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A B S T R A C T

The pressure and impact analysis is an important process in integrated river basin management and a key
procedural element of the EU Water Framework Directive. It aims to inform both the assessment of water body
status and the development of management responses. However, the Directive does not provide prescriptive
guidance on how it should be carried out and during the 1st river basin cycle, its application proved to be a real
challenge. Incorporating ecosystem services as indicators of impacts, a participatory framework for pressure
prioritisation is presented here. While various methods exist for engaging stakeholders in river basin manage-
ment, the framework allows for the ecosystem approach to be operationalised through a risk assessment per-
spective, in the context of the pressure impact analysis. Applying this to a case study in England, we demonstrate
how a ranking of pressures can be delivered based on stakeholders’ perception of how the delivery of ecosystem
services is affected by each pressure and incorporating their value as indicator of the magnitude of the impact.
This approach allows for a more systematic way to effectively prioritise significant pressures and therefore select
appropriate programmes of measures in line with the Directive’s integrated river basin management paradigm.

1. Introduction

The institutionalisation of the river basin scale for the spatial or-
ganisation of water management in the European Union Water
Framework Directive (WFD) can be viewed as the point of departure for
a new multi-scalar strategy by the European Commission and a key
instrument for pursuing the WFD’s environmental objectives of good
ecological quality for surface waters (Hüesker and Moss, 2015). Ac-
knowledging ecological variability and the socio-political differences
between river basins, the Directive calls for a tailored approach to in-
tegrated water management from a river basin perspective (Giakoumis
and Voulvoulis, 2018a). In practice, this requires a shift from having a
single mandate for freshwater management across Europe to a more
robust understanding of the essential features of river basins, as systems
(Voulvoulis et al., 2017).

It is now well accepted that many (but not all) of the factors
(pressures) influencing the ecological condition of waters come from
the river basin. River basin management can be a difficult, multivariate
problem involving multiple pressures, multiple ecological issues, and
competing social priorities. Although there is considerable general
knowledge regarding the cause-effect relationships between many of
these pressures and the consequent ecological effects (Hart et al., 2006),
the complexity of the river basin limits their potential to support

decision-making. For this, the WFD treats the river basin as one inter-
connected system, with the development of management responses
aimed towards improving water quality as a result of improving eco-
system health (system state). River basins are complex systems, and
research demonstrates that they cannot be managed only in terms of
cause and effect relationships (Everard and Powell, 2002; Liu et al.,
2007; Pahl-Wostl, 2004). The most effective solutions require good
understanding of the river basin, and usually emerge from under-
standing pressures through discussions within the wider community.
Even in cases when the most important pressures are known, me-
chanisms to facilitate the development of effective management stra-
tegies and increase public support are missing. Risk-based approaches
are increasingly being applied by river basin managers (Hart et al.,
2006).

The pressures and impacts analysis is the most important step of the
characterisation of river basins (Article 5) and fits in the broader con-
text of the development of integrated river basin management plans as
required by the WFD (European Commission, 2000). The process must
consider how pressures would be likely to develop during a manage-
ment cycle period in ways that would place water bodies at risk of
failing to achieve good status if appropriate programmes of measures
were not designed and implemented (European Communities, 2003).
For this, the WFD requires Member States to use information collected
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on the pressures to which water bodies are likely to be subject and on
the characteristics of those water bodies, together with any other re-
levant information, including existing environmental monitoring data.
This includes information on the type and magnitude of significant
anthropogenic pressures, broadly categorised into: point sources of
pollution; diffuse sources of pollution; effects of modifying the flow
regime through abstraction or regulation; and morphological altera-
tions. Any other pressures, i.e. those not falling within these categories,
must also be identified. In addition, there is a requirement to consider
land use patterns (e.g. urban, industrial, agricultural, forestry etc.), as
these may be useful to indicate areas in which specific pressures are
located. The results of the analyses should be used in targeting the
monitoring programmes1 required under Article 8, making the direc-
tive’s objectives practicable2 under Article 4 and designing targeted and
proportionate measures to achieve the Directive’s objectives, in ac-
cordance with Article 11 (European Communities, 2003).

In the implementation of the Directive by Member States, the
pressure and impact analysis proved to be a challenge for water au-
thorities, with the 4th WFD implementation report revealing problems
in most States. In 21 of the 27 Member States there were no clear links
between pressures and the programmes of measures, and in 23, the gap
analysis had not been effectively implemented for the development of
appropriate and cost-effective measures (European Commission, 2015).
Often assuming a linear causality, incomplete pressure inventories and
the absence of appropriate indicators for impacts, put in jeopardy the
design of monitoring networks both in terms of identifying water bodies
at risk and quality elements to be monitored for the classification of
ecological and chemical status. When significant pressures were over-
looked, there were monitoring implications, and as a result the as-
sessment schemes were mainly focused on more traditional pressures
(Hering et al., 2010). Similarly, measures were often designed to target
elements for improving classification, targeting the symptoms rather
than the pressures causing the gap to the achievement of objectives
(Voulvoulis et al., 2017).

The Directive acknowledges that apart from the ecological domain,
the aquatic system encompasses a social and economic domain, to
which ecosystem health is conditional to, thus must be adequately in-
tegrated in the overall decision-making process (Vugteveen et al.,
2006). The influence of pressures on ecosystem health could be in-
vestigated by incorporating societal needs and expectations when re-
ferring to a healthy ecosystem (Pollard and Huxham, 1998). In support
of this, the WFD acknowledges the exploration of environmental ben-
efits defined as welfare gains resulting from the improvements towards
the desired good status (Martin-Ortega, 2012).

