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Foreword by Maire Geoghegan-Quinn

European Commissioner for Research, Innovation and Science

Water is fundamental for life — we are all aware that most
of the earth is covered by water and water is the largest
component of the human body. It is equally important to
our economy. Food security, transport, energy, sanitation and
agriculture all depend on water. We are fortunate to have
ready access to a clean water supply in Europe and per-
haps we only really think of it when we experience droughts,
floods or extreme weather conditions. Yet, competition for
water is growing within Europe and across the globe, and
better water management is becoming a top priority.

The European Commission has prioritised effective water
management since the 1970’s. Today, the EU’s Water Frame-
work Directive is rightly recognised as a model supra-nation-
al arrangement in the way it protects our common water
resources. Taking this one step further, the latest proposals
aim to accredit all EU waters with good ecological status by
2015.

The EU response is all about maximising the latest science so
that policy-makers can make informed choices. To do so, the
European Commission’s in-house science service, the Joint
Research Centre (JRC), leverages its international network
of experts and conducts novel research to provide science-
based solutions based on the best available, independent
evidence.

This brochure gives a glimpse of this scientific work. For ex-
ample, the JRC established and operates the pan-European
Flood Alert System (EFAS) and the European Drought Obser-
vatory. Its scientists are heavily involved in global efforts to
monitor the impacts of climate change and water scarcity,
while coordinating networks of national EU and non-Member
State laboratories, to ensure that ecological water quality
objectives are reached and adhered to.

The JRC also supports the EU’s Danube Strategy. This aims
to better coordinate issues around irrigation, navigation,
environmental protection and energy production across
much of the EU’s territory. In responding to weather-driven
natural disasters, JRC scientists together with United Na-
tions partners have been instrumental in setting-up tsunami
alert systems.

For the future, the European Commission has made water
a priority in its Europe 2020 Strategy. | too have empha-
sised flagship initiatives around water in Innovation Union
and Horizon 2020. With the support of our JRC scientists,
the Commission is working every day towards greater water
efficiency, a reduced water footprint and better protection of
aquatic ecosystems.

The JRC’s work creates tremendous benefits not only for the
European Institutions, but also directly for European citizens.
Climate change and resource scarcity are real and present
issues. | see the JRC as not only a source of the science upon
which we can soundly base today’s policy-making, but | want
to further develop its strategic capacity to deliver world-
class modelling and forecasts for the future.

The highlights in this brochure provide a snapshot of water-
related issues the JRC is currently spearheading. Its publica-
tion is timely. The JRC has a key role to play in preparing
Europe to meet known and emerging water challenges.
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Foreword by Dominique Ristori

JRC Director-General

This publication is the first in a series of thematic reports,
showing how the Joint Research Centre (JRC) as the Euro-
pean Commission’s in-house science service addresses key
societal challenges. The JRC is the only Commission service
carrying out direct research, and it works in an inter-discipli-
nary manner, close to society, the scientific community and
policy makers at the EU, national and international levels.
This collaborative approach enhances the relevance of JRC’s
work and its solid reputation for scientific excellence.

Access to water is currently very high on the political agenda
in the EU as well as internationally, with 2012 the European
Year of Water and 2013 the UN'’s International Year of Wa-
ter Collaboration. For those living in areas reqularly affected
by drought and water scarcity, the importance of this topic is
hardly news. It already affects one fifth of EU’s territory and the
problems are expected to be exacerbated by global warming.

Recognising this, a new scientific unit has been created in the
JRC specifically on water resources. In the following years
the JRC will increase significantly its scientific support to
water policy by assessing water quality, predicting climate
change impacts on water; assessing future water needs
of the economy; studying water governance in developing
countries, monitoring ecosystems, mapping water resources
and carrying out analyses of how new technologies and in-
novations may give opportunities for water reuse, saving
and harvesting. The recurring theme of all this work is its
relevance to policy. The JRC addresses the grand societal
challenges on a European and global scale, for which scien-
tific and technological support require more integrated, pro-
active and cross-policy action.

JRC’s research priorities in relation to water focus on water
treatment, water savings, desalination and governance. As
the report shows, Europe — and the world — have a craving
for fresh water that outmatches supply, and keeps increas-
ing. Human consumption, irrigation, environmental require-
ments, recreational needs, cost, energy consumption and
pollution all have an impact on the availability of water. The
JRC is building models to analyse the availability and scarci-
ty of water resources to optimise the allocation of available
water to competing uses.

Water savings are by far the most cost-efficient way of
meeting our society’s demand for water overall and the JRC
is addressing this through modelling-based scenario analysis
on the allocation of available water to competing end users.

Water treatment is necessary to allow modern society to
extract water of sufficient quality for its multiple needs. JRC
research has shown how rapidly new substances end up in
wastewater, rivers and even groundwater. The JRC therefore
carries out forward-looking research on emerging chemical
pollutants in European waters and works on standards for re-
use of waste waters and assesses innovative technologies for
water treatment. Desalination is a rapidly-growing option for
water supply in coastal cities. The JRC is monitoring closely
the new techniques and technologies that are being success-
fully developed for the Mediterranean region, assessing their
costs and benefits as well as their environmental impact.

Finally, the JRC provides in many different ways scientific support
to water governance, by strengthening regional and interna-
tional efforts to find trans-boundary solutions for the restoration
of water quality and the management of water-related risks.

| hope that this report will help to raise awareness of the

global water challenges and the need for solid science to
meet them.

5|
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Introduction

This report aims to give a comprehensive overview of the
work of the Commission’s in-house science service, the Joint
Research Centre (JRC), in relation to global water challenges.
The description of the JRC's work on water is divided into
six chapters. For each chapter, the detailed policy context is
cited, showing clearly how and where the JRC is providing
its scientific and technical support to water-related policies.
Furthermore, an ample list of publications for further read-
ing is proposed for each topic mentioned in the report as well
as useful scientific tools such as online databases, atlases
and models.

1. Water:
balancing supply and demand

The global demand for water is steadily on the increase.
Agriculture and energy are major water users, for irrigation
of crops and cooling of thermal power plants respectively. To
identify areas that suffer from water stress, JRC maps avail-
able water resources and compare them to the demands. It
has developed a model to facilitate the allocation of water
between different end users in a way that makes environ-
mental and economic sense. JRC is also working on the water
footprint concept, which raises awareness of the fact that a
consumer does not only consume water through the tap at
home, but also through all the products he or she buys.

thematic
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European Union water legislation aims to achieve ‘good eco-
logical status’ for all surface waters in Europe. JRC provides
technical and scientific support to the development of indi-
cators and to harmonise data across Member States. Public
authorities monitor the waters for chemicals that pose par-
ticular risk to the aquatic environment - so called priority sub-
stances. JRC maintains an updated list of priority substances
and works to identify new substances that can be candidates
for inclusion on the priority list. Among the most common
pollutants in EU waters are nitrogen and phosphorous which
are carried from field runoffs and urban wastewater to rivers,
and via the rivers to the sea. JRC is assessing the chemical
load of rivers and seas, and is building maps that among
other things help to identify pollution hotspots.

3. Preserving ecosystems

Ecosystems are providing services to society which are
often taken for granted, such as rivers removing nitrogen
from surface waters, or wetlands absorbing heavy rainfall,
thereby reducing the risk of flooding. By attributing economic
value to such services it is possible to make realistic assess-
ments of the value of the ecosystems to better protect them
against land reclamation or pollution. JRC is also working
on other threats to the ecosystems, such as the worldwide
increase of invasive alien species, often introduced in the
ecosystems through human intervention, by accident or on
purpose. The JRC is studying the conditions that facilitate
migration of invasive species and also works on harmonising
the available data.



. Water-related hazards
and climate change

According to UN data, 90% of all natural hazard events are
linked to water. Nearly 300 000 people were killed in water-
related disasters in 2010 alone. With global warming, both
the frequency and the severity of such events are expected
to increase. The JRC is working in different ways, through
satellite observations and data collection in collaboration
with its many partners, to get accurate and reliable informa-
tion on the real situation at all times. This knowledge is used
to better understand the mechanisms that cause flooding,
drought, desertification, tsunamis and other events, to help
prevent them or at least reduce their impact by giving early
and reliable warnings.

working together

Many of the world’s rivers flow across several different coun-
tries, seas are shared by all, and pollution knows no borders.
Solving global water challenges can only be achieved in co-
operation with key actors. A networking organisation by its
very nature, the JRC actively promotes and supports efforts
to improve water governance, for instance in the Danube
river basin and in the Mediterranean. In collaboration with
developing countries and donors, JRC works to improve ac-
cess to clean water.

Introduction

e

ter innovation

6. W

Water and wastewater treatment represent a third of the
rapidly growing eco-industry sector in Europe. JRC is contrib-
uting to innovation in this field. The JRC is actively working
to deliver references and indicators in eco-labelling, green
public procurement and pollution control, which can all act
as drivers for innovation if set up correctly. Through its ad-
vanced capabilities in satellite observations, modelling and
data managing, the JRC also carries out essential work to
help standardising georeferenced data to unblock innovation
in this field by making the data readily interoperable.

From water savings through to water innovation, this report
outlines the relevance and necessity of the JRC’s scientific
support. With its unique role as the Commission’s science
service, the JRC plays a key role in addressing current and
future water challenges, in Europe and beyond.
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1. Water: balancing supply and demand

While 70% of the Earth’s surface is covered by water, only
19% of this amount is freshwater that can actually be used
by humans and ecosystems. Water scarcity and droughts al-
ready affect almost 20% of the EU territory, and yet more
than 44% of abstracted freshwater is used to cool thermal
power plants and a further 24% for irrigation.

The rising demand for clean water in a world with a stead-
ily growing population makes the sustainable management
of water resources an increasingly pressing concern. Water
availability and water efficiency are therefore important is-
sues worldwide. JRC research in this area focuses particu-
larly on the complex links between water, agriculture and
energy.

JRC scientific support in this area is mainly provided for the
EU Water Framework Directive (WFD), a cornerstone of EU
water legislation. Adopted in 2000, the WFD is the only su-
pranational water arrangement of its kind in the world. The
JRC is also deeply involved in the development of the EU’s
2012 Blueprint to Safeguard Europe’s Waters. This Blueprint
takes an integrated approach based on developing river ba-
sin management strategies to help achieve good status of
all EU waters by 2015.

1.1 Current and future
water availability

JRC activities in this area provide scientific support to the
following policy initiatives:

- Directive 2000/60/EC of 23 October 2000 establishing
a framework for Community action in the field of
water policy (Water Framework Directive)

- Directive 2007/60/EC of 23 October 2007 on the
assessment and management of flood risks

- 2012 Blueprint to Safeguard Europe’s Waters

» Communication of 20 September 2011 on a Roadmap
for a Resource Efficient Europe, COM(2011) 571

Water availability in the different regions of the world is af-
fected not only by geography and climate conditions, but
also by consumption patterns. The JRC carries out hydrologi-
cal modelling activities to assess current and future availa-
bility and demand for water from different economic sectors.
These scientific assessments also address floods, droughts
and water scarcity issues.

Figure 1: Water availability in Europe and Africa (March 2012)
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Within the JRC’s integrated water modelling platform, state-
of-the-art hydrological models developed by the JRC are
combined with other models that simulate domains such
as land use (LUMP model), agriculture (CAPRI) and energy
(POLES). Data from Eurostat, satellite imagery, and meteoro-
logical and hydrological organisations are also incorporated.
These modelling activities are mainly carried out at the con-
tinental scale, currently for Europe and Africa. Global scale
modelling and analyses are planned for the near future.

