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Foreword
Role and purpose of INTCATCH
INTCATCH is funded under the call WATER-1-2014/2015: Bridging the gap from
innovative water solutions to market replication and in particular part (b)
•
Demonstrating /pilot activities of new or improved innovative water solutions
in a real environment.

INTCATCH addresses the three cross cutting priorities of the European Innovation Plan
(EIP) on water:
1.
Water governance: by introducing new technological tools to deal with
modern/integrated water management.
2.
Decision support systems and monitoring: by demonstrating at a catchment
scale a paradigm shift in monitoring strategies, both enabling and enabled by a
range of technologies, deployed effectively.
3.
Financing for innovation: by incentivising public sector innovation in the way
monitoring is undertaken

The overall aim of INTCATCH is to bring together, validate and exploit a range of
innovative monitoring tools for river and lake water quality into a single efficient
reliable business model that is fit for European waters in the period 2020-2025. The
project is being delivered from June 2016 through to March 2020.

Project Objectives
INTCATCH has ten specific project objectives, which are:
1.
Demonstrate an innovative approach towards water monitoring.
2.
Transfer & validate data into a Decision Support System (DSS) to inform
River basin plans.
3.
Demonstrate the application of two remote control boats.
4.
To integrate existing and novel sensors into the boat platforms.
5.
To integrate and demonstrate a cloud based system to store & visualise data.
6.
To transfer novel DNA test kits into the aqueous environment.
7.
Demonstrate that tools & strategies can be used to monitor storm water and
improve water quality.
8.
To prove the technologies and long - term viability in an operational
environment.
9.
To increase efficiency through integration of complimentary boat platforms,
innovative and conventional sensors and DNA test kits in monitoring activities.
10.
To commercialise the range of technologies and approaches demonstrated
through INTCATCH by creating and marketing a franchised business.

The objectives highlighted in Bold are specific to Work package 2, Task 2.2, addressed in
this report.
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INTCATCH’s key value propositions
INTCATCH will demonstrate a complete business that provides the technologies,
systems and approaches that will allow relevant integrated catchment management to
be delivered in any group of water bodies or River Basin District. The INTCATCH key
value propositions (the reasons a customer would buy and operate a local franchise) are
detailed in table 1 below.
Table 1 INTCATCH’s key value propositions
Key value proposition
How INTCATCH will deliver
Reduce the costs of water
Effective investigative monitoring strategies;
monitoring and management
enabled by boat and sensor technologies and a
by 40%-50%
Decision Support system. WP9 will provide the
evidence of this being achieved and facilitate
uptake in other catchments across Europe.
Reduce the carbon footprint of
Moving from high intensity sampling and lab
monitoring activities by 30%
analysis regimes to field based monitoring
enabled by INTCATCH technologies
Enable improvements to the
INTCATCH will deliver increased knowledge on
quality of the water
water quality to inform appropriate investment
environment.
and action.
Increase citizen engagement INTCATCH is being developed to be used by NGO’s
with the water environment.
and communities and will support changes in
water governance.
Support legal compliance with INTCATCH activities will inform increased
environmental standards
compliance with Water Framework Directive
standards.
Be self improving
The more INTCATCH franchises that operate
across the world then the more learning and
development there will be about which measures
are most effective. Because of INTCATCH’s unique
franchise model, this learning improves the core
business and is shared amongst all.
Deliver WFD target of known INTCATCH profits will be reinvested into
chemical status for 100% of investigating underfunded River Basin Districts.
River Basin Districts by 2027

Purpose of Work Package 2 – “Innovative approach towards water monitoring”
The role for work package 2 is to set the context for INTCATCH 2020, and set criteria for
an innovative approach towards water monitoring using the range of tools that will be
developed and evaluated in the program. The work package is being progressed in four
specific-related tasks:
2.1
Current Monitoring strategies and tools;
2.2
Social dimensions of water quality monitoring and management;
2.3
Innovative investigation monitoring strategies for surface water involving a
range of stakeholders; and
2.4
Rules for the Decision Support System (DSS) setup and validation
INTCATCH Deliverable 2.2
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Working closely with future end users (private, community, social enterprise and
regulators) and stakeholders to assess their needs and capabilities, the activities aim to
develop catchment-monitoring scenarios to elucidate key data and understanding for
risk assessment and management. This will inform specific plans for the demonstration
catchments to be implemented and enable learning. The work package will set the
‘criteria’ for catchment monitoring, through which the new systems, tools and
technologies will be subsequently tested and validated in the demonstration activities,
working closely with the field demonstration/evaluation work packages (4, 5 and 8).
This builds on the emerging approach across Member States for ‘risk-based’ monitoring,
following 9 years of water quality monitoring under the Water Framework Directive
(WFD). The learning from the demonstration activities can then be applied for decisionmaking in ‘generic’ catchment situations.
By focusing on ‘capability gaps’, the work package will define ‘digital’ opportunities (e.g.
the ability for new information to be used to manage rivers based on multiple data
sources) for catchment management and monitoring towards the concept of a ‘Digital
Smart River/Lake’. We also investigate the social, economic and strategic indicators that
are relevant to the INTCATCH project.

Recognising the growing capability and interest of community groups and stakeholders
in the environment, and the need for regulators to reduce their monitoring costs, task
2.2 will evaluate the potential of delivering data of good quality through ‘Citizen
Science’. It will also provide input to the subsequent work packages on decision-making
actions, assessment and dissemination actions.

This report concentrates on Work Package 2, Innovative approach to water quality
monitoring and specifically task 2.2, which focuses on a review of the social dimension of
water quality monitoring and management and engaging citizen scientists.
In the project we have chosen five catchments that we want to focus our attention on to
provide a broad set of opportunities for demonstration and exploitation. This was to
ensure that the INTCATCH products were tested in a diverse range of fresh water
environments, each with different social aspects.

These are:
•
Lake Garda – Italy
•
River Thames catchment - England
•
River Great Ouse – England
•
Lake Yliki – Greece
•
River Ter – Spain

Detailed catchment information has been evaluated in work package 2 and is available
in the report, D2.1.
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1

Executive Summary

At present, much of the burden of delivering outcomes and the evidence behind the
pressures and current state of the environment to meet the Water Framework Directive
(WFD) objectives lies with the regulatory authorities, which use traditional sampling
and laboratory analysis to assess compliance, with limited focus on investigative
monitoring.

Task 2.2 investigates and evaluates how, by widening participation and involvement of
stakeholders, as enshrined in Article 14 of the WFD, we can demonstrate the
effectiveness of the INTCATCH tools (e.g. the robotic boats and sensors, biosensors and
gene probes) and promote their uptake and use.
The INTCATCH proposition is that many stakeholders can not only engage with data
gathered by regulators, but that they are also capable of gathering valuable
environmental and social data that will support river basin planning and improving the
quality of the water environment. This is the concept of “citizen science”.

This report explores how the new INTCATCH tools and practices can be taken up by
stakeholders, in the roles they wish to play, and the tools used to generate the data they
need. INTCATCH will achieve this aim by clearly identifying what tools, training and
stakeholder development aligns best within each demonstration catchment. We make
recommendations that all the projects in the INTCATCH demonstration catchments use
the decision framework (section 4) to assess whether they can engage citizen scientists,
and evaluate the potential for uptake of the INTCATCH monitoring strategies and tools
using this volunteer approach.

Very few citizens will be motivated to get involved with water quality issues without
first understanding the wider benefits that their efforts could deliver. To demonstrate
these benefits of integrated catchment management, to assess the degree of engagement
and capability and most importantly to be able to measure those benefits, relevant
indicators are needed. In section 5 we have identified a number of social, economic and
strategic indicators / benefits that are fundamental to the INTCATCH project.

In the section 6 of the report we have identified over 142 stakeholders that are
interested in the INTCATCH project. All the current stakeholders have been scored
against a set of capabilities. This is to assess whether the stakeholders could potentially
use the tools and technology that are being developed for the INTCATCH project. We
need to engage and build on these relationships over the duration of the project. Where
we have identified gaps in the type of stakeholder for certain demonstration catchments
e.g. community groups, individuals we need to explore ways that we can approach and
engage these stakeholders.

INTCATCH Deliverable 2.2
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This report introduces the early considerations by the INTCATCH partners of how the
INTCATCH tools could be used in each of the chosen catchments, to help them resolve
some of the specific water quality challenges that have been identified. We have also
included a selection of the social indicators that we think can start to be measured
before, during and after the demonstrations have been completed in the catchments.

In section 8 we have explored how the INTCATCH tools relate to citizen science through
an individual capability lens.

High-level actions plans have been produced for all the demonstration catchments with
possible actions that would enhance citizen scientist involvement, and address the
water quality challenges and social indicators identified. These plans are not fixed and
are intended to inform the more detailed planning by the catchment leads for the
validation and demonstration activities. However, by seeking to include as many of the
suggestions as possible from these plans, the INTCATCH partners will be increasing the
chance of success of the INTCATCH project and successful future exploitation of the
INTCATCH tools.

Each demonstration catchment should also include developing case studies illustrating
each step of the process (problem – investigation – outputs – resolution) to take forward
into Work Package 11 (exploitation and dissemination).

Key Recommendations:
• All the projects in the INTCATCH demonstration catchments use the decision
framework (section 4) to assess whether they can engage citizen scientists, and
evaluate the potential for uptake of the INTCATCH monitoring strategies and
tools using this volunteer approach.
• All demonstration catchments should consider and discuss how we can measure
the indicators proposed in section 5 and in the demonstration activity plans.
• Where gaps are identified, in the type of stakeholder for certain demonstration
catchments e.g. community groups, NGO’s and individuals, local catchment hosts
need to explore ways to approach and engage these different types of
stakeholders.
• Section 8 – Demonstration activity plans and exploration of how the INTCATCH
tools relate to citizen science. These plans are not fixed but are intended to
inform the more detailed planning by the catchment leads for the validation and
demonstration activities. These plans can be adapted accordingly.
• Each demonstration catchment should also ensure that with all the activities
being completed they understand how the INTCATCH products can be exploited
and disseminated more widely in the future.

INTCATCH Deliverable 2.2
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2

Social dimension of water quality monitoring and management

2.1
Approach
At present, much of the burden of delivering outcomes and the evidence behind the
pressures and current state of the environment to meet WFD objectives lies with the
regulatory authorities, which use traditional sampling and laboratory analysis to assess
compliance, with limited focus on investigative monitoring. This approach has not
delivered data for the needs of many stakeholders and has not delivered the water
quality improvements intended by WFD.

Work Package 2, Task 2.2, investigates and evaluates how, by widening participation
and involvement of stakeholders that is enshrined in Article 14 of the WFD, we can
demonstrate the effectiveness of the autonomous and radio controlled boats and
sensors, biosensors and eDNA gene probes (the INTCATCH tools) and promote their
uptake and use. This will be through the concept of “citizen science”. This will be
enhanced by the introduction of a decision support system (DSS), communication apps
and tools.

We will assess the capability of stakeholder groups to utilise the INTCATCH tools for
gathering water quality data, understanding that data and sharing or using the data. We
will consider this within the lifespan of the project and make recommendation for how
things could be changed. For the tools to be successful, the users must see value in using
them. Task 2.2 will focus on engaging the people required in the future to deliver the
WFD water quality objectives.

Task 2.2 addresses the following issues:
•
How the new INTCATCH tools and practices can be integrated into citizen
science and be best used to generate the data they need. It will identify barriers
to the uptake of the tools and address how they can be overcome.
•
How environmental data, produced by citizen scientists, can be enhanced by the
INTCATCH tools to become more acceptable to regulatory bodies.
•
How citizen science can enhance the uptake of the INTCATCH tools. The
approach for undertaking this assessment will use relevant social indicators.
•
Working with partners in our catchments, Thames 21 in London, AGS at Lake
Garda, CERM-MTer in Spain and EYDAP in Greece to identify stakeholders and
communities, and existing partnerships in those locations.

One of the INTCATCH key value propositions is to increase citizen engagement with the
water environment. INTCATCH is being developed to be used by NGO’s and
communities and will support changes in water governance.

Both reports produced for Task 2.1 and Task 2.2 aim to help define the INTCATCH water
quality monitoring goals and shape the monitoring strategies (Task 2.3) to make best
use of, and promote uptake of, the INTCATCH tools.
INTCATCH Deliverable 2.2
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3

Stakeholders at the Heart of Environmental Stewardship and
Governance

3.1

The INTCATCH view on the interpretation of WFD needs and stakeholder
engagement.
There are a significant number of drivers that informed the development of the
INTCATCH project. Three key drivers stand out which will support the adoption of
INTCATCH:
•
Political and economic drivers:
The current and future market for INTCATCH is driven by the need to meet European
legislation predominantly the Water Framework directive and the needs to reduce costs
in monitoring and environmental management.
•
Societal drivers:
About one third of the world’s population lives in countries with moderate to high water
stress and problems of water scarcity are increasing.
•
Technology drivers:
There is an increasing range of innovative solutions for water monitoring and
management, but as stated in the call WATER -1-2014/2015, there is a lack of real scale
demonstration of their long-term viability.

Across all three drivers, stakeholders play a critical role in identifying, supporting,
taking, and benefiting from action. Notably, under the Water Framework Directive,
Article 14, makes it clear that a critical commitment is expected of all Member States on
“Public information and Consultation”; that active involvement of interested parties in
all aspects of the implementation of the WFD (Figure 1).

Figure 1 Diagram to illustrate the outcomes required of Article 14 (from,
Common Implementation Strategy for the Water Framework Directive
2000/60 EC) WFD CIS
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The Water Framework Directive requires that Member States shall ensure that, for each
river basin district, they publish and make available for comments to the public
(including users) the following: •
A timetable and work programme for the production of the plan, and the
consultation measures to be taken, at least three years before the beginning of
the plan period. This should be made public.
•
An overview of the significant water management issues identified in the river
basin, at least two years before the beginning of the plan period. This is to be
made public.
•
Draft copies of the river basin management plan, at least one year before the
beginning of the plan period. Public should be given six months to comment on
the plan.
•
On request, access to background documents and information used for the
development of the draft plan.

The Commission aimed to enhance public involvement, to:
• help balance the interests of different stakeholders – this will ensure that the
decisions on the most appropriate measures to achieve the objectives in the river
basin management plan will involve balancing the interests of various groups. The
economic analysis requirement is intended to provide a rational basis for this, but it
is essential that the process is open to the scrutiny of those who will be affected.
• improve enforcement and implementation of the Water Framework Directive
by increasing transparency. The greater the transparency in the establishment of
objectives, the imposition of measures, and the reporting of standards, the greater
the care Member States will take to implement the legislation in good faith, and the
greater the power of the citizens to influence the direction of environmental
protection, whether through consultation or, if disagreement persists, through the
complaints procedures and the courts.

