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1 Introduction

The EU Water Resources Framework Directive (WFD) was put into force on 22.12.2000, after a lengthy conciliation process between Member States, NGOs and other stakeholders. In its final version, it includes 30 Articles and 10 Annexes.

The WFD has been a unique step towards a sustainable European water policy, and aims to establish a framework for the protection of inland, transitional, coastal waters and groundwater with a significant emphasis on the ecological status of aquatic ecosystems
. It aims to prevent further deterioration and to protect and enhance the status of aquatic ecosystems, while its key feature is that it measures quality in ecological terms, i.e. in terms of the structure and functioning of natural ecosystems. Ecological quality is therefore in the first line.

EU countries and accession countries are legally required to achieve good status and install effective river basin management along a strict time scale, and shall be penalised if they don't implement the Directive. More specifically, Member States shall protect, enhance and restore all rivers (with special requirements for artificial and heavily modified waters), with the aim of achieving good surface water status by 2015. 

2 River monitoring in the Water Framework Directive

In the context of the WFD, a monitoring network shall be designed and operated to provide information on the impacts and the status of water bodies and also assess any change resulting from programmes of measures undertaken in the River Basin Management Plan (RBMP). The rationale of the foreseen monitoring programme for rivers is compatible with the ecological aims of the Directive, since  monitoring of water quality and its ecological condition is a key requirement. In the future, lack of data on the ecological status of rivers will not be an excuse for not dealing with ecosystem degradation. 

More specifically, monitoring shall be carried out in accordance with Article 8, while general criteria and requirements for monitoring are presented in Annex V, section 1.3 and useful guidance is also given in sections 1.1 and 1.2. The establishment of monitoring programmes shall be carried out in connection to each river basin district. For rivers, such programmes shall cover the ecological, chemical and quantitative (volume and rate of flow) status and ecological potential
 within river basins.

Initially, the existing river monitoring networks will be used to preliminary assess the impact of human activity on rivers by 2004 (Art.5). New monitoring programmes which must be in place at the latest by the end of 2006 (submission of summary report 3 months later). To ensure the establishment of efficient, problem-oriented monitoring, these programmes will be planned on the basis of the results of the assessment of significant impacts to be carried out until 2004.

In the river basin management plans to be submitted by the end of 2009, Member States will be called to report and present the first results of their river monitoring programme.  In concrete, a map of the established monitoring networks is required, and a presentation in map form of the results of the monitoring programmes for surface, groundwater and protected areas.

Apparently, the implementation of the WFD regarding river monitoring has basically a phased structure:

· Analysis of the characteristics of the river basin district and assessment of impacts by end of 2004 (depending on results, optimise monitoring programmes) 

· Establishment of monitoring programmes by end of 2006

· Publication of RBMP and presentation of monitoring results by end of 2009

· Interim report on progress of measures of RBMP by end of 2012

· First update of RBMP, including presentation of monitoring results by end of 2015 and every six years afterwards.

2.1 River Typology

The WFD does not foresee different monitoring programmes  for different types of rivers. The general methodologies and measures referred to in the directive apply for all cases of large navigable rivers, to streams and creeks. The Directive itself defines different types of rivers according to Annex II (systems A and B). For example, according to system A, Member States should classify rivers according to ecoregions and ecotypes (categories of different altitude typology, size of catchment area and geology). Only rivers belonging to the same type should be directly compared with each other (see WFD Annex II for details).

2.2 Monitored Parameters 

Member States shall monitor parameters which are indicative of the status of each relevant quality element used for the classification of the ecological status of rivers (Annex V). The quality elements are of 3 types:

1. Biological elements

Composition and abundance of aquatic flora

Composition and abundance of benthic invertebrate fauna

Composition, abundance and age structure of fish fauna

2. Hydromorphological elements supporting the biological elements

Hydrological regime

quantity and dynamics of water flow

connection to groundwater bodies

River continuity

Morphological conditions

river depth and width variation

structure and substrate of the river bed

structure of the riparian zone

3. Chemical and physico-chemical elements supporting the biological elements

General

Thermal conditions

Oxygenation conditions

Salinity

Acidification status

Nutrient conditions

Specific pollutants

Pollution by all priority substances identified as being discharged into the body of water

Pollution by other substances identified as being discharged in significant quantities into the body of water

In selecting parameters for the biological quality elements, Member States shall identify the appropriate taxonomic level required to achieve adequate confidence and precision in the classification of the quality elements. They should however provide an estimate of the level of confidence and precision of the results of the monitoring programmes in the RBMP.

