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Foreword

The EU Member States, Norway and the European Commission have jointly developed a common
strategy for supporting the implementation of the Directive 2000/60/EC establishing a framework for
Community action in the field of water policy (the Water Framework Directive). The main aim of this
strategy is to allow a coherent and harmonious implementation of this Directive. Focus is on
methodological questions related to a common understanding of the technical and scientific
implications of the Water Framework Directive.

One of the main short-term objectives of the strategy is the development of non-legally binding and
practical Guidance Documents on various technical issues of the Directive. These Guidance
Documents are targeted to those experts who are directly or indirectly implementing the Water
Framework Directive in river basins. The structure, presentation and terminology are therefore adapted
to the needs of these experts and formal, legalistic language is avoided wherever possible.

In the context of the above-mentioned strategy, a working group dedicated to the development of
technical specifications for implementing a Geographical Information System (GIS) for the reporting
needs of the Water Framework Directive has been established in September 2001, referred to as GIS-
WG. The Joint Research Centre (JRC) had the responsibility to co-ordinate and lead this working
group, which included representatives from most Member States, some candidate countries, the
Commission, Eurostat, and the EEA.

The present Guidance Document is the outcome of this working group. It contains the synthesis of the
output of the GIS-WG activities and discussions. It builds on the input and feedback from a wide
range of experts that have been involved throughout the process of guidance development through
workshops or electronic communication media, without binding them in any way to its content.

We, the Water Directors of the European Union, Norway, Switzerland and the countries applying for
accession to the European Union, have examined and endorsed this guidance during our informal
meeting under the Danish Presidency in Copenhagen (21-22 November 2002). We would like to thank
the participants of the Working Group and, in particular, the leader, Dr. Jirgen Vogt (JRC), for
preparing this high quality document.

We strongly believe that this and other Guidance Documents developed under the Common
Implementation Strategy will play a key role in the process of implementing the Water Framework
Directive.

This Guidance Document is a /iving document that will need continuous input and improvements as
application and experience build up in all countries of the European Union and beyond. We agree,
however, that this document will be made publicly available in its current form in order to present it to
a wider public as a basis for carrying forward ongoing implementation work.

Moreover, we welcome that several volunteers have committed themselves to test and validate this
and other documents in the so-called pilot river basins across Europe during 2003 and 2004 in order to
ensure that the guidance is applicable in practice.

We also commit ourselves to assess and decide upon the necessity for reviewing this document
following the pilot testing exercises and the first experiences gained in the initial stages of the
implementation.
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WFD CIS Guidance Document No.9
Implementing the Geographical Information Systems (GIS) of the Water Framework Directive

Introduction - A Guidance Document: What For?

This document aims at guiding experts and stakeholders in the implementation of the Directive
2000/60/EC establishing a framework for Community action in the field of water policy (the Water
Framework Directive — “the Directive”). It focuses on the implementation of its GIS elements in the
broader context of the development of integrated river basin management plans as required by the
Directive.

To whom is this Guidance Document addressed?

If this is your task, we believe the guidance will help you in doing the job, whether you are:

» Preparing the geographic datasets for the preparation of maps required by the Directive;
» Preparing the final maps as requested under the Directive; or

» Reporting the maps and GIS layers to the European Commission as required by the
Directive.

What can you find in this Guidance Document?

The common understanding on terms and on the role of GIS in the WFD

What are a map, a dataset with geographic datatype, a table, and data?
What are the GIS elements of the Water Framework Directive?
Where in the Directive are these elements made explicit or referred to?

The maps and GIS layers requested for reporting under the WFD

Which maps are to be reported to the European Commission and when?
What are the different GIS layers that make up these maps?

What are the level of detail and spatial accuracy expected from the data?
Which is the reference system to use for reporting the data?

How to validate the GIS layers

Which validation procedures should be employed in the validation step?
Which standards should be followed when validating data?

How to document the GIS layers

What are the metadata fields to deliver with each GIS layer?
Which standards are to follow when preparing the metadata?

How to report GIS layers to the European Commission
What is the format for transferring layers to the Commission in the short-term?
What is the way forward for the development of a distributed reporting system in the long-term?

How to harmonise data at borders and how to co-ordinate the reporting process

Which aspects should be considered for harmonising data at national borders and at borders of
River Basin Districts?

How can a vertical integration between the various GIS layers be ensured?

How should the reporting process be co-ordinated?
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How to introduce a European feature coding system

What are the advantages of implementing a European feature coding system?
What is the way forward for implementing a European feature coding system?

T Look out! What you will not find in this Guidance Document

The Guidance Document focuses on the thematic content and technical specifications for the
GIS layers to be prepared for reporting to the European Commission. The guidance does not
focus on:

e How to make maps out of the wvarious GIS layers (layouts, symbols,
generalisation procedures,...);

e How to use GIS in the analysis of pressures and impacts;

e How to use GIS in the preparation of river basin management plans.

Historically, georeferenced data have been reported to the Commission in the form of
analogue maps. With the introduction of Geographic Information Systems, these maps or
the underlying GIS layers can now be reported in digital form.

In the European context experience with digital reporting is limited and standards are still
under development. This Guidance Document, therefore, makes suggestions for best
practices for the immediate reporting needs of the WFD and at the same time formulates
strategies for the long-term needs. The recommendations will have to be tested and further
developed over the next few years.
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1 Implementing the Water Framework Directive

This Section introduces you to the overall context for the implementation of the Water
Framework Directive and informs you of the initiatives that led to the production of this
Guidance Document.

1.1 December 2000: A Milestone for Water Policy

A long negotiation process

December 22, 2000, will remain a milestone in the history of water policies in Europe: on that date,
the Water Framework Directive (or the Directive 2000/60/EC of the European Parliament and of the
Council of 23 October 2000 establishing a framework for Community action in the field of water
policy) was published in the Official Journal of the European Communities and thereby entered into
force!

This Directive is the result of a process of more than five years of discussions and negotiations
between a wide range of experts, stakeholders and policy makers. This process has stressed the
widespread agreement on key principles of modern water quality management that today form the
foundation of the Water Framework Directive.

1.2 The Water Framework Directive: New Challenges in EU Water Policy

What is the purpose of the Directive?
The Directive establishes a framework for the protection of all waters (including inland surface waters,
transitional waters, coastal waters and groundwater), which:

» Prevents further deterioration of, protects and enhances the status of water resources;

» Promotes sustainable water use based on long-term protection of available water resources;

» Aims at enhancing protection and improvement of the aquatic environment through specific
measures for the progressive reduction of discharges, emissions and losses of priority
substances and the cessation or phasing-out of discharges, emissions and losses of the priority
hazardous substances;

» Ensures the progressive reduction of pollution of groundwater and prevents its further
pollution; and

» Contributes to mitigating the effects of floods and droughts.

... and what is the key objective?

Overall, the Directive aims at achieving good water status for all waters by 2015.
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What are the key actions that Member States need to take?

>

To identify the individual river basins lying within their national territory and assign them to
individual River Basin Districts (RBDs) and identify competent authorities by 2003 (Article 3,
Article 24);

To characterise river basin districts in terms of pressures, impacts and economics of water
uses, including a register of protected areas lying within the river basin district, by 2004
(Article 5, Article 6, Annex II, Annex IlI);

To carry out, jointly and together with the European Commission, the intercalibration of the
ecological status classification systems by 2006 (Article 2 (22), Annex V);

To make operational the monitoring networks by 2006 (Article 8);

Based on sound monitoring and the analysis of the characteristics of the river basin, to identify
by 2009 a programme of measures for achieving the environmental objectives of the Water
Framework Directive cost-effectively (Article 11, Annex II);

To produce and publish River Basin Management Plans (RBMPs) for each RBD including the
designation of heavily modified water bodies, by 2009 (4rticle 13, Article 4.3);

To implement water pricing policies that enhance the sustainability of water resources by
2010 (Article 9);

To make the measures of the programme operational by 2012 (Article 11);

To implement the programmes of measures and achieve the environmental objectives by 2015
(Article 4).

Look Out!

T Member States may not always reach good water status for all water bodies of a river

basin district by 2015, for reasons of technical feasibility, disproportionate costs or
natural conditions. Under such conditions that will be specifically explained in the
RBMPs, the Water Framework Directive offers the possibility to Member States to
engage into two further six- year cycles of planning and implementation of measures.

Changing the management process — information, consultation and participation

Article 14 of the Directive specifies that Member States shall encourage the active involvement of all
interested parties in the implementation of the Directive and development of river basin management
plans. Also, Member States will inform and consult the public, including users, in particular for:

>

>

>

The timetable and work programme for the production of river basin management plans and
the role of consultation, at the latest by 2006;

The overview of the significant water management issues in the river basin, at the latest by
2007;

The draft river basin management plan, at the latest by 2008.