Caring for Europe's waters will require more involvement of citizens, interested parties
and non-governmental organisations (NGOs). However, whilst the driver for
participation in environmental decision-making is enshrined in regulation, the
approaches used, and the outcomes sought, can differ depending on the cultural norms
of the Member State, the stakeholder mix and the degree to which stakeholders are
informed and supported to engage, as well as local environmental circumstances.

What INTCATCH therefore aims to develop is how the EU’s ambition of stakeholder
participation in water quality can be drawn upon, and enhanced so that nonprofessional environmental stakeholders can contribute valuable information to the
debate on important environmental decisions – a ‘democratisation’ of the
environmental decision-making.

It is also mandated that the Water Framework Directive needs ‘information’, and
consultation, on river basin management plans. The plans must be issued firstly in draft,
and the background documentation on which the decisions are based must be made
accessible. However, too often in the past, implementation has been left unexamined
INTCATCH Deliverable 2.2
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until it is too late – this results in Member States already being behind schedule and out
of compliance (Institute for European Environmental policy – IEEP). Therefore, where
INTCATCH can also improve is by establishing a ‘stakeholder’ network for the exchange
of information and experience between water professionals and the community early in
the process, ahead of at the River Basin Plan drafting stage, as well as then following on
in plan review.

3.2
Involving people in environmental decision-making
Stakeholder engagement is a broad inclusive and continuous process between a project
and those potentially affected by it (Cundy et al., 2014). The aims of stakeholder
engagement, according to the World Bank (2013) are to build up and maintain an open
and constructive relationship with stakeholders and thereby facilitating a project’s
management of its operations, including its environmental and social effects and risks.

Yet stakeholder engagement is often considered to be obstructive and adds time to the
overall decision-making process. The Decide–Announce–Defend (DAD) approach aims
to save time and deliver clear decisions efficiently, which might be appropriate in
emergency situations where a range of factors may need to be considered and
prioritised (IEMA 2006). Decisions being made without discussions will often lead to
resistance, failure to gain acceptance and thus causing delays due to antagonistic
relationships; and even challenges through legal processes. Engaging with stakeholders
(whilst mandated in legislation) helps regulators and those seeking environmental
permissions (for abstraction, discharge or land remediation) understand concerns,
interests and priorities. In most cases, regulators still make the final decision, but by
working with stakeholders throughout, this aims to ensure such decisions are as widely
supported as possible and provide real solutions to the problems being addressed
(Environment Agency 2017). The Environment Agency summarises the key outcomes
that regulators value, to:

•
•
•
•
•
•
•

reduce miscommunication, misunderstandings and conflict
ensure everybody understands each others’ views, concerns and values
build on local knowledge that will lead to better decisions
increase mutual trust
enable as many people as possible to influence and own the outcomes
encourage problems to be jointly owned and solved
take stakeholders on the decision- making journey to make it more open and
accountable
• make sure everyone has, as far as possible, an input into decisions; and
• comply with our legal obligations

Engaging with stakeholders through a more inclusive approach – Involve-Agree –
Implement (IAI) (IEMA 2006) aims to ensure all stakeholders play their role in building
the proposition, ahead of decision-making. But who are the stakeholders?
The most efficient way to get a clear picture of who are the relevant stakeholders is to
carry out a stakeholder analysis, i.e. to identify all relevant stakeholders, to differentiate
between different categories of stakeholders and to investigate the relationships
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between the project and stakeholders and among stakeholders themselves (Cundy
2013). A range of tools exists to identify interested parties who are relevant to the
programme, locally and nationally. These might include community groups, neighbours,
investors, insurers, campaigning groups, future site users, the press and governmental
bodies such as conservation bodies. Reed et al. (2009) used a wider range of categories,
which may also be a useful means of categorising stakeholders:
•
Key players - stakeholders with high interest and influence.
•
Context setters - highly influential stakeholders, but having little interest.
•
Subjects -stakeholders having high interest but low influence.
•
Crowd - stakeholders who have little interest or influence over desired
outcomes.

With the priority for good water quality to support life and health of people and the
environment, the Commission gave the strongest signal that Member States should be
assiduous in their engagement with a broad set of stakeholders on matters of water
quality and quantity. There remain, however, many conceptual and methodological
problems with stakeholder analysis (Chevalier and Buckles 2008), who argue that tools
for stakeholder analysis are descriptive and often too schematic, assuming that
problems, interests and groups have clear boundaries and are stable over time. They
tend to neglect issues of stakeholder domination, means to empowerment for marginal
or voiceless groups, and public representations of the common good.

In the INTCATCH programme, we will engage different groups of stakeholders covering
all the relevant categories. Among them, we are focusing on empowering a range of
stakeholders that whilst might have had interest in the environment (for example,
anglers), their interest has not necessarily yielded environmental data, which is an
important element to identify and prioritise what actions, measures are required, where
and when, which is the fundamental element of the River Basin Plans.

3.3
From stakeholders as consultees – to data gatherers
Whilst engaging stakeholders on the Water Framework Directive consultation exercises
is mandated, the INTCATCH proposition is that many stakeholders can not only engage
with data gathered by regulators, but that they are also capable of gathering valuable
environmental and social data that will support river basin planning and improving the
quality of the water environment. Moreover, stakeholders can gather relevant data and
information at all ‘levels’ of spatial, temporal extents and to all levels of analytical data
quality, if they are provided by the means and knowledge to use newly-available tools.
And by so doing, this enables a step change in both stakeholder participation and the
resolution of environmental data, to drive forward improvements required by the WFD.

Following up on the relationship between these issues, in particular the relationship
between societal response and NGOs, the roles that civil society might play in global
environmental governance has been evaluated. (Gemmill and Bamidele-Izu, 2002)
identified five major roles that civil society might play in global environmental
governance:
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1.
2.
3.
4.

5.

Collecting, disseminating and analysing information.
Providing input into agenda setting and policy development.
Performing operational functions.
Assessing environmental conditions and monitoring compliance with
environmental regulations.
Advocating environmental justice.

The most effective way in which INTCATCH will achieve engagement is by clearly
identifying what tools, training and stakeholder development aligns best with which of
these five ‘roles’. Table 2 below gives examples where these functions can align to
INTCATCH activities and deliverables, and that will be evaluated in the INTCATCH
programme.

A range of examples already exist where community groups used different monitoring
approaches and tools, to generate data and environmental outcomes relevant for WFD,
following training, and provisions of equipment and appropriate supervision. These
include (CABA 2016):

United Kingdom examples:
• Riverfly Partnership – a network of around 100 partner organisations representing
environment end users – anglers/conservationists/river managers etc, to
understand river fly populations as indicators of water quality
• ‘Riverfly Hubs’ are groups of interested volunteers that work within a recognised
network, ‘Riverfly Partnership’, to deliver consistent environmental data. These
groups contribute data and views to the many UK catchment partnerships.
• River Search – a monitoring and restoration project that trains volunteers to
perform river walk over surveys.
• Trent Rivers Trust – using community engagement to generate a better evidence
base and improve polluted rivers.

We also have examples from Germany and Greece:
• Germany – Citizen science create knowledge “Loss of the night”, this is a research
project run by Leibniz institute of Freshwater Ecology and Inland Fisheries. Amateur
astronomers are guided by a smartphone app to particular stars and asked how
bright they are and how many there are which star is the least bright.
• Greece – CISCISUSAKI – This project promotes a more sustainable future for the
Greek Island of Samothraki. CiSciSusaki aims at analysing the socioecological system
of the island of Samothraki, identify leverage points for a societal transformation
towards a sustainable future and develop a framework for local initiatives
supporting this goal.
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Table 2 Environmental Governance Roles and alignment to monitoring
activities and tools by stakeholder groups, as proposed by INTCATCH
Civil Society
Roles

Collecting,
disseminating
and analysing
information

Activities

Uptake of tools

Competence: example group
Low competence: volunteers.
Medium competence: organised community groups; catchment
partnerships.
High competence – NGOs; professional partners.
Design of monitoring strategy and Use of Decision Support system/Apps
plans (Low)
(Low)
Smartphone Apps (Low)
Walkover surveys (Low)
Smartphone:- geotagged photos (Low)
Environmental recording: river levels;
blockages; invasive species;
pollution/discharges (Low)

Providing input
into agenda &
setting policy
development
Performing
operational
functions

Assessing
environmental
conditions;

Monitoring
compliance with
environmental
regulations

Advocating
environmental
justice

Downloading of data (Low)
Processing of data (Medium)
Modelling:-source, pathway and
receptor. (High)
Writing plans based on data
Writing reports; submissions and local
plans; grant applications (Medium)

Removal of obstructions – weirs
(Medium)
Habitat improvement (Medium)
Operating structures (Medium)
Geomorphological assessments (High)
Sampling the environment (Low)
Environmental Test: simple; field
(Low)
Environmental Test (with separate
analysers) (field). (Medium)
Sampling the environment (Medium)
Environmental Test: complex (High)
Aerial surveys / Over, Fly throughs.
(High)
Data comparisons (Medium)
Monitoring of discharges (High)
Evidence-based influencing (Low)
Evidence-based influencing (Medium)

Use of web data archive (Low)
Data visualisation (Medium)
Land-based topography/GIS and
pollutant export modelling platforms and
programmes (High)
Data viewers (Medium)
Rivers design Apps; (Medium)
Water flow models (High)

Collection of water, sediment and kick
sampling for invertebrates
Water test kits; dip sticks (Low)
Single sensors (low cost) (Low)
eDNA testing (Medium)
sensor – boat; multi-probe sonde (Medium)
Auto-samplers. (Medium)
Direct chemistry – laboratory
field laboratory deployment (High)
Aerial drones (High)
Look up table (Medium)
Sensors as part of CSO system(High)
Smartphone images (Low)
Monitoring data visualisation (Medium)

The key elements of these projects are drawn out of the desire of these stakeholders to
play a greater role in determining local environmental health/quality. However, in so
doing, Grygorul and Rannow (2017) advise that care is needed to ensure that the:
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•

•
•

data generated are supportable and interpretable by professional scientists, who
need to act to span the boundary in understanding of the evidence, ensuring
sampling design is robust, in order to generate useable data and scientific concepts,
between the professional and volunteer;
messages drawn out from those data are communicated to a range of stakeholders,
and in appropriate form for those stakeholders; and
management solutions proposed may differ between those of the regulators, and
the volunteer/stakeholder groups, and that these will need to be reconciled in
consultation.

Given that the process of River Basin Planning is primarily reliant on regulatory
monitoring programmes, and that those programmes do not normally address all
environmental variables at all locations, stakeholders are only normally able to counterinterpret the data owned by others.

Involving citizens and basing the recommendations on their work means that decisions
that refer to these recommendations are likely to be more legitimate (Gudowski et al
2012). And that by working with an ‘envisioning’ / ‘foresight’ process, (the CIVISTI
project) they demonstrated an improvement in the quality of recommendations for
decision-making, by broadening the basis of information on which they are made. These
points further underpin the key value proposition of INTCATCH – that by generating
data, stakeholders become more engaged not only with the process of ‘sharing public
information and consultation’, but also have a greater equity share in the decision
making process. Figure 2 below shows the new paradigm for consultation and
engagement to enable stakeholders to be involved, consulted and, importantly, supply
information to make environmental assessment and management truly ‘democratic’.

Figure 2 New paradigm for consultation and engagement, focusing on data
collection and exchange (redrawn from, Common Implementation Strategy for the
Water Framework Directive 2000/60 EC) WFD CIS
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4

Environmental Citizen Science

4.1

Role and value of Environmental citizen science
At the heart of stakeholder engagement is true participation in understanding and
protecting the environment. We have articulated that data gathering has been led and
delivered by professional scientists in a range of organisations, and that those data are
presumed to be of the highest quality. This is from a spatial, temporal, determination
(accuracy and precision) point of view and that the monitoring plan behind that data
gathering was planned to answer the questions posed.

Yet, there are numerous examples from the academic literature and professional
practice that shows that a range of non-professional stakeholders not only participate,
but contribute significant time as volunteers to the gathering, processing and reporting
of data, and that these data are then used to inform analysis, options appraisal, decision
making and management activities. Significantly, the involvement of volunteers in data
collection, analysis and interpretation simultaneously supports research and public
engagement with science (Pocock et al 2017).

It is apparent that data have been gathered and applied in the fields of ecology through
local record centres (Pocock et al 2015); bird populations (Grauer et al. 2015, Ward et.
al., 2015); water quality – chemistry (Thornhill et al. 2017); water ecology (Cunha et al.
2017, Tulloch et al. 2013); invertebrate evolution (Silvertown et al. 2011); air quality
(Gosling et. al. 2016; Tregidgo et al. 2013); and meteorology (Gharaesifard et al. 2017);
and that these studies do apply scientific rigour in the preparation, gathering and
processing of ‘environmental‘ and human health data – so-called ‘Citizen Science’.
Environmental Citizen Science can be defined as “Volunteer collection of biodiversity and
environmental data which contributes to expanding our knowledge of the natural
environment, including biological monitoring and the collection or interpretation of
environmental observations” (Tweddle et al. 2012)

Citizen science activities are often described using the following categories (Roy et al.
2012)
1.
Contributory projects – projects lead by professionals or professional bodies to
which members of the public contribute data.
2.
Collaborative projects – designed by professional scientists; members of the
public contribute data and inform the way in which the questions are addressed,
analyse data and disseminate findings.
3.
Co-created projects – designed by professional scientists and members of the
public working together and for which some of the volunteer participants are
involved in most or all steps of the scientific process.

Currently the most widely - adopted approach to citizen science is referred to as the
“Contributory approach”(Roy et al. 2012). However, the above categories miss out a
very important angle, there are many citizen science projects that are created by and
shaped by the volunteer participants. This is where people raise specific issues that they
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care about rather than scientists. In this chapter, the case study that is referred to the
“Oxford flood network” shows how valuable the citizen-led approach can be. Significant
programmes drawing on community support are also focused on local ‘deep surveys’
within a short time window, the so-called ‘BioBlitz’ - http://www.bnhc.org.uk/bioblitz/.
The popularity of citizen science projects has increased for a number of reasons in
recent years, driven by both available resources and a more outward focus of research
and public agendas. During 2007, volunteer observers for biodiversity surveillance in
the UK were estimated to contribute time in kind worth more than £20million (Tweddle
et al., 2012). These were projects / observations / collection of data that would not have
otherwise been undertaken, due to lack of resources and budget.