Incorporating ecosystem services, the benefits that people obtain
from ecosystems (MEA, 2005) and the direct and indirect contributions
of ecosystems to human well-being (TEEB, 2010), as indicators of im-
pacts through a process of engaging with stakeholders (Article 14), the
paper presents a risk-based approach for the pressure and impact ana-
lysis. In line with the ecosystem approach, a holistic and integrated
management strategy that proactively defends and protects the overall
health and functionality of the ecosystem as the source of water as well
as a water user with specific requirements (Pollard and Toit, 2008), it
proposes a framework for ranking pressures based on stakeholder un-
derstanding of human-nature interdependencies at the river basin level.
Relating ecological status to the “capacity” of the freshwater system to
deliver ecosystem services, freshwater experts and stakeholders are

tasked to consider ways that the delivery of ecosystem services, can be
affected by the various pressures that human activities pose, to prior-
itise these pressures as required by the Directive.

2. Pressures assessment in the WFD

While it is clear from the WFD that impacts are the result of pressures,
neither term is explicitly defined, nor the Directive provides a pre-
scriptive guidance on how pressure assessment should be carried out
(European Communities, 2003). Instead it offers a general approach
conceptually based on the Drivers Pressure State Impact Response
(DPSIR) framework (Borja et al., 2006). The anthropogenic activities
that may have an environmental effect (e.g. agriculture, industry) are
considered drivers and their direct effect (for example, an effect that
causes a change in flow or a change in the water chemistry), pressures.
The environmental effects of these pressures (e.g. fish killed, ecosystem
modified) are the impacts. The assessment of whether a pressure on a
water body is significant or not, must be based on knowledge about the
pressures within each river basin area, together with some form of
conceptual understanding of how the river basin system functions (e.g.
water flow, chemical transfers, and biological functioning of the water
body within the river basin system) (European Communities, 2003).
Pressures and their interactions are context-specific, and prioritisation
requires targeted and localised research to ensure that programmes of
measures target the right pressures that are emerging from the land-
scape and human nature interdependences.

As with risk assessment, the process relies on investigating the likely
presence and significance of a pressure linkage, the potential of a
pressure affecting ecosystem state (European Communities, 2003). This
source-pathway-receptor relationship (Fig. 1) is critical to the pressure
assessment and requires an understanding of the river basin system and
how it functions, partly enabled by the participatory nature of the WFD.
Article 14 specifically requires public consultation in the production of
River Basin Management Plans (RBMPs), to which the pressures and
impacts analysis is a significant part (European Communities, 2003).
Stakeholders can be a useful source of information and water agencies
and authorities are required to make this process as transparent and
opened to the public as possible. Their participation can help with data
on characterisation, pressure identification and assessment as well as
the assessment of environmental impacts needed for the pressures and
impact analysis (European Communities, 2003). The IMPRESS guidance
document highlights that the value of local knowledge and experience
should not be underestimated or dismissed in favour of a more formal
process imported from elsewhere (European Communities, 2003). Also,
it provides guidance on “who needs to get involved” in the pressure
impacts analysis process and on “how” they could be identified. Still, in
the implementation so far, public participation on this process has been
largely neglected, with many Member States following the “letter of the
law” than its “spirit” (Ker Rault and Jeffrey, 2008).

Approaching the pressure and impact analysis from a risk assess-
ment perspective, offers the opportunity to prioritise pressures by
considering both the magnitude of the potential impact and the prob-
ability that this impact will occur. The risk arising from an anthro-
pogenic activity in the river basin could therefore be estimated by
multiplying the probability of the activity causing damage (“like-
lihood”), by the measure of the damage (“consequence”) (Emanuelsson
et al., 2014) or “impact” in the WFD context.

3. Ecosystem services and the WFD

Although ecosystem services are not mentioned in the WFD
(Bouwma et al., 2017), the Directive is nonetheless ecosystem-focused
and has the purpose of protecting future human uses of the environ-
ment when implemented in a social and economic context
(Vlachopoulou et al., 2014). There is a clear connection between the
WFD and both the delivery of ecosystem services and also principles of

1 Provide suitable information for validating the analyses and assessing the
effectiveness of the measures.
2 Identify water bodies for which the application of heavily modified water

body designations under Article 4.3, extensions to the timetable under Article
4.4, less stringent objectives under Article 4.5 or exceptions from the obligation
to prevent deterioration in status under Articles 4.6 and 4.7 may be appro-
priate.
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the ecosystem approach as outlined in the Convention on Biological
Diversity (Voulvoulis, 2014). Legislative objectives towards sustaining
the functional integrity of the freshwater ecosystems would increase
their capacity to provide services and ensure social wellbeing (Chan
et al., 2006). The “capacity” of a freshwater system to provide services
is conditional to its structure and functioning which in the context of
the WFD is reflected on ecological status, therefore “good status” can be
seen as a prerequisite for ecosystem functions (Vlachopoulou et al.,
2014). The development of RBMPs could benefit from the concept of
ecosystem services, adopted to recognise the multi-functionality of the
water system and account for the benefits people receive from nature,
justifying the costs of protection and restoration (WFD programmes of
measures). For the water bodies at risk of failing to achieve good eco-
logical status, management responses should be in place for the im-
provement of the overall system’s health by targeting the pressures and
their drivers contributing to ecosystem dysfunction (Fig. 2). For ex-
ample, improvements in ecological quality of rivers have been reported
to lead to increases in the abundance of fish stocks (Hartje and
Klaphake, 2006).

