Water Framework Directive (WFD). The EQR is a measure of the deviation from reference conditions for each biological quality element (BQE). The national metrics used to measure the EQR are normally based on a general response to increasing pressure seen as a decrease of the sensitive taxa usually dominating under reference conditions and an increase of tolerant taxa, and a change in abundance for some of the metrics (e.g. increase in phytoplankton chlorophyll). 

The national EQR values reported by each country are normalised to a common scale by the ETC (see Methodology). The normalised EQR values are comparable across countries. On the normalised scale, ecological status class boundaries are equal for all countries (high: 0.8-1.0, good: 0.6-0.8, moderate: 0.4-0.6, poor: 0.2-0.4, bad: 0.0-0.2). (The boundary between two status classes is included in the worse class).  
Additional metrics in original scale
In addition to EQR values, numeric values for additional metrics in original scale have been reported for phytoplankton and macrophytes in lakes. Results for additional metrics for phytoplankton (Chlorophyll a, Total phytoplankton biomass, Proportion of cyanobacteria) are shown in this document. Additional metrics for macrophytes (Lower growing depth limit, Presence of Charaphytes, Presence of Isoetides) were reported by only a few countries, and are therefore not included in this document. However, macrophytes are key species for many freshwater habitats (cf. Habitats Directive), thus countries are encouraged to start reporting these additional data.
Use of the indicator

The biological data can be used to illustrate geographical variations in ecological status for each of the selected BQEs across Europe (Fig 3). The normalised EQR values can be used to illustrate whether EQR values are close to an upper or lower class boundary (Fig. 5). The data can also illustrate variations in response to different pressures within the same BQE (Fig. 6). The additional values in original scale give more detailed information on phytoplankton in lakes, with relevance for ecosystem services and human health, based on metrics that are commonly used in most of Europe (Fig. 7). Temporal trends will be analysed when time series become available after more years of reporting. 
Further details of the biological data are given in the State-of-Environment reporting guidance available at: http://forum.eionet.europa.eu/nrc-eionet-freshwater/library/reporting_eionetwfd/guidance_2009pdf (page 87-95). (The link to the document is given at http://rod.eionet.europa.eu/obligations/28, under "Extra information").
Data sources
The figures in this document are based on the working databases for Biology in rivers and lakes, which contain data reported in 2011 and 2012.

The data reported in 2011 were published as separate datasets for rivers and lakes respectively: 
Biology in rivers: http://www.eea.europa.eu/data-and-maps/data/waterbase-rivers-8 
Biology in lakes: http://www.eea.europa.eu/data-and-maps/data/waterbase-lakes-8 
Maps based on biology data reported in 2011 are also publicly available as WISE maps:

http://www.eea.europa.eu/themes/water/interactive/biological-water-quality-in-rivers
From 2012 onwards, the biological data are integrated with and will be published as part of the datasets WISE-SoE Rivers and WISE SoE Lakes, respectively. The final versions of these datasets are expected to be published in June 2013, and are already used in this document.

Altogether 25 countries have reported biological data in 2011 and/or 2012. These are:

Austria, Belgium, Bulgaria, Cyprus, Denmark, Estonia, Finland, France, Germany, Hungary, Iceland, Ireland, Latvia, Lithuania, Luxembourg, The Former Yugoslav Republic of Macedonia, Netherlands, Norway, Poland, Romania, Slovakia, Slovenia, Spain, Sweden, United Kingdom. In addition, the following countries have provided explanations for why biology data could not yet be reported in the requested format: Kosovo under the UNSCR 1244/99, Serbia, and Switzerland. The geographic coverage of stations (where coordinates are available) is shown in Fig. 1.

Data from the WFD RBMP database (henceforth referred to as "WFD data") have been used for comparison with the SoE biology data. An MS Access version of the WFD database was prepared by the ETC-ICM dated 13.06.2012, named WFD_Access_2012_06_13.mdb.
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	Phytoplankton in lakes (additional metrics)
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Figure 1: All reported records with coordinates (disregarding reporting year, metric scale and quality issues). a) stations reported with data on EQR and/or status class, b) stations reported with additional data in original scale for lake phytoplankton (chlorophyll, total phytoplankton biomass and/or proportion of Cyanobacteria) or macrophytes (Isoëtid or Charaphyte taxa sensitive to nutrient enrichment).
Note: The data are from 2011 (reported in 2012) or alternative latest year (see Methodology for details). 