It is already recognised that the progression of technology supports engagement with,
and delivery from, citizens. Loiselle (2016) noted that web and mobile technologies
have enabled the proliferation of citizen science programmes. The use of smart phones
with cameras (Crimmins and Crimmins 2008), and linked to specialist apps (CABA
2016) equips any citizen to be an environmental reporter – and with the potential to
become a scientist that contributes to wider knowledge, and environmental
improvement.
The increased popularity in citizen science projects could therefore be attributed to:
1. Excellent engagement – provides a way for people to engage with science and
their environment.
2. Cost-effective data collection – provides the potential to collect data at much
larger spatial and temporal scales and enable the intensive collection of data at
specific local sites.
3. Technological advances – advances in technology, especially in
communications technology, have made it easy to set-up and promote citizen
science projects. Data collection, via websites or smartphones is now a standard
approach.
4. Data reliability – Following on from technological change there have been
methodological ones that have increasingly incorporated data validation and
verification procedures in the data to provide information of a known quality.

4.2

Factors influencing the development and success of Citizen science
programmes
Conrad et. al., 2011, assessed a 10-year spread of citizen science, as termed CitizenBased Monitoring (CBM) projects, and concluded that two major gaps existed that, if
overcome, would help with the impact and benefits of citizen science.
These were a need to compare and contrast the success (and the situations that induce
success) of CBM programs which present sound evidence of citizen scientists
influencing positive environmental changes in the local ecosystems they monitor and
more case studies showing use of CBM data by decision-makers or the barriers to
linkages and how these might be overcome.
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There is also the tension between gathering ‘quality environmental data’ and,
“engagement and participation”. In their paper ‘to have your citizen science cake and eat
it’, Lakeman-Fraser et al (2016), assessed the challenge of multiple aims and generating
‘win wins’ and the trade-off’s using four indicators (needs met; trust; scope; and social
capacity) from the citizen science evaluation framework.

In addition, understanding the motivations of volunteers is key not only to supporting,
but also sustaining engagement in environmental monitoring programmes. Rotman et
al. (2014) found that personal interest (identify with the project), self promotion (I will
gain benefit), self efficacy (esteemed with the value of the programme, and co-workers)
and social responsibility (I care and am part of the problem and solution) were
contributory factors in maintaining the commitment and interest of volunteers.
Therefore engagement needs to align with these values and motivations if it is to be
sustained for environmental monitoring programmes. INTCATCH will look for
opportunities to highlight activities and outcomes from its programmes, so that these
are shared, and tested, as key motivations with the stakeholders/end users.

In their paper ‘Scientists@home’, Nov et al. (2014) assessed the motivations of
volunteers who offer skills, time and energy (and some knowledge) for citizen science,
looking at the emergence of ‘online citizen science’. They discovered that ‘quantity of
contribution’ – time, volunteer effort is determined by collective motives, norm-oriented
motives, reputation, and intrinsic motives. This indicates the strong social elements in
citizen science are related to being part of a movement or a group working with likeminded individuals. However, the quality of their input is only positively affected by
collective motives and reputation. Therefore, the factors that enhance recruitment and
participation is no guarantee of quality, and may actually ‘detract’ from quality. The
leaders of such programs need to stress the goals of any monitoring program, and
(looking at reputation drivers of motivation), whether the indicators of performance are
made publicly available. In the INTCATCH programs attention will be given to the
quality of the data quality, how those data will be made visible, and available to wider
stakeholders, and the extent to which this enhances volunteer’s intrinsic motives. In
essence, working with local stakeholders as part of the demonstration program, the data
gathered will make a difference to the environment.
INTCATCH aims to encourage a more citizen-led approach rather than a top-down
organisational driven approach. Citizen science will therefore be approached in the
project through the active participation of volunteers in actions, such as operation of the
monitoring boats in the five demonstration catchments, participation in monitoring
programmes, sampling campaigns and dissemination activities. The project aims to
address how the technologies can be integrated with Citizen Science and what the
implications are for utilising the environmental data produced by this approach,
particularly to assess how the data generated can be ‘accepted’ by regulators.

Factors that will help to drive success in citizen science include (key factors identified
for INTCATCH IN BOLD):
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•

•
•
•
•

•

•
•
•

By getting people to be hands on with data, it engages them with important
issues, including the complexity of the issues and concerns and the challenge of
monitoring impacts on the environment.
It can be a cost- effective way of gathering data, especially at large spatiotemporal extent and fine spatio-temporal resolution.
For long term monitoring, committed volunteers could provide a more reliable
way of gathering data.
It can permit many more simultaneous observations than would otherwise
be possible.
Many potentially interested people are willing to be directed and to be “useful”.
Collecting data gives them purpose and helps then feel involved – thus
encouraging commitment.
It needs not to be restricted to what people can see; people can use
sensors, or they can collect samples for analysis by volunteers or
professionals.
By allowing lots of people to each undertake small or simple tasks it can
provide a means of generating large datasets.
It can help build trust in NGO’s and public sector organisations.
Citizen science is enjoyable and can enhance the well-being of the volunteers.

INTCATCH tools will enhance the quality and quantity of environmental data as
delivered by citizen scientists, and therefore improve the value, and acceptability to
regulators, this will be tested and evaluated through:
•
catchment assessments and monitoring strategies that will direct citizen
scientists to:
 assess catchment risks empirically
 deliver walk over/outfall safaris to identify key risk areas and timings of
those risks
•
monitoring for key contaminants and/or indicators in those locations, and at
a greater frequency, or timed for water run-off events
•
deployment of calibrated sensors and other field tests, in more locations,
and at a greater frequency than the local water quality monitoring
programmes, and so deliver a greater datasets on local water quality
•
deployment of sensors on mobile platforms – autonomous and radio
controlled - to sample in previously unsampled locations and at a frequency
not currently performed by regulators
•
deployment of novel tools – for example, eDNA - to identify pathogens not
currently monitored for, and other environmental ‘targets’

The INTCATCH project will also aim to take account of a broad range of challenges that
have emerged as learning from existing programmes, including:
•

•

Citizen science is often most effective when the approach is simple. Participation
is likely to be reduced when protocols are too complex or demanding.
Volunteers need to be recruited and this takes time. Some projects have a simple
protocol to follow but others are complex.
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•
•

•

•

•

Citizen science often requires substantial investment in money and time to
support the citizen scientist.
Providing feedback to volunteers can be costly, in terms of time, but has to be
maintained for the life of the project in order to motivate participants – use of
web-based visualisations will help uptake.
Often citizen science data is ad hoc in its collection so can require complex
analytical approaches or may not be suitable for the purpose for which it was
intended.
Organisations bringing in or utilising volunteers need to be aware of the
potential liabilities associated with volunteering, especially around health &
safety practices.
For long term surveillance, organisers of citizen science need to have a longterm commitment to supporting and retaining volunteers e.g. through training,
mentoring, providing feedback, refreshing material etc.

4.3
Selecting citizen science as a delivery mechanism – case study examples
Building on the assessment by Thornhill et al. (2016), there is now a significant
opportunity for researchers and Agencies to engage with, stimulate and collaborate with
citizen scientists, which INTCATCH aims to facilitate with its monitoring strategies and
tools.

So how can citizen science (monitoring) support and compliment those of professional
organisations? Citizen science has not usually been used to replace professional
surveillance, and indeed, they are often mutually exclusive. In finding ways to dovetail
monitoring programmes, core professional activity could provide the minimum level of
monitoring required, while citizen science data increases the resolution and
spatial/geographic and temporal scope of sampling (Loiselle et al, (2017)). Citizen
science data can also inform professionals so they direct their effort to address the
highest priorities or most important questions.
4.3.1

Citizen Science programme example 1: The WaterHub Initative,
EarthWatch Institute
The EarthWatch Mission is to engage people in scientific research and education to
promote the understanding and action necessary for a sustainable environment. The
Earthwatch Institute has created an initiative called Freshwater Watch https://freshwaterwatch.thewaterhub.org.

The WaterHub programme, launched in 2012 is an eight-year American-led, 150million
dollar programme in partnership with the Earthwatch Institute, WaterAid and World
Wildlife Fund (WWF) and local project partners. The Programme aims to provide and
protect water sources, inform and educate communities in need, enabling people to
prosper and driving economic development across the world.
The initiative is to create a global water quality database to assess the health of fresh
water ecosystems. They want to achieve this by recruiting as many citizen scientists
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from across the world as possible. All they require is for the citizen scientists to follow
the three steps shown below:
1.
Monitor local streams, ponds, rivers, lakes or wetlands for polluting nitrate and
phosphates. (all test kits are provided)
2.
Upload results onto the online database with photos and description of the area.
3.
Recruit friends and family members to join the Freshwater Watch community.
Test as many freshwater locations to gain a great number of results. Where poor
results are detected these will be passed to the authority responsible for making
the environment better.

4.3.2 The Oxford Flood Network
The value of data gathering by citizens can be enhanced, or undermined, by the
difference it makes to decision-making. For the Oxford Flood network, the challenge for
local residents was less about data, but more about how those data are used to drive
action in this flood risk area. For this programme, the driver was that residents received
flood warnings for ‘main river’, but not for smaller watercourses (which were not
monitored for river level), as well as the spatial resolution of the Environment Agency
network was less than residents felt they needed. The Environment Agency already
provided an early warning service, which many of the Oxford residents received.
However, if the warning was received whilst at work this wasn’t useful, as they didn’t
know whether the Environment Agency was being over cautious or whether their
homes were actually flooding.

The residents decided to take action and a number of them set up a network called the
“Oxford Flood Network”. They installed three sensors that were suspended under
bridges above the water, which used ultrasonic distance measuring to track water levels
in real time. The basic idea is that an ultrasound sensor detects the height of the water,
sends it over radio to an internet-connected Raspberry Pi gateway, which forwards it up
to the cloud. They are also using multi-km-range TV Whitespace radio technology to
connect gateways outside normal internet coverage. The information is shared as open
data so anybody can see, share and publish the data. The Oxford Flood Network produce
live maps based on this and other data sources to inform local residents about water
levels. The image below is an example of these maps and the live version is available at
https://map.flood.network

Figure 3 The Oxford Flood Network river level map.
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This is a good example of communities coming together to address an issue. The
INTCATCH project wants to build on this enthusiasm and help communities combat any
water quality issue they may have. The INTCATCH tools and practices can be integrated
into citizen science and help them to generate the data they need. The data they produce
can then be enhanced to become more acceptable to regulatory bodies.

4.4
Selecting citizen science as a delivery mechanism – a decision framework
The UK Environmental Observation Framework (UKEOF) is a partnership of the major
public funders of environmental science and was launched in 2008 to address issues of
fragmentation, data access and a lack of strategic direction in environmental monitoring.
“Changing the way the UK perceives, values and uses environmental observations”. Key
partners are: DEFRA (Government), Environment Agency (EA), Natural Resources
Wales (NRW) and the Scottish Environment Protection Authority (SEPA) (Regulatory
Authorities), Met office, Forestry Commission, Natural England (NE), NERC science for
the Environment and the UK Space Agency, and more information can be found at
http://www.ukeof.org.uk.

UK-EOF have developed a decision framework for choosing and using citizen science to
assist in the selection of a citizen science approach. Part of the decision framework
recommends that before considering using citizen science you should review the
following six questions.
1.
Clarity of the question or aim - The purpose of the project needs to be clearly
defined.
2.
The importance of engagement – be clear what it is you want to complete and
achieve.
3.
The resources available – Be clear on what resource is required to run the
initiative effectively. Website / online database, provide supporting guidance,
specialist equipment etc.
4.
The spatio-temporal scale of sampling – For large spatial scale projects it is
important, to consider whether the information is required from specific sites or
whether it should be ad hoc. Remote sampling sites need to assess whether
people can actually travel to these sites?
5.
The complexity of the protocol – Is the protocol practical for volunteer
involvement – are you expecting too much from the volunteers?
6.
Motivations of participants – Important to consider different peoples
motivations. Progress in a project is important for people to remain motivated.
Understand whether the project resonates with potential volunteers and are
there clear and appropriate understanding of what is required.
If a given proposal appears to strongly satisfy these questions then it is likely to be more
suitable as a citizen science project. The type of project can then be investigated through
the decision framework. Figure 4 shows the decision framework for citizen science
projects along with Figures 5 and 6 that show how more information can be
incorporated in plans for taking forward the assessment outcomes. These decisions
trees (Figures 5 and 6) expand on the issues of participation and retention.
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Figure 4 A decision framework for citizen science projects, with questions on the
left used to identify the possible issues of participation (A), or retention of
volunteers (B and C). The outcomes are further assessed in the diagrams in
figures 5 and 6.

INTCATCH Deliverable 2.2

26

Figure 5 Option A from the Decision Framework

Figure 6 Options B & C from the Decision Framework
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The fundamental element is that the tools being developed and applied within
INTCATCH generate scientific data, and that this data can provide clear, robust evidence
of environmental quality. Therefore, we are recommending that all the projects in the
INTCATCH demonstration catchments use the framework to assess whether they can
engage citizen scientists, and evaluate the potential for uptake of the INTCATCH
monitoring strategies and tools using this volunteer approach. This will enhance the
likelihood that regulators will evaluate positively the new tools and value Citizen
Scientists, and the rigorous approach such volunteers will operate to, in delivering high
quality environmental data, analysis and information to support river basin planning.
In applying the decision-framework, if after answering both the six questions above and
following the decision framework the outcome obtained is to select a citizen science
approach then it is really important, that the appropriate planning and resourcing is
implemented (Lloyd. D et al., 2015).

4.5

Using the Citizen Science approach for the INTCATCH project

4.5.1 Applying the Ten Principles of Citizen Science to INTCATCH
It is clear that, successful citizen science projects have a solid concept with clear drivers
and an understanding of outcomes. At their launch, the aims of the project need to be
clearly communicated to the target audience together with the expected life span of the
project. During operation of the project the feedback to the stakeholders / volunteer
community is essential and, at close the outcomes and legacy of the scheme need to be
communicated to all those involved.

Building from a range of citizen science-led programmes, the European Citizen Science
Association have developed ten principles of citizen science. These were developed by
the “Sharing best practice and building capacity” working group of the European Citizen
Science Association, led by the Natural History Museum London in September 2015.
The ten principles listed below underlie good practice in citizen science (ECSA 2015).
Each principle is addressed to some extent as part of the INTCATCH programme, and
will underpin the overall assessment of the programmes outputs. Table 3 aligns the
INTCATCH programme activities and outcomes to the 10 principles.