Although references to ecosystem services were generally absent in
the first cycle of the RBMPs, they have started to appear in the second
cycle (Grizzetti et al., 2016). The Fitness Check and the Blueprint, have

already acknowledged the importance of actions for protecting eco-
systems and delivering services in the context of sustainable water
management and the need to integrate more the ecosystem services in
RBMPs (European Commission, 2012a,b). Several studies have in-
vestigated the potential of implementing ecosystem services in the WFD
context (Heink et al., 2016; Martin-Ortega, 2012; Pistocchi et al., 2017;
Vlachopoulou et al., 2014), and a number of steps of particular re-
levance to the characterisation of river basins, the determination of cost
effective measures and the cost recovery from water supply and was-
tewater services have already been identified (Sørensen et al., 2014).

In essence, the integration of ecosystem services assessments in the
WFD implementation could be seen as an evolutionary step for the
Directive to achieve its vision on sustainability and communicating
management objectives in relation to societal welfare (Dufour and
Piégay, 2009; Everard, 2011; Hartje and Klaphake, 2006; Spray and
Blackstock, 2013). Ecosystem services meet the criteria of being ade-
quate human–environmental system indicators as they are policy-re-
levant representations of the system’s state (Kandziora et al., 2013) and
they embrace the ecological, biophysical and socio-economic aspects
necessary to evaluate the sustainability of human-coupled ecosystems
(Lu et al., 2015). Although the benefits from combining ecosystem
services and risk assessment frameworks in support of river basin
management have been acknowledged (Brauman et al., 2014), such
approaches have yet to be developed.

4. A participatory ecosystems services framework for ranking
pressures

A conceptual framework for prioritising pressures based on their
potential to affect ecological status (causing the gap to the achievement
of objectives) using ecosystem services as indicators of impact that can
be delivered through stakeholder engagement is presented here (Fig. 3).
It requires stakeholders to see the river basin as a system of human-
nature interdependencies, with their effects driving ecosystem health.
Human activities taking place in the river basin that could be acting as
sources of degradation (pressures) of system state need to be identified
first (Supplementary Table S1). It is also important that stakeholders
understand and appreciate the ecosystem services delivered by the river
basin, setting objectives for the system state that could deliver them

Fig. 1. The risk assessment components in relation to DPSIR framework
(European Communities, 2003).

Fig. 2. Ecosystem services as parts of the Water Framework Directive (WFD) approach for the management of socio-ecological systems, following the ecosystem
services cascade.
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when this is not the case (Table 1). This can be based on ecosystem
services assessments (physical or economic flows) potentially already
undertaken in the river basin or participative ecosystem service va-
luation workshops where stakeholders derive the relative importance of
ecosystem services using data from existing valuation studies or qua-
litatively rank them based on their preferences (Salgado et al., 2009). A
ranking of pressures can then be delivered based on stakeholders’
perception of how the delivery of ecosystem services is affected by each
pressure at the river basin and incorporating the relative value of these
services as indicators of the magnitude of the impact. Participants are
encouraged to look at the river basin as a system and consider how the
ability of the system to deliver ecosystem services (“what they value”) is
affected by pressures (“what stakeholders do”).

Stakeholder engagement has been at the core of the Water
Governance Principles formulated by the Organisation for Economic
Co-operation and Development in 2015 and has become a central re-
quirement for water-related projects in many different contexts (Wehn
et al., 2017). There is no “one-size-fits-all” approach to involving sta-
keholders in delivering the participatory framework presented here, but
a number of important factors including the problem, the stakeholders,
geography, schedules and time frames, and agency’s organisational
capacity should be considered (Prell et al., 2007; Reed et al., 2009), and
a number of principles (Areizaga et al., 2012; Withycombe Keeler et al.,
2015) and best practices (Pomeroy and Douvere, 2008) are also avail-
able. For example, depending on the number of participants, stake-
holders could be separated into small groups to create the conditions for
meaningful and productive discourse (Webler et al., 1995), knowledge
exchange and joined understanding of problems within the system of
interest (river basin). River basin partnerships offer the natural man-
agement structures to facilitate this approach, and in Europe, they are

often already in place to deliver the participatory requirements of the
WFD. Still, the framework could be adopted to any participatory ar-
rangements in place or planned for to address the individual needs of a
basin.

5. Application to a catchment in England

To demonstrate how the framework could be operationalised for
prioritising pressures in the context of existing decision-making struc-
tures, the Broadland Rivers catchment (Fig. 4) was selected as a case
study and the associated Partnership Steering group as the forum for its
application. The group, comprising of members of the Broads Authority,
the Environment Agency, National Farmers Union, water industries
(Anglian Water, Essex and Suffolk Water), Water Management Alliance,
National Trust, The Rivers Trust, Natural England, Norfolk County
Council, Country Land and Business Association, University of East
Anglia, The River Waveney Trust, Norfolk Wildlife Trust, Suffolk
Wildlife Trust and River Society for the Protection of Birds, has been the
official stakeholder group for the WFD implementation in the region
and the consultation body for the development of RBMPs.