2.3 Types of monitoring

Three types of monitoring programmes (surveillance, operational and investigative) are requested within river basins or river basin districts in order to establish a coherent and comprehensive overview of ecological and chemical status and ecological potential of rivers. 

These shall be established for each period to which a river basin management plan applies. The choice for one of the three types of monitoring depends on the presence of certain circumstances, e.g. the risk that a river may not meet the required environmental objectives shall lead to the adoption of operational monitoring, which is more frequent and more problem-specific than surveillance monitoring.

Table 1 summarises the reasons for the establishement of each of the three monitoring types.
Table 1. Types of monitoring of surface waters

Monitoring programme
Purposes

Surveillance
· supplement and validate the impact assessment procedure detailed in Annex II, 

· basis for future monitoring programmes, 

· assess long-term changes in natural conditions, 

· assess long-term changes resulting from widespread anthropogenic activity.

Operational 
· establish the status of those bodies identified as being at risk of failing to meet their environmental objectives, 

· assess any changes in the status of such bodies resulting from the programmes of measures

Investigative 
· where the reason for any exceedances is unknown, 

· ascertain the causes of failing to achieve the environmental objectives, 

· ascertain the magnitude and impacts of accidental pollution.

Regarding the frequency of monitoring, it varies according to the parameter measured. The general set of rules indicates that biological parameters should be monitored every 3 years (phytoplankton every 6 months), the hydromorphological parameters every 6 years (hydrology continuously) and the physico-chemical ones every 3 months (priority substances every month). However, flexibility is given to the states to adjust frequency and timing according to specific conditions and different monitoring programmes.

Frequencies shall be chosen so as to achieve an acceptable level of confidence and precision, which should be stated in the river basin management plan. Additionally, the frequencies selected should take account of the variability in parameters resulting from both natural and anthropogenic conditions, and attempt to minimise the impact of seasonal variation on the results. Thus, they will ensure that the monitoring results reflect changes in the water body as a result of changes due to anthropogenic pressure. Additional monitoring during different seasons of the same year shall be carried out, where necessary, to achieve this objective.

Special regulations have been set for rivers which provide more than 100 m³ drinking water a day. These sites shall have special monitoring status and shall be monitored  4-12 times per year depending on the size of the community served. Specifically, they shall be monitored for all priority substances discharged and all other substances discharged in significant quantities which could affect the status of the river and are controlled under the provisions of the Drinking Water Directive. 

Surveillance monitoring results will mainly determine requirements for the current and subsequent monitoring programmes. This monitoring type shall be carried out at points where the rate of water flow is significant within the river basin district as a whole, including points on large rivers with a catchment area is greater than 2 500 km² , at significant bodies of water crossing a Member State boundary, as well as at sites identified under the Information Exchange Decision 77/795/EEC (e.g. the latter are 15 sampling points in Germany for surface water data). According to these requirements, surveillance monitoring corresponds to approx. 250 measuring points for running waters in Germany. In this case, the existing monitoring network should serve as the basis for the surveillance monitoring.
Surveillance monitoring shall be carried out for each monitoring site for a period of one year in the 6 years of the RBMP for all quality elements. Physicochemical parameters should normally be measured as indicated in the general set of rules. For biological and hydromorphogical parameters, it is enough if they are measured once in the 6 years. If however, the previous surveillance monitoring exercise showed that the body concerned reached good status and there is no evidence from the review of impact of human activity in Annex II that the impacts on the body have changed, then, surveillance monitoring shall be carried out once every three river basin management plans. 
Operational monitoring, on the other hand, will be set on an individual case basis according to certain rules (see Table 1) and additionally, it will be required for water bodies subject to discharge of priority list substances. Member States shall monitor parameters indicative of the biological quality elements, most sensitive to the pressures to which the water bodies are subject, all priority substances discharged and other pollutants discharged in significant quantities, as well as parameters indicative of the hydromorphological quality element most sensitive to the pressure identified. To sum up, operational monitoring should build on the surveillance network depending on sources of pollution/disturbance. In this context, it is important to recognise hot spots of pollution sources, where monitoring efforts should be concentrated. 