JRC scientists also study the water footprint concept. The
water footprint gives a measure of the amount of water that
is consumed or polluted over the full production cycle of a
product, both directly (for instance through agricultural irri-
gation) and indirectly (for instance the water involved in the
production of imported products). A deeper understanding of
the water footprint will help achieve the sustainable man-
agement of water. It is important to note that the EU’s water
footprint extends to other continents. It includes the water
resources that were used in the production of goods that are
imported to and consumed in the EU. This must be taken into
account when making recommendations on water efficiency
in production processes and consumption behaviour.

An average EU citizen uses around 120 litres of water per day
but, as a result of agricultural and industrial products con-
sumed, his/her daily water footprint amounts to 4 265 litres.

Figure 2: Daily water footprint (WF) per capita in the EU-
27 and Croatia as a result of the consumption of different
product groups
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Graph produced by the JRC, based on data from Mekonnen and Hoekstra (2011).

By comparing the available water with water footprint values,
it is possible to identify water stress regions. An EU assess-
ment matching water demand and supply yielded a map of
stress regions, suffering from regular water scarcity.

Figure 3: Water stress regions in the EU
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The map displays areas where river-basin supply is not sufficient to meet
the demands for fresh water; based on data from 1990-2010, and the JRC's
LISFLOOD model.

In 2011, the JRC produced high resolution datasets on irrigation
water use and demand for Europe and Africa. For crops, this de-
mand can range from a minimum of 13 mm per year in Switzer-

land to 900 mm in Spain, Portugal, Greece and Italy. The JRC has
also developed datasets of water used for livestock in Europe
and 20-year simulated daily run-offs and river discharges in
Europe and Africa (see page 6).

The JRC aims to

- improve the existing knowledge on water transfers between
river basins and regions;

- improve the statistics about water demand at regional levels;

- further study the relation between weather and river dis-
charge observations; and

- develop models of past and future water withdrawals and
consumption by the agricultural, domestic, manufacturing
and electricity sectors.
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1.2. Addressing water
efficiency in Europe
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JRC activities in this area provide scientific support to the
following policy initiatives:

- Directive 2000/60/EC of 23 October 2000 establishing a
framework for Community action in the field of water policy
(Water Framework Directive)

- Directive 2007/60/EC of 23 October 2007 on the assessment
and management of flood risks

. 2012 Blueprint to Safeguard Europe’s Waters

Water is a valuable resource for a wide variety of sectors. In
order to meet all needs and ensure the sustainable manage-
ment of water, it is vital that it be used efficiently. The JRC
has integrated an optimisation model into its water modelling
platform that simulates the effects of policy options on wa-
ter quality and water quantity, together with their associated
costs and benefits. The availability and development of water
resources is evaluated within the JRC in terms of human con-
sumption, irrigation, environmental requirements, recreational
needs, costs, energy consumption and pollution.

Figure 4: An overview of the integrated modelling ap-
proach developed by the JRC

- -

enndfns PN
yvain of Climate .
4 e of A
; %
\ 4
¢ %
fe \
- '-'1_|||..;-'.t
Maturs! i
Rihiniifiss
Eum_-f' i (Rl
§ # nilsinced fyonaiogy
avolabiity. -
Pl H? R |

Based on economic and environmental constraints, the JRC
optimisation model is designed to deliver the best options for
allocating available water to all end users while ensuring envi-
ronmental and economic sustainability. The model aims to pro-
vide a systematic means of comparing tradeoffs and selecting
alternatives that best satisfy policy objectives and users’ needs.

o
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Sustainable and efficient land use management is crucial to
both water quality and quantity. One of the scenarios evaluated
by the JRC addresses water retention measures and the extent
to which they reduce surface runoff. This has an impact on the
inflow of pollutants into rivers as well as the risk of floods. The
effects of land use on local and regional hydrology are evalua-

ted by the JRC using a multi-model approach, in which climate
change simulation models are combined with a land use model-
ling platform. Land use and climate change results are fed into
agricultural and forestry models. Finally, the effects of all inter-
related changes of land use, climate, agriculture and forestry on
the water cycle are evaluated using a hydrological model.

The JRC will further integrate the water quality and quantity
models and extend the modelling framework to identify op-
tions that can optimise water efficiency.

1.3. Water for use in agriculture

JRC activities in this area provide scientific support to the
following policy initiatives:

- Common Agricultural Policy

- Directive 2000/60/EC of 23 October 2000 establishing a
framework for Community action in the field of water policy
(Water Framework Directive)

Access to sufficient water resources is essential for agriculture.
18% of the world’s land area is used for agriculture and ac-
counts for about 85% of global freshwater use. Irrigated crop
yields are globally about 2.7 times higher than those of rain-
fed farming, according to the Food and Agriculture Organiza-
tion (FAOQ). Increasing demand for food will certainly have an
impact on the future need for irrigation. Freshwater demand
of non-food crop production is also increasing on a global
scale. While most European crops rely on rainwater, water ab-
straction for agricultural irrigation purposes accounts for on
average 24% of total water abstraction in Europe. There are,
however, broad geographical differences. For example, France,
Greece, Italy, Portugal and Spain account for 75% of the total
irrigated agricultural land in the EU-27.

Pressures on water resources culminate during the summer
(dry season), when the irrigation demand of agriculture is high-
est. Changes in water availability may lead to changes in ir-
rigation patterns, which may affect agricultural production. For
instance, a significant decrease in irrigation has been reported
by the European Environment Agency (EEA) in eastern Euro-
pean countries and, to a lesser extent, in western countries,
while a large increase has been observed in southern Europe
and Turkey. The increased pressure on water resources affects
both water quality and quantity.

Irrigation has led to a decline in groundwater levels in many
aquifers (underground layers of rock or other material that



carry groundwater) and is partly responsible for the change
in the hydrological regime of several European rivers. Inten-
sive agriculture is also responsible for the degradation of the
quality of surface and groundwater, for example as a result of
contamination by pesticides and nitrates. Limited rainfall and
shortages of water have an important impact on food availabil-
ity and food security. Climate change is expected to intensify
irrigation requirements and, more generally, water scarcity. This
will put an additional burden on water abstraction and land use,
as the demand for irrigation may increase and spread to other
areas in order to mitigate the effect of a drier, warmer climate.

The JRC is actively involved in studying the impact of agricul-
ture on the quantity and quality of water resources in Europe,
as part of its support to the Resource Efficiency Roadmap of
the Europe 2020 initiative. It carries out modelling activities
to compare the water requirements during the crop growing
season with available water in the soil. Such activities will in-
creasingly rely on integrated modelling and scenario analyses
to provide the best options for alleviating the increasing pres-
sure on water and land use, and finding the optimal balance
between available water resources and the requirements of
agriculture, industry and human consumption.

Figure 5: Changes in river flows resulting from land use
change between 2006 and 2030, as simulated using the
JRC’s LISFLOOD model
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A number of tools have been developed by the JRC to quantify
agricultural crop production in relation to water resources. The
results of advanced modelling and remote sensing activities are
integrated with global environmental databases to forecast crop
production and provide accurate estimates of irrigation require-
ments. As an example of ongoing activities, the JRC has mod-
elled the decline of a large aquifer in Spain, which would lead to
the drying of many wetlands. The JRC has also developed mod-
elling methodologies to assess the impact of agriculture on wa-
ter quality. Recent results indicate that agriculture is responsible
for about 60% of the total nitrogen entering all European seas.

Figure 6: An overview of the integrated modelling approach
developed by the JRC
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JRC is investigating the efficiency of EU environmental regula-
tions in controlling the emissions of pollutants and nutrients,
in particular in surface and sub-surface waters, to understand
why the nitrogen concentration is increasing in many Euro-
pean rivers, despite the stringent environmental regulations
in place. In addition, the JRC is developing tools to study po-
tential intrusion of sea water in aquifers along the European
Mediterranean coast, due to over-abstraction of groundwater
to meet the demands of agricultural and tourism activities.

The GWSI (Global Water Satisfaction Index) uses data from the European Me-
dium Weather Forecast Centre (ECMWF) to detect hotspots of water stress for

specific crops at the global level.
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1.4. The water and energy nexus

thematic

JRC activities in this area provide scientific support to the
following policy initiatives:

« Communication from the Commission of 11 October 2010 -
Energy 2020: A strategy for competitive, sustainable and
secure energy, COM(2010)639

« 2012 Blueprint to Safeguard Europe’s Waters

« Communication from the Commission of 7 October 2009 -
Investing in the Development of Low Carbon Technologies
(SET-Plan), COM(2009) 519

« Communication from the Commission of 15 December 2011 —
Energy roadmap 2050, COM(2011) 885

- Directive 2009/28/EC of 23 April 2009 on the promotion
of the use of energy from renewable sources

According to the International Energy Agency (IEA), in 2009
1.4 billion people — 20% of the world’s population — did not
have access to electricity. By 2035, global energy consump-
tion is expected to increase by about 50% over its 2007 levels,
with non-OECD countries accounting for 84% of this increase.

Figure 8: European hydropower potential

MW <-0.50
Mo.50-0.75
075 -0.90
Clo.90-0.95
095 - 1.0
Ei.05-1.10
Mi.10-1.25 T
Mi.25-1.50

report

The transition to a low carbon economy is a key priority of
the EU. The large-scale deployment of low carbon energy
technologies is essential to achieving this goal. Various
options for the decarbonisation of the power system are
currently being considered based on their associated fi-
nancial costs and benefits.

The impact of such technologies on water resources has,
however, largely been overlooked. To give an example:
according to the European Environmental Agency (EEA),
more than 449% of freshwater abstraction in Europe is
carried out to cool thermal power plants. Water is also
necessary for alternative or renewable forms of energy
such as hydropower, concentrated solar energy and bio-
fuels.

On the other hand, a JRC analysis found that the deployment
of low carbon technologies could lead to decreased water
consumption by 2050, to 25-90% of current levels depend-
ing on the technology mix. The critical factor in future water
consumption is the penetration rate of renewable energy
technologies (such as wind or solar power) and of carbon
capture and storage technologies after 2030.

Projected changes in gross hydropower potential per year for the periods 2011-2040 (left) and 2041-2070 (right).
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While renewable energies consume insignificant water
quantities for their operation, carbon capture and storage
requires higher quantities of water (for cooling and other
processes) compared to conventional fossil fuel plants of
similar capacities.

As a contribution to the ongoing dialogue on the optimal evo-
lution of the energy system, the JRC has analysed the im-
pacts of new power generation technologies on freshwater
consumption in support of the 2012 Blueprint to Safequard
Europe’s Waters. This assessment is based on the scenarios
laid out in the European Energy Roadmap 2050.

Figure 9: Freshwater consumption in the European power
sector in the period 2010-2050

Relative freshwater consumption in power sector

— Fafarence

Index 2010 = 100
2

—aP
apl  — Energy Efficiency
— Div. technologies
— Hgh RES
20— pelayed CCS
L NUC I
o
2010 2020 2030 2040 2050

The calculation is based on the decarbonisation scenarios described in the
European Energy Roadmap 2050.

The JRC is developing methods to assess the current and future
potential of hydropower in Europe in relation to the availabi-
lity of water. In the reference scenario of the European Energy
Roadmap, water consumption in 2050 is projected to remain at
current levels. This could be potentially problematic, given the

fact that projections carried out by the JRC of water consump-
tion under climate change conditions find that gross hydropower
potential (the energy potentially available if all natural runoff at
all locations were to be harnessed) is projected to decrease in
southern Europe by 2070.