At a workshop organised during a Broadland Catchment Partnership
Steering group meeting, the thirty-three members that participated
discussed the potential of integrating ecosystem services in the devel-
opment of the next catchment management plan, while randomly or-
ganised into four groups. Using a generic list of human activities
(Supplementary Table S1), considered as part of the pressures and
impacts assessment (European Communities, 2003), stakeholders were
encouraged to discuss how activities present in their catchment act as
pressures ensuring that all representative activities and associated
pressures were being considered. They also discussed and confirmed the
ecosystem services provided by their catchment. Out of a broad list of
final services (Table 1) they selected those of relevance to their catch-
ment or supplemented them accordingly if necessary. Through an ac-
tive discussion in their groups, participants were able to agree and re-
port on how the delivery of the ecosystem services they identified and
valued, can be affected by the pressures from the human activities they
identified in the catchment.

6. Results

Twenty activities acting as pressures to the Broadland Rivers
catchment were identified during the workshop (Table 2). The parti-
cipants selected pressures from all source categories, most from diffuse
sources (of agricultural and urban origin) and point sources of pollution
from a variety of industrial activities.

A total of 37 services were identified and their relative values
(Table 3) were derived during an earlier participative ecosystem service
valuation workshop, based on a dynamic sequence of group and in-
dividual activities3. The number of important services was almost
equally distributed between the three categories (14 provisioning, 11
regulating and 12 cultural services).

In their groups, participants identified which pressures could be
affecting the delivery of each ecosystem service in their catchment, and
the results are summarised in Fig. 5 as diagrams of interconnections
between ecosystem services on the left (codes from Table 3) and pres-
sures by human activities (codes from Table 2), for each of the four
groups (see also data in Supplementary Tables S2–S5). Variation be-
tween the four groups was observed. Group 2 demonstrated a much
denser conceptual diagram with 118 links, while groups 1, 3 and 4 had
37, 64 and 26 links respectively (Fig. 5). In Group 1, 51% of the links
corresponded to provisioning services, 27% to regulating and 22% to
cultural. In Group 2, the provisioning account for 46% of the links while

Ecosystem Services delivered by the river basin identified and valued 

Anthropogenic pressures in the river basin identified 

How the delivery of these ecosystem services might be affected by the 
pressures established  

Pressures ranked based on their potential to affect ecosystems services delivery 
incorporating their relative values as indicators of the magnitude of the impact

Fig. 3. A participatory ecosystems services framework for pressure prioritisa-
tion in support of the WFD.

Table 1
A broad list of ecosystem services4 based on Millennium Ecosystem Assessment
(MEA, 2005), for stakeholders to select those of relevance and supplement them
as necessary.

ECOSYSTEM SERVICES

Provisioning Regulating Cultural

Food Climate regulation Spiritual and religious
Fresh water Disease regulation Recreation and ecotourism
Fuel wood Water regulation Aesthetic
Fibre Water purification Inspirational
Bio-chemicals Educational
Genetic resources Sense of place

Cultural heritage

4 In the context of environmental valuation, the classification of ES into in-
termediate processes, final services and benefits addresses the problem of
double counting the values of ES (Fisher et al., 2009; Fu et al., 2011; McVittie
et al., 2015).

3 Methodology and results of ecosystem services co-definition and participa-
tive valuation workshop are described on GLOBAQUA (2018).
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the rest is shared equally in the other two categories. Similarly, in
Group 4 the provisioning account for 46% of the links but the cultural
come second with 31%. In Group 3 the percentages among the cate-
gories are almost equal.

The four most important pressures were found to be common be-
tween all groups and perceived to affect different baskets of services;
hence there is mixture of both common and unique links present at each
pressure in different groups. For example, the pressure ‘Crops with in-
tensive nutrient or pesticide’ (D2.2) is linked with services P6, P5, P8,
P9, R1 and R2 in all groups but pressure’s impacts on services are either
common in 3 or 2 groups or unique to only one group (Fig. 5 and
Supplementary Table S6).

Incorporating the value of the ecosystem services affected by each
pressure, a ranking of pressures was derived for each group (Table 5
and Supplementary Tables S7–S10). While we propose a standardisa-
tion formula in Supplementary Table S11 that can be used to derive the
overall final ranking of pressures, it is worth noting that in this case the
top pressures were similar across the groups (Table 4). ‘Crops with in-
tensive nutrient or pesticide’ (D2.2), ‘Agricultural enhancement’
(M2.3), ‘Urban areas including their sewer networks’ (D1.2) and ‘Ab-
stractions for potable supply’ (A1.2) were the same in all four groups
but one.

With the values of the ecosystems services affected being the same
across the groups, we also investigated how sensitive the final ranking
would be if different values were used. Using data from an ecosystem
services evaluation undertaken in the catchment in 2013 (White et al.,
2015), calculated values were used instead of the scores given by the
stakeholders to derive a new pressure ranking. Using the values of the
seven ecosystem services (Table 5), included in the evaluation (out of the
37 services identified by the stakeholders), the ranking of pressures when
considering these pressures was shown to follow similar trends (Fig. 6).
Both datasets are provided in the Supplementary Tables S12 and S13.