Methodology
Determinands

Each determinand is a combination of a biological quality element (BQE) and an impact type. The BQEs selected for the indicator and extracted from Waterbase are:
· for rivers: phytobenthos and macroinvertebrates
· for lakes: phytoplankton and macrophytes

For each BQE, a determinand must represent one of the four impact types: Acidification (A), Eutrophication (E), General degradation (G), and Hydromorphology (H). For example, PhytoplanktonEQR_E represents eutrophication (see definition of indicator above). 
For each BQE, only one impact type (for which most data have been reported) is selected for illustration in this assessment. Figs. 2-5 therefore show:

· Phytobenthos in rivers: Eutrophication (plus General degradation from Belgium, Bulgaria, France, Luxembourg and the Netherlands)

· Macroinvertebrates in rivers: General degradation (plus Eutrophication from Estonia, Spain, Finland and Ireland)

· Phytoplankton in lakes: Eutrophication (plus General degradation from Lithuania and Romania). Figure 2 additionally includes status class based on chl-a from Finland and Latvia.
· Macrophytes in lakes: Eutrophication (plus General degradation from Flanders (Belgium), Bulgaria and Scotland (UK)).

Selection of year 

For the maps showing the most recent status (Fig. 2), data from year 2011 (reported in 2012) are used for all countries as far as possible. For the following countries, older data were used due to lack (or low number) of more recent data.
· Phytobenthos in rivers: 2010 data from Austria, Cyprus, England & Wales (UK) and Norway; 2009 data from Luxembourg, Wallonia (Belgium) and the Netherlands; 2008 data from Flanders (Belgium); 2007 data from Finland.
· Macroinvertebrates in rivers: 2010 data from Austria, Cyprus, England & Wales (UK), the Netherlands, Poland; 2009 data from Luxembourg; 2008 data from Flanders (Belgium); 2007 data from Finland.
· Phytoplankton in lakes: 2010 data from Austria, Cyprus, Estonia, Finland; 2008 data from Flanders (Belgium).
· Macrophytes in lakes: 2010 data from Estonia; 2008 data from Flanders (Belgium); 2007 data from Finland.
For all other figures, reported data from all years are merged by average. 

Exclusion of data

All records with reported DeterminandStatusClass are included in the maps (Fig. 2). However, the WISE maps for biology to be published in autumn 2013 will include only records with EQR values. The following countries have reported only status class without EQR values, and will therefore not be included in the online WISE maps. Phytobenthos: Germany, Spain. Macroinvertebrates: Estonia, Spain. Phytoplankton: Cyprus, Germany, Scotland (UK), Norway, Poland. Macrophytes: Germany, Estonia.

Records that do not contain EQR values are not included in the assessment and comparison of SoE data with WFD data (Figs. 3, 4, 6), even if the status class is reported. The reason is that EQR values are requested in the reporting sheets and are mandatory according to the data dictionary. Reported status class without EQR values are therefore not considered reliable.
In some cases, it has not been possible to convert the reported national EQR values to normalised EQR values, e.g. because of missing information on class boundaries or water body type. In these cases, the reported status class has nevertheless been included in assessments (Figs. 3-6).
Aggregation of status classes to BQE and water body level

For comparison of ecological status between SoE data and WFD data, the SoE data for each BQE must be aggregated for multiple determinands (representing different pressures), stations and years. Firstly, status classes for different stations were aggregated to water body level by average. Secondly, averaged status classes for different years were aggregated by mean. Thirdly, averaged status classes for different determinands (representing different pressures) were aggregated by selecting the lower status class (following the one-out-all-out principle). Countries may have used different methods for averaging values from different years and from different stations within a water body, than the method used here (average); therefore the ecological status displayed for the BQE level here may not always be identical to the status reported by the country to the WFD for the same water body.
In figures showing "overall water body status" based on SoE data, the (one or) two BQEs reported for the same water body are aggregated by selecting the lower status class across impact categories when metrics for separate impacts are reported within a BQE, as well as across the BQEs within the same water category (following the one-out-all-out principle). It is important to be aware that this does not fully represent the overall ecological status class of the water body, which may also include other biological and physico-chemical quality elements. Due to the one-out-all-out principle, ecological status reported to the WFD may be worse than the status obtain for SoE data by combining only two BQEs.
Normalisation of ecological quality ratios 

The normalisation requires information on the national classification system for the given determinand and for the water body type of the station. All national EQR values reported by a country were transformed to normalised EQR values by the ETC-ICM, based on the following formula:
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where LowerBoundaryEQR and UpperBoundaryEQR are the lower and upper ecological status class boundaries in the national EQR scale, respectively, the factor 0.2 is the width of any status class at the normalised EQR scale and LowerBoundaryNormEQR is the lower class boundary in the normalised EQR scale.

For an illustration of the EQR concept and calculation of normalised EQR, please see http://forum.eionet.europa.eu/nrc-eionet-freshwater/library/wise_reporting_2011/biological_reporting/biologydd_20110617jpg  

Assessment: What is the ecological quality of rivers and lakes based on biological quality elements? 
Although 25 countries have contributed biological data during the first two years of reporting, there are still data gaps from many countries (Figs. 1, 2). Also within many countries, the stations reported may not be fully representative for the country as a whole. Although many countries have developed and intercalibrated their assessment methods for all the requested BQEs in rivers and lakes, there are still some countries that had not finalized their assessment methods for one or more of the BQEs during the reporting period. The results are therefore quite uncertain and may not yet provide a confident picture of the overall European reality for the different BQEs. Countries are encouraged to improve their reporting to ensure a representative network of stations, and to ensure comparability and use of their data. 