Integration: a key concept underlying the Water Framework Directive

The central concept of the Water Framework Directive is the concept of integration that is seen as key
to the management of water protection within the river basin district:
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> Integration of environmental objectives, combining quality, ecological and quantity objectives
for protecting highly valuable aquatic ecosystems and ensuring a general good status of other
waters;

» Integration of all water resources, combining fresh surface water and groundwater bodies,
wetlands, coastal water resources at the river basin scale;

» Integration of all water uses, functions and values into a common policy framework, i.e.
investigating water for the environment, water for health and human consumption, water for
economic sectors, transport, leisure, water as a social good;

> Integration of disciplines, analyses and expertise, combining hydrology, hydraulics, ecology,
chemistry, soil sciences, technology engineering and economics to assess current pressures and
impacts on water resources and identify measures for achieving the environmental objectives of
the Directive in the most cost-effective manner;

» Integration of water legislation into a common and coherent framework. The requirements of
some old water legislation (e.g. the Fishwater Directive) have been reformulated in the Water
Framework Directive to meet modern ecological thinking. After a transitional period, these old
Directives will be repealed. Other pieces of legislation (e.g. the Nitrates Directive and the Urban
Wastewater Treatment Directive) must be co-ordinated in river basin management plans where
they form the basis of the programmes of measures;

> Integration of all significant management and ecological aspects relevant to sustainable river
basin planning including those which are beyond the scope of the Water Framework Directive
such as flood protection and prevention;

> Integration of a wide range of measures, including pricing and economic and financial
instruments, in a common management approach for achieving the environmental objectives of
the Directive. Programmes of measures are defined in River Basin Management Plans
developed for each river basin district;

> Integration of stakeholders and the civil society in decision making, by promoting
transparency and information to the public, and by offering a unique opportunity for involving
stakeholders in the development of river basin management plans;

» Integration of different decision-making levels that influence water resources and water
status, be local, regional or national, for an effective management of all waters;

» Integration of water management from different Member States, for river basins shared by
several countries, existing and/or future Member States of the European Union.

1.3 What is Being Done to Support the Implementation?

Activities to support the implementation of the Water Framework Directive are under way in both
Member States and in countries candidate for accession to the European Union. Examples of activities
include consultation of the public, development of national guidance, pilot activities for testing
specific elements of the Directive or the overall planning process, discussions on the institutional
framework or launching of research programmes dedicated to the Water Framework Directive.

May 2001 — Sweden: Member States, Norway and the European Commission agreed a Common
Implementation Strategy

The main objective of this strategy is to provide support to the implementation of the Water
Framework Directive by developing coherent and common understanding and guidance on key
elements of this Directive. Key principles in this common strategy include sharing information and
experiences, developing common methodologies and approaches, involving experts from candidate
countries and involving stakeholders from the water community.
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In the context of this common implementation strategy, a series of working groups and joint activities
have been launched for the development and testing of non-legally binding guidance. A strategic co-
ordination group oversees these working groups and reports directly to the water directors of the
European Union and Commission that play the role of overall guiding body for the Common
Implementation Strategy.

The GIS Working Group

A working group has been created for dealing specifically with issues related to the implementation of
a Geographical Information System. The main objective of this working group, short-named GIS-WG,
was the development of a non-legally binding and practical guidance for supporting the
implementation of the GIS elements of the Water Framework Directive, with emphasis on its 2003 and
2004 requirements. The members of the GIS-WG are experts from European Union Member States,
from candidate countries to the European Union, from Eurostat, form the EEA, from the JRC and
from DG Environment.

T Look out! You can contact the experts involved in the GIS activities

A list of the GIS-WG members with full contact details can be found in Appendix XI. If you
need input into your own activities, contact a member from the GIS-WG in your country. If
you want more information on specific scoping and testing in pilot studies, you can also
contact directly the persons in charge of carrying out these studies.

Developing the Guidance Document: an interactive process

Within a very short time period, a large number of experts have been involved at varying degrees in
the development of this Guidance Document. The process for their involvement has included the
following activities:

» Organisation of four workshops of the 30-plus experts of the GIS-WG;

» Drafting and discussing of individual sections in task-groups;

» Exchange of documents for discussion and comments through email and the dedicated CIRCA
web site;

> Inclusion of the opinion of a wide range of experts in the participating countries through their
national representatives;

» Regular interactions with experts from other working groups of the Common Implementation
Strateqy through the participation of experts from other working groups in the WFD-GIS
meetings, through the participation of WFD-GIS representatives in other WG meetings, or
through email contacts;

> Set-up of a prototype GIS for testing the feasibility of some of the proposed specifications;

» Throughout the development of the quidance, the chairman of the working group attended reqular
meetings of the Strategic Co-ordination Group and of the Working Group Leaders in Brussels.
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2  GIS in the WFD: Developing a Common Understanding

This Section introduces the general basis for the detailed specifications as outlined in the
following chapters. It reflects the common understanding of the working group experts
on the purpose and the structure of the GIS elements to be developed as a basis for the
reporting obligations under the Directive.

2.1 Terminology

In order to avoid ambiguity in terms, it is important to note that the following terminology
will be used throughout this document:

Map: A graphical representation of a section of the Earth's surface. The Directive refers to a
number of maps, each one with a specific thematic content (e.g., a map of the River
Basin Districts). A map can be made up of one or many datasets with a geographic
datatype. Using GIS software, maps can be presented in digital form from which an
analogue map can be plotted. In this document, we assume that maps are produced in
such a GIS environment and that they are made up of a set of digital datasets with a
geographic datatype.

Dataset with a geographic datatype: A collection of data describing similar phenomena that
can be represented with reference to the surface of the earth (e.g., the groundwater
monitoring stations in a given River Basin District). In this document a dataset with
geographic datatype is assumed to be a digital dataset in a GIS. The terms dataset, GIS
layer or layer are used as synonyms for a digital dataset with a geographic datatype.
The representation can be as pixels, points, lines, arcs and polygons or combinations
of these.

Table: Most software systems require the organisation of datasets in one or more tables. In
order to make information comparable between organisations, the structure of these
tables must be similar.

Data: Tables are made up of digital data. The data will be stored using common typologies
like geometry (e.g., points, lines, polygons, networks), strings (e.g., name, codes),
numbers (e.g. amount of monitoring stations in a region), or dates (e.g., reporting
date).

The relationship between these different levels of information is shown in Figure 2.1.1:
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Map e.g., River Basin Districts (RBDs)
| \
Geographic Geographic Geographic [ e.g., RBD boundaries, main rivers,
Dataset Dataset Dataset national borders, major cities

e.g., structured organisation of data,
Table I Table I Table Tab I Table Table I such as a table of RBDs

......

BN -

Data Data Data Data Data Data e.g., nodes of polygons, RED name,
country name, city name

Figure 2.1.1: Relationship between a map, geographic datasets, tables and data.

2.2 GIS Requirements under the WFD and Scope of the Working Group

The WFD requires that Member States report a considerable amount of information in the
form of maps. Even though only annex I and annex II of the Directive explicitly state that the
respective maps should as far as possible be available for introduction into a GIS, it is obvious
that the best way to provide most of the requested information will be in the form of GIS
layers. This is due to the fact that most of the data is to be presented in its spatial context and
that questions like ‘where are the critical areas?’, ‘how much area is involved?’, or ‘which
points are in a designated area?’ can easily be answered when the data are kept in their spatial
context and when the background database has the appropriate design.

The provision of (or access to) the requested GIS layers will not only facilitate the reporting
of the Member States themselves; it will also facilitate the further compilation and analysis of
the information as a basis for the Commission’s own reporting obligations under the WFD.
Such development is also in line with current efforts under the INSPIRE (Infrastructure for
Spatial Information in Europe) initiative of the Commission and the Member States, aiming at
the development of a harmonised European spatial data infrastructure.

Many parties are involved in the implementation of the WFD, ranging from local water
authorities to the European Commission. Regarding this wide range of parties, having
different practices for water management, different reporting obligations and different levels
of technical abilities, this Guidance Document strives to keep specifications as simple as
possible, based upon standards where feasible, and according to best current technical options.

While the Directive clearly specifies which information should be provided in the form of
maps (see appendix I of this Guidance Document), it gives little information on the technical
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specifications for these maps. The goal of the GIS working group under the Common
Implementation Strategy, therefore, was to elaborate such specifications and to make them
available in the form of this Guidance Document. The Guidance Document should help the
Member States with the preparation of the GIS layers in such a way that they follow a
common and agreed standard. This will not only facilitate the compilation of a European-wide
picture, but it will also be a first step towards a more integrated spatial data infrastructure for
Europe.

The implementation of the WFD requires the handling of spatial data both for the preparation
of the River Basin Management Plans and for the reporting to the Commission. In the first
case GIS techniques will be essential for the derivation of various information layers (e.g., on
the characteristics of river basins and water bodies, on the chemical and ecological status of
water bodies), while in the second case GIS will be the tool for the preparation and delivery of
the GIS layers required for the reporting. Considering the limitations in time, the fact that
many aspects of the analysis are still under discussion in other working groups, and the
immediate needs stemming from the WFD implementation, it was decided that the current
focus of the GIS Working Group should be on the WFD reporting obligations.

While this is a short-term goal, it is noted that in the long-term the development of
specifications for a system including the possibility to access underlying measurements and
statistical data or even for performing the various analyses as required for the preparation of
the River Basin Management Plans might be considered. The elaboration of guidelines for
these long-term options would, however, require substantial time and effort and is subject to a
request by the Strategic Co-ordination Group for the Implementation of the WFD.

2.3 Reporting under the Water Framework Directive

The WEFD is specifying which information should be reported in the form of maps and time
schedules. This Guidance Document identifies these maps, the various GIS layers that are
needed to make up these maps, their content and structure and how to document and to access
or transfer them.

The WFD itself falls short in giving more detailed technical specifications with respect to the
requested GIS layers. As a consequence, a common understanding had to be achieved on
issues such as the contents of the various maps, the scale and positional accuracy of the data,
and the reference system and projections to use. Given the fact that the various GIS layers will
be part of a European picture, it was further necessary to consider issues such as the
harmonisation at boundaries and the use of common identifiers. Recommendations are further
given on the standards to be implemented for data exchange and data access and on the
content and structure of the metadata to accompany each layer.