Fig. 4. The Broadland Rivers catchment. (See above-mentioned references for further information.)

Table 2
List of river basin sources of pressures selected by the stakeholders as part of the
participatory process.

Source Code Source within the source type

Diffuse
Urban drainage (including

runoff)
D1.2 Urban areas (including sewer networks)
D1.3 Airports
D1.4 Trunk roads
D1.5 Railway tracks and facilities

Agriculture (diffuse) D2.2 Crops, with intensive nutrient or
pesticide usage or long bare soil periods

D2.3 Over grazing- leading to erosion
Other diffuse D4.2 Atmospheric deposition

D4.4 Shipping/navigation

Point source
Waste water Industry P1.1 Municipal waste water primarily

domestic
P2.5 Iron and steel
P2.14 Other manufacturing processes

Mining P3.4 Peat extraction
Waste management P6.1 Operating landfill site
Aquaculture P7.1 Land based fish farming/watercress/

aquaculture

Abstraction
Reduction in flow A1.2 Abstractions for potable supply

A1.5 Abstractions by hydro-energy

Morphological
River management M2.3 Agricultural enhancement

Other anthropogenic
O1.5 Recreation (including fishing/angling)
O1.9 Climate change
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7. Discussion

Pressure prioritisation is particularly important to the selection of
programme of measures, the actions we take to manage these pressures
in order to improve ecological status and the delivery of ecosystem
services. Looking at the pressure and impact analysis from a risk as-
sessment perspective, offers the opportunity to rank pressures based on
how the delivery of ecosystem services is affected by each pressure and
incorporating the value of ecosystem services as indicator of the mag-
nitude of the impact. Fundamental to this approach is the assumption
that there is a clear link between ecological quality (and status) and the
delivery of ecosystem services (Vlachopoulou et al., 2014). Human
activity impairs the flow of many services because of escalating human
impacts on ecosystems (pressures in the WFD) reducing their capacity
to provide the services necessary for an acceptable level of human well-
being. The use of ecosystem services in river basin management plan-
ning provides a framework for assessing multiple pressures and their
potential to reduce the capacity of the ecosystem to supply services in
order to select appropriate management responses. The approach pre-
sented in this paper demonstrates how the ecosystem services approach
can be operationalised and mainstreamed in the context of pressure
impact analysis, offering an opportunity for adopting systemic thinking
in the implementation of the WFD.

The WFD requires in depth understanding of catchments and man-
agement that is aligning human-nature interdependencies with the goal
of improving the system as a whole, under an ecological vision that
considers human activities as a source of disturbance and water quality
degradation (Voulvoulis et al., 2017) and as a result requires pro-
gramme of measures taken to manage anthropogenic pressures in order
to improve ecosystem health (European Commission, 2000). Con-
sidering that for the case study these were identified and documented in
the 2009 RBMPs (Environment Agency, 2010; Supplementary Table
S14), measures attributed to various sectors (Fig. 7) were compared to
the ranking of pressures from this study. Most of these measures (43%)
focused on ‘water industry’ and more specifically in relation to “Im-
provement of water company assets”, and also “schemes to improve
discharges…to remove more phosphorus than required by the Urban
Waste Water Treatment Directive” (See supplementary Table S14).
However, in this study the point pressure ‘Municipal waste water pri-
marily domestic’ (P1.1) was ranked relatively low (12th out of 20), and
the diffuse pressure ‘Urban areas including their sewer networks’ (D1.2)
ranked among the highest (3rd out of 20). The sector ‘agriculture and
rural land management’ accounted for 18% of the measures targeting

both diffuse pressures ‘Crops with intensive nutrient or pesticide’ (D2.2)
and morphological pressures ‘Agricultural enhancement’ (M2.3) that
were ranked here first and second respectively (Fig. 7). With the latter
being a critical pressure about 70% of the measures related to ‘Angling
and Conservation Activities’ were designed to address physical mod-
ification (Fig. 7). The pressure ‘Shipping/navigation’ (D4.4) was ranked
ninth, and accounts the 8% of measures, while pressure Trunk roads
(D1.4) ranked eighth, accounted for an 8% of the measures. Despite the
pressure ‘Climate change’ (O 1.9) was ranked fifth in this study, only
one measure made a reference to it in the context of a ‘Lake Restoration
Strategy’ (reference ID AN0279) (Environment Agency, 2009) be-
longing to the ‘Angling and Conservation Activities’. These findings
potentially indicate that the measures implemented have not accounted
for all significant pressures, demonstrating the added value of in-
corporating multiple perspectives and stakeholder based conceptual
models when assessing pressure significance in line with previous stu-
dies (Connell, 2010; Hart et al., 2006).

The pressure prioritisation framework presented here addresses
some of the current problems with the implementation of the pressure
analysis, which often involves several technical considerations
(Giakoumis and Voulvoulis, 2018b) that might not be transparent to the
public and could result to stakeholder alienation. In order to address the
complex nature of catchments, the framework facilitates understanding
of how the river basin functions, using conceptual human-nature in-
terdependencies to inform management decisions. The participatory
nature of the proposed approach emphasises the need to integrate dif-
ferent forms of information, one that incorporates multiple stakeholder
perspectives to strengthen the evidence-base to support the decisions
for implementing the WFD and the development of measures. This
strategy facilitates constructive dialogue between the participants and
enhances the process by which sharing knowledge and reaching a
consensus within groups could provide data that represent the shared
appreciation of the reality of the participants which could overcome
data availability issues often compromising the pressure assessments
(Barceló and Petrovic, 2011).