In the following, the ecological status classes are presented at station level (maps in Fig. 2), at country level (bar plots in Fig. 3) and at EU level (bar plots in Fig. 4). The maps (Figs. 1, 2) are also used to identify data gaps and to consider the geographical representativity of the reported data. The bar plots (Figs. 3,4) are also used to compare the ecological status classes of the reported SoE data with the WFD data, and can thereby be used to evaluate the representativity of the SoE biological data relative to the more comprehensive WFD dataset (see "Data quantity and representativity"). 
Key messages

· The number of water bodies reported to the SoE data flow is much lower than those reported to the WFD database, ranging from 4-5% of the WFD data for macroinvertebrates in rivers and phytoplankton in lakes to 20% for phytobenthos in rivers and macrophytes in lakes. 

· Within each BQE both for rivers and lakes, there are significant differences between the distribution of ecological status classes reported to WISE in the WFD RBMPs and those reported to the WISE SoE data flow. 

· When comparing results from the same water bodies, the combined SoE data show better ecological status than the overall WFD ecological status, especially for rivers. 

· The SoE biological data reported in 2011-2012 indicate that the proportion of water bodies in less than good ecological status ranges from 20-40% for the individual biological quality elements (BQEs) in rivers and lakes.

· The ecological status of the reported SoE biological quality elements (BQEs) in rivers and lakes is better in the Northern, Alpine and Baltic countries than in the rest of Europe. 
Ecological status for the selected biological quality elements

Phytobenthos in rivers 
At the country level (Figures 2 and 3), Norway, Sweden, Finland, Estonia, Austria and Scotland (UK) report the best status for this BQE, reflecting the relatively low level of nutrient pollution in those countries (ETC 2012). The countries with worst status for this BQE are Poland and the rest of the UK (Northern Ireland, England and Wales). (The Netherlands and Germany have not reported EQR values, and is therefore not included in the assessment). These countries also reported a high level of nutrient pollution from diffuse and/or point sources (ETC 2012).

Compared to the WFD data reported for this BQE, the SoE data are quite consistent for most of the countries when comparing the same water bodies (Figure 3 b), while there are large deviations between the two datasets for most countries when using all water bodies reported in either dataflow (Figure 3a). Assuming that the WFD data are representative, these deviations may indicate that the SoE data are not equally representative for each country, e.g. SE and UK. However, the WFD classification done for the first RBMPs may be quite uncertain due to incomplete classification systems, extensive use of expert judgement and different grouping methods when assessing water bodies without monitoring data. For Belgium the two datasets are not comparable due to the WFD data missing Wallonia, while the SoE data are reported from both Flanders and Wallonia. The recent update of the WFD database includes data from Wallonia and will be used in the next version of this document, thus allowing a better comparison for Belgium. For France, who reports a high number of water bodies, the WFD status for phytobenthos is worse (ca. 40% less than good) than the SoE status (ca. 30% less than good status), even when comparing the same water bodies. It is not clear whether this is due to different aggregation methods used by France compared to the ETC, or whether the deviation is due to actual improvement of some of the water bodies in 2011 compared to the years used for the WFD reporting. Inter-annual variability is another possible reason for these differences, as the WFD reporting is based on data from before 2009, whereas the SoE data are from 2010 and/or 2011. 

At the EU level, more than one third of the SoE water bodies reported are in less than good ecological status for this BQE based on the first two years of reporting (Fig. 4). The WFD-RBMP reporting for phytobenthos shows a slightly lower proportion of water bodies in less than good status if all water bodies with data for this BQE is considered (Fig 4a and b), but shows a slightly higher proportion less than good status when considering only the water bodies with matching codes in the two reporting streams (Fig 4c). This can be caused by different reporting methods and/or by non-representative SoE stations, or simply by the different distribution of water bodies among the countries in the WFD reporting compared to in the SoE reporting. The methodological differences between the SoE and the WFD results are further presented in the methodology part and also discussed in the evaluation part below. 

Macroinvertebrates in rivers
In this assessment the macroinvertebrates response to general degradation is shown, because this has been reported by most of the countries. At the country level (Figures 2 and 3) Sweden, Finland, Scotland (UK) and France reports mainly high status for this BQE, while Austria, Denmark, Ireland, the rest of the UK (Northern Ireland, England and Wales), Estonia, Lithuania, Luxembourg and Romania reports the large majority of stations to be in good or better status. The countries with poorest status for this BQE are the Slovakia and Bulgaria (Germany, the Netherlands and Poland has not reported EQR values, so are not possible to assess). The good status reported for most countries may indicate that the general degradation of macroinvertebrates in rivers due to organic pollution is not a big problem anymore, and illustrates the positive effect of the UWWTD during the past two decades. 