Technical possibilities nowadays allow the required GIS layers to be provided in two different
ways. One option is to transfer them into a centralised system, where they will be stored,
quality checked and analysed. The other option is to leave them at their place of origin (i.e. to
store the data sets locally in each river basin district or country) and to guarantee access to
these data through common standards and protocols. While the first option is easier to
implement, the second option will reduce the burden of transferring data. However, it also
asks for detailed technical specifications for the set-up and maintenance of a distributed
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system, which is more complicated. The GIS Working Group has explored both options.
Given the limited time available to prepare the first GIS layers that need to be reported to the
Commission in 2004, the Guidance Document gives specifications for a short-term centralised
option and indicates the way forward for the implementation of a de-centralised system in the
long-term. The GIS Working Group underlines that the preference is for the set-up of a de-
centralised system in the long-term. The firm implementation of the outlined data model will
strongly support this goal.

Since the GIS layers provided by the various River Basin Districts (or countries) will be
collated to a European picture, it was further considered to be of importance to agree on a
European feature coding system for river basins, water bodies (according to the definition of
the WFD), monitoring stations, and pressures. In the long-term, this system should be smart
enough to actively support the spatial analysis of pressures and impacts across Europe. The
implementation of such a European feature coding system might prove a complicated task,
since all Member States have historically implemented their own feature coding systems,
adapted to their specific requirements. In view of this situation, the Working Group proposes
the short-term implementation of a system that ensures unique feature identifiers across
Europe, allowing to maintain national systems and to link them up to the European level. At
the same time, the implementation of a feature coding based on the Pfafstetter system is
recommended for countries without a dedicated national system. This approach is seen as a
first step towards the set-up of a more intelligent European feature coding system, which will
need more in-depth study before a definite proposal can be made.

While the WFD as such does not require the introduction of a European feature coding
system, the Working Group considered it to be of major importance in the long-term. The
main advantage of a European feature coding system would be the possibility for a more
targeted analysis of pressures and impacts at the European level and the facilitation of a
further integration of water-related monitoring efforts in Europe.

In order to test the feasibility of the distributed structure proposed for the long-term, the
working group further implemented a prototype GIS. This prototype is conceived as a testbed
for verifying the practical implementation. Examples from this prototype testing phase will be
made available on a dedicated web site. Detailed testing of the specifications given in this
Guidance Document is further foreseen in the Pilot River Basins, co-ordinated by Working
Group 4.1 (Integrated Testing in Pilot River Basins) of the Common Implementation Strategy.

Finally, the Working Group decided not to include specifications for the map making process
in this document. This decision is based on the fact that maps will be made at the River Basin
District (RBD) level according to the specific needs of each RBD, and at the European level
adequate maps can be made from the individual GIS layers. The Working Group, therefore,
recommends that in addition to the maps as specified in the WFD, the GIS layers related to
these maps should also be transferred to the Commission. The Commission would then have
the possibility to make maps out of the GIS layers as required.

In a more general context, it should also be noted that information, consultation and
participation are requirements of the Directive, since it will ensure a more efficient and
effective implementation. The Guidance on Public Participation will tell more about these
forms of participation. In particular WFD Article 14 promotes the active participation of all
interested parties in the development of River Basin Management Plans and requires Member
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States to inform and consult the public. The latter can most efficiently be done through maps,
GIS technology and web mapping.

11
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3 Technical Specifications of the GIS

This Section provides detailed specifications for the development of a GIS, compatible
with the WFD reporting needs. It outlines the requested GIS layers, the time sequence
for reporting and discusses the general aspects of data quality, data geometry and data
documentation.

3.1 Timetable for the Preparation and Delivery of Maps and GIS Layers

The following table (Table 3.1.1) indicates when individual maps or GIS layers have to be
made available either internally to a River Basin District (®) or externally to the Commission

(¢).

12
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Table 3.1.1: Time Schedule for Reporting Maps

Related Year 20..
Actions related to GIS Map
(App.1I) |03 | 04 | 05/ 06| 07| 08| 09 10| 11| 12| 13| 14| 15

Assigning individual river basins, groundwaters and coastal waters to ®

individual river basin districts (RBD)

Provide the Commission a list of the competent authorities for RBD 2 °

GIS layer containing names of the main rivers and boundaries of the 1 o

river basin districts

Map of the geographical location of the [surface water body] types g

consistent with the degree of differentiation required under system A *

Summary report of the analyses required under art.5 (¥*) o

Summary report of the analyses required under art.8 (¥*) 02

Publishing of river basin management plans: °
Map of the location and boundaries of surface water bodies 3 o
Map of the ecoregions and surface water body types 4% o
Map of the location and boundaries of groundwater bodies 5 o
Summary of the register of protected areas (location and description 11 ® o
of the legislation under which they have been designated)
Map of the surface water monitoring networks 6 °
Map of the groundwater monitoring network 10 ® °
Map of the results of the monitoring programmes for protected areas 12 °
Map for each river basin district illustrating the classification of the 7
ecological status for each body of surface water *

13
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Related Year 20..
Actions related to GIS Map

(App.11) |03 | 04 1 05/ 06| 07| 08| 09 10| 11| 12| 13| 14| 15

Map for each river basin district illustrating the classification of the

ecological potential for each body of surface water 7 *
Map for each river basin district illustrating chemical status for each g .
body of surface water

Map of groundwater quantitative status 9 °
Map of groundwater chemical status 9 °

Review and updating of the analysis of the characteristics and of the
review of the impact of human activity on the status of surface waters ®
and on groundwater whithin a river basin district

Review and updating of the river basin management plans °

Presentation in map form of the monitoring results for the period of the
previous river basin management plan

®  Deadline at Member State level
e  Deadline for reporting

(1) 22 March 2005
(2) 22 March 2007

(*)  The Directive does not specify whether the "summary report", which has to be delivered in 2005 should contain maps. The Expert Advisory Forum
on Reporting will clarify this question. If it is decided that the summary report needs to contain maps, then maps No. 3 and 5 need to be delivered in
2004 instead of 2009. Map No. 4 needs to be delivered both in 2004 and 2009.

(**) Map No. 4 is requested twice: in 2004 according to article 5 and annex II-vi, and in 2009 according to article 13 and annex VII-1.1.

14
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3.2 Overview on the GIS Layers, their Scale and Positional Accuracy

The technical specification of the GIS-layers needed for WFD reporting obligations is based
on a detailed analysis of the content of the Water Framework Directive and as far as possible
on the documents of the other working groups under the Common Implementation Strategy.
All of the maps presented here are explicitly mentioned in the WFD. These maps are
translated to GIS-layers, which make up the content of the map. Working with GIS-layers
effectively supports the reporting obligations of the Member States and the Commission’s
needs to access and internally report the information. With the GIS-layers described below
and the applied data model, all the requested maps can be made.

The relation between the required maps and the layers is presented in appendix II. GIS-layers
are assigned to maps based on the strongest relation. For example, the layer ‘River Basin
District’ is assigned to the map ‘River Basin District - Overview’. Some layers can also be
part of other maps, which is also indicated. Besides the background layers used for readability
of the maps, 15 layers are necessary to make the 12 required maps. Table 3.2.1 presents a
summarised view of the maps and layers.

Data collection and map making are the responsibility of the River Basin Districts and the
Member States. It is recognised that for data collection an input scale of 1:250,000 or better
should be a common goal in the long term. The reporting scale of the maps, however, may
either be 1:250,000 or 1:1,000,000 in the short term and should be 1:250,000 in the long term.
Only the very general maps No.l (River Basin Districts Overview) and No.2 (Competent
Authorities) might be reported at smaller scales of up to 1:4,000,000.

To describe the specifications, the GIS-layers are divided in three main groups:

1. Basic information and characteristics of the river basin district;
2. Monitoring network;
3. Status information of surface- and groundwater bodies and protected areas.

The requirements in terms of positional accuracy and input scale and output scale are further
described in Section 3.2.4. All the required GIS datasets are vector or point datasets.

Special attention should be given in case of transboundary harmonisation of GIS datasets. In
this context, the possibility to use as far as possible already harmonised data is recognised.
This is especially true for the case of large international river basins (e.g. the Rhine or the
Danube river basin), where the harmonisation work could be substantial. An example of such
a database could be EuroGlobalMap at a scale of 1:1,000,000, which is currently under
development. For the short-term reporting, this EU-wide database could be an option. In the
long term, the scale of reporting may be 1:250,000, as far as an identical and harmonised
database (e.g., EuroRegionalMap) is available.
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Table 3.2.1: Summary of Maps and GIS —Layers (continued on next page)

Layer Feature Availability and
Map Name Code Layer Name Type Reporting Dates'
1: RBD-Overview
SWI R%Ver basm district (RBD) polygon 12/2003 (RBD)
SW2 River basin, sub-basin polygon 06/2004
— > : (CEC)
SW3 Main Rivers line
2: Competent Authorities
D7 District of competent polygon 12/2003 (RBD)
authorities 06/2004 (CEC)
3: Surface Water Bodies (SWB) — categories -
Sw4 Surface water bodies
- Rivers line
- I;akes. - poiygon 12/2004 (RBD)
- Transitional waters polygon 12/2009 (CEC)*
- Coastal waters polygon
if applicable, indicated as
artificial SWB or heavily
modified SWB
4: Surface Water Bodies (SWB) — types -
SW4a gygies of Surface Water at;rél;;;f 12/2004 (RBD)
56 E° £5_ ° | 12/2004 (CEC)*
coregions polygon 12/2009 (CEC)*
5: Groundwater Bodies
GW1 | Bodies of groundwater polygon 12/2004 (RBD)
12/2009 (CEC)*
6: Monitoring Network for Surface Water Bodies
SW5a | Operational monitoring point
sites. Inclusive monitoring
sites for habitat and
species protected areas
SW5b | Surveillance monitoring point
sites 12/2006 (RBD)
SW5c | Monitoring sites drinking point 12/2009 (CEC)
water abstraction points
from surface water
SW5d | Investigative monitoring point
sites
SW5e | Reference monitoring sites point

(1) RBD: The date when the map or layer needs to be available within the River Basin District.
CEC: The date when the maps need to be reported to the European Commission. Note: The date of
December 2009 is the publication date of the River Basin Management Plans. They should be
reported to the Commission within 3 months of their publication.