Looking to the future, more research is needed in the follow-
ing areas:

- life-cycle analysis of the water requirements of low carbon
technologies

- economic analysis of the technology options available
for reducing water requirements in carbon capture power
plants

- development of alternative cost competitive cooling tech-
nologies, increased water efficiency and use of alternative
water resources, such as water recovery from flue gases.
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In the early nineties, the increasing contamination levels of
freshwaters (rivers and lakes) and their impacts on receiv-
ing coastal areas led the European Commission to adopt a
series of directives to reduce pollution from, for example, ag-
ricultural activities (the Nitrates Directive), households (the
Urban Waste Water Treatment Directive), and industry (the
Integrated Pollution Prevention and Control Directive).

These political measures were reinforced in the past decade by
the Water Framework Directive (WFD) and the Marine Strategy
Framework Directive. In addition, the wide array of legislation
for controlling pressures on European waters are comple-
mented by various international conventions for the protection
of the European seas of which EU countries are members.

The 2012 Blueprint to Safequard Europe’s Waters is the re-
sult of an integrated analysis of the WFD river basin man-
agement plans, the Water Scarcity and Droughts Strategy
and the vulnerability of water resources to climate change
and other man made pressures. It aims to verify that the
WFD requirements for achieving the good status of all EU
waters by 2015 are fit for purpose.

2.1. Assessing the good ecological
status of waters in Europe

JRC activities in this area provide scientific support to the
following policy initiatives:

- Directive 2000/60/EC of 23 October 2000 establishing a
framework for Community action in the field of water policy
(Water Framework Directive)

- Commission Decision 2008/915/EC of the 30 October 2008
establishing, pursuant to Directive 2000/60/EC of the European
Parliament and of the Council, the values of the Member State
monitoring system classifications as a result of the
intercalibration exercise

- Directive 2008/105/EC of 16 December 2008 on
environmental quality standards in the field of water policy
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The general objective of the WFD is to achieve ‘good status’
for all surface waters by 2015. ‘Good status’ means both
‘good ecological status’ and ‘good chemical status’. The WFD
classification scheme for water quality includes five status
classes: high, good, moderate, poor and bad.

‘High status’ is defined as the biological, chemical and mor-
phological conditions associated with no or very low human
pressure. This is also called the ‘reference condition’ or ‘bench-
mark’, as it is the best status achievable. These reference con-
ditions are different for rivers, lakes and coastal waters. As-
sessment of quality is based on the extent the quality of the
water deviates from these reference conditions.

The JRC has played a pivotal role in providing scientific and
technical support to the definition of good ecological status
of waters.

During the past decade, Member States have developed a
multitude of methods for defining good ecological status, tai-
lored to local conditions. The intercalibration exercise, a legal
requirement of the WFD, ensures that all of these methods
follow the requirements of the Directive and that their results
are comparable. The technical aspects of the intercalibration
exercises are coordinated by the JRC. Because an exercise of
this scale had never been attempted before, novel methodolo-
gies had to be invented and tested. Initial results were pub-
lished in 2008 and further results are expected in 2012.

Assessing the ecological status of EU waters has revealed
the need for more robust bio-indicators and a reduction in the
uncertainty of the results. The JRC carries out scientific research

leading to the development of novel methods to fill in these
gaps. Examples include a tool for quantifying the frequency of
algal blooms and a tool that monitors invertebrate organisms in
lake sediments to measure eutrophication pressure.

Stemming from this intercalibration exercise, the JRC has es-
tablished a pan-European intercalibration network for rivers,
lakes, and coastal and transitional waters. It consists of more
than 50 expert groups.

JRC is also developing novel methodological approaches for
harmonising classification methods and for addressing sta-
tistical uncertainty in ecological classification.



Despite considerable progress, significant knowledge gaps
still hinder the implementation of the WFD. The main re-
maining gaps relate to the comparison of large river assess-
ment systems, heavily modified water bodies, transitional
waters, and assessment systems in the Mediterranean and
Eastern European regions. Therefore, the JRC will continue
to be engaged in the further efforts required to develop and/
or intercalibrate bioassessment methods for the remaining
ecosystem types and regions.

2.2. Chemical pollutants

JRC activities in this area provide scientific support to the
following policy initiatives:

- Directive 2000/60/EC of 23 October 2000 establishing a
framework for Community action in the field of water policy
(Water Framework Directive)

- Directive 2008/105/EC of 16 December 2008 on
environmental quality standards in the field of water policy

- Directive 2009/90/EC of 31 July 2009 laying down, pursuant
to Directive 2000/60/EC of the European Parliament and of
the Council, technical specifications for chemical analysis and
monitoring of water status

- Directive 2006/118/ of 12 December 2006 on the protection
of groundwater against pollution and deterioration

- Revision of the Council Regulation (EC) No 166/2006 of 18
January 2006 concerning the establishment of a European
pollutant release and transfer register and amending Council
Directives 91/689/EEC and 96/61/EC

Chemicals that are used as part of daily life can often end
up as waste deposits in water. Pharmaceuticals that heal
human diseases may be dangerous to fish, personal care
products can pollute lakes and rivers and chemicals used
to grow food crops can poison our drinking water. Over the
past decade, efforts to observe and quantify these chemi-
cals have led to better information and raised awareness.
A deeper understanding of water, made it evident that re-
search was needed not only on single substances, but also
the ‘cocktail of substances’ that humans release on a daily
basis. Research showed that single substances, harmless
in dose and effect, can become a threat to health and the
environment if combined with other chemicals.

The Water Framework Directive (WFD) is an essential el-
ement of European environmental legislation and a key
pillar of the European strategy for the reduction of water
pollution. The Directive describes how, and by which date,
Environmental Quality Standards for pollutants should be
developed. These standards set maximum concentrations
of pollutants or groups of pollutants in water, sediments
and lists of living organisms in an area. The Directive re-
quires the periodic identification and update of priority

substances, which present a significant risk to or via the
aquatic environment.

Between 2006 and 2011, the JRC elaborated a comprehen-
sive prioritisation scheme for toxic substances under the Di-
rective. JRC scientists used modelling methods based on the
principle that the properties of a chemical substance depend
on its intrinsic nature and can be directly predicted from its
molecular structure and the properties of similar compounds
whose characteristics are known. The JRC also supported the
development of Environmental Quality Standards for these
priority substances.

In parallel, the JRC together with the UK Environment Agen-
cy, evaluated over two thousand substances put forward by
Member States, stakeholders and NGOs, of which 78 sub-
stances were classified as being of “high concern” based on
their hazard risk and plausible exposure scenarios.

The computational methods used by the JRC allow the quick
analysis of a considerable number of chemicals, including
substances that are not routinely monitored in the environ-
ment.

On a more general level, the JRC carries out extensive re-
search to assess the impact of pollutants in aquatic eco-
systems and studies their potential future impact on the en-
vironment as they break down. The JRC coordinates several
campaigns to measure and monitor nutrients and chemicals
in aquatic environments at regional and pan-European lev-
els, including industrial, agricultural and domestic persistent
organic pollutants (POPs). In addition, it maintains the requ-
larly updated list of priority substances.

In December 2011, the JRC contributed to the ‘Technical Gui-
dance for Deriving Environmental Quality Standards’ as part of
the Common Implementation Strategy for the Water Framework
Directive. The setting up of quality standards for water, sedi-
ment and biota was coordinated by the JRC. The project was led
by the UK and supported by a JRC working group on chemical
aspects. Member States, EFTA countries, Candidate Countries
and more than 25 European umbrella organisations represen-
ting a wide range of interests (industry, agriculture, water, envi-

ronment, etc.) participated in this setting of standards.

The final Guidance Document represents the ‘state of the art’ in
terms of the assessment of how regulations can have an impact
on water quality. The methodology presented has been used to
establish environmental quality standards for new lists of prio-
rity substances and for river-basin-specific pollutants, based for
the first time not only on the water column but also on sediment
and biota matrices.
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The work that needs to be carried out to identify and quan-
tify the substances that could be candidates for inclusion on
the priority list cannot be achieved by a single organisation
working alone. It is crucial to network with research groups,
national administrations and stakeholders. A monitoring
mechanism is currently being discussed by the European
Water Directors to support the identification of future candi-
date priority substances for the Water Framework Directive.
This mechanism will significantly involve the JRC, given its
position at the science-policy interface and its water moni-
toring experience.

The JRC maintains the latest chemical measurement facili-
ties and can detect even extremely low concentrations of
substances such as flame retardants, ingredients of per-
fumes or residues of pharmaceuticals. This information is
complemented by other environmental information, creating
a dataset which can help to, for instance, estimate loads
released into our oceans or assess the efficiency of waste-
water treatment processes.

Modelling-based scenario analyses of the impacts of
various policy options for controlling pollutant emissions to
aquatic bodies are also carried out by the JRC. In 2011, the
JRC published several maps that identify ‘hotspots’ of pol-
lutants, their fluxes and their proximity to water ecosystems
at a European and regional scale.

Figure 10: Example of a European map of chemical load
to rivers for Naproxen
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The map is based on a combination of inverse modelling and measurements
from pan-European monitoring campaigns.
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Figure 11: Model estimates of chemical loads to European

seas
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The model estimates several widespread water contaminants such as phar-
maceuticals, personal care products, substances widely used in households or
from industrial activities. The numbers in the graph indicate the median values
of loads while the bars show the expected load ranges.

The JRC also promotes innovative solutions to investigate
and quantify the effects of chemicals and mixtures of chem-
icals in water bodies. In particular, the use of genomic ap-
proaches provides a novel insight into how manmade chemi-
cals interact with animals and plants. Cutting-edge research
carried out by the JRC on DNA from fish, crustaceans and
algae is preparing the way forward for regulating chemicals
in a completely new way.

The JRC has conducted several EU-wide screening exercises of
new and less-investigated substances, focusing on emerging
chemical pollutants in treated wastewater, sewage sludge and
biowaste such as compost. An analysis was carried out on over
200 different substances in some 300 samples taken from
wastewater treatment and biowaste generating plants across
Europe. The researchers used information generated in previous
screenings of groundwater and surface waters, and assessed
chemical contamination of more than 500 different sites.

The results showed that substances that had recently been
introduced to the European Market were present in the water
and could be detected in the groundwater within a few years.
The JRC demonstrated that the artificial sweetener sucralose
could be detected in quantifiable amounts in 50% of all investi-
gated samples in surface and groundwater. Three years after its
introduction to the European market, significant concentrations
were reported in samples from eight countries, which illustrates
how fast such persistent substances can reach the groundwater
aquifer.

The findings generated by the JRC supported the Commission
proposal to add 15 chemicals to the list of 33 pollutants that
are monitored and controlled in EU surface waters. These in-
clude industrial chemicals as well as substances used in bio-
cides, pharmaceuticals and plant protection products, and have
been selected on the basis of scientific evidence that they may
pose a significant risk to health.




Currently, the JRC is carrying out a pilot research exercise to
investigate the technical feasibility of a ‘watch list” mecha-
nism, designed to anticipate and identify future priority sub-
stances. Other projects and activities are being carried out in
parallel to achieve a more structured access to monitoring
information. In addition, an EU-wide assessment of the ap-
plicability of effect-based bioassays has been launched. This
assessment aims to investigate viable options to help the
Member States prioritise among emerging pollutants and
link the results of chemical analyses with a real status as-
sessment of water environments.