Compared to the WFD data reported for this BQE, the SoE data are quite consistent for some of the countries when comparing the same water bodies (Figure 3 b), while there are larger deviations between the two datasets for most countries when using all water bodies reported in either dataflow (Figure 3a). Assuming that the WFD data are representative, these deviations may indicate that the SoE data are not equally representative for each country, e.g. Bulgaria, Denmark, and Slovakia. However, the WFD classification done for the first RBMPs may be quite uncertain due to incomplete classification systems, extensive use of expert judgement and different grouping methods when assessing water bodies without monitoring data. For Belgium the two datasets are not comparable due to the WFD data missing Wallonia, while the SoE data are reported from both Flanders and Wallonia. The recent update of the WFD database includes data from Wallonia and will be used in the next version of this document, thus allowing a better comparison for Belgium. For France, who reports a high number of water bodies, the WFD status for macroinvertebrates is worse (ca. 20-30% less than good) than the SoE status (ca. 10% less than good status), even when comparing the same water bodies. It is not clear whether this is due to different aggregation methods used by France compared to the ETC, or whether the deviation is due to actual improvement of some of the water bodies in 2011 compared to the years used for the WFD reporting. Inter-annual variability is another possible reason for these differences, as the WFD reporting is based on data from before 2009, whereas the SoE data are from 2010 and/or 2011. 

At the EU level, the proportion of water bodies in less than good ecological status or potential for macroinvertebrates is 20% in the SoE reporting, but 30-40% in the WFD reporting, mainly due to the differences reported for France and UK, who report the large majority of the water bodies (Fig. 4). The SoE data also shows a higher proportion of water bodies in high status and lower proportion in poor and bad status than the WFD data. Different reporting methods and/or non-representative SoE network may be the cause of these differences, or simply the different distribution of water bodies among the countries in the WFD reporting compared to in the SoE reporting.

Phytoplankton in lakes
At the country level (Figs. 2 and 3), Norway, Sweden, Finland, UK (Scotland and Northern Ireland), Ireland, Estonia, Austria and Cyprus reports mainly high and good status for this BQE. The countries with poorest status for this BQE are the Netherlands, Belgium and Germany (although Germany has reported very few stations).

Compared to the WFD data reported for this BQE, the SoE data are quite consistent for all the countries when comparing the same water bodies, when looking at the proportion less than good (Figure 3 b), while there are some deviations between the two datasets for some countries when using all water bodies reported in either dataflow (Figure 3a). Assuming that the WFD data are representative, these deviations may indicate that the SoE data are not equally representative for each country, e.g. Romania, Estonia, and Ireland. However, the WFD classification done for the first RBMPs may be quite uncertain due to incomplete classification systems, extensive use of expert judgement and different grouping methods when assessing water bodies without monitoring data. The deviation may be due to actual improvement of some of the water bodies in 2011 compared to the years used for the WFD reporting. Inter-annual variability is another possible reason for these differences, as the WFD reporting is based on data from before 2009, whereas the SoE data are from 2010 and/or 2011. For Belgium the two datasets are not comparable due to the WFD data missing Wallonia, while the SoE data are reported from both Flanders and Wallonia. The recent update of the WFD database includes data from Wallonia and will be used in the next version of this document, thus allowing a better comparison for Belgium.  

At the EU level, there are large differences between the SoE and WFD reporting for this BQE (Fig. 4). The SoE reporting indicates that merely 10% of the lake stations are in less than good ecological status, while the WFD reporting shows that 40% of the water bodies are less than good. As for the rivers BQEs, this can be caused by different methods and/or by non-representative SoE stations, or simply by the different distribution of water bodies among the countries in the WFD reporting compared to in the SoE reporting. When comparing only the matching water bodies in the two reporting streams, the WFD results still suggest more water bodies in less than good status than the SoE results, but these differences are not statistically significant (see Appendix 2). 

Macrophytes in lakes
Sweden and Ireland have most of the reported stations in good or better status, while in the Belgium and Bulgaria most of the stations are in moderate or worse status. The Netherlands, Poland and Germany cannot be assessed due to missing reporting of EQR values.