(2) Main Rivers: selection of the rivers from the Water Bodies Layer of map No. 3.

(*) Date of reporting for maps No. 3 and 5 might change to 2004. See also the time schedule in Section 3.1.
Map no. 4 needs to be reported in 2004 and 2009 (see also Table 3.1.1)
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Table 3.2.1: Summary of Maps and GIS —Layers (continued)

Layer Feature Availability and
Map Name Code Layer Name Type Reporting Dates'
7: Ecological Status and Ecological Potential of Surface Water Bodies
SW4b | Ecological status attribute
of SW4
SW4c | Ecological potential at;ribute 12/2009 (RBD)
, of SW4 12/2009 (CEC)
SW4d | Bad status or potential attribute
causes by (non-) synthetic of SW4
pollutants
8: Chemical Status of Surface Water Bodies
SW4e | Chemical status at;réli;f 12/2009 (RBD)
° 12/2009 (CEC)
9: Groundwater Status
GWla | Quantitative status of attribute
groundwater bodies of GW1
GWI1b | Chemical status of attribute 12/2009 (RBD)
groundwater bodies of GW1 12/2009 (CEC)
GWlc | Pollutant trend attribute
of GW1
10: Groundwater Monitoring Network
GW2a | Groundwater level point
monitoring network
GW2b | Operational monitoring point 12/2006 (RBD)
network chemical 12/2009 (CEC)
GW2c¢ | Surveillance monitoring point
network chemical
11: Protected Areas
PA1 Drinking water protection polygon
areas
PA2 Economically significant polygon
aquatic species protection 12/2004 (RBD)
areas __ : 12/2009 (CEC)
PA3 Recreational waters point
PA4 Nutrition-sensitive areas polygon
PAS Habitat protection areas polygon
(FFH)
PA6 Bird protection areas polygon
12: Status of Protected Areas
PA7 Status of protected areas aIEil?uIEeA (éf 12/2009 (RBD)
12/2009 (CEC)

(1) RBD:
CEC:

The date when the map or layer needs to be available within the River Basin District.
The date when the maps need to be reported to the European Commission. Note: The date of

December 2009 is the publication date of the River Basin Management Plans. They should be
reported to the Commission within 3 months of their publication.
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3.2.1 Basic Information

The basic information contains those entities for which the WFD applies. These are the
surface water bodies, the groundwater bodies and the protected areas. Furthermore the river
basin districts, the river basins and the areas of competent authorities are regarded as basic
information.

For the co-ordination of administrative arrangements within river basin districts, and the
arrangements within and between Member States, the boundaries of the river basin districts
and the competent authorities have to be reported (maps No. 1 and No. 2). The following
GIS-layers are required:

e River basin districts: The geographical coverage of the river basin district presented as
a polygon layer. In cases where the national border is the same as the district border,
the national border is leading;

e River basins and sub-basins: A polygon layer with the main catchment areas within
the river basin district. All the basins and sub-basins taken together fully cover the
river basin district. The basins and sub-basins are derived from the hydrological
system, whereas the river basin district is designated as the main unit for the
management of river basins. While this layer is non-mandatory it provides the basic
entities for the river basin management and its delivery is recommended;

e Main rivers: A selection from the dataset with surface water bodies, used for general
OVerview purposes;

e Areas covered by the competent authorities within the river basin district. A polygon
layer with no overlapping features and without uncovered areas and if necessary
synchronised with the national border layer and the river basin district layer.

The attributes of these GIS-layers are specified in the description of the data model (see
Section 3.3) and in the data dictionary in appendix III.

The environmental objectives of the WFD cover all water bodies as well as areas designated
as requiring special protection of their surface and groundwater bodies or for the conservation
of habitats and species depending on water. The reporting obligations, therefore, require a
general description of the characteristics of the river basin district, including information on
surface water bodies, groundwater bodies and all protected areas (maps No. 3, 4, 5, and 11).
The requested level of detail of the GIS-layers for surface water bodies and groundwater
bodies is based on the essential discussion about the term water body. The outcome of this
discussion, presented in the Horizontal Guidance on the Application of the Term Water Body,
defines which elements should be included in the layer. In the following list we describe the
composition of the various layers.

o  Surface Water Bodies: Surface water bodies are first discriminated into the following
categories: rivers, lakes, transitional waters, coastal waters, artificial surface water bodies,
and heavily modified surface water bodies. Within each category discrimination is made
based on type (according to system A or B). Rivers are represented as line features and
lakes, transitional waters or coastal waters as polygons.

e Groundwater Bodies: Groundwater bodies are presented as polygon features. The
outcome of the Working Group on Groundwater determines the characterisation of the
groundwater bodies.
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e Protected Areas falling under specific Community legislation: they include the following
GIS-datasets:

Drinking water protection areas (polygons);

Economically significant aquatic species protection areas (polygons);
Recreational waters (points);

Nutrition-sensitive areas (polygons);

Habitat protection areas (FFH) (polygons);

Bird protection areas (polygons).

O O O O O O

Some protected areas may have partially the same geometry as the water bodies, but the main
part of the protected areas will have their own geometry. Therefore, the protected areas need
to be represented as separate feature layers. The geometric representation of the features is
based on the related specific Community legislation.

3.2.2 Monitoring Network

This paragraph deals with the requirements for mapping monitoring stations for reporting and
presentation (maps No. 6 and 10). Further information on the requirements for the number of
monitoring sites, the size of the related catchment, the sampling frequencies, etc. can be found
in the WED CIS Guidance Document No. 7 on Monitoring.

For the purpose of establishing a coherent and comprehensive overview of water status,
surveillance monitoring sites will be considered first, since operational monitoring has to be
performed in water bodies being at risk of failing to meet the objectives. Modifications of the
sites, therefore, are likely.

The monitoring network will serve different purposes according to the water body type:

(i) for surface water:
monitoring the ecological and chemical status and the ecological potential;

(i) for groundwater:
monitoring the chemical and quantitative status;

(iii) for protected areas:
supplementing those specifications contained in Community legislation under
which the individual protected areas have been established;

(iv) for biological reference conditions:
reference conditions can be derived from a spatial network of high status sites
(thus more stations per water body may be required);

(v) for drinking water abstraction:
monitoring the chemical and quantitative status.

The location of monitoring points does not statically follow a fixed size of the catchment but
depends on sufficient information to assess the overall surface and groundwater status of each
catchment, based on knowledge of the environment (region) and on expert judgement. Also
stretches of coastal waters, significant international trans-boundary waters and pollutants
discharging into the marine environment need to be considered.
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The monitoring networks should be delivered in two datasets: one for surface water and one
for groundwater. So even if a given monitoring station is used for both surface and
groundwater monitoring, it should be considered as two objects. The different kind of
monitoring types and purposes are registered in the attributes of the dataset. For surface water
these are surveillance monitoring, operational monitoring, and investigative monitoring, or
reference sites and sites for drinking water abstraction. For groundwater sites the monitoring
types are quantitative monitoring and chemical monitoring. The chemical monitoring sites for
groundwaters are further split-up into surveillance and operational sites (see also the data
model in Section 3.3). The monitoring network will be presented as point features. The
relation between a monitoring station and the represented water bodies is implemented in the
data model.

It further needs to be considered that the information on monitoring points (number and
location) is dynamic.

3.2.3 Surface Water Bodies, Groundwater Bodies and Protected Areas (Status)

Additionally to what has been mentioned in Section 3.2.2, the maps for status information
(maps No. 7, 8, and 9) shall illustrate for a river basin district the classification of the
ecological and chemical status of water bodies, colour-coded according to WFD Annex V,
1.4.2. Similarly, this applies to the status of good ecological potential of artificial or heavily
modified surface water bodies.

For groundwater bodies or a group of groundwater bodies, both the quantitative and the
chemical status shall be shown colour-coded according to the colour scheme given in the
WEFD Annexes V, 2.2.4 and V, 2.4.5. The status of protected areas shall also be mapped.

The datasets containing the information about the status of the water bodies and protected
areas will not be required as separate feature layers but can be delivered as attribute
information in tabular format using as a key the unique code of the water body.

3.2.4 Scale and Positional Accuracy

The scale of digital data or, more precisely, the scale of the underlying input data can be
regarded as both, an indicator of spatial detail (which level of detail is available for map
making), and as an indicator of positional accuracy (what is the possible difference between
the true real world co-ordinates and the co-ordinates of the data). The ‘spatial detail’
determines both the minimum mapping area and the number of co-ordinates used to describe
an element. On a large-scale map (i.e. 1:250,000) a river is presented with more points than
on a small-scale map (i.e. 1:1,000,000), where, for example, small meanders may not be
visible.