2.3. Pollution: from source to sea

JRC activities in this area provide scientific support to the
following policy initiatives:

- Directive 2000/60/EC of 23 October 2000 establishing a fra

mework for Community action in the field of water policy

(Water Framework Directive)

Directive 2008/56/EC of 17 June 2008 establishing a

framework for Community action in the field of marine

environmental policy (Marine Strategy Framework Directive)

Council Directive 98/83/EC of 3 November 1998 on the

quality of water intended for human consumption

- Council Directive 91/676/EEC of 12 December 1991
concerning the protection of waters against pollution caused
by nitrates from agricultural sources

- Directive 2009/128/EC of 21 October 2009 establishing a
framework for Community action to achieve the sustainable
use of pesticides

- Council Decision 2006/507/EC of 14 October 2004 concerning
the conclusion, on behalf of the European Community, of the
Stockholm Convention on Persistent Organic Pollutants

.
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Despite the EU’s legislative efforts to avoid water pollution,
the generalised contamination of freshwater, worldwide
eutrophication and anoxia (absence of oxygen) in coastal
areas are still prevalent. The JRC has carried out a series
of studies to support policymakers in identifying new man-
agement and policy scenarios that can improve the status
of European waters. These studies assess the pressures of
pollutants on aquatic ecosystems in Europe and to what

extent these pressures are affected by spatial and temporal
changes of, for example, agricultural practices, and indus-
trial and regulatory options. To this end, the JRC has de-
veloped a set of continental-scale models and harmonised
environmental databases for the whole of Europe. Even
though the studies carried out using these models have ma-
rine water bodies as the final recipients of pollutants, they
focus on inland freshwaters and on management measures
taken at the river basin scale.

The studies, which were carried out over the past few years,
aimed to identify the main sources of pollutants (i.e. nitro-
gen and phosphorus) entering European marine waters. This
then contributed to determine which inland-based sectors
pollute coastal and marine waters. It also helped to evalu-
ate the efficiency of various environmental directives and
the environmental impact of land use, point-source man-
agement and pollutant emission patterns on the load of
pollutants. The scenarios studied included a better use of
animal waste as a fertiliser, the ban of phosphate-based de-
tergents, and the reduction of meat in the human diet. The
JRC also initiated an innovative inverse modelling approach
to provide emissions data for emerging contaminants.

The studies have shown that:

- despite the implementation of environmental legislation,
the loads of nitrogen and phosphorus entering European
coastal waters have not declined as expected. However,
strong regional differences were found to exist.

- agriculture is responsible for about 60% of the total
amount of nitrogen entering all European seas, while ur-
ban wastewater discharges are responsible for 66% of the
total load of phosphorus.

- a better use of animal manure was shown to be the most
effective approach to reduce the pressure of agriculture on
surface water quality, while the ban of phosphorus-based
detergents could further reduce the regional emission of
phosphorus by 7% to 57%.

Figure 12: Annual phosphorus loads entering European
seas split by sector of activity
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Figure 13: Contribution of diffuse sources to total phos-
phorus loads in surface waters

i

Ry,

[: L)
W o
NG

P diffusa source (%)

{por sub-catchmaont)

B 0-25 H
L 26 -50
5-T5

P TG-85 T

¢
el

0

The JRC has developed a model for the Multimedia Assessment
of Persistent Organic Pollutants in the Environment (MAPPE).
This model generated maps of annual chemical concentrations

and fluxes in Europe with 1 km? resolution. These maps can be
used for screening hotspots or hazard zones and in European
decision-making scenarios.

JRC is working on the evaluation of the effects of excess
contaminants on ecosystems’ resilience and on human
health. The JRC’s assessment will be extended beyond Eu-
rope, as many scenarios that are linked, for instance, to hu-
man diet or the impact of nutrient emissions, have a direct
link to global food trade, and many organic contaminants
found in Europe’s waters have their origin in other parts of
the world.

ﬁ

thematic

— T 1 T
e L |
i \ G = ot
f Yy e A
) I K 4
3 - = ¥ ]
I“'._' lr.:-—-n-—-u- f 2 L
Fufm Wi ared Frmipiiies Bt & e

report

2.4. Assessing marine
and coastal waters

JRC activities in this area provide scientific support to the
following policy initiatives:

- Directive 2000/60/EC of 23 October 2000 establishing a
framework for Community action in the field of water policy
(Water Framework Directive)

- Directive 2008/56/EC of 17 June 2008 establishing a
framework for community action in the field of marine
environmental policy (Marine Strategy Framework Directive)

- Commission Decision 2010/477/EU of 1 September 2010 on
criteria and methodological standards on good environmental
status of marine waters

- Commission Staff Working Paper SEC(2011) 1255 on the

relationship between the initial assessment of marine waters

and the criteria for good environmental status

Communication of 10 October 2007 on an Integrated Maritime

Policy for the European Union, COM(2007) 575

Communication of 26 June 2008 on Guidelines for an Inte

grated Approach to Maritime Policy: Towards Best Practice in

Integrated Maritime Governance and Stakeholder Consultation,

COM(2008) 395

Communication of 25 November 2008 on the Roadmap for

Maritime Spatial Planning: Achieving Common Principles in

the EU, COM (2008) 791

The coastal and marine environment is a major provider
of goods and services and hosts an invaluable biodiversity,
ranging in size from microbes to whales. Human activities,
such as agriculture, fisheries, aquaculture, shipping, urbani-
sation and tourism, affect the integrity and functioning of
marine ecosystems, and consequently the goods and ser-
vices they provide.

A marine area is considered to have good environmental sta-
tus when the species distribution, species abundance, chemi-
cal composition and physical conditions of the water and
sea bed do not significantly deviate from the state it would
have without human interference (the unimpacted state). An
in-depth knowledge of how ecosystems function and a regu-
lar assessment of the state of the marine environment are
needed in order to take measures to prevent degradation
and ensure sustainable interaction with the sea.

The JRC provides scientific and technical support by review-
ing the state of the art and setting concepts and principles
for adequate, comparable and harmonised marine assess-
ment and monitoring programmes.

It also carries out a systematic and synoptic assessment of
key environmental indicators of marine and coastal areas
using a unique combination of repeated satellite observa-
tions and numerical modelling simulations. This analysis of
remote sensing data, combined with hydrodynamic and bio-
geochemical modelling results, supports the development



of a marine and coastal knowledge base that focuses on
physically and biologically sensitive areas in European and
other waters. The models and imagery highlight regions at
high risk of physical and biochemical change, such as oxygen
depletion events, eutrophication, anomalous blooms, shifts
in periodic bloom dynamics and changes in water productiv-
ity and water quality. This knowledge base constitutes the
starting point from which to assess geographical units char-
acterised by a coherent set of ecological properties. Such
an assessment is a prerequisite for developing a consistent
ecosystem approach to integrated coastal management and
maritime spatial planning.

The JRC develops tools to accurately monitor eutrophication
based on satellite images. This optical remote sensing of the
sea, which is based on an analysis of ocean colour obtained from
satellite data, can provide daily maps of the biogeochemical cha-
racteristics of seawater or the concentration of non-living mat-
ter. This information is essential for water quality monitoring,
the evaluation of marine resources and biodiversity, ecosystem
modelling and for carrying out climate change studies.

Wide dissemination of spatial marine and coastal knowledge is
ensured via the JRC's online Environmental Marine Information
System (EMIS) for the waters around Europe and the Marine
Information System (AMIS) for waters in and around Africa. The
JRC also helps ensure that marine data provided follows the
specifications set by the INSPIRE Directive in order to achieve
interoperability of spatial datasets and spatial data services.

The JRC has also addressed the problem of marine litter,
which increasingly threatens ecosystems, and has published
a report with technical recommendations on how to monitor
this phenomenon. The Marine Strategy Framework Directive
lays down marine litter reduction targets that EU countries
shall reach by 2020.

T o

JRC is developing devices to analyse floating marine litter
through a camera system installed on ships. Good ecological
status indicators for this topic need to be refined and re-
newed. The JRC is also contributing to the European Marine
Observation and Data Network (EMODnet) initiative by pro-
viding data, supporting the planning of environmental poli-
cies and carrying out impact assessments.

Figure 14: Chlorophyll-a concentration in seas

Satellite image showing low (blue), moderate (green), high (yellow) and very
high (red) Chlorophyll-a http://emis.jrc.ec.europa.euy/)



Aquatic ecosystems have an important role in water purifica-
tion, flood prevention, maintenance of fish stocks and car-
bon storage. These benefits received from nature are called
ecosystem services, as they link natural ecosystems to our
society and economy. Their effectiveness is directly linked to
the health of the habitats. Therefore, these habitats must be
preserved.

For example, aquatic ecosystems contribute to supplying
clean water by absorbing or filtering pollutants such as heavy
metals, excess nutrients, and pesticides as water moves
through wetlands, rivers, streams, etc. In periods of heavy
rainfall, many of these ecosystems act as buffers, storing
water that would otherwise flood cities, industries and farms.
In particular, estuaries, coastal marshes and habitats such
as mangroves moderate sea-borne storm surges and hence
protect coastal lands from flooding.

Ecosystem services are being mainstreamed in the EU water
policy, which assumes that there is a connection between
the good ecological status of surface and marine waters and
the provision of ecosystem services. Other policies on cli-
mate, agriculture, fisheries, or regional development are also
adopting ecosystem-based approaches as a guiding princi-
ple for reaching sustainability targets and for aligning with
the Europe 2020 strategy for smart, sustainable and inclu-
sive growth in the EU.

3.1. Mapping and valuation
of ecosystem services

JRC activities in this area provide scientific support to the
following policy initiatives:

Communication of 3 May 2011 - Our life insurance, our
natural capital: an EU biodiversity strategy to 2020,
COM(2011) 244

Blueprint to Safeguard Europe’s Waters

Directive 92/43/EEC of 21 May 1992 on the conservation
of natural habitats and of wild fauna and flora, amended by
Directive 97/62/EC, Regulation (EC) No 1882/2003 and
Directive 2006/105/EC (Habitats Directive)

Directive 2000/60/EC of 23 October 2000 establishing a
framework for Community action in the field of water policy
(Water Framework Directive)
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3. Preserving ecosystems

There is a growing consensus that nature-based solutions,
such as using wetland ecosystems for water purification,
might be more cost-effective than technical infrastructures
that carry out the same function. It is important to map and
value ecosystem services in order to be able to preserve
them, as they are vulnerable to climate change, land use
reclamation and pollution. More research is needed on the
links between the state of biodiversity, ecosystem functions
and services to better understand and protect them.

When ecosystem services have been valued, they can be
integrated into the decisions made by scientists and poli-
cy makers. The JRC is developing European indicators that
quantify the provision of ecosystem services by freshwater
and marine habitats. These indicators are based on the JRC's
modelling capacity and the data it has collected over the
years. The aim is to integrate ecosystem and biodiversity
conservation into spatial planning measures that avoid eco-
system degradation and biodiversity loss.

The JRC is assessing the role of water bodies (wetlands, lakes
and rivers) in water purification services using nitrogen as a
common water quality reference. Excessive nitrogen loads are
a leading cause of water pollution worldwide, triggering eutro-
phication in coastal zones, a process that eventually results in
extremely low oxygen conditions or dead zones. European water

bodies are able to remove 1.5 million tonnes of nitrogen from
surface waters. Conventional treatment of water to remove ni-
trogen is an expensive process (up to 30€/kg), which illustrates
the economic benefits of having a healthy ecosystem in which
water bodies can provide natural ecological processes free of
charge.
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Figure 15: Nitrogen retention by rivers and lakes
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Europe’s rivers and lakes remove high quantities of excess nitrogen and
contribute to better water quality in downstream reaches.