The concept of ecosystem services facilitates a more comprehensive
communication of the objectives of the WFD and their environmental
and socio-economic outcomes (benefits), and has the potential to pro-
mote policy acceptance and commitment to policy decisions (Howarth,
2009). It also allows for promoting actions that deliver multiple eco-
system service outcomes for the advantage of all service’s beneficiaries,
optimised for multiple benefits (Everard and McInnes, 2013). This ap-
proach could also enable stakeholders identify the most vulnerable

Table 3
The list of ecosystem services identified during the workshop and their scores (relative values). The different types of services are categorised into provisioning (P),
regulating (R), cultural (C).

Ecosystem service types Score Ecosystem service types Score

P1: Intensive farming (cereals, veg, sugar beet, peas, maize) 3.7 R5: Air quality (woodland) 4.17
P2: Intensive farming (poultry, pigs) 3.25 R6: Pollination 4.65
P3: Grazing marsh 4.55 R7: Natural water purification 4.6
P4: Wild food (venison) 2.7 R8: Riparian shading buffer strip 4
P5: Water quality drinking water 4.91 R9: Drought protection 4.75
P6: Water for industry 4.37 R10: Pollutant sequestration 4
P7: Water for irrigation 4.3 R11: Pest control (beetle bank) 4
P8: Water for Breweries 3.6 C1: Health and wellbeing 4.5
P9: Arable ponds (wildlife) 4.47 C2: Tourism coasting holidays 4.3
P10: Reed and sedge 4.6 C3: Local recreation (angling, bird watching, boating) 4.7
P11: Timber (fuel wood), coppice 3.75 C4: Archaeology (built buried) 4.3
P12: Wind energy, solar energy, biomass 3.7 C5: Spiritual wellbeing 3.8
P13: Hydropower 2.7 C6: Education and research 4.5
P14: Fertilizers 2.6 C7: Social cohesion 4.25
R1: Natural hazards regulation (flooding) 4.6 C8: Arts 4.08
R2: Soil erosion 4.4 C9: Walking, cycling 4.26
R3: Attenuation of sea level change 4.55 C10: Sense of place, uniqueness 4.8
R4: Carbon sequestration 4.55 C11: Landscape beauty: Big skies, wilderness, tranquillity 4.8

C12: Dark skies 3.64

T. Giakoumis, N. Voulvoulis Ecosystem Services 34 (2018) 126–135

131



ecosystem services (Fig. 8) as a means for developing measures that
tackle pressures towards targets for the delivery of such services. With
the development of such consensus, decision making is better informed
and programmes of measures as risk management solutions can be more
readily accepted (Quevauviller, 2009).

River basin management is a social and scientific process, and in
fact, the WFD calls for the developing of socio-ecological tools and
frameworks for complex problem-solving (Martin-Ortega, 2012). The
participatory framework for pressure prioritisation presented here aims
to facilitate the adoption of the systemic thinking required for in-
tegrated river basin management (Voulvoulis, 2012). Systems knowl-
edge relates to an understanding of social and ecological system func-
tioning, including social–ecological interactions as well as the current
and potential future flows of services from those interactions (Abson
et al., 2014). Considering ecosystem services through a participatory

approach, the framework allows for different disciplines and lay
knowledge in the river basin management process. Ensuring that sta-
keholders are well informed and can actively contribute to problem
solving can lead to greater stakeholder confidence and better outcomes
being reached (Collins et al., 2012). With the participants varying from
policymakers and scientists to representatives of local stakeholders
groups, the ecosystem services concept and terminology satisfied the
information requirements of each one of them and enabled them to
develop shared mental models (Jones et al., 2011). This approach is
also supported by recent examples of applying system tools in in-
tegrated coastal management (Sanò et al., 2014; Sanò and Medina,
2012) and in assimilating different value dimensions of ecosystem
services (Lopes and Videira, 2017). These studies however have only
focused on one perspective, where one category of variables (either
anthropogenic activities or ecosystem service alone) and based on

Fig. 5. Constructed diagrams presenting stakeholders’ perception on the interconnections between catchment pressures on the left and ecosystem services on the
right for the Broadland Rivers case study for each Group. The lines in green, blue and red represent the provisioning, the regulating and the cultural service categories
respectively. The different hues represent different types of services.
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causal matrices with identical variables on the vertical and horizontal
axes.

The pictorial representation of the participants’ data offers

visualisation of the links between services and activities as a means to
make the participants aware of the complexities behind river basin
management. The variation between the mental models of the four
groups (Fig. 5) could be due to different factors. Variation between
stakeholders on their understanding on how the system works and their
views on the prioritisation of services will influence the data. However
other factors will add noise to the data, such as: potentially the lack of
time to answer the questionnaire, or even difficulties with under-
standing the questions or the terms used in the questionnaire. Con-
ceptualising river basins as complex systems could further engage sta-
keholders in discussions about river basin problems. This could offer
them the opportunity to reconsider the issues and change their under-
standings and ideas about the water bodies they represent and to in-
crease their actions towards more sustainable ways (Collins et al., 2007;
Steyaert and Ollivier, 2007).