Compared to the WFD data reported for this BQE, the SoE data are quite consistent for all the four countries having matching water bodies, when looking at the proportion less than good (Figure 3 b), while there are large deviations between the two datasets for some countries when using all water bodies reported in either dataflow, e.g. UK and Sweden (Figure 3a). Assuming that the WFD data are representative, these deviations may indicate that the SoE data are not equally representative for each country. However, the WFD classification done for the first RBMPs may be quite uncertain due to incomplete classification systems, extensive use of expert judgement and different grouping methods when assessing water bodies without monitoring data. The deviation may be due to actual improvement of some of the water bodies in 2011 compared to the years used for the WFD reporting. Inter-annual variability is another possible reason for these differences, as the WFD reporting is based on data from before 2009, whereas the SoE data are from 2010 and/or 2011. For Belgium the two datasets are not comparable due to the WFD data missing Wallonia, while the SoE data are reported from both Flanders and Wallonia. The recent update of the WFD database includes data from Wallonia and will be used in the next version of this document, thus allowing a better comparison for Belgium. 

In spite of the low number of countries reporting this BQE (7 countries), the SoE results are consistent with those of the WFD reporting and show that one third of the reported stations are in less than good ecological status (Fig. 2, see also Appendix 2). 

[image: image10.emf]Bad Poor Moderate Good High

Underclassification Overclassification


	Phytobenthos in rivers
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Figure 2. All stations with reported DeterminandStatusClass (disregarding metric scale and quality issues), and with coordinates.

Note: Phytobenthos (PB) in rivers, phytoplankton (PP) and macrophytes (MP) in lakes represent response to eutrophication, while macroinvertebrates (MI) in rivers represents response to general degradation (see Methodology for more details). Coordinates are missing for Wallonia (Belgium) (phytobenthos), for the Netherlands (macroinvertebrates) and for Lithuania and Norway (phytoplankton). 

	a) All waterbodies from countries with SOE data
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	b) Only waterbodies with matching codes for WFD and SOE data
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Figure 3. Distribution of ecological status classes for each country, for data reported to WFD (left panel) and SOE (right panel), respectively. (a) All water bodies reported by all countries as EQR values (SoE) and as ecological status class (WFD), for countries reporting to both data flows. (b) Same as (a), but only for water bodies with matching codes in both data flows. For the plots labelled "River waterbodies (SoE)" and "Lakes water bodies (SoE)" the status equals the worse status of the two respective BQEs within each water body (phytobenthos and macroinvertebrates in rivers, phytoplankton and macrophytes in lakes).
Note: The number of water bodies is shown before each bar. SoE data include only records with reported MeanValueEQR. Country codes: see http://www.iso.org/iso/country_codes/iso-3166-1_decoding_table.htm. SoE data include only records with EQR value reported. 
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	b) All waterbodies from countries with SOE data
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	c) Only waterbodies with matching codes
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Figure 4. Distribution of ecological status classes for separate BQEs reported to WISE as either EEA State-of-Environment (SoE) reporting or as WFD-RBMP reporting. Left panel: Rivers, right panel: Lakes. (a) All water bodies reported by all countries as EQR values (SoE) and/or ecological status class (WFD). (b) Same as (a), but only for countries reporting to both data flows. (c) Same as (b), but only for water bodies with matching codes in both data flows. For the plots labelled "River waterbodies (SOE)" and "Lakes water bodies (SOE)" the status equals the worse status of the two respective BQEs within each water body (phytobenthos and macroinvertebrates in rivers, phytoplankton and macrophytes in lakes).
Note: The number of water bodies is shown above each bar. Phytobenthos (PB) in rivers, phytoplankton (PP) and macrophytes (MP) in lakes represent response to eutrophication, while macroinvertebrates (MI) in rivers represents response to general degradation (see Methodology for details). SoE data include only records with EQR value reported. 
Frequency distribution of normalised EQR values
For all the BQEs except macrophytes in lakes, the highest frequency of EQR values are in the interval 0.96-1.0. The second highest frequency of EQR values are reported for upper part of moderate status (0.52-0.60) and lower part of good status (0.60-0.72) for phytobenthos in rivers, and in the upper part of good status (0.68-0.80) for macroinvertebrates in rivers. For phytoplankton in lakes the large majority of EQR values are in the good and high status classes. For macrophytes in lakes, most of the EQR values are found in the lower part of the good status class (0.60-0.72).
The figure indicates two problems associated with the reported EQR values. Firstly, the high proportion of sites in high status indicates that many data come from reference sites with low impacts (see also section "Data quantity and representativity"). This situation can hopefully be improved by a more representative selection of stations by each country. Secondly, within the high status range, the high frequency of stations with normalised EQR values in the range 0.8-1.0 is due to truncation of national EQR values exceeding 1. It is possible for national EQR values to exceed 1 because measured metric values can exceed the value defined as the reference condition. This situation will persist, even if the representativity of the data is improved.
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Figure 5: Number of stations in different intervals of normalised EQR value within each ecological status/potential class, for each biological quality element (BQE). 