At the heart of this approach also is the acceptability of data for the ‘professional’ data
generators and end users, the regulators and the regulated industries. The principles
presented in Table 3 include key outcomes that would be relevant to any high-quality
monitoring programme for example, scientific principles behind data quality. A critical
requirement therefore for the INTCATCH demonstration programmes is to evaluate the
quality of the data generated by the tools. Task 2.3 will generate the data quality
requirements for the tools, as the tools are delivered in the programme.
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Table 3 Citizen Science Principles and the degree of engagement with INTCATCH
Citizen Science Principles
Degree of engagement:
How applied in INTCATCH
Citizen science projects actively involve
citizens in scientific endeavour that
generates new knowledge or understanding.

Citizen science projects have a genuine science
outcome.

Both the professional scientists and the citizen
scientists benefit from taking part.
Citizen scientists may, if they wish, participate
in multiple stages of the scientific process.
Citizen scientists receive feedback from the
project.
Citizen science is considered a research
approach like any other, with limitations
and biases that should be considered and
controlled for

Citizen science project data and meta-data are
made publicly available and where possible,
results are published in an open access format.
Citizen scientists are acknowledged in project
results and publications.

Citizen science programmes are evaluated for
their scientific output, data quality, participant
experience and wider societal or policy impact.
The leaders of citizen science projects take into
consideration legal and ethical
issues surrounding copyright, intellectual
property, data sharing agreements,
confidentiality, attribution, and the
environmental impact of any activities.
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HIGH: our test catchment demonstration
programmes will generate new data to
underpin local needs as a product of the
evaluation of the tools.
HIGH: monitoring strategies developed will
aim to ensure there are appropriate up-stream
controls; some data sets will be novel due to
greater temporal/spatial/bathymetric
resolutions, and potentially for substances
previously not monitored for
HIGH: this is a new engagement opportunity
for both scientists and volunteers, using new
tools and thinking on monitoring strategies
MEDIUM: this is an ambition, and may be
possible in some demonstration sites for some
participants, beyond the field testing
HIGH: a combination of in-country partners
and web-based communication from the
project will share outcomes from the project
MEDIUM: controlled conditions might not be
possible in all situations, when using the
INTCATCH tools – but may be sufficient for the
attribution of areas of risk that would be
followed up by further investigations
HIGH: data will be made available through the
web apps online, and meet the data publication
regulatory requirements
HIGH: all volunteers will be acknowledged,
should they wish to be, noting data protection
requirements will need to be met.
HIGH: the quality of the data generated and the
participatory experiences will be critically
reviewed in WP2/9 outputs, and underpin
WP10/ 11 outputs – dissemination &
exploitation
HIGH: the demonstration sites will account for
these issues
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4.5.2 Overcoming cost as a barrier to uptake of INTCATCH tools
Davies et al. (2016) highlighted that alongside changes in the perceptions on the value of
an engaged, scientifically-literate citizenship, there have been significant advances in
technology, transforming the publics capability to contribute to scientific activities.
They promote the use of tools from internet-connected home computers, to
smartphones, enables with global positioning systems (GPS), photographs and even
sensors that can record ‘environmental data’.

Some tools applied to environmental monitoring, such as test kits, are relatively low cost
(CABA, 2016). Whilst much of technology identified by Davies et. al (2016) is now
available to and owned by ‘citizens’, many of the tools being trialled in INTCATCH are
more specialised, such as the boats or the multiprobe sensor arrays, or eDNA test kits,
and will come at significant cost, and are unlikely to be purchased by the individual, or
voluntary groups. As already identified, resources for citizen science programmes are a
significant factor in the design and execution of monitoring programmes. Therefore,
trialling the utility of the tools, alongside the capability of the citizen scientist, also needs
to be considered with one of the key barriers to uptake – that of cost.

It is envisaged in the INTCATCH proposal that the business model needs to overcome
cost barriers, given that the ambition is to move as far as is practicable, ‘the laboratory
to the field’. Within the programme, the proposed approach is that for non-consumable
testing, using ‘capital’ items, that the INTCATCH tools and services will be hired by
community groups organisations for the duration of their surveys for example for a few
weeks, or a few weeks every few months. Having such access to the tools on a live basis
will make projects affordable.
4.5.3 Using the tools to engage citizen scientists
Whilst long-term citizen science monitoring programmes struggle with volunteer
retention, the ‘expected’ short-term nature of INTCATCH campaigns will mean the focus
will be on encouraging volunteer participation, and to use these new tools to drive
interest, and support. Considering that the citizens will already be using computers and
smart phones (albeit with new Apps or specialist programmes), INTCATCH will look at
the response of the participants to the new tools - the ‘excitement’ of interacting with
radio controlled or autonomous boats - both in their utility but also to drive their
interest in the accessibility of monitoring technologies.
Data visualisation / explanation in real-time during data collection activities should be
also considered as a method of reassuring volunteer participants – and to maximise
robust data collection. For example, a simple traffic light system could inform boat users
that systems are operating as they should be. This could include information such as:
•
The sensors are not clogged by debris;
•
The boat is travelling at a speed optimum for water sampling;
•
Data is uploading successfully to the cloud;
•
The GPS is fixed okay.
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To maximise opportunities to collect as much informative data as possible, INTCATCH
aims to devise real-time data visualisation apps to steer the data gathering activities as
they happen. Whilst non-experts cannot be expected to understand where best to
sample (and some pollution entry points may be unknown and not detected until
afterwards during the data analysis phase), an app or data visualisation system that
could draw attention to abrupt changes in water quality and make recommendations,
such as focusing sampling activities in the areas of poorer water quality, would enable
more ‘intelligent’ sampling campaigns.

4.5.4 Planning citizen science campaigns in INTCATCH
INTCATCH aims to demonstrate the potential for the utility and applicability of the new
monitoring tools and technologies, and also, the strategies into which they will be
deployed, using citizen scientists (from S4.2). However, in the initial INTCATCH
monitoring campaigns at the demonstration sites, we will be using a “top down”
approach to set out the monitoring programmes, using the monitoring campaigns to test
the tools with citizen scientists, rather than be fully interactive.
We anticipate that the INTCATCH campaigns will comprise of three phases:
•
Development of monitoring strategy and plans
•
Data gathering activities
•
Data dissemination (including feedback of options from the Decision Support
System)

Protocols and analysis will be led and completed by experts, both at the catchment
locations but also drawing on the INTCATCH team, whilst volunteer engagement will be
more focused on tool deployment, data collection and data analysis, led by the
catchment demonstration hosts. The Task 2.3 interim deliverable will support the
development of monitoring strategies and plan for the specific locations.

This approach combining experts and the new tools with the catchment partners is an
initial method to support local public engagement, but there is also a risk of a disconnect
between the volunteer’s requirements and the scientific aims of the project. There is
also potential for a disconnect between the three phases of a campaign. When and how
volunteers see data and results will be important to addressing the risks associated with
both “top down” and “phase disconnect” risks. Data visualisation (section 4.5.2) will be
key to feeding back in an engaging manner and in a style appropriate for the volunteer
audience. Importantly, it will also make volunteers feel valued contributors to the
project.
Overall, working with the catchment demonstration sites hosts, and applying the
decision framework in S4.4, INTCATCH will seek to apply a citizen science-led approach
to evaluate the monitoring strategies and tools developed in the programme.
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5

Social, Economic and Strategic Indicators for INTCATCH

5.1
Role and value of indicators
As presented in section 3, the Water Framework Directive Article 14 requires a
participatory approach to support achievement of water quality objectives. Logically, it
follows that this can include wider engagement of citizens and non-professional
stakeholders to provide relevant data. INTCATCH Task 2.2 aims to demonstrate that
engagement of wider citizens in integrated catchment monitoring and management
does support delivery of future water quality objectives.
However, very few citizens will be motivated to get involved with water quality issues
without first understanding the wider benefits that their efforts could deliver. To
demonstrate these benefits of integrated catchment management, to assess the degree
of engagement and capability and most importantly to be able to measure those
benefits, relevant indicators are needed.

5.2
Selecting Indicators to measure INTCATCH’s stakeholder engagement
A number of OECD indicators have been evaluated for the purpose of encouraging and
measuring the social dimension of INTCATCH, and developing an INTCATCH social
indicator set. The OECD indicators (OECD, 2014) reviewed are summarised below:
•

•

•

“Social context”: refers to general indicators that, while not usually direct policy
targets are relevant information for understanding the social landscape. An example
is the proportion of elderly people to working age people.
“Social status”: describes the social outcomes that policies try to influence. Ideally,
the selected indicators can be easily and unambiguously interpreted. As an example
all countries would rather have low poverty rates than high ones.
“Societal response”: provides information about measures and activities to affect
social status indicators. Examples are governmental policies, but also activities of
NGO’s, families and broader civil society.

Involving the beneficiaries of the research motivates community members to become
committed to the solutions of their own problems (Anwanyu, 1988), and by using the
beneficiaries as participants in the research, Anwanwu also argues that it challenges the
notions that only professional researchers can generate data for meaningful social
reform.
Societal response is therefore a relevant indicator for INTCATCH, bringing together
stakeholders and ‘governmental’ policies that combine social and environmental
interest: for example, interest in local water quality (health and wellbeing interests;
resource for abstraction), and the activities of Non-Governmental Organisations
(NGO’s), families and civil society, who also could be possible future citizen scientists.
In a more recent report, published by the Overseas Development Institute (ODI),
entitled ‘How do healthy rivers benefit society’, Parker and Oates (2016) believe there is
an urgent need to synthesise and strengthen the evidence base regarding the
relationship between improved river health and the benefits human societies derive
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from rivers – social, economic or strategic. Their report critically reviews evidence from
the literature and proposes a framework for more detailed exploration of specific causal
linkages between river health and benefits to society, including indicators that might be
used for assessing benefits. Their evidence suggests that rivers have the potential to
provide a wide range of benefits to society, for example supporting key livelihood
activities and economic sectors, nurturing social relations and spiritual well-being and
contributing to strategic goals such as food – energy- water security, poverty reduction
and climate resilience. The different types of benefits depend upon different indicators
of river health, such as water quality, flow or biodiversity. Some of the benefits require
good health across multiple indicators, but to a large extent the benefits will depend on
how a river is managed.
A conceptual framework was included in the report that shows the relationship between
the river health, ecosystem services, different societal benefits, and the drivers and
pressures that threaten rivers (Figure 7). This relationship is highly complex and has a
range of uncertainties that need to be considered.
5.3
Types of benefits
Parker and Oates (2016) explain that there are a wide range of benefits that can be
derived from the services a river eco-system provides, which have been classified as
social, economic and strategic. A benefit has been defined as “the point at which human
welfare is directly affected and the point where other forms of capital (built, human and
social) are needed to realise the gain in welfare’ (Fisher et al. 2011).

5.3.1 Social benefits of rivers
These are benefits that contribute to the well-being of individuals and communities, and
the functioning of society. This can include secure livelihoods, health and nutrition, good
social relations, science and education, mental health and spiritual satisfaction.
5.3.2 Economic benefits of rivers
These are benefits that contribute to the national economy and / or provide
employment. For example, agricultural production, energy production, industrial
development, transport and tourism. There is some overlap with the livelihoods
dimension of social well-being.

5.3.3 Strategic benefits
These types of benefits contribute to national and trans-national interests and are often
highly political. They include regional security e.g. transboundary conflict and cooperation, poverty reduction and economic growth, the water-energy food security
nexus, disaster risk reduction and climate resilience. These benefits are often indirect
and are quite often realised through social or economic benefits.
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Figure 7 Understanding the relationships between river health and societal
benefits – a conceptual framework (from Parker and Oates 2016)
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5.3.4 Conclusion
Parker and Oates (2016) made the following conclusions that strongly correlate with the
initial findings of the INTCATCH project proposal, and Deliverable 2.1.
Overseas Development Institute Conclusions
Despite their potential, rivers are often exploited to deliver a relatively narrow range of
objectives, to the detriment of river health as well as other human needs. This is
primarily because the management of rivers and their ecosystems has tended to
occur in silos, with poor cross-sectoral coordination and a lack of integrated
planning, and often driven by political expedience, resulting in sub-optimal
outcomes.
Predominant approaches have failed to tackle mounting anthropogenic pressures
on rivers, and most efforts have focused on the problem of water quantity, ignoring
other key river health characteristics. Water quality, for example, is just as important
for satisfying basic human and environmental needs, yet has received less
investment, scientific support, and public attention.

On the positive side, researchers and practitioners are calling for change, and there
is increasing adoption of multi- and trans- disciplinary approaches, encompassing
the development of new decision-support tools.

Sustainable management of river ecosystems requires a stronger inter-disciplinary
approach, and reclaiming the ‘water sector’ from the margins to the centre of policymaking. The costs of river development (economic, environmental and social
externalities) need to be better accounted for in planning processes, as well as an
explicit consideration of who wins and who loses, and how to compensate the latter.
Finally, a widespread shift in thinking is needed so that ecosystems are not viewed
as consumers of water, but rather an essential component of water security

5.4
Indicators for uptake and capability in stakeholder groups
In developing performance criteria, INTCATCH needs also to develop and apply a measure
of the interest, and capability towards taking up the tools. Our initial assessments of
stakeholder capabilities were conducted by the catchment leads in 2016, with the criteria
presented in Tables 8 and 9, and results summarized in Table 10, (Section 7). These
capabilities give us a baseline for evaluating the potential for INTCATCH tool uptake in
those demonstration catchments. For Garda Lake and Lake Yliki, pre-survey evaluations
will be undertaken ahead of deployment of tools.
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5.5
Indicators for the INTCATCH project
Guided by our own engagement with experts and citizens, we have chosen the following
indicators to be tested through the INTCATCH project to measure success in deriving
increased social value.
Social Indicators to be measured:
• Number of citizen scientist volunteers.
• Number of hits on the INTCATCH website.
• Number of downloads of the INTCATCH apps.
• Number of followers on twitter.
• Number of operational franchises.
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6
INTCATCH Stakeholder groups
For the purposes of the INTCATCH project we have defined Stakeholder as “an individual
or organisation who is interested in using, managing or improving the water
environment”.

6.1
Stakeholders identified for the chosen catchments
We have identified a number of stakeholders who have been contacted and expressed an
interest in the overall INTCATCH project and some who are interested in a specific
demonstration catchment.

We wanted to understand the different types of stakeholders for both the project and the
specific catchments, this was to gauge the number of stakeholder who could potentially be
INTCATCH users in the future. We wanted to distinguish between the regulatory /
government authorities who have a duty to look after the water environment and who will
always be interested in improving the water quality, to also identifying citizen science
groups that can get involved and make a difference. For all the stakeholders identified we
have categorised them into the following types:

•
•
•
•
•
•
•
•

Regulatory / Authority
Local Authority
Academic / Research
Private company
Consultancy
NGO / Non- profit
Community group
Individual

Detailed information on the INTCATCH stakeholders that have been identified for all the
demonstration catchments are included in appendix 2 – 6 and the total numbers are
summarised in table 4.