Depending on their state, coastal habitats can help protect
populations in coastal areas from adverse weather conse-
quences, such as flooding. Such habitats represent crucial
breeding grounds for fish and provide fisheries nurseries,
which are essential for replenishing commercial fish stocks. By
combining data on coastal topography, habitats and geomor-
phology using models of wave exposure, storm surge, tidal
range and sea level rise, the JRC identified vulnerable areas
where the population and infrastructure may be exposed to
natural disasters, as well as areas naturally protected against
such hazards. The results indicate that large portions of the
European coast lack the natural capacity provided by ecosys-
tems to protect against damage caused by storms. These re-
sults will help implement measures to protect coastal popula-
tions and infrastructures against storm hazards.

Figure 16: Provision of coastal protection
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The red coastline indicates areas in which demand for coastal protection is
expected to be higher than the natural provision of this service. The green
coastline represents areas in which supply is higher than demand.

In support of the good conservation status of habitats, the
JRC will continue to provide scientific support to EU policies
to link innovative approaches based on ecosystem services
to current conservation activities. This will include integrated
economic and environmental modelling approaches that as-
sess the impacts of these policies in order to identify the
best scenarios for sustainable land use and water manage-
ment.

3.2. Alien species:
a significant threat to biodiversity

JRC activities in this area provide scientific support to the
following policy initiatives:

- Directive 2000/60/EC of 23 October 2000 establishing a
framework for Community action in the field of water policy
(Water Framework Directive)

- Communication of 3 May 2011 - Our life insurance, our natural
capital: an EU biodiversity strategy to 2020, COM(2011) 244

- The development of a dedicated legislative instrument on
Invasive Alien Species which is due to be adopted in 2012

- Directive 2008/56/EC of 17 June 2008 establishing a
framework for Community action in the field of marine
environmental policy (Marine Strategy Framework Directive)

Another factor that threatens ecosystems is the invasion
of alien (non indigenous) species. Natural physical barriers
(such as oceans, mountains, deserts, rivers, climate condi-
tions, etc.) have restricted the range of flora and fauna to
certain areas, thereby substantially contributing to the pla-
net’s rich biodiversity and the development of indigenous
bio-communities that are typical to particular regions.

However, through human activities such as shipping, aqua-
culture, canal construction, and trade, these physical barriers
have been overcome, and species are often found in regions
far from their normal range. These alien species rarely have
natural predators and are often so successful in their new
areas that they constitute a major pressure to several aqua-
tic ecosystems, with both ecological and economic impacts.
They are recognised as one of the main pressures directly
driving biodiversity loss worldwide, a phenomenon that se-
verely affects Europe.

The JRC addresses questions related to the role of alien spe-
cies in the ecological status of aquatic systems. It evaluates
the sensitivity of national biological assessment methods to
determine pressures caused by these species. A selection of
countries by surface-water category (lakes, rivers and coas-
tal waters) combinations was tested, covering nearly 40 000
water bodies. The prevalence of invasive alien species was
found to be strongly associated with poor quality of surface
water.



- JRC

The JRC has started reviewing the pressures facilitating alien

species invasions. The potential impacts of restoration mea-
sures to avoid alien species were also investigated. In particu-
lar, bio-manipulation, commonly used in the management of
water quality in European shallow lakes, has been investigated
to assess its effect on freshwater alien species populations.

Recent research efforts have led to growing information on the
rate of arrivals, spread, vectors and pathways of introduction
of alien species, which is often accessible through online data-
bases.

After a comparative analysis of the 43 existing European data-
bases, JRC scientists noted that even the most comprehensive
database failed to include 27% and 31% of the alien species
reported in freshwater and marine environments respectively. In
addition, approximately 20% of the alien species documented in
European seas were not listed in any of the databases.

To overcome this discrepancy, the JRC has created an online
platform called EASIN (European Alien Species Information
Network), which aims to improve access to information on alien
species in Europe. This platform allows scientists to get an up-
to-date overview of current situations, and supports their efforts
to raise early warnings and prevent further invasions.

Work in progress:

The JRC is tackling the inconsistencies and gaps in the alien
species information available on online databases, especial-
ly regarding the nomenclature. In addition, it will continuous-
ly monitor alien species on country and regional levels and
help create monitoring infrastructures throughout Europe
which will facilitate the regular updating of the database.
The future distribution of alien species in relation to climate
change will also be investigated.
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In the Eastern Mediterranean, two invasive herbivore fish species, Siganus
luridus and Siganus rivulatus, were introduced from the Red Sea through

the Suez Canal. They have become dominant in coastal areas of the Eastern
Mediterranean and contributed to the transformation of the ecosystem from
one dominated by lush and diverse brown algal forests (up) to one dominated
by bare rock (down).
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4. Water-rel
change

According to United Nations data, 90% of all natural hazard
events are related to water. The intensity of these hazard
events is rising. In 2010, some 370 water related disasters
led to the deaths of nearly 297 000 people, had an impact
on nearly 208 million others, and led to damages costing
around 83 billion euros. Water-related phenomena such as
drought, desertification and floods are expected to increase
as a result of climate change.

Water is closely linked to climate. Any alteration in the cli-
mate system leads to changes in the hydrological cycle.
There have already been substantial changes to the global
hydrological cycle over the past 50 years that might be at-
tributed to changes in climate, such as an increased runoff of
continental rivers, increased precipitation in northern Europe,
a drier Mediterranean region and more frequent extreme
precipitation events.

For the coming decades, global warming is projected to fur-
ther affect the hydrological cycle and to considerably alter
the distribution in time and space of freshwater resources.
The impacts will be felt worldwide and will probably be more
severe than those observed to date. This will aggravate the
impact of other factors that lead to water stress, such as
land use, and demographic and socio-economic changes.

4.1. Floods

JRC activities in this area provide scientific support to the
following policy initiatives:

- EU Regulation No 911/2010 of 22 September 2010 of the
European Parliament and the Council on the European Earth
Monitoring Programme (GMES) and its initial operations
(2011 to 2013)

- Directive 2007/60/EC of 23 October 2007 on the assessment
and management of flood risks

- Communication of 26 October 2010 - Towards a stronger
European disaster response: the role of civil protection and
humanitarian assistance, COM(2010) 600

- Communication of 23 February 2009 — A Community
approach on the prevention of natural and man-made
disasters, COM(2009) 82
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Floods are among the most devastating natural disasters
worldwide, and have an increasingly significant socio-eco-
nomic impact. Although appropriate planning and protection
measures can reduce the severity of floods and limit the
damage they cause, floods can never be entirely prevented.

As rivers often flow through several countries, floods are a
transnational concern. For example, in 2010 more than five
countries in Central Europe were severely affected by floods
at the same time. This transnational aspect of floods repre-
sents a major challenge with respect to the coordination of
national and international aid.

The JRC’s contribution to flood monitoring aims to help in-
crease preparedness to and provide support during a crisis.
The JRC has set up several systems to forecast the prob-
ability of floods.

The European Flood Awareness System (EFAS) forecasts
floods in Europe up to 10 days in advance of their occur-
rence. It was launched in 2003 following the disastrous Elbe
and Danube floods. EFAS provides these forecasts to national
water authorities and gives a European overview to the Eu-
ropean Civil Protection Mechanism, thus directly contributing
to improved preparedness and management at the national
and European level. Since 2011, EFAS is part of the initial op-
erational phase of the Global Monitoring of Environment and
Security (GMES) initiative emergency management service.

The Global Flood Detection System (GFDS) was developed in
collaboration with the Dartmouth Flood Observatory (US). It
is a real-time satellite-based flood monitoring system. Using
innovative processing of passive microwave remote sensing,
the GFDS provides virtual satellite-based information about
all major rivers in the world, as well as daily updated re-
gional flood maps. This real time information on the impact
and extent of floods occurring across borders is particularly
useful for rivers on which little monitoring information is
available (e.g. in Namibia).

The GFDS uses an innovative procedure based on satellite
observations to estimate the volumes of surface waters and
generate daily regional flood maps. Contrary to optical (pho-
tographic) imagery, the microwave remote sensing imagery
can provide daily information independent of weather condi-
tions and anywhere in the world.
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Figure 17: GFDS near real-time flood for South East Asia, with quantitative measurements of flooded area for the Chao
Phraya (Thailand) and the lower Mekong (Cambodia) on 11 October 2011
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The JRC is working on combining innovative forecasting and
monitoring tools to support emergency response and huma-
nitarian aid interventions in affected global regions. The Glo-
bal Flood Awareness System (GloFAS) is being developed by
the JRC and the European Centre for Medium-Range Wea-
ther Forecasts (ECMWF, UK). GIloFAS is an experimental sys-
tem that produces real-time flood forecasts for the entire
globe, independent of administrative and political bounda-
ries. It couples state-of-the art weather forecasts with a
hydrological model.

The system will be further developed by the JRC together
with end-users such as the World Meteorological Organisa-
tion and the Mekong River Commission in order to meet their
specific needs.

In October 2011, unusually strong monsoon rains and powerful
typhoons in Southeast Asia brought about the worst floods of

the past decade in the area. They were successfully predicted by
GloFAS two weeks in advance and subsequently monitored with
the GFDS throughout the event.

The JRC is integrating its global flood activities into a single
multi-hazard information platform that will help monitor, fo-
recast and manage the risks associated with global natural
hazards.

Figure 18: GloFAS 45-day probabilistic discharge forecasts for the Chao Phraya (Thailand) and the lower Mekong

(Cambodia) on 22 September 2011
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4.2. Drought and desertification

JRC activities in this area provide scientific support to the
following policy initiatives:

- Directive 2000/60/EC of 23 October 2000 establishing a
framework for Community action in the field of water policy
(Water Framework Directive)

- Communication of 18 July 2007 - Addressing the challenge
of water scarcity and droughts in the European Union,
COM(2007) 414

- The United Nations Convention to Combat Desertification
(UNCCD), 12 September 1994

- UNCCD Ten-year Strategic Plan and Framework to Enhance
the Implementation of the Convention (2008-2018), Decision
3/COP8, ICCD/COP(8)/16/Add.1, 14 September 2007

- Decision 1600/2002/EC of 22 July 2002 laying down the
Sixth Community Environment Action Programme

Drought and desertification pose significant threats to the
environment and society, and are very likely to increase as
a result of climate change. While drought is a natural phe-
nomenon, water scarcity and desertification result from the
combined impact of drought and unsustainable land use.
Water scarcity refers to a long term imbalance between
natural water supply and human demand. Drought, deserti-
fication and water scarcity are serious issues in many parts
of the world, including the European Union.

In 2007, faced with recurrent droughts and situations of
water scarcity in many parts of Europe, the Commission
called for action to be taken to monitor and mitigate drought
situations.

The JRC responded to this request by developing the online
European Drought Observatory (EDO). EDO should become
a major tool for the monitoring and forecasting of droughts
at a range of spatial scales across Europe. It is being imple-
mented in close collaboration with international, national
and regional authorities. Through EDO, the JRC monitors,
assesses and forecasts drought phenomena at regional and
European scales. Similar experiences are being transferred
and tested outside Europe, particularly in Africa and Latin
America. The aim is to contribute to a global drought early
warning system that will facilitate the better understanding
of the location and impacts of droughts.

The first internet portal of the European Drought Observatory
was put online in 2011, providing up-to-date information on
the occurrence and evolution of drought events in Europe. It

includes a map server that provides access to a suite of drought
indicators, documentation, search facilities and analysis tools
(http://edo.jrc.ec.europa.eu).

The European Drought Observatory provides information on the occurrence
and evolution of drought events in Europe.

The JRC also contributes to the development and testing of
advanced drought indicators to facilitate the implementa-
tion of the Water Framework Directive.