While in theory a dataset at 1:1,000,000 scale might contain the same amount of elements
(objects) than a dataset at 1:250,000 scale, the latter can present the information in a better
way (the positional accuracy is higher and the shapes of the elements are represented with
more detail).

The main factor determining the necessary spatial detail of data gathering under the WFD is
the size of the smallest feature to be shown on the maps. In the WFD the only direct
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indication in this context are the size thresholds given for the typology according to system A
(WFD Annex II). These thresholds are set to a 0.5 km? surface for lakes and to a 10 km?
catchment area for rivers. Although these thresholds do not imply that all water bodies larger
than these numbers need to be reported (see the horizontal guidance on the application of the
term “water body”), these figures can be used to estimate the required detail of data gathering
or the input scale.

From theoretical considerations of cartography, these thresholds lead to a recommended scale
of 1:250,000. On a map with this scale, water bodies with a minimum size of the given
thresholds will be clearly visible. A map of 1:1,000,000 scale, to the contrary, will normally
not contain lakes with an area of 0.5 km? or rivers with a catchment size of 10 km?. However,
digital data with this input scale might contain lakes or rivers of this size, even though they
can only be shown as a point or very simple feature.

EuroGlobalMap (EGM) is a dataset that is under development in several Member States.
EGM has a scale of 1:1,000,000. As a consequence, not all rivers and lakes larger than the
thresholds mentioned above are incorporated in EGM. This implies that, if a Member State
wants to use EGM for reporting under the WFD, EGM has to be extended, adding more lakes
and rivers. The difference to a 1:250,000 dataset will be that the shape of the objects (rivers,
lakes, etc.) will be less detailed or not available at all and that the positional accuracy will be
worse. While EGM aims at a positional accuracy of 1000 metres, data layers with an input
scale of 1:250,000 generally present objects with a positional accuracy in the order of
125 metres.

Considering both the WFD needs and the practical constraints of data availability, the
GIS Working Group recommends that the required positional accuracy for the
reporting is set to a minimum of 1000 metres (corresponding to an input scale of
approximately 1:1,000,000) in the short-term, while at the same time it is strongly
recommended to strive for a positional accuracy of 125 metres (corresponding to an
input scale of approximately 1:250,000) in the long-term.

With a minimum requirement of 1000 metres, existing national or European datasets could be
used, if amended with the necessary detail. In many cases, problems related to the data policy
of such datasets might be less severe than problems related to a stringent requirement of 125
metres of positional accuracy in the short-term. However, in cases where data availability and
data policy do not pose a problem, datasets with the highest possible positional accuracy are
preferred. In the long-term, these datasets should in any case be the target.

3.2.5 River Basin Management Plans and Summary Reports

Among the various maps, registers, and reports listed as elements of the River Basin
Management Plan in Annex VII of the WFD, the following are mentioned:

“A register of any more detailed programmes and management plans for the river basin
district dealing with particular sub-basins, sectors, issues or water types, together with a

summary of their results” (Paragraph 8), and

“The contact points and procedures for obtaining the background documentation and
information referred to in article 14(1), and in particular details of the control measures
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adopted in accordance with Article 11(3)(g) and 11(3)(i) and the actual monitoring data
gathered in accordance with article 8§ and Annex V>’ (Paragraph 11).

These two paragraphs indicate that there is a distinction between “information included in the
river basin management plan” (summaries) and more detailed information to be obtained from
the national contact point.

In addition, Article 18 of the WFD refers to the Commission’s report on progress in the
implementation of the WFD based on “summary reports” that Member States submit under
Article 15(2).

The above mentioned quotations indicate that a distinction should be made between the rate
of detail to be used in reporting to the Commission (small scale) and the rate of detail
Member States should have available upon request (large scale).

However, at this moment there is no clear guidance on the level of detail (input scale and
spatial accuracy) to be used by Member States in order to fulfil the WFD summary based
reporting obligations. This question will be further elaborated in the EAF on Reporting
together with the future GIS Working Group.

3.3 Data Model

3.3.1 Purpose of the Data Model

The Water Framework Directive expresses a set of requirements for geographic information.
Ultimately, this information will be stored in a number of databases. Data modeling is the first
step in database design — it is the blueprint from which the GIS will be built. By modeling,
complexity is reduced so that all actors should be able to understand the essence of the
system. This provides the basis of development of a common understanding of which objects
should feature in the geographic database, and how they should be represented. The model
also aims to encourage consistency in data structures to facilitate data sharing.

Key activity 3: Improved Data and Information Management, Project 3.1 — “Development of
a Geographical Information System (GIS)” states that “the data model proposed needs to be
defined in such a way that it can accommodate the information resulting from the national
obligations of the WED or that it can be linked to national systems via the coding system.”

3.3.2 The Unified Modelling Language

The Unified Modelling Language (UML) is a modeling notation that provides tools for
modeling every aspect of a software system from requirements to implementation.

UML has become a standard methodology, and is increasingly being applied to the modeling
and design of Geographic Information Systems and Databases. In line with the position of the
INSPIRE Architecture & Standards Working Group, a UML diagrammatic notation is used
here to present an overview of the logical model, together with a detailed data dictionary
(Appendix III) describing the attributes of the tables that will be created from the model.
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Whilst UML can be applied in many aspects of system design, in the context of the WFD GIS
Data Model only a restricted subset of static structure diagrams are used.

3.3.3 Data Model Overview

The data model aims to satisfy the requirements, primarily as defined by the Directive itself,
but also based on commonly agreed definitions resulting from discussions in the GIS-WG and
other Working Groups. Wherever appropriate, relevant definitions from the Directive itself
are given.

Within the model, logically related features are grouped together. Thus, the model extends the
basic distinctions in the Directive between “Surface Water” and “Groundwater” and
“Protected Areas”, adding the “Monitoring Network”, “Management/Administration” and
“Ecological Status”.

Wetlands

Wetland ecosystems are ecologically and functionally parts of the water environment, with
potentially an important role to play in helping to achieve sustainable river basin
management. The Water Framework Directive does not set environmental objectives for
wetlands. However, wetlands that are dependent on groundwater bodies, form part of a
surface water body, or are Protected Areas, will benefit from WFD obligations to protect and
restore the status of water. Relevant definitions are developed in the WFD CIS Guidance
Document No. 2 on Water Bodies and further considered in the guidance on Wetlands (under
preparation,).

Pressures on wetlands (for example, physical modification or pollution) can result in impacts
on the ecological status of water bodies. Measures to manage such pressures may therefore
need to be considered as part of river basin management plans, where they are necessary to
meet the environmental objectives of the Directive.

Wetland creation and enhancement can, in appropriate circumstances, offer sustainable, cost-
effective and socially acceptable mechanisms for helping to achieve the environmental
objectives of the Directive. In particular, wetlands can help to abate pollution impacts,
contribute to mitigating the effects of droughts and floods, help to achieve sustainable coastal
management and to promote groundwater recharge. The relevance of wetlands within
programmes of measures is examined further in a separate horizontal guidance paper on
wetlands.

Given the role wetlands can play in achieving the environmental objectives of the WFD, it is
recognised that it would be important to identify and include wetlands as objects in the GIS,
including their key attributes. Wetlands will be related to groundwaters, surface waters and
protected areas. As soon as relevant information on the definition and attributes of wetlands
are available, the data model should, therefore, be extended accordingly.

The following three figures (Figures 3.3.1 to 3.3.3) show the core components of the model —
Water Bodies, Monitoring Stations, Administration and Status:
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Figure 3.3.2: Water Bodies and Monitoring.
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Figure 3.3.3: Water Bodies and Status.

Geometric Representation

In the simple approach presented here, features are represented as simple features only (i.e.
points, lines, or polygons). Optionally, the same set of real world features could be modeled
as a simple or complex network. Since the main objective of the Directive is reporting, not
analysis, this may not be a priority, but should not be excluded at this stage and is discussed
further below.

Linear measuring systems are in use in some, but not all, Member States. Instead of explicit
x,y locations, data are recorded with reference to relative positions according to a known
feature. For example, river segment 2800, kilometer 23.1 identifies a position in geographic
space without the use of x,y co-ordinates. Because such measurements refer to relative
positions, they can be updated easily without having to edit the underlying geometry of the
river network.

Whilst this may become a standard approach in the future, the current release of the model
provides a simple feature based approach. Thus, in the case of river lines, any status
categorization (for example, poor quality symbolized in red) will apply to the entire line
feature, from node to node. The identification and representativity of the segments is therefore
crucial, and presents problems if the status values are dynamic. Given that reporting is on a
six yearly basis, this problem is not significant. Clearly it is the Member States responsibility
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therefore to define water bodies, and their segmentation into individual features, according to
the following principles:

To enable “water bodies” to act as compliance checking units, their identification
and subsequent classification must provide for the accurate description of the status of
the water environment.

The Directive only requires sub-divisions of surface water and groundwater that are
necessary for the clear, consistent and effective application of its objectives. Sub-
divisions of surface water and groundwater into smaller and smaller water bodies that
do not support this purpose should be avoided.

A “water body” must be capable of being assigned to a single ecological status class...
(source “WFED CIS Guidance Document No.2 on “Water Bodies ™).

The option of using linear referencing merits further discussion as to the feasibility and
desirability of such an approach.