The participatory ecosystems services framework for pressure
prioritisation presented here has also an “awareness-raising role”
(Potschin-Young et al., 2016) as it could also improve river basin

Table 4
Pressure rankings from the four groups of participants and overall derived ranking for all participants. The order of each pressure is in brackets (highlighted in blue
the top four pressures).

Table 5
The list of ecosystem services and their values from White et al., 2015 and their
equivalents as identified during the workshop.

Service Type Value (£) Equivalent service

Timber 23,975 P11: Timber (fuel wood), coppice
Livestock 83,160 P2: Intensive farming (poultry, pigs)
Crops 220,393 P1: Intensive farming
Climate regulation 1,108,920 R4: Carbon sequestration
Drinking water 2,939,062 P5: Water quality drinking water
Air quality 7,360,000 R5: Air quality (woodland)
Recreation 16,103,031 C3: Local recreation (angling, bird watching,

boating)

Fig. 6. Pressure prioritisation from this study compared to one derived when
considering the ecosystem services and their values from White et al., 2015.

Fig. 7. Percentage of measures attributed to sectors in the 2009 RBMPs of the
Broadland Rivers catchment.

T. Giakoumis, N. Voulvoulis Ecosystem Services 34 (2018) 126–135

133



understanding of managers, experts and stakeholders, a benefit of sig-
nificant value alone. The round table discussions helped participants to
gain a better understanding of the dynamics and relationships within
the catchment and see activities and environmental impacts from a
“human-in-ecosystem perspective” (Tippett et al., 2005). This in turn
leads to greatest benefit of the approach, which is the communication of
water body status improvements as yields in services flows and un-
derstanding of management responses addressing significant pressures
as the way towards higher ecological gains at the basin scale. It also has
the potential to create the conditions of a real change in the way the
actors see themselves in relation to their environment since during this
process they realise the multiple roles each of them has in society.

Acknowledgements

This work has received funding from the European Union’s Seventh
Programme for research, technological development, and demonstra-
tion under grant agreement no. 603629-ENV-2013-6.2.1-Globaqua and
the NERC funded project A Novel Framework for Predicting Emerging
Chemical Stressor Impacts in Complex Ecosystems, NERC Reference:
NE/S000348/1. The Authors would like to thank the Broads Authority
for the support in organising and facilitating the workshop and the
Broadland Catchment Partnership steering group for their participation.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ecoser.2018.10.007.

References

Abson, D.J., Von Wehrden, H., Baumgärtner, S., Fischer, J., Hanspach, J., Härdtle, W.,
Heinrichs, H., Klein, A.M., Lang, D.J., Martens, P., Walmsley, D., 2014. Ecosystem
services as a boundary object for sustainability. Ecol. Econ. 103, 29–37. https://doi.
org/10.1016/j.ecolecon.2014.04.012.

Areizaga, J., Sanò, M., Medina, R., Juanes, J., 2012. Improving public engagement in
ICZM: a practical approach. J. Environ. Manage. 109, 123–135. https://doi.org/10.
1016/j.jenvman.2012.05.006.

Barceló, D., Petrovic, M., 2011. The Ebro River Basin. In: The Handbook of Environmental
Chemistry, 1st ed. Springer, Verlag Berlin Heidelberg. https://doi.org/10.1007/978-
3-642-18032-3.

Borja, A., Galparsoro, I., Solaun, O., Muxika, I., Tello, E.M., Uriarte, A., Valencia, V.,
2006. The European Water Framework Directive and the DPSIR, a methodological
approach to assess the risk of failing to achieve good ecological status. Estuarine

Coast. Shelf Sci. 66, 84–96. https://doi.org/10.1016/j.ecss.2005.07.021.
Bouwma, I., Schleyer, C., Primmer, E., Johanna, K., Berry, P., Young, J., Carmen, E., Jana,

Š., Bezák, P., Preda, E., 2017. Adoption of the ecosystem services concept in EU
policies. Ecosyst. Serv. https://doi.org/10.1016/j.ecoser.2017.02.014.

Brauman, K.A., van der Meulen, S., Brils, J., 2014. Ecosystem services and river basin
management. In: Brils, J., Brack, W., Müller-Grabherr, D., Négrel, P., Vermaat, J.E.
(Eds.), Risk-Informed Management of European River Basins. Springer Berlin
Heidelberg, Berlin, Heidelberg, pp. 265–294. https://doi.org/10.1007/978-3-642-
38598-8_10.

Broadland Catchment Partnership, 2014. Broadland Rivers Catchment Plan: A strategic
plan connecting local communities, organisations and businesses with the manage-
ment of land and water. Broadland Catchment Partnership. Available from http://
www.broads-authority.gov.uk/__data/assets/pdf_file/0004/457177/Catchment-
Plan-website-final.pdf.

Chan, K.M.A., Shaw, M.R., Cameron, D.R., Underwood, E.C., Daily, G.C., 2006.
Conservation planning for ecosystem services. PLoS Biol. 4, e379. https://doi.org/10.
1371/journal.pbio.0040379.

Collins, K., Blackmore, C., Morris, D., Watson, D., 2007. A systemic approach to managing
multiple perspectives and stakeholding in water catchments: some findings from
three UK case studies. Environ. Sci. Policy 10, 564–574. https://doi.org/10.1016/j.
envsci.2006.12.005.