Regarding desertification, the JRC supports the European
Commission as a signatory of the United Nation’s Conven-
tion to Combat Desertification (UNCCD). Its main activities
include contributions to expert networks and research pro-
jects, and the development of a new World Atlas on Deser-
tification (WAD). This atlas is being elaborated by a global
network of experts, coordinated by the JRC. As a major
contribution to the atlas, the JRC developed new integra-
ted concepts and a scientific, transparent and repeatable
methodology for the global assessment and mapping of
desertification.

JRC research and development helps further the develop-
ment of adequate and efficient mitigation and adapta-
tion measures to cope with climate variability and climate
change. The JRC’s close collaboration with all EU countries
and its strong global networking experience are important
assets in addressing these global challenges.

The JRC is working on the new World Atlas of Desertification,
which is scheduled for publication in 2013. As part of this
initiative, the JRC develops methodologies for the medium-
to long-range forecasting of droughts and contributes to the
development of a global monitoring and early warning sys-
tem for drought and desertification, specifically in Europe,
Africa and Latin America.
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4.3. Tsunamis

Tsunamis are among the natural hazards that can result in
the largest number of victims per event. The 2004 Indian
Ocean tsunami and the 2011 Japanese tsunami caused over
250 000 and 25 000 casualties respectively. While the earth-
quakes that cause them cannot be predicted, it is possible to
provide early warning about tsunamis if there is enough dis-
tance between the seismic source and the coast. Following the
2004 Indian Ocean tsunami, the JRC developed a system that
uses sophisticated seismic and hydraulic modelling equipment
coupled with communication technologies to alert the huma-
nitarian operators and civil protection bodies about tsunamis.

Several tsunami warning systems, used to alert the popu-
lation in case of safety threats, are currently in operation
around the world. The UNESCO-IOC (Intergovernmental
Oceanographic Commission) relies only on seismic signals
and provides information on the arrival times of the tsunami
wave along coastal areas. Other national systems are more
advanced, for example, the Japanese system relies on pre-
calculated tsunami scenarios, allowing it to give a first alert
within 3 minutes of an earthquake that scores more than
6.5 on the Richter scale. The JRC developed and operates the
only worldwide operational automatic alerting system, which
is different from the warning systems, as it informs of a
potential risk and not of confirmed threats. This alert system
is based on pre-calculated tsunami scenarios and the alerts
can be fed into international or national warning systems.

The JRC's tsunami assessment modelling system, part of
the EU-UN Global Disaster Alerts and Coordination System
(GDACS), helps to evaluate potential consequences of tsuna-
mis of seismic origin.

The JRC 's tsunami assessment modelling system includes four
main components: a global tsunami scenario database, an on-
line tsunami calculation system, a tsunami analysis tool and a
tsunami alerting device.

The Global Tsunami Scenario Database (GSD) is a set of 136 000
calculations performed using a theoretical model, with epicentres
established around historical tsunami events. It provides a pre-
liminary, immediate estimate of the consequences of a tsunami
as soon as the epicentre of the real earthquake is known. The
scenario database identifies the locations potentially affected as
well as the predicted wave height. The Tsunami Online Calcula-
tion System (OCS) starts calculating the impact as soon as an
earthquake with potential tsunami consequences is identified.

The calculation time period is in the order of 30 — 40 minutes.

The Tsunami Analysis Tool allows a proper analysis of tsunami
events in real time, to quickly estimate the real potential conse-
quences of a tsunami. The objective is therefore to prepare to
launch warning messages. The software allows the direct com-
parison of scenario databases (GSD) or online calculations (OCS)
with sea level measurements in real time through international
channels. The Tsunami Alerting Device (TAD) has been designed
for installation in tsunami-prone coastal areas. The TAD delivers
warning messages to the population at risk as quickly as pos-
sible. A prototype is currently in operation in Setubal (Portugal).
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Figure 19: Estimated flooding after the Tohoku Tsunami of
11 March 2011, as calculated by the JRC ‘s analysis system
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Figure 20: Maximum estimated height and travel time of
the Tohoku Tsunami as calculated by the JRC
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Maximum estimated height and travel time of the Tohoku Tsunami as calcula-
ted by the JRC. The wave extended from the Japanese coast to South America
in about 24 hours.



4.4. Water and climate change

JRC activities in this area provide scientific support to the
following policy initiatives:

.

Directive 2007/60/EC of 23 October 2007 on the assessment
and management of flood risks

Communication of 18 July 2007 - Addressing the challenge
of water scarcity and droughts in the European Union,
COM(2007) 414

Blueprint to Safeguard Europe’s Waters

The future EU Climate Change Adaptation Strategy (under
preparation)

.

The availability of water is projected to change in Europe as a
result of climate change. Northern regions will have more wa-
ter, although summer flows may decrease. Southern and South-
eastern regions, which already suffer most from water stress,
will be particularly exposed to reductions in water resources and
will experience an increase in drought frequency and intensity.

On the other hand, an increased occurrence of river floods is pro-
jected for large parts of Europe due to the more frequent heavy
rain events, even in regions that will become drier on average.

In support to EU climate change policy, the JRC integrates
datasets, expertise and modelling tools from different dis-
ciplines to assess the impacts of global warming and of
adaptation and mitigation policy options, and their effects
on water resources, extreme events and water-related sec-
tors. The scale of application of the integrated assessment
framework allows for the identification of regions in Europe
that may be particularly vulnerable to the effects of global
warming. It complements national and local studies that of-
ten provide more detailed, small-scale information.

To make this assessment, JRC scientists identify, develop and
evaluate different environmental and socio-economic scena-
rios and management options, taking into account possible
feedback and the mutual impacts of the human-ecological
system. This includes projections of climate change based
on greenhouse gas emission scenarios, management prac-
tices (e.g. flood control measures, storage reservoirs, water
saving measures), changes in land use (e.g. the expansion of
urban areas, changes in cultivated land driven by agricultural
policy), and changes in water use (e.g. change in irrigation
requirements or public water use).

The scenarios and their associated impacts provide a refe-
rence point for the medium- and long-term strategic plan-
ning of adaptation measures in Europe, they alert policy-
makers and stakeholders about emerging sectoral problems
and allow river basin managers to test the adaptive capacity
of their management plans.

The first internet portal of the European Drought Observatory
was put online in 2011, providing up-to-date information on
the occurrence and evolution of drought events in Europe. It

includes a map server that provides access to a suite of drought
indicators, documentation, search facilities and analysis tools
(http://edo.jrc.ec.europa.eu).

JRC research has predicted that climate change will increase
the frequency and intensity of droughts in many regions of
Europe as a result of higher temperatures, reduced levels
of summer rainfall, and more and longer dry spells. Regions
in Southern and South-eastern Europe are more exposed to
drought than other regions, but the level of water in rivers
will also be significantly reduced in many other parts of Eu-
rope, especially during the summer period.

Figure 21: Projected change (in %) in flood with 100-year return period (rp) (a) and in drought with 50-year return
period (b) between the reference period 1961-1990 and 2071-2100
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Note that for floods (a) blue indicates more severe floods, whereas for drought (b) red indicates more severe drought conditions. Source: JRC
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Climate change will also most likely exacerbate drought and
desertification in many regions in the world, including large
parts of Africa. Besides the immediate negative effects of
recurrent droughts and often persistent situations of water
scarcity, long term impacts can lead to the irreversible da-
mage of natural ecosystems, making them incapable of sus-
taining human societies. Analysis of floods shows that there
is likely to be a significant increase in flood hazard by the
end of this century in Western Europe, the British Isles and
northern Italy. In snow-dominated regions, spring snowmelt
floods will become less severe due to reduced snow accumu-
lation in warmer winters.

Under the business-as-usual scenario, the expected da-
mages aggregated for the EU-27, currently amounting to
approximately €5.5 billion/year, are projected to increase to
€45.7 billion/year by the 2050s as a result of climate and
socio-economic changes. The number of people affected by
flooding is projected to rise from 167400 to 291100 per
year. Future flood protection measures will cost €3.4 billion/
year by the 2050s, with associated benefits in the order of
€19 billion/year.
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In support to climate change and water policy, the JRC will
continue to step up its integrated modelling activities in order
to provide a consistent and comprehensive analysis of the
full costs of climate change. In addition, the JRC is working
towards sustained, high-quality climate and hydrological
observations, reference datasets and improved re-analyses
of historical data for climate change detection studies, trend
analyses and model development and testing. It seeks to
advance scientific understanding of the climate mechanisms
that trigger or alter the probabilities of extreme climate
events, and improve the capabilities of regional and local
climate and hydrological models to predict water resource
availability and extreme events also need improvement.

Interactions between climate change and other pressures
such as land dynamics and water consumption are currently
poorly understood. New models are required to link the geo-
physics of climate with the socioeconomic drivers of land
use and water demand. Improvements are also necessary
in quantifying the socioeconomic consequences of climate
change, including the monetary evaluation of environmental
impacts and the costs and benefits of structural and non-
structural adaptation options.

Figure 22: Projected change (in %) in mean seasonal and annual river flow between the reference period 1961-1990

and 2071-2100
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Rivers and seas are a common resource of the countries that
share their basins. Key examples in Europe are the Danube
River, which is 2 800 km long and flows through 10 coun-
tries, passing through four European capitals, and the Medi-
terranean Sea, which is shared by 21 countries. Scientific
support on how to handle these water resources can benefit
all the countries involved.

Developing countries often have a very complicated relation-
ship with water. Water stress can be a major concern, not
only related to dry climate conditions, but also due to over-
burdened water systems, fast-growing urban areas, mis-
management of resources, poor long-term investment and
a lack of environmental research. According to the United
Nations, by 2025 1 800 million people will be living in coun-
tries or regions with absolute water scarcity, and two-thirds
of the world’s population could be under water availability
stress conditions. The JRC works with a vast array of part-
ners in order to contribute to the integrated and sustainable
management of this precious resource.

5.1. The Danube:
a transboundary challenge

JRC activities in this area provide scientific support to the
following policy initiatives:

- Communication of 8 December 2010 - European Union
Strategy for Danube Region, COM(2010) 715

- Directive 2000/60/EC of 23 October 2000 establishing a
framework for Community action in the field of water policy
(Water Framework Directive)

The Danube flows through 10 countries and is a large bi-
odiversity-rich delta before finally entering the Black Sea.
The sustainable management of its river basin represents a
transboundary challenge for water management in Europe.

In June 2011, the European Council endorsed the EU Dan-
ube strategy and action plan, which recognises environmen-
tal protection as an opportunity for growth. This strategy
encourages an integrated approach to the management of
freshwater resources for irrigation, industry, power genera-
tion, transport and tourism, while respecting natural assets
as drivers of sustainable regional development.

L Gle - WwWorking togethelr

y e

vern

By working closely with the International Commission for the
Protection of the Danube River (ICPDR) and countries in the
Danube region, the JRC helps identify solutions for the resto-
ration of water quality in the Danube and the management
of water-related risks. For example, it contributes to the as-
sessment and monitoring of water pollutants in the context
of the Joint Danube Surveys. These surveys are organised by
the ICPDR to investigate water quality for the entire Danube
and many of its tributaries.

In 2013, the JRC will take part in the third Joint Danube
Service that will focus on known and emerging hazardous
substances. It will provide monitoring support and will pro-
mote the exchange of best practices on chemical monitoring,
standardisation and quality assurance issues.