3.3.4 Feature Classes

Feature classes, i.e. those classes in the model which contain explicit geometry, and are thus
point, line or polygon features, are as follows. All these classes inherit from the class feature,
in that they have geometry and will have a unique internal identifier in the database. Feature
classes cannot mix geometry types — they must be exclusively points, or lines, or polygons.

Feature
SubBasin
RiverBasin
RiverBasinDistrict
CompetentAuthority

Feature MonitoringStation
SurfaceMonitoringStation
GroundwaterMonitoringStation

Feature WaterBody
GroundwaterBody
SurfaceWaterBody
FreshWaterBody
RiverWaterBody
RiverSegment
LakeWaterBody
LakeSegment
SalineWaterBody
Transitional Waters
CoastalWaters
Feature
ProtectedArea

Feature
EcoRegion
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Inheritance allows classes to be related to parents through generalization. The more specific
class inherits attributes from the more general class.

In practical terms, every UML class becomes a table. Every UML attribute in a class becomes
a column in a table. Appendix III (Data Dictionary) provides a physical description of the
tables and columns, which complements the discussion of each of the classes which follows.

3.3.4.1 General

EcoRegion

EcoRegion

Mame
EcoRegionCode

Polygon features, with a Name and a unique EcoRegionCode. Two systems are defined
according to WFD Annex XI —A for rivers and lakes, and WFD Annex XI — B for transitional
waters and coastal waters.

WaterBody

WaterBody

opedanCode

All surface water (SW) and groundwater (GW) bodies inherit from the WaterBody abstract
class, which defines the following attributes:

e EuropeanCode. A unique identifier at European level, including the 2 character ISO
Country Code;

e Name;

e MSCode. The unique code for the water body defined in the Member State;

e EcoRegionCode. The relationship between a water body and its parent EcoRegion is
via the EcoRegionCode;

e InsertedWhen;

e InsertedBy;

e RiverBasinCode. The relationship between a water body and its parent RiverBasin is
via the EcoRegionCode;

e StatusYear.

3.3.4.2 Surface Water
From the Directive definitions, “Surface Water means inland waters, except groundwater,

transitional waters and coastal waters, except in respect of chemical status for which it shall
also include territorial waters.”
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Thus the abstract class SurfaceWaterBody is classified into FreshWater and SalineWater,
according to the different sets of attributes.

SurfaceWaterBody

SurfaceWatferBod y

He awi |'g.l' M adifiad
Arificial
System

A SurfaceWaterBody abstract feature class defines the following attributes:

e HeavilyModified True/False. Heavily modified water body means a body of surface
water which as a result of physical alterations by human activity is substantially
changed in character, as designated by the Member State in accordance with the
provisions of Annex II;

o Artificial True/False. Artificial water body means a body of surface water created by
human activity;

e System. Whether the water body is Type A or Type B.

FreshWaterBody

The abstract feature class FreshWaterBody inherits from the SurfaceWaterBody class, and
defines the following additional attributes:

o AltitudeTypology. Whether the body is in a high, mid-altitude or lowland area;
e GeologyTypology. Basic geological type of the area;
e SizeTypology. Size categories will differ between rivers and lakes.

SalineWaterBody

SalineWaferBaody

Salinity Typology
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The abstract class SalineWaterBody inherits from SurfaceWaterBody and defines the
following additional attribute:

e SalinityTypology. Based on the mean annual salinity.

RiverWaterBody

WWED: River\WaterBody
Latitude
Langi

Fracipitation

RiverWaterBody means a body of inland water flowing for the most part on the surface of the
land but which may flow underground for part of its course. The term RiverWaterBody is
used to correspond with the WFD CID Guidance Document No. 2 on Water Bodies, where it
is indicated that a single water body may consist of several component river segments. A
RiverWaterBody is not therefore required to be a feature class, instead it is a list of the
RiverSegment features which make it up. The RiverWaterBody class inherits from the
FreshWaterBody abstract class. For the remaining attributes, which are to be completed in the
case of a Type B River, the Directive does not give any indication of their definition or
allowable values.

A RiverWaterBody is related to its component RiverSegments through the one-to-many
relationship BodyHasSegments.

RiverSegment

The Directive does not explicitly state how to identify individual stretches of river (i.e. the
concept of river reaches). It defines rivers, as other surface water bodies, as “a discrete and
significant element of surface water such as a lake, a reservoir, a stream, river or canal, part
of a stream, river or canal”’. As a minimum requirement, river segments should be defined
between confluences, and will probably be split additionally at point locations in the
Monitoring Network. This is in line with the Horizontal Guidance on water bodies. In this
model, river segments are simple line features with nodes at the endpoints.
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Segrment

R
N

-n

RWBCode The unique code of the RiverWaterBody to which the segment belongs.
SegmentCode The unique code of the RiverSegment.

Name The locally applicable name for the RiverSegment.

Continua Whether the river segment is a true river reach, or an imaginary continua
created in order to maintain network connectivity. Continua are, for example,
imaginary stretches of a river under a lake.

e FlowDirection Whether or not the flow direction along the segment is the same as the
direction in which it was digitized.

LakeWaterBody

WWED:LakeWaterBody
DepthTypalagy

Alti

Latitude

Longitude

According to the Directive, “Lake means a body of standing inland surface water”. Lakes are
termed as LakeWaterBody in the model to allow for the subdivision of individual lakes into
distinct bodies. A LakeWaterBody is not therefore a feature class in itself — it is rather a list of
the individual LakeSegments (polygons) which make it up. The LakeWaterBody class inherits
from the abstract class FreshWaterBody and defines the following additional attributes:

e DepthTypology. Based on the mean depth of the lake.
For the remaining attributes, which are to be completed in the case of a Type B
LakeWaterBody, the Directive does not give any indication of their definition or allowable

values.

A LakeWaterBody is related to its component LakeSegments through the one-to-many
relationship LakeHasSegments.

LakeSegment

A LakeWaterBody is composed of one-to-many LakeSegments. A LakeSegment shall be an
area (polygon) feature, and should have nodes at inlets and outlets, thus providing
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connectivity to the RiverSegment (line) features and to any internal “continua” segments
defined.

W' F DlakeSegrent

e LWBCode The unique code of the LakeWaterBody to which the segment belongs;
¢ SegmentCode The unique code of the LakeSegment;
e Name The locally applicable name for the LakeSegment.

TransitionalWaters
YWED: TransitionalWaters

Latitude
Langitude

Transitional waters are “bodies of surface water in the vicinity of river mouths which are
partly saline in character as a result of their proximity to coastal waters but which are
substantially influenced by freshwater flows”.

The TransitionalWaters feature class inherits from the abstract class SalineWaterBody and
defines the following additional attributes:

e TidalTypology. Based on the mean tidal range.
Transitional waters will typically be estuaries, and modeled as polygon features. The use of
river segments (as lines), to reach as far as coastal outlets, will maintain the network
connectivity (see Coding Systems).
For the remaining attributes, which are to be completed in the case of Type B

TransitionalWaters, the Directive does not give any indication of their definition or allowable
values.
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CoastalWaters

WD CoastalWaters
Lepth Ty qw
Latitude

Coastal water means “surface water on the landward side of a line, every point of which is at
a distance of one nautical mile on the seaward side from the nearest point of the baseline
from which the breadth of territorial waters is measured, extending where appropriate up to
the outer limit of transitional waters”.

The CoastalWaters feature class inherits from the abstract class SalineWaterBody, and defines
the following additional attributes:

e DepthTypology Based on the mean depth.

For the remaining attributes, which are to be completed in the case of Type B CoastalWaters,
the Directive does not give any indication of their definition or allowable values.

For the feature classes which inherit from the abstract class SurfaceWaterBody, a number of
attributes are in common (e.g. MeanSubstratComp). In the model these are not passed to the
parent class simply to clarify the distinction between Type A and Type B categorization (e.g.,
the attribute SalinityTypology is a minimum requirement for Type A, both for
TransitionalWaters and CoastalWaters, and is therefore presented as an attribute of the
SalineWaterBody class. WaveExposure is an example of an optional Type B attribute, and is
therefore presented at the feature class level).

3.3.4.3 Groundwater

GroundwaterBody

WE D GroundwaterBody

Harizon

The GroundwaterBody feature class inherits from the WaterBody abstract class. Body of
groundwater means “a distinct volume of groundwater within an aquifer or aquifers”.

The Directive does not provide standard criteria for the characterization of groundwater
bodies, although Member States should provide information on pressures, overlying strata and
dependent surface water and terrestrial ecosystems. For groundwater bodies considered to be
at risk, further detail on these geological and hydrogeological characteristics can be provided.
Information concerning the impact of human activity may also be collected.
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The model does not deal with these parameters, but this might be an area that merits increased
standardization of the information gathered.

Discussion continues on how such bodies should be delineated, and subsequently represented.
For the purposes of the present model, it is assumed that groundwater bodies will be 2-
dimensional (i.e. planar) polygon features. Unlike surface water bodies, the delineated
boundaries of groundwater will rarely coincide exactly with river basins. Thus the Directive
requirement that groundwater bodies must be assigned to a River Basin District will have to
be achieved through a relationship in the database, which should be the approach for all water
bodies.

The GroundwaterBody feature class defines the following attributes:

e Horizon — For groundwater bodies, reported separately but which are overlying, the
horizon attribute provides a distinction of the individual strata.