The stakeholder summary has some interesting findings, from the number of stakeholders
in each catchment to the type or group of stakeholders. Thames Catchment has been
identified as having 55 stakeholders that is the largest number for any of the catchments in
the project. They also have a variety of stakeholders ranging from regulatory authorities to
individuals that indicates that citizen science is a common occurrence for the Thames
catchment. The second largest number of stakeholders identified is Lake Garda with 39
stakeholders. Even though 39 stakeholders have been identified it appears that the
majority are private companies, regulatory authority and local authority.

Lake Yliki is the catchment that has the lowest number of stakeholders identified. It has
always been clear that EYDAP and the Ministry of Environment are the authority for
monitoring the water quality on Lake Yliki. This is because it is an isolated water body
used for drinking water purposes. There are currently no citizen science activities taking
place in Lake Yliki although they do have two NGO’s who are interested in the environment
around Lake Yliki.
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Table 4- High level Stakeholder Summary
Lake
Lake
River Thames
Great
Yliki
Garda Ter
catchment River
Ouse
Private
1
25
4
7
2
Company
NGO/ Non
2
3
15
5
profit
Local
4
5
4
7
1
Authority
Regulatory
3
6
2
7
1
Authority
Community
3
12
1
group
Academic
3
1
3
Research
Individual
3
(many)
Consultancy
1
Total
10
39
17
55
10

UK
No of types
General of
stakeholders
4
42
5

30

2

21

1

21

17
7
3
1

12

For Task 2.2, we aim to understand the citizen science element, whether we have these
groups already identified or whether further engagement is required. It is clear to see from
the findings, that out of all the chosen catchments, the UK has the largest number of NGO’s
/ community groups or individuals involved. All the catchments have regulatory authority,
local authority stakeholder involvement as the majority of these have to monitor the water
quality as part of the Water Framework Directive requirements. We also want to
understand how citizen science can enhance the uptake of the INTCATCH tools by
undertaking assessments of the indicators listed in Section 5.
For the INTCATCH project to succeed and fulfil its full value we will need to adapt the
approach and make it unique to each of the chosen catchments. For the Thames catchment,
Great River Ouse in the UK and the River Ter in Spain, it has more merit to build on the
citizen science involvement. For Lake Yliki the most value will be engagement with the
professionals and the regulators and work out how the community groups academia and
individual’s could get involved more whilst completing the INTCATCH demonstration. Lake
Garda has a wide range of stakeholders and further discussion and understanding is
required on whether engagement with more citizen science groups is appropriate or not.

6.2
Demonstration Catchment challenges
Each specific catchment has its own unique characteristics and a range of water quality
challenges, monitoring and catchment management. The detail about the water quality
challenges is detailed in Work package 2 Task 2.1 report. For each of the catchment
demonstrations the partners will be looking to produce a strategy of how to resolve a
number of the challenges identified. This will include using the INTCATCH tools and
engaging with stakeholders to include citizen scientists and to investigate how we can
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measure the social, economic and strategic indicators that have been highlighted in section
5. The common water quality challenges that have been identified across all of the
demonstration catchments are summarised below:

•
•
•

•

•

•

Agricultural land use – Pollution of nutrients and pesticides. Pollutants
discharged directly into the river or through the sediment into the groundwater.
Industrial activity – Heavy metals, PCB’s and petroleum compounds are a few
of the substances that indicate industrial pollution.
Over abstraction – Drying out of rivers and groundwater sources will mean
that there is less water for the catchment users – whether for irrigation or
drinking water purposes. It also means that there will be less water in the river
for dilution of pollutants.
Phosphate – Higher impact on Eutrophication of the river producing Algae and
low dissolved oxygen levels. Discharges from sewage works and fertilisers
contribute to the increase in phosphate pollution.
Mis-connections and cross connections – Sinks and washing machines and in
some cases industrial drainage wrongly connected to the surface water drain.
This causes a build up of chemicals in the river such as ammonia, phosphate and
nitrate.
Urban run off – Polluted run - off from roads.
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7

Assessment of specific INTCATCH stakeholders

7.1
Approach to assessment
At the start of the INTCATCH project a survey was produced that explained what the
project aimed to achieve and asked people to take part in the survey by answering the
following six questions.
1.
What are the current approaches to water quality monitoring in the River or Lake?
2.
What gaps do you think there are on current approaches to water quality
monitoring?
3.
Who are the people and groups that care about the water quality in the
catchment?
4.
Why do they care about the water quality?
5.
What are the barriers to greater stakeholder engagement in water quality
monitoring?
6.
What could the INTCATCH project do to help remove the barriers to involving
stakeholders in water quality monitoring? Select from the following:
a)
Use social media to improve communication
b)
Develop and demonstrate new tools
c)
Provide stakeholder training
d)
Make techniques easier to use and understand
e)
Help collect and share monitoring data
f)
Other
More than 32 stakeholders provided views on water quality monitoring and management
by taking part in the survey. The stakeholders who have taken part so far are from Lake
Garda, the Thames catchment, River Ter and Great River Ouse catchment. It is hoped that
we will build on this stakeholder engagement for all the chosen catchments.

For the catchments that responded, it showed that the current water quality monitoring
approaches were similar and that the majority of the water quality monitoring is
completed by the regulatory authority. This as previously mentioned is to fulfil the
requirements of the Water Framework Directive, Drinking Water Directive and the Bathing
Water Directive.

The gaps identified from the survey on current approaches to water quality monitoring
were as follows:
•
Lack of resources to fund training programmes for volunteers.
•
More real time monitoring – upstream and downstream.
•
Geographical gap – long-term planning/ co-ordination to ensure a good
geographical coverage.
•
Ability to find long term, consistent monitoring that can be compared across the
catchment.
•
Funding, community engagement and raising awareness.
•
Data not quickly and easily available.
•
Monitoring points widely spaced so no chance to detect point sources.
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The results for the question number 6 - “What could the INTCATCH project do to increase
stakeholder engagement in water quality monitoring?” are shown in figure 8. The largest
number of responses was that people wanted more provision of stakeholder training.
People also wanted to develop and demonstrate new tools and help collect and share
monitoring data.

Figure 8 Survey results for what could be done to increase stakeholder engagement
in water quality monitoring
In the demonstration catchments the INTCATCH project is proposing to enhance all five of
the activities identified above:
• Use social media to improve communication
• Develop and demonstrate new tools
• Provide Stakeholder training
• Make technologies easier to use and understand
• Help collect and share monitoring data.

The INTCATCH project will also help to resolve some of the gaps that stakeholders have
identified in the current water quality monitoring approaches. The big focus using citizen
science could be to enhance the geographical coverage and the ability to find long-term,
consistent monitoring that can be compared across the catchment. It is perceived by the
INTCATCH partners, that regulatory authorities are having budget and resource pressures
which could potentially means less monitoring and if the citizen science approach is not
adopted then the gaps are only going to get bigger. INTCATCH is also developing a training
programme to help stakeholders / citizen scientists understand and be able to use the
INTCATCH tools and technologies.
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7.2
Assessment of stakeholder capabilities
In addition to obtaining the numbers and types / groups of stakeholder information in
section 5 we asked the catchment leads to score each stakeholder against a number of
capabilities. This was to assess whether the stakeholders could potentially use the tools
and technology that are being developed for the INTCATCH project.

Each stakeholder identified has been scored 1=low (little or no capability and will require
training) to 3=high (needs no training fully capable).
The capabilities have been put into two categories – Organisational capability and
Community and Individuals capabilities.
Organisations are grouped as NGO’s, Local Authority, Regulatory Authority, Private
Company, Academic Research, professional associations, Consultancy.
Community and individuals is self explanatory and includes community groups and
individuals.

Table 5 Organisational capabilities that each stakeholder was assessed against
Organisational Capabilities
Know where the local water body is.
Interest or ambition to improve the water
environment.
Understanding the issues / potential solutions
and being able to communicate them.
Understanding the sampling procedure and
methodology
Ability to cover a specific geographic area –
travel and respond.
Use of volunteers
Long-term commitment

Ability to manage Health & Safety in a water
environment.
Ability to carry out basic maintenance and
calibration of equipment.
Interpretation of data.
Volunteer retention

Table 6 Community and individual capabilities that each stakeholder was assessed
against.
Organisational Capabilities
Understanding
the
Environment
and Long-term commitment
motivated to improve it.

Understanding the sampling procedure and Willingness to learn new things
methodology
Ability to follow methodology / instructions
Accurately capture and report information and
data
Capacity for following up outcomes / actions?
7.3
Key findings - stakeholders and capabilities
We wanted to understand how many of the stakeholders across all the chosen catchments
had scored a low, medium or high for each of the capabilities. This would give an indication
to the level of competence the stakeholder has in using the INTCATCH tools. There were 18
capabilities as listed above to be assessed against.
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The results for the number of each of the capabilities that scored low, medium and high are
shown in the tables below for each catchment. The scoring has been carried out by the lead
catchment organiser and it is a judgement at this stage not an exact score that is based on
conversations with the stakeholders.

Table 7 The number of stakeholders in each catchment scoring low, medium or
high capability
Organisational capability
Community & Individual
capability
Low (1)
Medium
High (3)
Low (1)
Medium
High (3)
(2)
(2)
Thames
Catchment
Lake Yliki
River Ter
Lake Garda
River Great
Ouse
Total

0

10

2

1

5

1

4

26

17

1

8

5

2
2
0
1

5
3
8
1

5
7
3
7

No Scores given as no data included
0
3
4
No Scores given as no data included
1
1
7

All catchments have a range of stakeholders motivated and capable to carry out water
quality monitoring and they all could use the INTCATCH tools. The results show a
promising score for the medium to high capability level which shows that the stakeholders
that are already engaged could use the INTCATCH tools and technology with a little help or
training. We do have a small number that have been categorised as low capability, more
engagement and training will have to be completed for this group to ensure that they come
up to a medium or even high capability. Alternatively we can adapt the approach and
invest more time in the simple activities to ensure we have the engagement.
7.4
Citizen science case studies from the demonstration catchments
Five case studies from the UK have been included below. These give different examples of
projects that have already been completed using citizen scientists, and that form as basis
for the programmes using the INTCATCH tools.

Case studies for all the chosen catchments were recommended but it was only the UK that
could supply the information as the other catchment countries (Spain, Italy and Greece)
had limited or no knowledge of citizen science projects being completed in the catchments.
The River Ter gave an example of the Centre d’Estudis dels Rius Mediterranis (CERM) a
local authority and the regulatory authority of the Catalan Water Agency working together
to monitor the upper River Ter. This was a great example of the local authority and
regulatory authority working together to overcome a challenge. The INTCATCH project is
going to promote the fact that citizen science can produce robust, useable data and that
local people are willing to get involved.
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The case studies explain how INTCATCH tools and services could enhance the project. It
also gives all examples of how the demonstration catchments can include citizen scientists.

The following five case studies have been described below:
1.
River fly monitoring initiative RMI - (UK)
2.
Thames river watch -UK
3.
The Outfall safari - UK
4.
Water for wildlife, Dragon detectives - UK
5.
Citizen Crane (FORCE)- UK

The case studies methodology included officers from a range of funded projects that use
citizen scientists for environmental data collection being interviewed by Thames21. The
aim was to identify the following:
•
Common themes for running a successful project involving citizen scientists.
•
Suggestions for how INTCATCH tools and services could enhance these projects
are also included.

Case Study 1: Riverfly Monitoring Initiative (RMI)
A national monitoring scheme hosted by the Freshwater Biological Association (FBA) and
operated by a network of nearly 100 organisations including conservation groups,
waterways managers, statutory bodies, anglers, entomologists and scientific institutions
(http://www.riverflies.org/).
The aim is to protect and understand river fly habitats and protect river water quality. This
is achieved by incorporating data collected by volunteers into awareness raising and
informing management decisions. Volunteers monitor river fly species diversity as a proxy
for average river conditions. Use of location specific ‘trigger levels’ in river fly act as a
warning system and alert the Environment Agency to take immediate investigatory action.
The project has been operating since 2006, the RMI scheme currently has over 2400 active
citizen scientists monitoring 1700+ sites. RMI is coordinated on the Crane, Ravensbourne
and Pinn catchments in London by the Zoological Society of London (ZSL) in partnership
with Thames21.

Method completed: Monitoring takes approx. 1 hour and is carried out monthly on
specific weekends by small groups of self-organising volunteers at a time chosen by
each group. One group member is the kit holder, group coordinator and responsible for
uploading data to the website. This person is usually an outstanding contributor whose
enthusiasm and organisation is key to maintaining group momentum. Sampling data are
checked by ZSL or Thames21 staff and uploaded onto a google map that is accessible by all
participants.

Volunteers are asked to commit to the project for 6 months at a time, rather than for an
indefinite period, which can be a discouragement to continued participation. They can then
opt in for a further 6 month periods. Volunteers are invited to thank you lunch discussions
and, once per year, there is a RMI forum at ZSL where project results are shared and
groups can share experiences and ask questions.
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Measuring success: Reporting the number of volunteers who participate, the number of
sites monitored and in the regular generation of river fly data for all monitoring sites.

Issues to data acceptability by regulatory bodies:
•
Spatio-temporal inconsistencies in the data due to monitored sites stopping and
starting over time.
•
Variable quality of river fly identification resulting in inaccurate overall site
scores.

How INTCATCH tools and services could enhance the project:
•
Real-time water chemistry data for investigatory monitoring in areas of low river
fly species diversity and to inform mitigation.
•
More detailed understanding of river fly species distribution in relation to water
quality parameters (chemical impacts on species).
•
Decision support system and expert advice to enable local volunteers and
project partners carry out high impact habitat improvements.
Case Study 2: Thames River Watch
Initiated and run by Thames21 in 2014, this citizen science project collects data on litter
and water quality in the tidal Thames from Teddington to the estuary mouth. The aim is to
increase public awareness of river issues, as well as generate data about river health.
Volunteer data helps address the lack of evidence on how much litter is entering the river,
entry mechanisms and impact. Between February 2014 and June 2016, 305 people were
trained in environmental monitoring, 627 people and 55 school pupils attended foreshore
events. 36 litter surveys were conducted at 22 locations.
Method completed: Water quality monitoring: Volunteers use colour change test kits
and turbidity (secchi) tubes to measure dissolved oxygen, pH, turbidity and temperature.
Tests are carried out twice monthly on a date and location convenient for the volunteer
and each test takes approx. 30 minutes. A one off E.coli test is also carried out. Volunteers
monitor for as long as they wish to continue.