Note: Selected determinands for phytobenthos (PB) in rivers, phytoplankton (PP) and macrophytes (MP) in lakes represent response to eutrophication, while macroinvertebrates represent response to general degradation.
How do biological quality elements respond to different pressures?
Some countries reported different pressure-specific EQR values for the same BQE, but only for river BQEs. In Austria, the two metrics for phytobenthos representing eutrophication and general degradation are reported for the same water bodies, and indicate that there is slightly more water bodies in less than good status when using the general degradation metric. In Poland the picture is opposite for the same BQE, but here the number of water bodies are very different for the two pressure types. 

For macroinvertebrates in rivers, the different metrics reported in UK (GB) indicate worse status for general degradation pressure than for acidification pressure, which is consistent with the fact that acidification is reduced since the peak problem period in the 1980ies. In Sweden this is less clear, due to the dominance of sites in high status. Slovakia is the only country reporting a metric for hydromorphological pressures, indicating that this pressure is worse than eutrophication in Slovakian rivers, but not as bad as the general degradation pressure. In general it should be expected that the metrics responding to general degradation pressure shows the worst status, as this is a composite metric for many single pressures, although mainly capturing organic enrichment and maybe hydromorphological pressures. 
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Figure 6: Number of stations (n) in different status class for different pressures affecting the same biological quality element (phytobenthos or macroinvertebrates in rivers) within a country. 

Note: A = Acidification, E = Eutrophication, G = General degradation, H = hydromorphological pressures.  
What are the patterns of phytoplankton biomass and cyanobacteria across Europe?
The indicators of phytoplankton chlorophyll, total biomass and proportion of cyanobacteria (Fig. 7) are closely related to nutrient enrichment in lakes and are often included in the national assessment methods for assessing ecological status of this BQE. The absolute values of these metrics can be related to the total phosphorus in lakes (CSI020), and can also be used to assess the quality of bathing waters according to the bathing water directive and its requirement of observing blooms, as well as the WHO guidelines on cyanotoxins. 
Chlorophyll a
The mean values of chlorophyll a range from less than 5 µg/l in Iceland and Slovenia (very few stations), corresponding to oligotrophic conditions, to more than 20 µg/l in Poland and Latvia, corresponding to eutrophic conditions. Most countries have mean values in the mesotrophic range from 5-20 µg/l. 
Total phytoplankton biomass

The mean values of total phytoplankton biomass range from less than 2 mg/l in Finland, Lithuania and Sweden representing the oligotrophic and mesotrophic range to more than 5 mg/l in Cyprus, Estonia, Latvia and Romania representing the eutrophic to hypertrophic range. 
Proportion of cyanobacteria
The mean values of the proportion of cyanobacteria range from less than 10% in Finland, Lithuania and Sweden, corresponding to the countries with the lowest mean values for total phytoplankton biomass, to more than 60% in Estonia. The proportion of cyanobacteria can be converted to biomass of cyanobacteria using the total phytoplankton biomass. For Finland, Lithuania and Sweden the mean value for biomass of cyanobacteria is less than 0.2 mg/l. The low alert threshold for cyanobacteria in bathing waters from WHO corresponds to a biomass of 1-2 mg/l (Carvalho et al. 2013). Thus all the countries reporting cyanobacteria so far have mean values below this threshold, indicating that the current mean values are not a threat to human health. This does not preclude that there may be single lakes exceeding this low alert threshold. For more information on cyanobacterial blooms in Europe, see Carvalho et al. 2011 and 2013.

	[image: image59.emf]BG CY DE DK EE ES FI GB IE IS LT LV MK NO PL RO SE SI

Country

Chlorophyll_a (µg/L)

0

5

10

15

20

25

7 11 29 41 278 86 146 1 14 35 5 32 143 246 6



	[image: image60.emf]BG CY DE DK EE ES FI GB IE IS LT LV MK NO PL RO SE SI

Country

TotalPhytoplanktonBiomass (mg/L)

0

2

4

6

8

10

11 17 614 23 67 1 14 35 1 28 24 218



	[image: image61.emf]BG CY DE DK EE ES FI GB IE IS LT LV MK NO PL RO SE SI

Country

CyanobacteriaProportion ()

0.0

0.2

0.4

0.6

0.8

11 614 12 245 65 5 1 14 24 218




Figure 7: Mean value per country for three metrics representing phytoplankton in lakes: chlorophyll a, total phytoplankton biomass and proportion cyanobacteria, for each country. 
Note: The number of stations is shown above each bar. Country codes: see http://www.iso.org/iso/country_codes/iso-3166-1_decoding_table.htm. 
Evaluation of the proposed biological indicator 
Data quality issues

Currently, one third of the countries report biological metrics on a wrong scale (e.g. absolute scale for national metrics rather than EQR scale, and vice versa for the additional lake parameters, e.g. chlorophyll a or proportion Cyanobacteria). Correct scale is necessary for further European assessments and for comparisons between countries. Some countries report only status class without EQR values. Some countries report EQR values but do not report their classification system correctly. This prevents normalisation of the EQR values by ETC and thereby the use of the data for more detailed assessments (cf. Fig. 6). While status class provides a coarse estimate of ecological status for the various biological quality elements, the normalised EQR values are needed for trend analysis. Due to these quality issues, a substantial proportion of the data reported cannot be used for detailed assessment.