3.3.4.4 Monitoring Network

Monitoring Stations shall form the basis of the monitoring of water status. The Directive
distinguishes between Surface Water Monitoring and Groundwater Monitoring. The
monitoring is the basis for subsequent classification of water bodies, but it is not a
requirement from a GIS perspective to access the underlying data used to arrive at these status
characterizations. Annex V, Article 1.3 states that “Member States shall provide a map or
maps showing the surface water monitoring network in the river basin management plan”.
Similarly, Article 2.2.1 states that the groundwater monitoring network shall also be provided
as a map or maps.

Thus the model defines an abstract class “MonitoringStation”, further subdivided into
SurfaceMonitoringStation and GroundwaterMonitoringStation.

MonitoringStation

MonstoringStation

Operational

Habitat Depth
Sunreillance

Reference

Lepth

The abstract class “MonitoringStation” defines the following additional attributes:
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e Name. [f appropriate, a name can be provided for the station;
e EuropeanCode A unique code, incorporating the ISO Country Code plus the
MSCode below;

e MSCode A unique code for the monitoring station.

Monitoring  stations are point features. They are further categorised into
SurfaceMonitoringStations and GroundwaterMonitoringStations. Since a station may serve
multiple functions, it is not appropriate to define distinct subtypes (e.g. a Groundwater station
may perform any or all of the functions level (quantity), operational and surveillance
monitoring).

The feature class SurfaceMonitoringStation inherits from the abstract class
MonitoringStation, and defines the following additional attributes to identify the functions it
performs:

Drinking — Y/N if the station is a drinking water abstraction;
Investigative — Y/N if the station is an investigative station;
Operational — Y/N if the station is an operational station;
Habitat — Y/N if the station is a habitat monitoring station;
Surveillance — Y/N if the station is a surveillance station;
Reference — Y/N if the station is a reference station;

Depth — Depth in metres.

The feature class GroundwaterMonitoringStation inherits from the abstract class
MonitoringStation, and defines the following additional attributes to identify the functions it
performs:

TypeLevel- Y/N if the station is an operational station;
TypeOperational- Y/N if the station is an operational station;
TypeSurveillance— Y/N if the station is a surveillance station;
Depth — Depth in metres.

Monitoring stations may have multiple functions, as described above, and also may monitor
multiple water bodies. They therefore have a many-to-many relationship with WaterBodies,
as follows:

The feature class SurfaceMonitoringStation participates in the many-to-many relationships
MonitorRWBodies, MonitorLWBodies and MonitorTWBodies.

The feature class GroundwaterMonitoringStation participates in the many-to-many
relationship MonitorGWBodies.

3.3.4.5 Status
For each SurfaceWaterBody, ecological and chemical status categories are reported.

However, a further level of detail is possible, in which individual ecological,
hydromorphological and chemical quality parameters are recorded (Annex V, Article 1.2).
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Again, a distinction can be made between Fresh and Saline waters. For each of these elements
reported, the StatusDate is recorded.

Status parameters are also reported for groundwater bodies, again with a StatusDate allowing
multiple status reports to be made for the same body over time.

All status parameters are linked to the relevant water body via the unique EuropeanCode.
GWStatus

The GWStatus class provides status reports for a given date for a given Groundwater Body,
identified by the EuropeanCode. In addition, the following specific quality attributes are
defined (see Data Dictionary Appendix III for allowable values):

¢ QuantitativeStatus. For good status, the level of groundwater in the groundwater
body is such that the available groundwater resource is not exceeded by the long-term
annual average rate of abstraction;

e ChemicalStatus. The chemical composition of the groundwater body as determined
by pollution concentrations;

e PollutantTrend. The long-term trend in anthropogenically induced pollutants;

o ConfidenceLevel. The level of confidence associated with the PollutantTrend
assessment above (Annex V, Article 2.4.4).

SWStatus

The SWStatus class provides status reports for a given date for a given surface water body,
identified by the EuropeanCode. In addition, the following specific quality attributes are
defined (see Data Dictionary Appendix III for allowable values):

e EcologicalStatus. 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;

¢ EcologicalPotential (for Heavily Modified or Artificial bodies) according to the
categories in the QualityClassification domain;

e NonCompliant. True/False. For those bodies which may be at risk of failing to meet
quality objectives;

e ChemicalStatus is either Good, or FailingToAchieveGood (Annex V, 1.4.3). Good
surface water chemical status means the chemical status required to meet the
environmental objectives for surface waters established in Article 4(1)(a), that is the
chemical status achieved by a body of surface water in which concentrations of
pollutants do not exceed the environmental quality standards established in Annex IX
and under Article 16(7), and under other relevant Community legislation setting
environmental quality standards at Community level.

FreshwaterEcologicalStatus

The FWEcologicalClassification class is related to a particular water body by the
EuropeanCode. This class defines the following attributes (Annex V, Article 1.2.1, 1.2.2):

e Phytoplankton;
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Macrophyto. Macrophytes and Phytobenthos;
BenthicInvertebrates;

Fish;

HydrologicalRegime;

RiverContinuity;
MorphologicalConditions.

PhysicoChemicalClassification

The PhysicoChemicalClassification class is related to a particular water body by the
EuropeanCode. This class applies to all surface water body types, and defines the following
attributes (Annex V, Article 1.2.1, 1.2.2):

e GeneralConditions;
e SyntheticPollutants;
e NonSyntheticPollutants.

3.3.4.6 SalineWater Ecological Status

For Transitional and Coastal Waters, the SalineEcologicalClassification class defines the
following attributes:

Phytoplankton;

Macroalgae. Merged with angiosperms for coastal waters;

Angiosperms. Merged with angiosperms for coastal waters;
Benthicinvertebrates;

Fish;

TidalRegime. According to the QualityClassification domain;
MorphologicalConditions. According to the QualityClassification domain.

3.3.4.7 Management / Administration

River basin district means the area of land and sea, made up of one or more neighbouring
river basins together with their associated groundwaters and coastal waters, which is
identified under Article 3(1) as the main unit for management of river basins.

A WaterBody or a MonitoringStation may belong to a single RiverBasinDistrict (even if this
may not physically be the case — ref. CIS-WFD Project 2.9 “Guidance on Best Practices in
River Basin Management Planning”).

SubBasin

Sub-basin means “the area of land from which all surface run-off flows through a series of
streams, rivers and, possibly, lakes to a particular point in a water course (normally a lake or

a river confluence).”

The SubBasin feature class defines the following attributes:

36



WFD CIS Guidance Document No.9
Implementing the Geographical Information Systems (GIS) of the Water Framework Directive

e Name;
¢ RiverBasinID. The relationship between a SubBasin and its parent RiverBasin is via
the RiverBasinlD;

e SubBasinID. Each SubBasin shall have a unique code, which should link to the
coding used for the river network.

The SubBasin feature class shall be defined as polygons.

RiverBasin

River basin means “the area of land from which all surface run-off flows through a sequence
of streams, rivers and, possibly, lakes into the sea at a single river mouth, estuary or delta.”
RiverBasins shall be assigned “to individual river basin districts”.

The RiverBasin feature class defines the following attributes:

Name;

MSCode;

EuropeanCode;

DistrictCode. The relationship between a RiverBasin and its parent
RiverBasinDistrict is via the DistrictCode;

e AreaKM2. Reported area in square kilometres.

The RiverBasin feature class shall be defined as polygons.

An important geometric rule is that river basins shall not overlap.

RiverBasinDistrict

RiverBasinDistricts can be collections of RiverBasins, TransitionalWaters and CoastalWaters.

Thus, despite duplication of some geometry, they are defined as a separate polygon feature
class. In addition, the following attributes are defined:

e Name;

e MSCode;

e EuropeanCode;

e CompetentAuth. The code of the parent Competent Authority.
CompetentAuthority

Competent Authority means an authority or authorities identified under Article 3(2) or 3(3).
Because in some cases it is not possible to aggregate RiverBasinDistricts to form the
boundary of the CompetentAuthority, they are defined as a separate polygon feature class.

e Name;

o Address;
e AuthorityCode.
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3.3.4.8 ProtectedAreas

Annex V of the WFD states that the river basin management plan “shall include maps
indicating the location of each protected area and a description of the Community, national
or local legislation under which they have been designated”.

No further specifications are provided by the Directive which might assist data modeling.
Activities related to the other Directives and legislation concerning these protected areas may
result in further specifications. However, at the present time ProtectedAreas are modeled as
simple geometric features, each with a name and, where appropriate, a unique European Code
allowing them to be distinctly identified. Whilst certain protected areas may currently be
reported as point locations, it is strongly recommended that they are reported as polygon
features whenever possible.

ProtectedArea
The feature class ProtectedArea defines the following subtypes:

DrinkingWaterProtection;
RecreationalWater;
EconomicSpeciesProtection;
NutrientSensitiveArea;
HabitatProtection;
BirdProtection.

Each subtype shares the same attributes:

e Name;
e EuropeanCode.
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3.4 European GIS Feature Coding

3.4.1 Introduction

GIS feature coding is the assignment of unique identification codes to each spatial feature that
will be referenced by GIS. This assignment needs to be managed to ensure uniqueness at
national and international levels. Standard code formats will ease electronic data transfer and
enhance the possibility of central querying against distributed storage.

3.4.2 Unique European codes

Unique European codes are provided by the following format
MS##,...#, where:

MS = a 2 character Member State identifier,
in accordance with ISO 3166-1-Alpha-2 country codes, and

#1#,...#; = an up to 22 character feature code that is unique within the Member
State.