The monitoring frequency required for the chosen parameters shall be determined by the Member States, so as to provide sufficient data for a reliable assessment of the status of the relevant quality element. As a guideline, monitoring intervals indicated in the general set of rules should be applied, unless greater intervals would be justified on the basis of technical knowledge and expert judgement. The frequency of operational monitoring can be later reduced,  if an impact is found not to be significant or the relevant pressure is removed. The selected sampling points must be sufficient to assess the magnitude and impact of the sources of disturbance (point sources, diffuse sources or hydromorhological pressures). 

Operational monitoring programmes will also be established for rivers which form habitat and species protection areas and which are identified as being at risk of failing to meet their environmental objectives under Article 4. Monitoring shall be carried out to assess the magnitude and impact of all relevant significant pressures on these rivers until they satisfy the water-related requirements of the legislation under which they are designated and meet their objectives under Article 4.

The decision for investigative monitoring shall be even more case specific than operational. Sampling points will be set according to the problem identified.

It is made obvious that the intensity of river monitoring required by the WFD is risk and pressure proportional.

2.4 Methods

The methods (sampling, handling of samples, identification etc) used for river monitoring should conform to the international standards (ISO or CEN) or equivalent national or international methods for sampling and design which provide data of equivalent scientific quality and comparability. The international standards for certain quality elements are already developed while others will be developed under the supervision of the WFD Committee. More specifically, the WFD refers to already developed EN and ISO standards for macroinvertebrate sampling, physicochemical and hydromorphological parameters. Guidelines of the standards can be usually obtained from national Environment Protection Agencies and relevant authorities, university libraries etc. 

The WFD also provides standardised methods for data evaluation, for classification and presentation of water status.

2.5 Classification and result presentation

Ecological status

According to the monitoring results, the ecological status of rivers should be classified in one of the following five categories: high, good, moderate, poor or bad, according to the corresponding normative definitions of Annex II (see example in Table 2). Definitions for the five categories are given for each quality element. The ecological status classification for rivers shall be represented by the lower of the values for the biological and physico-chemical monitoring results for the relevant quality element. 

Table 2. Definitions of high, good and moderate ecological status in rivers (example for benthic invertebrate fauna) (Annex V)

High status
Good status
Moderate status

Taxonomic composition and abundance correspond totally or nearly totally to undisturbed conditions
Slight changes
Differs moderately

Ratio of disturbance sensitive to insensitive taxa shows no signs of alteration from undisturbed levels 
Slight signs of alteration
Major taxonomic groups of the type-specific community are absent

Level of diversity of invertebrate taxa shows no signs of alteration from undisturbed levels
Slight signs of alteration
The ratio of disturbance sensitive to insenstive taxa, and the level of diversity, are substantially lower than the type-specific level and significantly lower than for good status.

To separate rivers into these 5 levels of ecological quality, not all biological aspects (and species) need to be monitored, since this is neither necessary and practicable nor sustainable for the ecosystem itself at close time intervals. A practicable river monitoring requires a sensible selection of indicators. Practicability, therefore, means that time, personnel and instrument use for the identification and calculations should be reasonable and affordable.

In order to ensure comparability of the monitoring systems for the biological quality elements, their results shall be expressed as ecological quality ratios. These ratios shall represent the relationship between the values of the biological parameters observed for a given river and the values for these parameters in the reference conditions (undisturbed conditions) applicable to that river. The ratio shall range between 0 and 1 (0= bad ecological status, and 1= high ecological status).

However, since the sensitivity of each ecosystem is different, an intercalibration network will be established to ensure an effective mechanism of comparability (by 2004). For instance, the numerical values assigned to each of the boundaries between the five classes may differ in each Member State, and the intercalibration network will assist in ensuring their comparability. After adaptation of the final intercalibration register, the intercalibration exercise shall be carried out in early 2006. The monitoring system of each Member State shall be applied in selected intercalibration sites which are both similar to a surface water body type and in an ecoregion present in that Member State (year 2005-6). The results of the intercalibration exercise and values established for the Member State monitoring system classifications will be published by the Commission (by 2006)

Member States shall provide a map
 for each river basin district illustrating the classification of the ecological status for each river, colour-coded to reflect the ecological status with the following levels: 1=High (Blue), 2= good (Green), 3=Moderate (Yellow), 4=Poor (Orange) and 5= Bad (Red).

A separate colour code applies to heavily modified and artificial water bodies, where the ecological potential of rivers shall be classified in four categories instead of five: 1= good and above, 2= moderate, 3=poor and 4=bad. 