Data quantity and representativity

The set of stations is selected by the data provider. In general, EEA/ETC cannot assess the representativity of the selected stations for each country. However, it is clear that there are large data gaps in the results reported so far, both in terms of missing countries, as well as in terms of large variation in the station density among countries (e.g. UK and France reporting a large number of stations, versus Germany reporting very few stations). This problem contributes to the deviations found between the SoE results and the WFD results for the same BQEs.
Figs. 3 and 4 illustrate how the differences in number of reported waterbodies in the two data streams (WFD and SoE) can contribute to differences in distribution of status classes. For example, comparison of the status of river phytobenthos for all waterbodies from countries with SoE data (Fig. 3a, upper panel) shows quite different pattern for the two data streams. However, when only the subset of waterbodies with matching waterbody codes is selected (Fig. b, upper panel), the two data streams give much more similar results. The difference in number of waterbodies therefore seems to be the main source of difference in status class distribution between the two data sources.
Some countries provided specific information on the representativity in 2011; similar conditions might also apply for other countries.
· Sweden: "The data included in this reporting are based on the stations included in the yearly reporting of water chemistry according to WISE-SoE Lakes and Rivers. However, these sampling sites are to a large degree reference sites, which implicates that the ecological status of these objects do not necessarily reflect the ecological status in the whole population of Swedish lakes and rivers. The data provided [...] is to a large degree based on the phytoplankton monitoring of lakes including chlorophyll data from the water chemical monitoring, which have had a long tradition in the national monitoring. On the contrary, benthic fauna and phytobenthos monitoring in the SoE Rivers are comparatively scarce. Also there is only a limited amount of macrophyte data available from the SoE lakes. This kind if monitoring has just commenced within the Swedish national monitoring, and consequently there will take some time before the data availability has improved."

· Belgium (Flanders): the Flemish Region contributes with biological data from surveillance monitoring stations. Because biological monitoring takes place once every 6 years for surveillance monitoring stations [...], it is not possible to contribute biological data for all stations every year. [...] However, in order to be able to contribute to the current data delivery, data from the 2009 RBMPs will be used.
Other potential reasons for differences between WFD and SoE data
When data are selected only for waterbodies with identical codes in the WFD and SoE datasets, there are still some differences in status class distribution (Figs. 3b and 4c; Appendix 2). For individual BQEs, the SoE data generally show better status for phytoplankton and macroinvertebrates, but worse status for phytobenthos and macrophytes. There may be several reasons for these differences.
· Temporal coverage: The WFD data may be collected from different years than the SoE data from the same waterbodies.
· Aggregation across impact types: When SoE data are report for more than one impact type (see Fig. 6), the determinand representing the worst impact type is selected (cf. the one-out-all-out rule). Member states may have used different aggregation methods for the WFD data. 
· Aggregation across stations: For waterbodies with SoE data from more than one station, data from all stations have been averaged (by the ETC). Member states may have used different aggregation methods for the WFD data. 

· Type of information: the status SoE data are all based on EQR values, while the status of WFD data may in some cases be based on other types of information, such as expert judgement.
At the waterbody level (Figs. 3b and 4c), the status of SoE data is always better than the status of WFD data. It is important to note that the waterbody status of SoE data in this assessment is based on only two BQEs, while the status of WFD data may be based on up to four BQEs in addition to supporting physico-chemical elements. Due to the one-out-all-out rule, including more elements in the assessment can only result in worse or equal status. This is a likely additional explanation for the differences in status observed between the two data sources.  

Uncertainty related to national classification systems
Although most countries in Europe had developed and intercalibrated their assessment methods for the different freshwater BQEs before the reporting in autumn 2012, there are some countries, in particular in the Eastern and Southern regions that did not succeed in the intercalibration of one or several of these BQEs. This will contribute to the uncertainty in the results, as the comparability of non-intercalibrated methods with those from other countries is highly uncertain.

Many countries have reported information on which parts of their national classification systems are intercalibrated, for each determinand (biological quality element and impact type) and water body type. This information has not yet been analysed, but will be taken into account in further assessment of SoE biology data.

Usefulness of SoE data compared to WFD ecological status
Further steps are planned for the biological indicator as more data become available. The main steps include.

· Status based on single BQEs (SoE data) provide differen information than the overall ecological status (WFD data), due to the one-out-all-out principle and possibly other methodological issues.

· Pressure-specific data can be useful, especially for river macroinvertebrates, if more countries start using different metrics for different pressures and not only the general degradation metric, and if more metrics are developed to assess the impacts of hydromorphological pressures. These pressures may be better assessed using fish metrics, but so far fish is not requested due to low comparability of methods across the EU.
Further development of the biological indicator

Further steps are planned for the biological indicator as more data become available. The main steps include.