For example:-
a Groundwater Body in Germany might have the identifier DE45734
or a Lake Monitoring Station in Spain might have the identifier ES67003800958730

Special advice given is that:

e Alphabetical characters should always be in upper case, as systems will be case sensitive;
e Special characters must be avoided, such as ‘$’, ‘!I’, ‘&’, ‘€’, ‘@’, etc.;
o Digits should be used where practical to help avoid the above problems.

Use of the MS##,...#2,; is the only requirement for unique European feature identification
codes. The Data Dictionary in Appendix III allows for these identification codes. Codes of
this format should be used for initial and subsequent references to features when reporting to
the Commission.

3.4.3 Managing Codes within Member States and RBDs

The above mentioned up to 22 alphanumeric string, ##,...#2,, should be as short as possible
to avoid keying mistakes, yet as long as is required to support unique code maintenance at
local operational levels. Precise structures are a matter for each Member State to decide upon.
However, some guidance is provided here to establish principles that may be adopted to assist
code management within Member States.

3.4.3.1 Unique Identification of Coding Authorities
Some features will be identified on a one off basis, by a single agency acting at a national

level. Others may be frequently established and identified by multiple organisations. In the
latter case, a structured approach can ease the assignment of identifiers locally while
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automatically forming unique European identification codes. Examples are provided here in
order to clarify this point.

There may be a number of authorities, such as counties, regions or Linders, responsible for
the establishment of monitoring stations. Each may have sub-authorities such as urban district
councils with similar responsibilities. In such a case, it is useful if coding authorities are first
assigned unique identifiers at Member State level. For example the initial two digits of a four
digit authority code ‘AAAA’ might be used, e.g., ‘4000°, ‘1700’ or ‘2300°. The last two digits
might be used to identify sub-authorities or regional offices. For example ‘1710°, ‘1714’, etc.
These authorities can then easily generate locally unique codes. A local code becomes
nationally unique by the addition of the AAAA code as a header, and internationally unique
by the further addition of the MS code. For example, if a monitoring station is locally given
the unique identifier of ‘12345’ by coding authority 1700 in Denmark, then that station would
be uniquely identified as DK170012345 when reporting to Europe.

This approach is strongly recommended where multiple agencies are, or will be, involved in
the ongoing identification of features. Exact coding structures to be used will be a matter for
individual Member States to decide upon and these are likely to vary by feature type.

3.4.3.2 Unique Identification Coding at Operational Levels

The above technique can be taken further within coding authorities, where appropriate. For
example, if drinking water abstraction monitoring is managed at drinking water scheme level,
then a coding authority may first assign unique identifiers to drinking water schemes. The
scheme managers can then easily assign unique identifiers to monitoring stations at a local
level.

3.4.3.3 Using the River Network for Unique Code Assignments

Once the river network has been uniquely coded, it can be used to assign unique codes to
features that are connected to it. This provides another mechanism for assignment of unique
codes at a local level without having to cross check against national assignments.

River segment identification codes can be used locally to assign unique codes to:

river water bodies;

lakes;

lake water bodies;

transitional water bodies; and

the monitoring stations for all of these.

As explained later, the outlet river segment code should generally be used for hydrologically
connected features that are associated with multiple river segments.

For example, monitoring stations can be identified with codes that are an extension of river
codes. The first two digits of a 4-digit monitoring station code ‘MMMM’ might be used. The
last two digits could be used at a later stage to allow further stations to be inserted, while
maintaining a sequence to the order of stations. Such a sequence would be important for the
purpose of visual confirmation of uniqueness.
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Thus, for example, if a river segment has 3 monitoring stations, these might be identified as
‘0100, ©0200’and 0300’ as we move upstream. If at a later date we want a station between
the first and second, then it would have a station code of ‘0150°. If the river water body code
was ‘IE54321°, then the full unique monitoring station code would be ‘[E543210150°.

Practiced variations on this approach include the use of upstream distance. This has the
benefit of providing exact location. It has the disadvantage of requiring prior distance
analyses and GIS can maintain location in any regard. Again, this is a matter for individual
Member States to decide upon and is very dependent of the capabilities and structures of code
management organisations.

3.4.3.4 Monitoring Stations

As described above, monitoring stations may be uniquely identified by extending
identification codes for river segments or coding authorities. It is very important that
monitoring stations retain their initial identification codes regardless of subsequent changes in
river water bodies and coding authorities. If monitoring stations were re-coded to reflect such
changes, then the link to historic data relating to these stations would be lost.

The extension of feature and coding authority codes provides a mechanism for data
validation. This is an added bonus gained from such code extensions. If such validation is
used, the database will need to allow relaxation where the monitored features or coding
authorities have changed.

However, it must be remembered that the primary purpose for such code extensions is not
data validation; it is to help with the management of unique code assignment at local levels.

3.4.4 Structured Hydrological Unique River Identifiers
3.4.4.1 Coding Approach

If rivers are already substantially identified, it may be pragmatic to extend existing coding.
However, the number of rivers to be identified may amount to multiples of the number
already coded. Codes may also need to be reviewed to achieve harmonisation with Member
States involved in shared RBDs. Coding could be as simple as sequential identifiers; however,
structured hydrological codes are recommended. This enables rapid manual or automated
analyses without the need to refer to GIS. Hierarchical structured coding also tends to ease
long-term unique code maintenance.

Many existing river coding systems are reviewed in a document to be found at
http://193.178.1.168/River_Coding_Review.htm. The Pfafstetter system is the generally preferred
system. Its benefits are addressed at the above web address. Pfafstetter implementation issues
are addressed in Appendix IV. However, it is felt that further consideration is required in
order to produce a system that adequately caters for rivers, lakes and marine waters in an
integrated way.

In the mean time, structured hydrological codes are preferable to random or non-hydrological
codes. And thus, where extensive further river coding is expected, a modified version of the
Pfafstetter system is proposed as an interim solution pending the possible adoption of a
further modified or alternative system.
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3.44.2
The code takes the form
MS MW N; N; N3 Ny, ....

MS = Member State responsible
for code assignment (outlet
state for cross-border river
segments). Use a 2-character
Member State identifier, in
accordance with ISO 3166-1-
Alpha-2 country codes.

MW = Marine Waters identifier.

(In accordance with the Inter-

national Hydrographic

Organisation delineation',

with possible further local

sub-divisions per regional
marine agreements).

N N», .. = Pfafstetter code’. This is
a series of 1 digit nested codes.
These codes are generated by the

following process (see Figures
34.1-344)

Moving from river exit to source,
the 4 most significant rivers are
identified and assigned consecutive
even numbers (e.g. 2, 4, 6 and 8.).
The use of ‘0 is reserved for
closed basins, i.e. with no outlet.

Each significant river has its own
catchment. The remaining areas of
the overall catchment are the inter-
catchments. These are numbered
using consecutive odd numbers,
starting with ‘1’ being the inter-
catchment between the sea and the
first significant tributary and
ending with ‘9’, being the
headwaters or upper catchment
area.

Notes:

1. Use a temporary 2-digit code as IHO decimal
codes are not presently suitable. These will need to
be mapped to new standard 2-digit codes.

The (Interim) Modified Pfafstetter System

,//

N1 sub-catchment
code

. code 4

catchment b

________

boundary - N

code 4 .- -

Fioure 3 4 2: Definino and numherino the inter-catchment areas

N2 sub-catchment
code 62

Figure 3.4.3:. Second level tributaries and inter-catchments.

2. Portugal found that between 5 and 9 digits were required for Pfafstetter coding of the river network.
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Each  catchment and inter- | g,
catchment can then be broken
down further in the same manner,
by the use of N2. This nested | _cnhment
process can continue into further | boundary
levels. If, near the headwaters, four | ™™ *
tributaries cannot be found, then
the process continues with less |

catchments and inter-catchments. Lﬁﬁ;&aﬁtc@ y

Alternatively, = more  detailed 33 )
mapping is required. T~ — " catchment ™~
D S 7T \ boundary S~ae /

.. . . N number 3 TS~ /
Areas draining directly to sea (with k ~mse_ A

. . . \\ o \

diffused drainage or small rivers), S \
. . ~< \
will have odd numbered inter- s i
~ !

catchment codes and can use N2 to S -
identify the most significant rivers, | T TTee______- -7
then N3 for the most significant

tributaries, etc. Figure 3.4.4: Sub-division of coastal catchments

The Pfafstetter approach can be used across adjacent Member States in combination with the
marine waters code. Pfafstetter codes can be used directly to determine if discharge in a sub-
catchment impacts on a potentially downstream channel. This can be achieved without the
need for GIS analysis and is demonstrated at http://193.178.1.168/River_Coding_Review.htm.

Practical implementation issues and the impact of lakes on river coding are discussed in
Appendix I'V.

3.4.5 Structured Hydrological Coding for other Water Bodies

As mentioned already, the modified Pfafstetter system is an interim solution, which requires
further study before it is either fully adopted as the recommended hydrological coding system
or it is further modified or replaced by an alternative system. Regardless of which system is
used, the river network provides a means to

a) assign unique codes to further features, and
b) assign structured hydrological codes to further features.

For example, as demonstrated in Appendix IV, if lakes, transitional water bodies and river
water bodies use the same code as the downstream or outlet river stretch, then the assigned
feature codes carry some level of hydrological information. This will enable rapid
connectivity tests based on codes alone. Coding anomalies will arise on occasion and these
will need some level of manual code assignment.

3.4.6 Protected Areas
Protected areas layers are addressed by Natura 2000 which uses a two character Member State

identification code followed by a 7-character code to identify SCI’s (Sites of Community
Importance) and SPA’s (Special Protection Areas) within a Member State.
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