Litter monitoring: Clean ups and monthly litter surveys monitor the type and quantity of
litter washed up on the foreshores of the tidal Thames. The litter survey method was
developed in conjunction with the Marine Conservation Authority (MCS) and involves
counting and categorising all litter in 1m quadrats on the foreshore. A litter survey
requires 1.5-2.5 hours of volunteer time, depending on litter volume on the foreshore.
After the survey, both water quality and litter monitoring volunteers load their results to
Cartographer, Thames21’s online database where results can be viewed in map and graph
formats. Reports and discussion of project results are posted periodically on the Thames
River Watch page of Thames21’s website. Results and project updates are circulated
approximately every 2 months by email and results are also shared during two social
functions annually.
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The initial volunteer recruitment strategy was to advertise widely through national
volunteer recruitment websites and train as many volunteers as possible. However, the
conversion rate at which training session attendees become active volunteers was very
low at 50% (first 5 months) and 23% since then. Monitoring was carried out by
individuals, rather than as a group activity (although safety advise is that testers are
always accompanied), which can feel very solitary. It was also felt that focusing on enabling
local people who cared about their local river, might be a better strategy. As a result, since
the beginning of 2016, recruitment is now targeted towards attracting fewer, more
committed volunteers and supporting them better. Effort is now focused on the creation of
community hubs at selected hotspot areas for litter and water quality issues on the tidal
Thames. Here teams of volunteers from the local area are being trained to lead surveys and
clean-ups, rather than working individually. Each hub group currently consists of 10-12
volunteers and a lead volunteer who coordinates the date and time of the monthly survey.
Volunteers can receive additional training in project issues in order to be able to engage
more widely about pollution issues with passers-by during surveys.
Based on volunteer feedback, litter survey training has been converted into a two-day
process to give the volunteers confidence in carrying out their own surveys outside of
hotspot foreshore zones. Asking trainees to attend over two days has the added advantage
of likely attracting more committed volunteers.

Measuring success:
Success is quantified as:
i)
the number of volunteers attending training sessions or clean-up events and
ii)
the regularity of volunteer data uploaded to Cartographer.
iii)
Success in terms of bags/tonnes of rubbish removed from the foreshore because
this varies according to the bulk and weight of litter each survey.

Litter surveys providing data to inform the national and London debate on plastic
pollution. The data has resulted in quite significant consideration of plastic bottles and
potentially pushing for a bottle deposited return scheme.

Issues to data acceptability by regulatory bodies (water quality monitoring):
•
Improper following of water quality test kit protocols resulting in inaccurate
readings,
•
Observer bias and/or inconsistencies when reporting intensity of colour
changes in water quality test kits,
•
Sampling from bankside only, little/no data from midchannel,
•
Incomplete spatial and temporal coverage as a result of:
 Volunteers monitoring easily accessible areas, rather than problem areas.
 Volunteer monitoring that does not always coincide with times of known poor
water quality (e.g. Combined Sewage Overflow (CSO) events).
 High volunteer drop out rates meaning many sites consist of only a few records.
•
Water quality test kits that are easy to use by non-experts often use a very
simplistic results scale resulting in categorical rather than continuous data
•
To date, relatively little data analysis carried out on the results
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How INTCATCH tools and services could enhance water quality testing projects:
•
Real-time, unbiased, robust water chemistry data that captures spatio-temporal
differences in water quality in highly dynamic catchments.
•
Improved spatial coverage (mid channel, areas inaccessible from the bank).
•
Decision Support system to facilitate data interpretation and opportunities for
remediation.
•
Bathymetry and channel profiling for pollution load calculation.

Case Study 3: The Outfall Safari
There are currently no reliable data on the number of surface water outfalls (SWOs)
impacted by misconnections. The Outfall Safari is a survey method that uses volunteers to
map, assess and score the condition of all SWOs in the river catchment to gather evidence
of the true number that suffer from misconnections. Data informs asset management and
remediation efforts by Thames Water and other authorities, as well as enabling targeted
response to sources of pollution.
The method was devised by the Citizen Crane steering group (Zoological Society of
London, Environment Agency, Thames Water, Frog Environmental and Friends of the River
Crane Environment, FORCE) and was first used on the River Crane and then the Hogsmill
river in 2016. In 2016 on the Hogsmill, an INTCATCH demonstration catchment, 24
volunteers and 2 staff surveyed 288 outfalls – of which 67 showed signs of pollution. A
project ambition is for Outfall Safaris to take place every few years on every catchment as
part of ongoing asset management practices. In 2017, an outfall safari will take place on
the River Pinn, also a INTCATCH demonstration catchment.

Method completed: A pilot study was conducted in 2015 before full scale safaris were
undertaken from 2016. Volunteers are recruited through ZSL and other partnership
organisations including SE Rivers Trust (Hogsmill) and community groups, such as Citizen
Crane (River Crane) and the Friends of the River Crane Environment (FORCE). Volunteers
receive two full days of training on causes of river pollution, how to recognise signs of
pollution at outfalls, scoring outfalls (based on the flow, visual and odour characteristics
used by Thames Water), safety and recording information and photos on an especially
created smart phone app. During training, groups of volunteers were assigned a length of
river to survey. Each group then communicated via the projects closed Facebook page to
decide between themselves when (within the survey period) to carry out the assessment.
Volunteers were instructed to survey only from the bank or in extremely shallow water.
Sections that flowed through private or inaccessible land were surveyed in channel by
volunteers accompanied by staff from either the EA or ZSL. On these occasions the
assessment was enhanced by a handheld probe that measured ammonia, dissolved oxygen,
conductivity and pH. The survey results were presented at the ZSLs annual forum and the
report was published in November 2016.
(https://www.zsl.org/sites/default/files/Report%20on%20the%20Hogsmill%20Outfall%
20Safari%20-%20November%202016.pdf).
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Measuring success: Production of up to date, catchment-wide outfall location and status
maps. Reporting of polluted SWOs to the EA and Thames Water for immediate remedial
action.

Issues to data acceptability by regulatory bodies:
•
Score based on visual assessment only, usually not supported by chemical
parameter concentration data
•
Subjectivity in outfall assessment by volunteers may lead to inconsistencies
•
Inaccessible sections (caused by dense riparian vegetation, culverts, channelized
sections with high concrete walls) not assessed.
•
Outfalls hidden in dense riparian vegetation missed.
•
Outfalls may intermittently cause more serious pollution issues than their
impact score suggests.

How INTCATCH tools and services could enhance the project:
•
Support/replace visual-only outfall impact assessment with real-time water
chemistry data
•
Capture temporal variability in intermittently polluting outfalls
•
Decision Support System: Robust evidence base for targeting/prioritising
limited resources for maximum improvement (e.g. fixing one intermittently
polluting SWO may have a bigger overall impact than fixing two smaller but
continuously polluting outfalls). Evidence base essential for avoiding situations
where “who shouts loudest, wins”.

Case Study 4: Water for Wildlife, Dragonfly Detectives
This nationwide, 4-year project started in July 2016 and is headed by The Wildlife Trusts in
conjunction with the Environment Agency, water companies and local partners. The
Wildlife Trusts have a long history of successful projects that recruit citizen scientists for
wildlife data collection. Water for Wildlife focuses on understanding freshwater habitat
quality in order to improve habitat management, restoration, species diversity and to
influence conservation policy. In London, this is in part being achieved by asking
volunteers to participate in surveying and recording dragonflies (Odonata) under the
“Dragonfly Detectives” initiative. Aquatic larvae of dragonfly are very sensitive to water
conditions so can be used as a proxy for aquatic habitat quality. Citizen science data will
contribute to mapping the distribution of different dragonfly species in London, currently
unknown, and these distributions will enable identification of priority sites for action
(http://www.wildlondon.org.uk/water-for-wildlife).

Method completed: Survey volunteers were recruited through the Wildlife Trusts and
partner organisation websites. Training is highly technical and includes 2 full days of
identification of adult dragonfly, run by the British Dragonfly Society, and a third day that
focuses on habitat surveying. In view of this, places were limited and participants were
asked to apply for a place and were then screened and selected. On set weekends, trained
volunteers can visit sites and conduct surveys with project officers. They can also submit
photos for ID assistance. In addition, anyone can submit Odonata sightings via the Wildlife
Trusts website, or by completing and posting a recording form. People are invited to send
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extuvia (sloughed larval skin) by post to be identified and logged. All records data is hosted
by Greenspace Information for Greater London (GiGL), the wildlife recording centre.

The project started mid-season, so in the first year Dragonfly Detectives was run as a small
scale pilot to test methods and practice in advance of the first full season in 2017. A
dragonfly ID app, developed with the British Dragonfly Society, is being considered to
assist species ID and to enable on-line submission of sightings. A modules passport to track
volunteer’s skills and module attendance is also being considered.
Measuring success: Number of records submitted. Publication of species distribution
maps.

Issues to data acceptability by regulatory bodies:
•
Variable spatial coverage by volunteers – lots of data from local amenity spaces,
little data from polluted sites (usually less pleasant to visit), although these are
the sites of particular interest.
•
Variable quality of sightings records submitted by the public.
•
Proving species absence.
•
Limited relation to water quality monitoring in rivers/lakes and identifying
specific pollution hotspots.

How INTCATCH tools and services could enhance the project:
•
Real-time water chemistry data for investigatory monitoring in areas of low
Odonata species diversity and robust evidence to inform mitigation.
•
More detailed understanding of Odonata species distribution in relation to water
quality parameters (chemical impacts on species).
•
Targeted pollution mitigation for maximum impact on river quality
improvements, using the DSS.
Case study 5: Citizen Crane (FORCE)
Friends of the River Crane Environment (FORCE) originally formed in 2003 as a pressure
group of local residents who successfully countered a proposal to build on Metropolitan
Open Land in the lower catchment of the River Crane. Now a registered charity, FORCE is a
community based voluntary group of approx. 500 local residents. It aims to improve the
green spaces along the River Crane corridor and the Duke of Northumberland River by
involving local residents in diverse projects including invasive species removal, river
restoration projects, guided walks; and by working with local councils and other
stakeholders to deliver projects (http://www.force.org.uk/). The Citizen Crane project was
created as the result of public concern for the river after a major pollution event in 2011
and is funded by the Thames Water compensation fund. It is a citizen science freshwater
biological and chemical quality monitoring project steered by the EA, Thames Water,
FORCE,
ZSL,
Frog
Environmental
and
the
Crane
Valley
Partnership
(http://www.cranevalley.org.uk/projects/citizen-crane.html).
Running since 2014, approx. 50 volunteers monitor 12 sites along the river on a monthly
basis. The aims of Citizen Crane are to improve spatiotemporal understanding of water
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quality, particularly phosphate, identify pollution events and problems and outline
recommendations for mitigation and achieving WFD targets; and to create a network of
volunteer-led river monitoring teams to enable local communities to input into
improvement initiatives.
Method completed: Monitoring began in 2014 after a feasibility study in 2013. Local
volunteers, recruited through FORCE and ZSL, are trained by ZSL in the national protocols
of the RMI (see above) and are also trained in recording flow and in collecting water
samples. In addition to the RMI kit, each volunteer group is supplied with a cool box and
water sampling bottles. A water sample is taken during each RMI sampling occasion. Water
samples are collected at the end of each sampling weekend and analysed for ammonia and
phosphate by Thames Water in their UKAS accredited laboratories. Results are freely
available to the citizen scientists and the public via the Crane Valley Partnership website.
In 2016, Citizen Crane volunteers also participated in an Outfall Safari. Results reports are
published annually and discussed at FORCE and ZSL forums.

Measuring success:
Reporting the number of volunteers who participate, the number of sites monitored and in
the regular generation of river fly data for all monitoring sites.

Issues to data acceptability by regulatory bodies:
•
See River Monitoring Initative example (RMI) – case study 1
•
Subjectivity in selection of water sampling location.
•
Variable quality of flow speed and channel width/depth recording

How INTCATCH tools and services could enhance the project:
•
See (RMI) in case study 1.
•
Decision Support System as an evidence base for campaigning for funding for
habitat restoration and improvement

7.5
Factors Essential for Success with citizen science projects:
When Thames 21 conducted the interviews for the case studies highlighted above, it
became apparent that there were recurrent themes contributing to success that were
common to all projects. These are in line with observations make by previous reports
evaluating successful citizen science participation Tweddle et al 2012 and the decision
framework included above from UK-EOF. Approaches common to all the case studies were:
•
Clearly defined project aims and outcomes – essential for inspiring volunteer
participation and managing participant expectations of what can realistically be
achieved with project results.
•
Expert host organisation / project staff – Volunteers are more likely to
volunteer with organisations they trust. Projects steered by well-respected
organisations, such as national wildlife bodies in collaboration with regulators,
increases volunteers trust the programme, its expertise and relevance (data
collection methods and that the decision makers are receptive to project
results). “Being part of something bigger” and “doing something useful” are often
cited as a motivation for volunteer participation. It is important that their
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considerable input of time and effort has wider relevance and results in effective
outcomes.
An example scenario might be a local regulatory authority, such as the
Environment Agency (UK) or a water company, may hire an INTCATCH
investigation and use volunteers operating INTCATCH boats during the data
collection phase.
Small pilot study incorporating participant feedback prior to the main
project launch – This is related to the above two points and ensures data
collection methods are as effective as possible. Volunteers quickly become
discouraged if they are not confident in project protocols. INTCATCH will be
performing small trials with volunteers as part of WP4.
Citizen scientists thoroughly trained and well supported throughout –
essential for high quality, trustworthy data collection and to encourage
confidence so volunteers continue participation beyond the initial training.
Normally, citizen science field equipment is low cost and low tech, so strong
support will be particularly essential for INTCATCH tools, where non-expert
volunteers will be asked to operate highly scientific equipment with a higher
potential for participants to become uncertain or feel overwhelmed. Volunteers
who are well supported often feel encouraged to take on larger roles as time
progresses – such as group leader.
Regular feedback and reporting to participants – ensures that participants
feel their contribution is valued. For this reason, it is essential that project staff
are good communicators, as well as expert in the project science. Feedback can
be via the project web page but should also be face to face, such as at thank you
lunches or results sharing forums. This is particularly relevant for INTCATCH
where project design is ‘top down’ (designed by experts and using volunteers in
data collection). There is a risk that volunteers might feel disengaged with
results after data collection activities.
High quality, robust data collection and other measurable outputs – also
important for citizen scientists feeling that their contribution is worthwhile – as
well as meeting project reporting goals.
Volunteers working in groups rather than alone. Individual working is rather
solitary and volunteers are more likely to drop out. Support/motivation from
other members of their working group allows participants to work through
problems together – and concerns about ‘letting the group down’ are often cited
as a strong motivations for going out data collecting. The social aspect of
meeting new like-minded people is considered highly important to sustaining
volunteer effort long term. Additionally, monitoring of a site by a group, rather
than by individuals, allows volunteers to be flexible in the regularity of their
commitment, without jeopardizing the continuation of data collection from the
sampling site.
Volunteers who are group leaders are crucial - Self-organised groups of
volunteers usually depend upon an outstanding contributor who is very
committed and enthusiastic and keeps momentum going within the group. In the
experience of the UK case studies projects, this person is often an ecologist, an

INTCATCH Deliverable 2.2

51

•

•

•

ecological educator, a Masters student studying water quality, or a habitat
manager.
Benefits for the volunteers as well as the project – volunteer motivations to
participate are diverse (Geoghegan et al 2016, TCV). However, “learning new
skills” and “enhancing my CV” with practical skills to stand out in crowded job
markets were motivations cited by all interviewed project officers. For this
reason, many of Thames21’s training courses are NCFE accredited, nationally
recognised qualifications (https://www.ncfe.org.uk/).
The INTCATCH tools
training course will also be NCFE accredited. Other motivations include concerns
and desire to help a local site.
Training courses held over multiple days tends to result in higher
volunteer commitment and lower volunteer drop-out rates than training held
on just one day. This is possibly because people who attend several training days
are already more committed, also because they feel better trained.
Asking volunteers to commit for a finite time period, (before review and
renewal of commitment), rather than to contribute indefinitely, results in people
more likely to sustain effort, and lower participant drop-out rates
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8

Summary and informing plans for engagement of stakeholders in the
demonstration catchments.