· Combined analysis of SOE biology data and other impacts data (nutrients, BOD, etc.). This requires harmonisation of station codes is with the existing Waterbase - River and Lakes datasets (which is an on-going activity in ETC-ICM). 

· More comprehensive comparison of WFD data and SOE biology data, including more countries and more water bodies. This requires a completion and harmonisation of water body codes between the SOE and WFD datasets.

· Analysis of temporal trends in (normalised) EQR values, for individual stations and for larger geographical regions. This requires longer time series of EQR values.
· Analysis of change in station selection within countries from year to year (some countries have rotation of biological monitoring stations), and implications for trend analysis
· Inclusion of information on whether national classification systems are intercalibrated for different countries, water body types, metrics and class boundaries
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Appendix 1: Explanations to data selection and processing 
Selection and aggregation of data 
The biological data have a hierarchical structure (Station - BQE - Determinand), which means that there are many possible ways to group the data. Besides, there are some quality issues to be considered when selecting records. An overview of the different steps of selection and aggregation is given in Fig. A1. At higher steps, the datasets are "cleaner" but more records are lost. Ideally, all figures should be produced from the same dataset (e.g. Step 4b), but at this step many records are lost. 
Step 1: Select all records from latest year per country (2010 or earlier year).

Step 2: Select records with DeterminandStatusClass (either reported by country or assigned by ETC from MeanValue)
Step 3a: Select records with MetricScale = "EQR". (This step also excludes duplicate records per Determinand etc.)
Step 3b: Select one ImpactType per BQE (see Methodology for details).

Step 4a: Select records with MeanValueNormalisedEQR. (This steps can exclude records with errors in the Classification table, e.g. missing class boundaries or WaterbodyTypeNCS). 
Step 4b: Select one ImpactType per BQE (cf. Step 3b).

Step 5: Select records with MetricScale = "Original"
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Figure A1. Overview of datasets (rectangles) resulting from different steps of data selection and aggregation, and resulting figures (rounded rectangles). The number of records in each dataset is shown by "n =". Green boxes: figures selected in the indicator assessment; grey box: planned figure based on future time series. BQE = Biological Quality Element, DSC = DeterminandStatusClass, EQR = Ecological Quality Ratio, nEQR = normalised EQR, ori = original scale.

Note: The figure is based on data reported 2011.
Appendix 2: Test of statistical significance of differences between the SoE and WFD reporting for the same BQEs
Table 1. 2 test for difference in distribution of status classes for SOE data vs. WFD data. Table parts a-c represents data displayed in Fig. 3a-c, respectively. Explanation to column headers: "class" indicates whether the test compares all number of water bodies in all five status classes (HGMPB) or compares only the number of water bodies above/below the G/M boundary ("GM"). "2" is the test statistic. "p level" illustrate the level of the p value (*** < 0.001 < ** < 0.01 < * < 0.05 < . < 0.1)
	a) All water bodies
	
	
	

	
	BQE
	class
	2
	p
	p level

	
	PB
	HGMPB
	326.3
	<0.0001
	***

	
	PB
	GM
	257.0
	<0.0001
	***

	
	MI
	HGMPB
	1023.4
	<0.0001
	***

	
	MI
	GM
	447.3
	<0.0001
	***

	
	PP
	HGMPB
	92.6
	<0.0001
	***

	
	PP
	GM
	83.4
	<0.0001
	***

	
	MP
	HGMPB
	NA
	0.00158
	**

	
	MP
	GM
	NA
	0.440
	

	
	
	
	
	
	

	b) All water bodies in the countries reporting both WFD and SoE data

	
	BQE
	class
	2
	p
	p level

	
	PB
	HGMPB
	110.5
	<0.0001
	***

	
	PB
	GM
	84.3
	<0.0001
	***

	
	MI
	HGMPB
	595.7
	<0.0001
	***

	
	MI
	GM
	186.1
	<0.0001
	***

	
	PP
	HGMPB
	93.0
	<0.0001
	***

	
	PP
	GM
	75.3
	<0.0001
	***

	
	MP
	HGMPB
	NA
	0.151
	

	
	MP
	GM
	NA
	0.0617
	.

	c) Water bodies with matching codes in both data flows
	

	
	BQE
	class
	2
	p
	p level

	
	PB
	HGMPB
	95.4
	<0.0001
	***

	
	PB
	GM
	33.9
	<0.0001
	***

	
	MI
	HGMPB
	44.0
	<0.0001
	***

	
	MI
	GM
	36.7
	<0.0001
	***

	
	PP
	HGMPB
	8.6
	0.0715
	.

	
	PP
	GM
	1.2
	0.269
	

	
	MP
	HGMPB
	NA
	0.481
	

	
	MP
	GM
	NA
	1
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