Modelling-based impact assessments are also carried out by
the JRC. They elaborate scenario analyses for different pol-
lutant emission patterns and facilitate the development of
strategies for the optimisation of water allocation across dif-
ferent uses (agriculture, environment, energy and industry).
The analyses help determine the major sectors of activities
that contribute to the load of pollutants discharged from the
Danube River Basin to the Black Sea.

In collaboration with national organisations and the Black
Sea Commission, the JRC uses satellite time-series data to
monitor long-term changes in the biological and physical
properties of the Black Sea. By measuring parameters such
as suspended matter and phytoplankton biomass, the JRC
contributes to the assessment of its ecological status.
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In April 2012, the JRC organised a high level conference on scientific support

to the Danube strategy.
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The JRC’s European Flood Awareness System (EFAS) has
also been adapted to be used in the Danube River Basin, pro-
viding early, large scale and cross-border flood information.

As the Carpathian mountains are an important source of wa-
ter for the Danube, the JRC also provides scientific and tech-
nical support to local institutions for developing a harmonised
digital climate atlas and database for the Carpathian region
(CARPATCLIM). Changes in the climate of this area have sig-
nificant impacts on the Danube and could result in more fre-
quent and intense floods or droughts further downstream.

The JRC has provided a snapshot of past and present situations
of water quality in the Danube River Basin and carried out spa-
tial analyses of explicit “what if” scenarios. These focused on
the effects of, for example, improving the rate of connection to
sewage systems and the treatment level in wastewater treat-
ment plants and encouraging farmers to adopt alternative stra-
tegies to fertilise their fields in the river basin.

The business-as-usual scenario, using 2005 as a baseline year

and assuming no change in nutrient inputs to agricultural land,
taking into account changes in population density and changes
in land use as a result of the reform of the Common Agricultural
Policy, estimates that no substantial variations in nitrogen load
to the Black Sea can be expected by 2020.

Considering instead a 2020 scenario that includes an optimised
supply of livestock manure not exceeding the net demand of
crops, a decrease of about 13% (53 000 tonnes) in the dis-
charge of nitrogen load to the Black Sea has been estimated.

In 2011, the JRC launched an initiative to provide scientific
support for the implementation of the Danube Strategy. This
initiative is being developed in close cooperation with natio-
nal science academies of the Danube region.

5.2. The Mediterranean dimension

JRC activities in this area provide scientific support to the
following policy initiatives:

- Communication of 5 May 2006 - Establishing an Environment

Strategy for the Mediterranean, COM(2006) 475

EU water initiative: EU Council resolution on water

management in developing countries: policy and priorities for

EU development cooperation - COM/2002/0132

Directive 2000/60/EC of 23 October 2000 establishing a

framework for Community action in the field of water policy

(Water Framework Directive)

- Directive 2008/56/EC of 17 June 2008 establishing a
framework for Community action in the field of marine
environmental policy (Marine Strategy Framework Directive)
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As a region in which various borders meet - political, so-
cial, cultural and economic - the Mediterranean area is a
good test bed for the effectiveness of European policies and
international conventions to improve water management.
Freshwater is at risk in the Mediterranean region due to the
increasing demand for water for domestic and industrial
use, tourism activities and the expansion of irrigated areas.
Overexploitation of groundwater for urban and agricultural
purposes has led to the lowering of water tables, the draining
of wetlands and infiltration of seawater into coastal aquifers.
Moreover, the periodic shortage of fresh water across the
region and seasons will be exacerbated by climate change.
In the North-African and Middle Eastern countries it will be
further exacerbated by the rapid population growth.

The JRC has set up an informal network of experts in the
Mediterranean region that focuses on water availability and
quality. This network contributes to the assessment of pre-
sent and future water availability, taking into account struc-
tural causes of scarcity, climate change and extreme events.
The network also studies the effects on water quality pro-
duced by modifications in EU legislation and international
conventions.

The first internet portal of the European Drought Observatory
was put online in 2011, providing up-to-date information on
the occurrence and evolution of drought events in Europe. It

includes a map server that provides access to a suite of drought
indicators, documentation, search facilities and analysis tools
(http://edo.jrc.ec.europa.eu).

The JRC also contributes to the Horizon 2020 initiative to
tackle the main sources of Mediterranean pollution by 2020,
which has been endorsed by the Union for the Mediterra-
nean. This initiative recognises water as a growing societal
challenge and a priority for innovation. Its objective is to help
the EU achieve its water policy objectives while ensuring the
good status of waters.

Further examples of JRC activities in the Mediterranean re-
gion include the simulation and forecasting of flash floods,
which is typical in this area. These simulations and forecasts
are based on high resolution weather forecasts and rain-
fall radar data, and aim to help improve warning systems.
The JRC has also been instrumental in using coastal lagoon
networks as research sites from which to gain a better un-
derstanding of coastal ecosystems.

The JRC will join efforts with the research community and
stakeholders to build an observational network in the Medi-
terranean region that would serve as a testing ground for
tools and solution strategies in water management and sce-
nario analyses.



5.3. Access to water
in developing countries

JRC activities in this area provide scientific support to the
following policy initiatives:

Integrated water resource management principles of the Dublin
statement at the International Conference on Water and the
Environment (ICWE) 26-31January 1992

Resolution of the Council and the Representatives of the
Governments of the Member States, meeting within the Council
of 1 February 1993 on a Community programme of policy and
action in relation to the environment and sustainable
development — A European Community programme of policy
and action in relation to the environment and sustainable
development, OJ C 138, 17.5.1993, p. 1-4.

United Nation’s Millennium Development Goals Initiative is
supported by EU as shown in various communications:

Paris declaration on aid effectiveness (2005) and Accra agenda
for action (2008) — OECD

Communication of 13 October 2011 - Increasing the impact of
EU development policy: an agenda for change, COM(2011) 637

Two and a half billion people do not have access to proper
sanitation facilities; 1.2 billion of them have no sanitation
facilities at all. About 1 billion people do not have access
to clean water. As a consequence, over 3.5 million people
die each year from water-related diseases. Furthermore,
people living in slums often pay 5-10 times more per litre
of water than wealthy people living in the same city.

The efforts made by the international community to ad-
dress these issues are undermined by factors such as po-
pulation growth, economic crises, climate change and uns-
table political situations in various developing countries.
Progress towards water and sanitation access for all may
require even more efforts in the near future because of
these rising constraints.

New and innovative approaches are needed to tackle such
water access issues. The scientific community has been
encouraged to support local and regional policy makers.
The JRC itself is strongly committed to supporting deve-
loping countries, mostly in sub-Saharan Africa and Latin
America, in finding their own sustainable solutions to wa-
ter crises.

The JRC actively supports technology transfer and capa-
city building by implementing scientific networks. It colla-
borates with more than 40 water science centres of excel-
lence in Africa and Latin America, aiming at establishing
the scientific basis for defining a sustainable water policy
for growth and development. In Africa, for instance, the JRC
uses biophysical modelling and hydrological simulations to
provide scientific assessments of water availability, floods,
droughts and water scarcity. It also assesses the impacts

of different management and climate scenarios and stra-
tegies on agricultural production and the environment (e.g.
by evaluating potential crop production and its associated
irrigation and nutrient requirements).

Figure 23: Soil moisture stress in Africa as simulated with
the JRC LISFLOOD model
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The average number of days per year on which there is insufficient soil mois-
ture for natural crop and vegetation growth, based on simulations from 1989-
2010.

The JRC has developed the AquaKnow web portal, the first in-
teractive online platform dedicated to technical and scientific
knowledge about water and its sustainable use. AquaKnow inte-
grates a series of innovative scientific online tools to support
sustainable resource management policies related to water:

- The Water Project Toolkit is designed to help international
practitioners and stakeholders use best practices to translate

policies into concrete actions.

- The WatSan4dev and WEIRS databases model the relation
between environmental, governance, socioeconomic, health
and educational indicators in developing countries, leading to
a better understanding of how to improve water supply and
sanitation. They also help partners to better orient their invest-
ments by testing and improving the effectiveness of policies.
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The JRC is developing an integrated water supply and sani-
tation analysis system that contains environmental, educa-
tional, health, socio-economic, governance and financial aid
indicators. This new system will be freely available to faci-
litate knowledge exchange. The development of such a tool
will allow the JRC to deliver products such as maps, graphics,
guidelines for best practices in water resource management,
and scientific and technical reports giving direct and imme-
diate information about the key elements involved in impro-
ving access to water and sanitation.

Figure 24: Precipitation return periods in Latin America
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The figure shows the precipitation associated with 5-, 10-, 50- and 100-year return periods in Latin America. The return period provides an estimate of the time
interval between precipitation events of determined intensities. This information is useful for determining potential floods and drought areas and planning water
resources management.




6. Wat

Innovation is recognised as a key component in the sustaina-
ble and efficient use of water and the European Commission
is currently (2012) setting up a new European Innovation
Partnership on water.

At the JRC, innovation is central to several water-related ini-
tiatives.

6.1. Water as an eco-industry

JRC activities in this area provide scientific support to the
following policy initiatives:

- Blueprint to Safeguard Europe’s Waters
- European Innovation Partnership on Water

European eco-industries have an annual growth rate of
5.9%. Considering that water supply and wastewater man-
agement account for one third of the total number of Euro-
pean eco-industries, the water sector has great potential for
contributing to the realisation of the EU 2020 objectives for
growth and jobs.

One of the targets of the European Innovation Partnership
on Water is to increase by 20% the EU’s turnover from eco-
industries related to water management by 2030.

Research is essential to achieving these targets. The JRC is
examining the potential and the environmental impacts of
emerging technologies to address solutions for water saving,
water reuse and the harvesting of new water resources from
the sea, groundwater and wastewater.

The JRC is collaborating with other research institutions to
assess innovative technologies for treating groundwater and
drinking water. Research specifically focuses on those tech-
nologies that use nano-zero-valent iron and nanofiltration
membranes to remove hardness, natural organic matter and
synthetic organic chemicals from water.

Current filtration and purification systems for drinking water
have only limited success due to the relatively low efficiency
of the active materials, whereas nanostructured materials
are significantly more reactive than micron or bulk materi-
als with the same chemical composition. This is due to their

T
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large surface areas, size, and shape-dependent optical, elec-
tronic and catalytic properties.

The JRC also works with sub-Saharan Africa and Latin Amer-
ican partners in the framework of the European Commis-
sion’s support to the centres of excellence on water in devel-
oping countries. The University of Dakar, a partner institution
of the Western African network, has developed solar-pow-
ered portable water purification and desalination units.

Desalination plants are another rapidly growing new option
for water supplies in European coastal cities that will ben-
efit from research activities on renewable energy. The JRC
monitors and supports the development and application of
renewable energy technologies, mapping the resource po-
tential of various renewable energy sources for desalination.

Nano-enhanced membranes, which combine nanoengineering
with membrane technology, have better performance levels
than conventional membranes. They are increasingly used for
the purification of drinking water and the recycling of industrial
water.

As part of the ObservatoryNano project, the JRC collaborates
with leading international experts in this field to examine the
efficiency, potential risks and regulatory issues associated with
the use of such membranes in replacing reverse osmosis water

purification systems with increased flux rates.

Membranes with various types of nanoparticles such as tita-
nium dioxide, silver and carbon nanotubes are being tested to
reduce fouling, which is still the most significant challenge in
membrane technology. The membranes can be coated by either
a sol-gel or chemical vapour deposition process to achieve the
required antifouling properties. Efforts are being made to deve-
lop more efficient and cost-effective reactive membranes for
water purification and desalination.
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6.2. Standardisation of
satellite observations

thematic

JRC activities in this area provide scientific support to the
following policy initiatives:

- United Nations Framework Convention on Climate Change
(UNFCCC)

- Communication of 12 November 2008 - Global Monitoring for
Environment and Security (GMES): we care for a safer planet,
COM(2008) 748

Global and continuous observations of the Earth’s surface
are fundamental to detecting the evolution of the environ-
ment. These observations guide the definition and applica-
tion of adequate policies to find solutions and help monitor
the effectiveness of mitigation and adaptation measures.
Satellite observations facilitate the mapping of Essential Cli-
mate Variables (ECVs), which are an effective way of delive-
ring environmental information.