8.1

Engaging stakeholder groups in the INTCATCH tools and design of monitoring
strategies
Task 2.2 has made the case for citizen science being a viable and valuable part of delivering
integrated catchment management and the Water Framework directive requirements.
There are clearly different stakeholders and different approaches needed based on
catchment circumstances.

The INTCATCH tools require varying levels of expertise for their use and in many cases
would be best deployed alongside other commercially / freely available tools. Figure 9
below illustrates how the INTCATCH tools relate to citizen science through an individual
capability lens. The tools at the centre of the diagram could be used by any stakeholder
with limited experience. The further from the centre of the diagram, the greater the need
for capability which could be supported through training and development. The tools being
integrated and demonstrated by the INTCATCH project sit at the edge of this diagram as in
most cases they would require some level of technical training and support for their use. In
addition to the tools, we have the indicators in section 4 that we want to investigate
through the INTCATCH project.

Figure 9 INTCATCH tools relating to citizen science through a capability lens.
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Each catchment that has been chosen to be part of the INTCATCH project is unique and
action plans, which demonstrate the tools with varying levels of citizen science support,
will have to be developed to accommodate this. A set of outline action plans have been
included later in this section to inform detailed catchment demonstration planning.

Over the last six months, INTCATCH WP2 and WP11 consortium members have been
engaging with the demonstration catchment leads to work through scenarios of how we
could possibly tackle some of the big water quality challenges that the catchments are
experiencing. We developed a card game to help catchment stakeholders imagine the
INTCATCH tools, think differently and consider how we could implement innovative
monitoring strategies to solve a number of the key catchment challenges.

Table 8 - List of cards/ tools provided in the game.
Sensor Boat
Citizen Scientist
E DNA sensors
Sewer overflow sensor
Eutrophication sensor
Bio sensors
Outcome Tracking
Results database
Citizen Detector
Students
Web Visualisation
Central Logistics
Storm Water treatment
Catchment expert
Data Management
Data collection App
Decision support system
Franchise Operator

Abstraction control
Multi - Sonde Probe
Pesticide Sensor
Citizen Investigator
Engagement App
Bacti test strips
Water Quality model
Regional logistics
New Sensor? (blank cards)

Figure 10- A photograph of three of the cards are shown below.

A number of key challenges identified for the chosen catchments in Work Package 2, task
2.1 have been explored with a range of INTCATCH stakeholders. The Thames catchment
example of an urban diffuse pollution challenge has been included in section 8.1 below.
Photographs and short description of the outputs from the card game for the other
catchments have been included in appendix 7 – 10. They addressed the following water
quality challenges.
• Lake Yliki – Eutrophication in the lake – occasional algal blooms.
• River Ter – Determining what challenge to investigate & how to do it?
• Lake Garda – Microbial aspects.
• Great River Ouse – Sediment and Phosphate in the Upper River Wissey.
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8.2
Thames Tributaries – Urban Diffuse pollution (completed by Thames 21)
The challenge being considered was understanding and managing pollution from sewage
(misconnections, cross connections, CSO’s, inherited from the agricultural upland) and
surface run-off. A photograph of the output from the card game is included below as Figure
11. This output has been turned into a seven-stage strategy, with feedback from each stage
at each iteration, as well as a number of, off shoots to guide and help the various levels as
they develop. The seven-stage strategy is as follows:

A.
Know your catchment/Desktop review
In the UK, WFD monitoring is usually based on relatively infrequent spot sampling from
the base of the catchment resulting in averages that often do not capture the complex
temporal/spatial reality of pollution episodes within the catchment. These spot samples do
not allow specific pollution sources to be identified and quantified. These source dynamics
are spatially and temporally complex. The UK’s rivers are likely to one of the more
monitored nations in the EU and therefore have more data than other nations waterbodies
but an initial review of any data available is a key starting point in the targeting of any
further investigation work.
Action: - Collate existing data, desktop survey of available data including statutory
authorities, citizen scientists, biological data, review any water quality models/WFD
assessment, data from previously measured parameters, known pollution sources and or
likely pollution sources given land use or other potential inputs. As well as specific water
quality data review the spatial data including size of sub-catchments, land use within them
and link to previously highlighted water quality data.
Decision: - Conceptual idea of what inputs may be an issue and where they may be
entering the system. Select water quality parameters to initially focus on and areas to
target within any initial monitoring programme.
B.
Investigatory analysis
The previous action will identify a number of key locations and parameters, within the
investigatory analysis stage, we propose to use a number of INTCATCH tools to investigate
these. The cards included within this stage include multi-sonds prode, sensor boat, data
management, CSO sensor and ‘indicators’ – potentially caffeine but could include others
which are targeted to road runoff (this should be a priority).
Action: - Deploy sensors selected in stage 1 (fixed and/or boat platforms), sewer outfall
monitoring. If necessary drill deeper into identifying specific sources of pollution in order
to inform management.

New card developed: ‘Pollution Indicators’ monitoring suite of key substances helpful for
identifying and understanding the pathways into the catchment of different pollutants (e.g.
raw or treated sewage?).

C.
Mapping and understanding of the catchment
This stage looks to take all the information from the previous two stages and combine and
present it in a new data base which is potentially linked to the Decision Support System

(DSS).

Action: Build a geo-referenced database of pollution concentrations and likely sources.
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Decision: - Evidence of where pollution is entering the catchment, where the polluters are
Knowledge on where to target actions and mitigation for maximum impact

D.
Review stage
The previous stages will hopefully highlight a number of knows and unknowns the
feedbacks between the various stage will act as a continuous review which may identify
the need to undertake further monitoring with tools/sensors which perhaps haven’t been
considered at this point. Within this we’ve highlighted the potential need for a new sensor,
biosensor etc., to enable the identification of a pollution themed source i.e. CSO, cross
connections, PAH, Runoff.
E.

Continued monitoring of chosen indicators and parameters using citizen
scientists
Following the above stages the labour-intensive role of continuous monitoring by citizen
scientists can be delivered in a targeted and supported manor. It’s quite possible that the
citizen scientists have already used the tools and equipment in a guided manor in previous
sampling, however in this stage they could hopefully do so in a more arm’s length manner.
Action: Training and support of citizen scientists is a significant key point in this step, as
well as listening to feedback from them.
New card developed: Training and ongoing support for citizen scientists.

F.
Support and Communication
This is likely to be key to enable the citizen scientists to work at arm’s length, included
within this are regional logistics, web visualisation, data collection app, engagement app,
sensor boat and bacti test strips. A key element will be how all these kits come together in
a cohesive manor which is engaging to people and professionals alike (this is likely to need
significant testing which Thames 21 can do with its volunteer base).

G.
Management and mitigation actions
Once the various iterations of the monitoring loops have been undertaken, finally decisions
can be made with regards to how the programme can be taken forward.
Action: - Evidence based decisions for targeted action, potentially to include continuing
monitoring and assessment to inform stages 1-3.
New cards developed include ‘The Law’ i.e. what is it and how does the outputs fit with
the WFD requirements. This won’t apply everywhere (potentially UK). Another output
could be the communication of the results (good or bad) to develop peoples understanding
of the issues and encourage further compliance
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Figure 11

Thames Catchment – Urban Diffuse Pollution discussion session

As you can see by the examples, through ‘gamification’, the cards gave the participants the
opportunity to think through a water quality problem differently. It gave alternative
approaches and options of how to tackle the challenge using the INTCATCH tools and
technologies. The detail actions from each session have been included in the high-level
action plans for each catchment below.
8.3

How the INTCATCH monitoring tools can be deployed with the support of
citizen science to meet the challenges in the demonstration catchments
This section of the report introduces the early considerations by the INTCATCH partners of
how the INTCATCH tools could be used in each of the chosen catchments, to help them
resolve some of the specific water quality challenges that have been identified. We have
also included a selection of the social indicators that we think can start to be measured
before, during and after the demonstration has been completed in the catchments.
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Demonstration activity plans have been produced for all the demonstration catchments
with possible actions that would enhance citizen scientist involvement, and address the
water quality challenges and social indicators identified. These plans are not set in stone
and are intended to inform the more detailed planning by the catchment leads for the
validation and demonstration activities. However, by seeking to include as many of the
suggestions as possible from these plans, the INTCATCH partners will be increasing the
chance of success of the INTCATCH project and successful future exploitation of the
INTCATCH tools.
Each demonstration catchment should also include developing case studies illustrating
each step of the process (problem – investigation – outputs – resolution) to take forward
into Work Package 11 (exploitation and dissemination).

A more detailed discussion is required with the INTCATCH partners on how we can define
and measure the indicators so that a consistent approach is taken across all the
demonstration catchments. Each indicator will not be appropriate for all catchments. The
indicator will have to be selected depending upon the characteristics and most relevant for
the catchment.
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Table 9 Demonstration activity plans
Water quality problem identified

Key challenges of:
Phosphorus
Pesticides from agricultural sources
Human pollution and Microbiological
parameters – related to recreational
bathing water use.
Other
chemical,
physico-chemical
parameters,
and
water
quality
indicators that can discriminate water
pollution sources and inputs to
waterbodies.
Compliance with the bathing water
directive.
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Lake Garda
How the INTCATCH monitoring tools can be
deployed to meet the challenges
in the demonstration catchments
The use of aquatic monitoring ‘drones’ would
provide the platform to deploy a range of
sensors and/or tests that would provide spatial
and temporal coverage. This would be a
strategy that would aim to reduce monitoring
costs foreseen by the current EU legislation.
The decisions will be taken with the support of
the citizen scientists, as well as the local
stakeholders. The data will be analysed for the
development of a water quality model and for
the evaluations of the CSOs and their treatment
and management.
The metagenomic studies could be targeted
towards specific genes of interest for human
health such as pathogenic bacteria, with the
desired outcome for more rapid detection of
pathogens, faster delivery of the final
results, so as to support the communication to
the public.
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Possible Actions that would enhance the opportunity for
citizen science
Local stakeholders or members of the community could be
provided with the following low cost / easy to use tools so
that they can get involved in tackling these challenges.
a. Kyoritsu Chemical kits (Phosphurus and Nitrate).
b. LaMotte Test tabs (Phosphate, nitrate, Ph, DO and more.
c. Tampon test – low cost method for detecting optical
brighteners which can indicate misconnections or sewer
overflows.
Indicators:
• Number of citizen scientist volunteers.
• Number of hits on the INTCATCH website
• Number of downloads of the INTCATCH apps.
• Number of followers on twitter.
• Number of operational franchises.

Water Quality Problem identified

Upper part of the River Ter has
insufficient or inadequate monitoring.
Apart from manual sampling of water
and bio indicators, it only has
continuous data monitoring in the Sau,
Susqueda and El Pasteral reservoirs
(water inlet, inside and outlet).
General
parameters:
Dissolved
Oxygen,
EC, turbidity, Suspended Solids, temp,
Ammonia.
Heavy metals: Copper, Nickel, Zinc,
Chromium (VI), and Mercury.
Nutrients:
nitrates,
nitrites,
phosphates.
Pesticides
Chlorine, Sulphate-, CO42-, Cyanide, Total
Organic
Carbon,
Geosmin,
Microcystin(s),
Chlorophyll,
algae
watch-onlinefluorometer, and Cyanobacteria, E. coli.

INTCATCH Deliverable 2.2

River Ter
How the INTCATCH monitoring tools can be
deployed to meet the challenges
in the demonstration catchments
Two approaches are proposed:
• An online, continuous monitoring approach
along the key reaches on the Ter, combining
continuous monitoring along the River Ter
and many of its tributaries (5-10, depending
on the available budget);
•
directed monitoring using INTCATCH boats
(checking the waters from the reservoirs to
the River Ter source each month and/or
following rainfall / storm or wet or scarcity
periods).
A discrete monitoring campaign will start in January
2017 to help define this continuous monitoring
proposal.

60

Possible Actions that would
opportunity for citizen science

enhance

the

Local stakeholders or members of the community
could be provided with the following low cost / easy
to use tools so that they can get involved in tackling
these challenges.
JBL O2 Oxygen test set – Simple test for oxygen levels
using liquid drops and colour charts for visual
assessment.
Kyoritsu
chemical kits(Phosphurus
and
Nitrate).Takes 5mins range 0.02mg/l – 1mg/l.
Hanna HI-713 Phosphate pocket checker –
Measures temperature, electrical conductivity, pH and
total dissolved solids.
INTCATCH e-DNA sensors.
La Motte total coliform test kit – simple test for the
presence / absence of coliform bacteria.
Indicators:
• Number of citizen scientist volunteers.
• Number of hits on the INTCATCH website
• Number of downloads of the INTCATCH apps.
• Number of followers on twitter.
• Number of operational franchises.