Chemical status

As far as the classification and presentation of chemical status is concerned, the following rule applies: It shall be simply characterised either as good or as failing to achieve good.

Where a river achieves compliance with all the environmental quality standards established in Annex IX, Article 16 and under other relevant Community legislation setting environmental quality standards, it shall be recorded as achieving good chemical status (blue colour). If not, the body shall be recorded as failing to achieve good chemical status (red colour).

Key points on the WFD and river monitoring:
· Ecological quality of rivers will be monitored quantitatively

· The biology of water is in the centre of focus (chemistry, physics and morphology are complementary)

· The monitoring separates rivers in 5 categories 

· The undisturbed (natural) status serves as reference

3 Current state of river monitoring in Europe

To date, EU Member States have adopted various river monitoring systems of different methodologies, some being more advanced than others. However, in several European countries monitoring programmes are often insufficient, lacking mainly coverage of biological parameters.

The recently published WWF "Water and Wetland Index" summarised the information on the status of river monitoring programmes in Europe partly as preparation for the implementation of the WFD.

The results showed that :

· Finland, Sweden, Belgium (Flanders), Denmark, Switzerland, and Estonia have generally good monitoring programmes for rivers;

· The United Kingdom (England & Wales, Scotland, Northern Ireland), Belgium (Wallonia), Austria, Germany, Hungary, France, and Slovakia have some significant gaps in their monitoring programmes;

· Finally, Greece, Spain, Bulgaria and Turkey have only moderate monitoring programmes.

4 Outlook

By bringing into force the WFD, Europe has adopted an enormous ambition: That water should be treated with respect, from rivers up to aquifers!

In this framework, complying with the WFD requirements for river monitoring shall be a challenge for many countries, since they will have to remodel their existing networks and decide on the most cost-effective, practicable and best environmental solutions concerning the place and time of sampling activity. Cost-effectiveness, especially, is a key point keeping in mind that significant extra financial means for new monitoring networks will not be immediately available.

Each Member State is expected to develop its river monitoring programme moving from a different starting point which will reflect:

· Its specific territorial complexity  

· differences in previous monitoring and control;

· existence and information content of point and diffuse pressure sources inventories; 

· availability and functionality of tools for analysis: models, cartography, GIS, Information Systems.

Some countries, such as Germany and Finland, have already started a number of pilot projects with a river basin focus and an intention to adapt their monitoring systems to the new WFD standards. In Germany, in specific, many additional monitoring points are foreseen under the new requirements, including small stretches of running waters (streams). Additionally, monitoring of fish fauna, macrophytes, and phytoplankton shall be intensified. At a recent appraisal meeting of monitoring in Germany, a main question posed was where and how often, in space and in time, should biological parameters be measured. 

From the description given here, it may have become clear that the WFD has simply provided a basis for river monitoring, and has defined only general criteria on methods and monitoring procedures. In order to assist Member States in formulating specific monitoring methods, the EU has initiated a pan-European project called "Working group to develop guidance on monitoring", with the first expert meeting taking place in June 2001. Most Member States will participate and offer their experience and approaches in order to formulate common guidance rules until 2006. Italy and the European Environment Agency have the lead in this group. The general objective is to provide technical information and tools useful to support and help the setting up of surveillance, operational and investigative monitoring work of River Basin Districts Authorities. Operational monitoring will be considered as a priority. To this aim, the WFD requirements will be analysed and compared with actual state of monitoring in Member States. For rivers in specific, a work package is planned to 

· develop criteria for the design of cost effective monitoring networks

· define monitoring programmes, protocols and procedures 

· provide guidance on the analysis and monitoring of priority substances

· develop criteria for classification and representation of results
� Surface water status is the general expression of the status of a body of surface water, determined by the poorer of its ecological status and its chemical status.


Ecological status is an expression of the quality of the structure and functioning of aquatic ecosystems associated with surface waters, classified in accordance with Annex V. (Definitions from Art.2)


� The term "Ecological potential" is used in the WFD to describe the ecological and chemical status of heavily modified or artificial rivers. Heavily modified are a separate category of waters which as a result of physical alterations by human activity (e.g. dams or channelisation) are substantially changed in character. Artificial are waters created by human activity.


� Biology, hydromorphology and physicochemical status will be presented in separate maps.
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