The JRC carries out pre-normative research on the standar-
disation of the production and verification of marine ECVs,
namely ocean-colour-derived products such as phytoplankton
concentration. These marine ECVs are fundamental to the ac-
curate quantification of the Earth’s carbon sources and sinks.
The aim is to generate highly accurate ECVs regardless of the
geographic area or bio-optical properties of the water basins.

In defining and assessing ECVs from satellite observations,
highly accurate in situ measurements are also required.
These measurements enable indirect calibration of the
space sensor, the validation of primary products (such as
the radiance measured just above the sea surface without
the perturbing effects of the atmosphere), the development
of models measuring the effect of visible seawater compo-
nents on radiance (e.g. how phytoplankton affects the spec-
trum of underwater solar light) and the validation of high
level satellite derived products (e.g. chlorophyll concentra-
tion used as an index for phytoplankton).

Since the early 2000’s, the JRC has invested significantly in
the collection of in situ reference measurements to help de-
fine ECVs across the various European seas. These measu-
rements are carried out in the Baltic Sea, the North Sea, the
Mediterranean Sea and the Black Sea on dedicated oceano-
graphic ships and through laboratory activities, using stan-
dardised state-of-the-art instrumentation, methodologies,
calibration procedures and quality assurance schemes.

The objectives are to collect highly standardised and ac-
curate in situ reference data, to apply them to the develop-
ment of models for generating marine ECVs from satellite
observations and to validate the derived satellite products
at each stage (e.g. from the basic radiance values resul-
ting from the atmospheric correction process up to the final
maps of chlorophyll concentration).
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The JRC has contributed to the creation of a European in situ
reference dataset for satellite ocean colour research. This data-
set is the result of more than a decade of regional oceano-
graphic measurements taken within the framework of the Bio-
Optical mapping of Marine Properties (BiOMaP) programme. A
unique feature of the BiOMaP dataset is its consistency, obtai-
ned through the application of standardised instrumentation,
methodologies, calibration procedures and quality assurance
schemes.

The BiOMaP dataset currently includes measurements taken
in regions representative of marine waters which are heavily
dominated by coloured dissolved organic matter (e.g. the Baltic
Sea), by sediments (e.g. some regions of the Black Sea and the
Adriatic Sea) or by phytoplankton (e.g. the Eastern Mediterra-
nean Sea and areas of the Western Mediterranean Sea).

This spatial and bio-optical variability allows for the develop-
ment of models specific to the various seas, which are intrinsi-
cally more accurate than any global model currently being used
for the generation of ECVs using satellite imagery.

The JRC is expanding the BiOMaP dataset to embrace more
European marine regions and to increase seasonal represen-
tation of measurements. This will be accompanied by further
improvement of measurement methods to support the forth-
coming Sentinel-3 satellite mission, which is expected to pro-
duce ECVs of unprecedented accuracy. This satellite mission,
managed by the European Space Agency, will be supported
by the European Commission.

6.3. Multidisciplinary interoperability
for water, weather, ocean
and ecosystem data

JRC activities in this area provide scientific support to the
following policy initiatives:

- Communication of 26 August 2010 - A digital agenda for
Europe, COM(2010) 245

- Communication of 6 October 2010 — Europe 2020 Flagship
Initiative, Innovation Union, COM(2010) 546

The JRC is the scientific coordinator of a research project
that supports the development of the Global Earth Obser-
vation System of Systems (GEOSS) by increasing the multi-
disciplinary interoperability of data and services about water
runoff, ocean ecosystems and weather prediction.

In the hydrological domain, a very heterogeneous landscape
of data sources exists. Water related data obtained by sen-
sors are provided through a large variety of interfaces and
data formats. To integrate new hydrological data sources



into application systems, it is therefore often necessary to
build bridges across these formats and interfaces through
specific software tools and middleware.

GEOWOW (GEOQSS interoperability for Weather, Ocean and
Water), a research project co-funded by the European Com-
mission, contributes to international standardisation pro-
cesses. It includes 15 international partners under the tech-
nical coordination of the European Space Agency and the
scientific coordination of the JRC. Through GEOWOW, pre-
viously independent information catalogues and systems
can now be connected and compared, and the scientific
resources they contain can be made available to a much wi-
der audience. This accessibility of data facilitates research
on topics such as global freshwater resources, the flux of
sediments into coastal regions and the sea, the influence
on oceanic circulation patterns or the potential impacts of
climate change on river discharge and its effects on water
supply and ecosystems.
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The GEOWOW application is available online.

GEOWOW helps link multiple scientific communities, building on
the achievements of the earlier EuroGEQSS project, which was
also coordinated at the scientific level by the JRC. EuroGEOSS
was developed to search thousands of Earth observation cata-
logues, increasing the number of datasets and products publicly
available for scientific research. This went up from a few hun-
dred in 2011 to more than 28 million in 2012.

This was possible thanks to a novel application, a software mid-
dleman or broker, which bridges the multitude of complex stan-
dards used by scientists. This approach has been so successful
that it has been adopted by the Group on Earth Observation, a
global partnership of 87 countries and 64 international organi-
sations plus the European Commission, all of which have a stake
in Earth Observation.

6.4. Water in eco labelling
and green public procurement

JRC activities in this area provide scientific support to the
following policy initiatives:

- Communication of 16 July 2008 on «the sustainable
consumption and production and sustainable industrial
policy — Action plan» COM (2008) 397

- EU Ecolabel

- Communication of 16 July 2008 on «public procurement for
a better envionrment» COM (2008) 400

Approximately one third of total water used in households is
delivered via taps, followed by the water use of toilets (25%)
and bathtubs and showers (14% each). Dishwashers, high-
pressure cleaners, swimming pools and sprinklers only ac-
count for very small shares (up to 2%) of domestic water use.

In order to achieve the considerable water saving potential
existing in this area, the JRC is carrying out research to esta-
blish EU Ecolabel and Green Public Procurement criteria for
taps, showerheads, toilets and urinals.

This research will also provide information and data to assist
the potential future development of other environmental po-
licy instruments such as implementing measures under the
Ecodesign Directive.

Based on its research on water using products the JRC has deve-
loped draft Ecolabel and Green Public Procurement criteria for

taps and shower heads. Once adopted, these criteria will be the
central piece of EU policies that aim to promote the greening of
these products.

6.5. Best available techniques for
waste water in chemical industries

JRC activities in this area provide scientific support to the
following policy initiatives:

- Directive 2010/75/EU of 24 November 2010 on Industrial
Emissions (Integrated Pollution Prevention and Control)

Industrial activities play an important role in the economic
well-being of Europe. However, they are also responsible
for a considerable share of the overall pollution. Emissions
from industrial installations have been subject to EU-wide
legislation. The main piece of legislation that aims to reduce
emissions to air, water and soil from such installations is
the Directive on Industrial Emissions (IED) (2010/75/EU),
which follows on from the Integrated Pollution Prevention
and Control (IPPC) Directive (2008/1/EC).
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The IED is based on an integrated approach aiming to pro-
tect the environment as a whole. The installations covered by
the Directive must be operated in accordance with a permit
granted by the competent authorities in the Member States.
The permit conditions are based on the best available tech-
niques (BAT) conclusions adopted by the Commission. Some
50 000 installations across the EU are subject to them.

The JRC hosts and manages the European Integrated Pollu-
tion Prevention and Control Bureau (EIPPCB), set up to orga-
nise the exchange of information between Member States,
industry, environmental NGOs and services of the Commis-
sion on Best Available Techniques. This exchange leads to
the development of BAT reference documents, called BREFs.
There are nearly 40 BREFs already available.

The BREF on common wastewater and waste gas treatment
and management systems in the chemical industry (CWW) is
currently under review. This review process is expected to be
finalised within 2012.

thematic
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In order to revise the CWW BREF, an EU-wide survey is being car-
ried out by the European IPPC Bureau (EIPPCB) for the chemical
industry. This survey will collect installation-specific wastewa-
ter emission data, taking into account a wide range of potential
pollutants of key environmental importance of wastewater dis-
charges from the chemical industry.

The EIPPCB plays a key role in the analysis and the assessment
of the survey data in order to propose BAT based on scientific
and technical data. These BAT will be the basis for setting permit
conditions for wastewater discharges from the chemical industry.

Useful tools

JRC has developed numerous scientific tools to study dif-
ferent water-related topics. Most of them are available to
the general public.

Overview of JRC’s water-related research - The water re-
sources unit at the JRC Institute for Environment and Sus-
tainability (IES): http://ies.jrc.ec.europa.eu/the-institute/units/
water-resources.html

Water availability

« Hydrological modelling (LISFLOOD): http://floods.jrc.ec.europa.
eu/lisflood-model.html

- Land use modelling platform: http://moland.jrc.ec.europa.
eu/lump/lump.htm

- Monitoring agricultural resources (access to water stress
maps): http://www.marsop.info

- River basins network (RBN) on Water Framework Directive
and agriculture: http://prb-water-agri.jrc.ec.europa.eu/

Water quality

- Assessment of fate and impacts of pollutants in terrestrial
and aquatic ecosystems: http://fate.jrc.ec.europa.eu

- Water bodies in Europe - Integrative System to assess Eco-
logical status and Recovery (WISER): http://www.wiser.eu/
results/method-database/

Marine information

- Environmental Marine Information System (EMIS): http://
emis.jrc.ec.europa.eu/

« African Marine Information System (AMIS): http://amis.jrc.
ec.europa.eu/

Preserving ecosystems

-European Alien Species Information Network (EASIN): http:/
easin.jrc.ec.europa.eu
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Floods

- Floods portal: http://floods.jrc.ec.europa.eu/

- European Floods Forecast System (EFAS): http://efas-is.jrc.
ec.europa.eu

- Global Flood Detection System (GFDS): http://www.gdacs.
org/flooddetection

- Integrated flood map: http://dma.jrc.it/map?application=floods

- Climate change impact assessment in floods: http://floods.
jrc.ec.europa.eu/climate-change-impact-assessment.html

Droughts and desertification
- European Drought Observatory (EDO): http://edo jrc.ec.europa.eu
- World Atlas of Desertification (WAD): http://wad.jrc.ec.europa.eu

Tsunamis
- Global Disaster Alert and Coordination System (GDACS):
http://www.gdacs.org

Water governance

« Aquaknow - virtual space for collaboration and information
on the water sector: http://www.aquaknow.net

- Global water scarcity information system: http://www.glo-
wasis.eu

Water and innovation

- Ocean colour portal: http://oceancolour.jrc.ec.europa.eu/

« EuroGEOSS broker (developed for the Firefox browser):
http://www.eurogeoss-broker.eu

- Geowow project: http://www.geowow.eu/

- EU Ecolabel and green public procurement for tapware:
http://susproc.jrc.ec.europa.eu/ecotapware/ and toilets:
http://susproc jrc.ec.europa.eu/toilets/index.ntml

- Best available techniques for common waste water and
waste gas treatment/management systems in the chemical
sector: http://eippcb.jrc.es/reference/cww.html

Useful contacts: JRC-water@ec.europa.eu
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