Water Quality Problem identified

A relatively small number of samples
and low number of monitoring locations
are carried out. Data collection and
number taken is reliant on costs and
benefits and only essential monitoring
is completed.
Most common lake problems are:
• algal blooms
• suspended solids and turbidity.
• oxygen depletion, growth of aquatic
plants (macrophytes)
• water depth changes.
Potential short circuiting of the flow and
the consequent creation of dead
volumes within the lake.
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Lake Yliki
How the INTCATCH monitoring tools can be
deployed to meet the challenges
in the demonstration catchments
Identifying the problems by continuously monitoring
for some of the crucial parameter is essential. The
results should then be linked to a Decision Support
System, to identify the appropriate restoration
measures.
Both the INTCATCH Arc and Platypus boats will be
used to monitor the lake for both depth and
velocities.
Platypus boat with be equipped to measure
Conductivity, pH, turbidity, nutrients (ammonia,
nitrate and phosphate).
The above data will be integrated with a water
quality model which will be used to simulate
important parameters within the lake. Everything
will be integrated within a DSS which will integrate
the information/data from the robotic boats and the
model and will allow the monitoring body (i.e.
EYDAP) to have a user friendly, visual representation
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Possible Actions that would
opportunity for citizen science

enhance

the

The innovative monitoring strategy of INTCATCH shall
be discussed among the stakeholders together with
EYDAP and NTUA catchment experts.
At a second level and through the use of smart
technology such as the engagement app a second level
of stakeholders can be developed which currently do
not exist. This includes citizens, local communities,
farming associations etc.
Indicators:
• Number of citizen scientist volunteers.
• Number of hits on the INTCATCH website
• Number of downloads of the INTCATCH apps.
• Number of followers on twitter.
• Number of operational franchises.

Water Quality Problem identified

Pollution sources, pollution loads and their
spatial
and
temporal
variability
(misconnections,
cross
connections,
unconsented and consented CSOs, road run
off).
Pollution inputs of heavily modified urban
river issues, such as low, dry weather flows,
flashy
hydrological
regimes
and
pesticides/fertilizers inherited from rural
headwaters.
Identification of agricultural inputs (sources
and quantities) will be of interest.
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Thames Catchment
How the INTCATCH monitoring tools can be deployed
to meet the challenges
in the demonstration catchments
Investigative monitoring using INTCATCH tools will
generate real-time data which will be crucial in facilitating
more detailed understanding of:
The use of multi-sond probes, sensor boats, data
management, CSO sensors will help with the investigatory
analysis.
Outputs from the DSS will enable targeted action for
maximum impact for catchment management – including
when and where to carry out, interventions for the
greatest effect on water quality.
Training and support of citizen scientist to collect data for
a large geographical area.
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Possible Actions that would
opportunity for citizen science

enhance

the

Thames catchment has a high number of citizen
scientist that support the initiatives across the
catchments. The INTCATCH tools will provide
essential support for citizen science data collection
programmes such as the visual monitoring of surface
water outfalls by citizen scientists to inform Thames
Water’s asset management plan (Outfall Safaris, run
by the Zoological Society of London.
INTCATCH investigations will be invaluable for
understanding spatial and temporal dynamics and
for more effective catchment management.
Web visualisation, data collection apps, sensor boats
and bacti test strips can all be used by citizen
scientists. Along with a wide range of other test kits
that have been mentioned in the other catchments.
Indicators:
• Number of citizen scientist volunteers.
• Number of hits on the INTCATCH website
• Number of downloads of the INTCATCH apps.
• Number of followers on twitter.
• Number of operational franchises.

River Wissey
Water Quality Problem identified
How the INTCATCH monitoring tools can be
deployed to meet the challenges
in the demonstration catchments
Variable nature of land use due to in-year Identify high level risk areas by soil type, slope and land
cropping cycles, and between year’s crop and use. –WQ model outputs included in the INTCATCH DSS.
land use rotations.
Confirm prediction of risk by on site view – Conduct a
Exposed soil vulnerable to erosion.
catchment walk over. Understand pollution sources.
During the weather event – INTCATCH boat measures for
Soil compaction from no cropping, vehicles.
Sediment is easily washed away and high suspended solids and dissolved oxygen.
levels of phosphate are experienced.
Deploy INTCATCH fixed station continuous water quality
monitoring.
Not predictable due to in year management
variable; major risk is winter due to less crop
in the fields and heaviest rainfall; but also
post-harvest with summer heavy storms.
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Possible Actions that would enhance the
opportunity for citizen science
Local stakeholders or members of the community
could be provided with the following low cost / easy
to use tools so that they can get involved in tackling
these challenges.
La Motte TesTabs (Phosphate, Nitrate, Dissolved
oxygen)- quick and simple dip test for phosphate,
nitrate, ammonia, pH, dissolved oxygen / BOD and
several other metals.
INTCATCH Platypus boat
INTCATCH Decision support system (DSS)
Indicators:
• Number of citizen scientist volunteers.
• Number of hits on the INTCATCH website
• Number of downloads of the INTCATCH apps.
• Number of followers on twitter.
• Number of operational franchises.
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Appendix 1: UK National level stakeholder – stakeholders outside of the demonstration catchments.
Regulatory
Authority

Local
Authority

DEFRA -UK

Peterborough DNA
(Future cities
demonstrator)

Natural Resources
Wales

Academic
/ Research

Private
Company

Consultancy

NGO/Non profit

Community
Group

Atkins Global

Angling Trust – UK

Severn Trent
Water – UK

Rivers Trust - UK

River Crane –
Citizens Science

Radaqua - Australia

Appendix 2: Stakeholders – Lake Yliki
Regulatory
Authority
Athens water supply and
sewerage company (EYDAP)

Special Secretariat for Water
(Ministry of Environment and
Climate Change)
Decentralised Authority of
Thessalia – Sterea Ellada –
Water Management unit for
Sterea Ellada

Local
Authority
Municipality of Thiva

Academic
/ Research

Freshwater Biological
Association - UK
Groundwork - UK
South East Rivers trust
Consultancy

NGO/Non profit
Greek Biotope /
Wetland centre
(EKBY)
Network of cities with
Lakes.

DEYA Thivas
Prefecture of Central
Greece
DEYA Livadias

Private
Company
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Individual

Community
Group

Individual

Appendix 3: Stakeholders - Lake Garda
Regulatory
Authority
Istituto
Superiore
Di Santia
(ISS)
Legione del
Veneto

Local
Authority
Provincia di
Verona

Dipartimento
di Protezione
Civile

Consiglio di
Bacino
Veronese

ARPAV
APPA
ARPA

Dipartimento
di Protezione
Civile

Municipalities
of the Lake
Garda Area

Comunità del
Garda – Garda
Lake
municipalities
Associazione
Temporanea di
Scopo "Garda
Ambiente"

Academic
/ Research
Università Degli
Studi di Verona
– University of
Verona
Università degli
Studi di Brescia –
University of
Brescia
Università degli
Studi di Trento –
University of
Trento

Private Company
Gestione
Governativa
Navigazione Laghi

Collegio dei
geometri e geometri
laureati della
Provincia di Verona
Azienda Gardesana
Servizi S.p.A.

Consultancy

Camera di Commercio,
Industria, Artigianato e
Agricoltura di
Verona
Associazione Nazionale
Costruttori Edili di Verona

Lega Navale Italiana

Consorzio Lago di Garda
Veneto

Divers associations

Federazione Italiana
Pesca Sportiva e
Attività Subacquee

Ordine degli
Architetti Della
Provincia di Verona

Confcommercio Verona

Yacht clubs

Ordine degli Ingegneri
di Verona e Provincia

Depurazioni
Benacensi S.c.r.l.
Alto Garda Servizi –

“Pro loco” –municipal
tourism promotion
associations

Federalberghi Garda
Veneto
Associazioni Albergatori di
Verona e Provincia

Garda Uno S.p.A. -

Assogarda Camping

Fishermen
groups
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Ordine dei Geologi
Regione del Veneto
Adiconsum Verona and
others consumers’
assoc
Legambiente Verona

NGO/Non
profit

Community
Group

Individual

Appendix 4: Stakeholders – Thames catchment
Regulatory
Authority
DEFRA -UK

Greater London
Authority (GLA)
Environment
Agency
Thames Water

Sutton and East
Surrey Water
Lea Valley
Park Authority
Natural
England

Local
Authority
London Borough
Of Bexley
Royal Borough of
Greenwich
Royal Borough of
Kingston upon
Thames
Epsom and Ewell
Borough Council
Enfield Borough
Council
London Borough
of Hillingdon
Harrow Borough
Council

Academic
/ Research
University of
Oxford
University of
Middlesex
Brunel
University

Private
Company
Atkins Global

Tideway – UK

Consultancy

NGO/Non profit

Community Group

The Conservation
Volunteers

Wildfowl & Wetlands Trust
Canal & River Trust

Marsh Dykes Catchment
Improvement Group
Scott Hartung- Thamesmead
Town Angling Club
Palmers Green Angling Society

Catchment Based Approach

London Anglers Association

The Wildlife Trusts (London
Wildlife Trust)
Affinity Water

Friends of Firs Farm

Test Valley
Trout Farm

Freshwater Biological
Association - UK

Lechwade Trout
Farm
Peabody group
(Housing assoc)
Uxbridge College

Thames Estuary Partnership

Bush Hill Park
Golf Club

Thames 21

NorthWest Kent Countryside
Partnership
Greenwich Leisure Ltd –
Southmere Boating Centre
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South East Rivers trust
Surrey Wildlife Trust
Herts & Middlesex Wildlife
Trust
Groundworks
Zoological Society of London

Thames Anglers Conservancy
London Boaters – houseboat
owners in London
Citizen Crane / FORCE Citizen
Science
Friends of Pinn Meadows
Friends of the River Pinn

Friends of Trent Country Park,
Eastcote (ERA)

Individual
(3 number)

Appendix 5: Stakeholders – River Great Ouse
Regulatory
Local Authority
Academic
Authority
Research
Environment
Cambridgeshire
Agency
County Council

Private
Company
Anglian
Water

Consultancy

Ministry of
Defence

Appendix 6: Stakeholders – River Ter
Regulatory
Local Authority
Authority
Catal Water Agency
(ACA) –public company
enforces WFD
Osona region
consortium

Ter River Museum
City council of
Manlleu

City council of
Roda De Ter

City council of Vic

NGO/Non profit

Community Group

CAMEO Partnership

Bury St. Edmunds Specific
Angling Club
farmers in the
Wissey
and
lark
subcatchments

Norfolk Rivers Trust

Individual

National Farmers Union
Cambridge Local Nature
Partnership
River Lark Catchment
Partnership

Academic /
Research

Private Company

NGO/Non profit

Community Group

UVIC- UCC
Students

Aigues de Vic –
Water company

GEDENA –
Ripolles

Magnet Ter

Aigues d'Osona

Group de Naturalistes
d'Osona-ICHN

River project volunteers (Osona
& Ripolles regions)

Aigues ter – Lobreqat
Depuradores d'Osona SL
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Group de Defensa
del Ter (NGO)

Faia program

Individual

Appendix 7 - River Ter – Determining what challenge to investigate and how to do it?
The River Ter demonstration team concluded that they need information and data from
nitrate and phosphate sensors, biological oxygen demand, conductivity, temperature, pH
from fixed monitoring station (continuous) and water utility and some other sensors to
provide data to facilitate a decision support system for the catchment.

72

Appendix 8 - Lake Yliki – problem with eutrophication in the lake – occasional algal
blooms.
The main challenge for Lake Yliki is related to eutrophication and the occasional algae
blooms which can be seen at certain periods of the year in the Lake. An additional
challenge is with the potential short-circuiting of the water flow, which consequently
creates what is known as dead volumes within the lake. It is not known whether the
eutrophication problems is related to the very long retention time of water (i.e. dead
volumes) and/or due to the inflow of nutrients.
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Appendix 9 - Lake Garda – Microbial aspects
Due to the extensive size of Lake Garda, there is a clear need for spatial sampling to
address a number of challenges. For the purpose of this exercise the catchment group
concentrated their effort on the Microbiological parameters related to recreational bathing
water use.
The use of metagenomics tools would be helpful for both the WFD monitoring programs
and the bathing water directive. The metagenomic studies could be targeted towards
identifying specific genes of interest for human health such as pathogenic bacteria, with
the desired outcome for more rapid detection of pathogens, faster delivery of the final
results, to support communication and engagement with the general public.
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Appendix 10 - Great River Ouse –
Sediment and Phosphate in the Upper Wissey
The River Wissey is a largely rural catchment and receives inputs from a number of
sources that are highly variable. Most of these inputs are driven by rainfall events and
so the focus of investigation monitoring needs to be on the temporal nature of such
events, using in situ monitoring as a general approach. The catchment has a mixture or
arable, cereal and livestock land use and the risks of run-off in the headwater areas
varies accordingly.
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Sediment and phosphate in the River Lark (new sub-catchment for INTCATCH)
The River Lark rises at Whepstead, near Bury St Edmunds in Suffolk, England. A number
of small watercourses contribute to the overall flow of the Lark, notably the River Linnet
and Cavenham Stream. It is a chalk-fed river that like many rivers within the catchment.
Flowing over the boulder clay which overlies the main chalk aquifer the river continues
in a general south east to north west direction until the chalk becomes exposed near
Lackford, 10 km downstream of Bury St Edmunds. A major tributary, the Cavenham
Stream, joins the Lark 2 km downstream of Lackford. As the river flows over the chalk
outcrop, the underlying aquifer provides a significant contribution to the flow.
Agriculture within the Lark Catchment consists of a variety of vegetable and cereal crops
such as wheat, barley, oil seed rape, sugar beet, carrots, potatoes, and salad crops.
Extensive irrigation of crops is carried out using water from field ditches which are filled
from the river, and through abstractions from bore holes. Local industry is centred at
Bury St Edmunds, with food processing such as sugar refinery and brewing. These are
often dependent on water through abstraction for cooling or cleaning processes.
Consequently, the catchment suffers from rural diffuse pollution from nutrients
(agriculture and domestic); and low flows (significant abstraction for public water
supply, industry and agriculture).

The focus for the River Lark assessment within INTCATCH is one stretch below Bury St
Edmunds. The local angling club, Bury St Edmunds Trout Club, have generated extensive
improvements to the watercourse approximately 5 miles below Bury St Edmunds, and
following on from some pollution incidents including red diesel. Now the habitat has
improved, the volunteers have re-introduced Olive Dun eggs which are an excellent
indicator of sediment pollution, as well as conducting river fly monitoring under the
RiverFly Monitoring network.

There are significant risks to the recovering river from discharges from the Anglian
Water sewage treatment works, the local golf club (chemical use, run off and water
course management), industry including sugar and food processors, such that the focus
is now focused on understanding the current environmental water quality, particularly
sediment, dissolved oxygen, nutrients and to provide an assessment of the risks
following major rainfall.
From that, catchment interventions can be developed with businesses and landowners
to prevent harm occurring to the watercourse, and recovering fish and invertebrate
populations. The INTCATCH project aims to provide new tools and training to enhance
the Trout club, and Catchment Partnership volunteers, citizen science capabilities.
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