Collins, A., Ohandja, D.-G., Hoare, D., Voulvoulis, N., 2012. Implementing the Water
Framework Directive: a transition from established monitoring networks in England
and Wales. Environ. Sci. Policy 17, 49–61. https://doi.org/10.1016/j.envsci.2011.11.
003.

Connell, D.J., 2010. Sustainable livelihoods and ecosystem health: exploring methodo-
logical relations as a source of synergy. EcoHealth 7, 351–360. https://doi.org/10.
1007/s10393-010-0353-7.

Dufour, S., Piégay, H., 2009. From the myth of a lost paradise to targeted river restora-
tion: forget natural references and focus on human benefits. River Res. Appl. 25,
568–581. https://doi.org/10.1002/rra.1239.

Emanuelsson, M.A.E., Mcintyre, N., Hunt, C.F., Mawle, R., Kitson, J., Voulvoulis, N.,
2014. Flood risk assessment for infrastructure networks. J. Flood Risk Manage. 7,
31–41. https://doi.org/10.1111/jfr3.12028.

Environment Agency, 2009. River Basin Management Plan: Anglian River Basin District –
Annex E: Actions appraisal and justifying objectives. Available from https://assets.
publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/
file/309802/Annex_E_Actions_appraisal_and_justifying_objectives.pdf.

Environment Agency, 2010. Programme of measures data for Water Framework Directive
Cycle 1. https://naturalresources.wales/media/675035/measures_for_wfd_cycle_1.
xls.

Environment Agency, 2014. The Broadland Rivers Management Catchment. Environment
Agency. Available from https://circabc.europa.eu/webdav/CircaBC/env/wfd/
Library/framework_directive/implementation_documents_1/2012-2014%20WFD
%20public%20information%20and%20consultation%20documents/UK/UK05%
20Anglian/Broadland%20Rivers.pdf.

European Commission, 2000. Directive 2000/60/EC of the European Parliment and of the
Council of 23 October 2000 establishing a framework for community action in the
field of water policy. Off. J. Eur. Commun. L327, 22.12.2000.

European Commission, 2012a. Commission Staff Working Document, The Fitness Check
of EU Freshwater Policy, SWD(2012)393 final. Brussels.

European Commission, 2012b. Communication From The Commission To The European
Parliament, The Council, The European Economic And Social Committee And The
Committee Of The Regions; A Blueprint to Safeguard Europe's Water Resources,
COM/2012/0673 final. Brussels.

European Commission, 2015. Commission Staff Working Document, Report on the

Fig. 8. Vulnerability of the ecosystem services provided by the catchment based on the number of links with pressures as identified by stakeholders.

T. Giakoumis, N. Voulvoulis Ecosystem Services 34 (2018) 126–135

134

https://doi.org/10.1016/j.ecoser.2018.10.007
https://doi.org/10.1016/j.ecoser.2018.10.007
https://doi.org/10.1016/j.ecolecon.2014.04.012
https://doi.org/10.1016/j.ecolecon.2014.04.012
https://doi.org/10.1016/j.jenvman.2012.05.006
https://doi.org/10.1016/j.jenvman.2012.05.006
https://doi.org/10.1007/978-3-642-18032-3
https://doi.org/10.1007/978-3-642-18032-3
https://doi.org/10.1016/j.ecss.2005.07.021
https://doi.org/10.1016/j.ecoser.2017.02.014
https://doi.org/10.1007/978-3-642-38598-8_10
https://doi.org/10.1007/978-3-642-38598-8_10
http://www.broads-authority.gov.uk/__data/assets/pdf_file/0004/457177/Catchment-Plan-website-final.pdf
http://www.broads-authority.gov.uk/__data/assets/pdf_file/0004/457177/Catchment-Plan-website-final.pdf
http://www.broads-authority.gov.uk/__data/assets/pdf_file/0004/457177/Catchment-Plan-website-final.pdf
https://doi.org/10.1371/journal.pbio.0040379
https://doi.org/10.1371/journal.pbio.0040379
https://doi.org/10.1016/j.envsci.2006.12.005
https://doi.org/10.1016/j.envsci.2006.12.005
https://doi.org/10.1016/j.envsci.2011.11.003
https://doi.org/10.1016/j.envsci.2011.11.003
https://doi.org/10.1007/s10393-010-0353-7
https://doi.org/10.1007/s10393-010-0353-7
https://doi.org/10.1002/rra.1239
https://doi.org/10.1111/jfr3.12028
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/309802/Annex_E_Actions_appraisal_and_justifying_objectives.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/309802/Annex_E_Actions_appraisal_and_justifying_objectives.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/309802/Annex_E_Actions_appraisal_and_justifying_objectives.pdf
https://naturalresources.wales/media/675035/measures_for_wfd_cycle_1.xls
https://naturalresources.wales/media/675035/measures_for_wfd_cycle_1.xls
https://circabc.europa.eu/webdav/CircaBC/env/wfd/Library/framework_directive/implementation_documents_1/2012-2014%20WFD%20public%20information%20and%20consultation%20documents/UK/UK05%20Anglian/Broadland%20Rivers.pdf
https://circabc.europa.eu/webdav/CircaBC/env/wfd/Library/framework_directive/implementation_documents_1/2012-2014%20WFD%20public%20information%20and%20consultation%20documents/UK/UK05%20Anglian/Broadland%20Rivers.pdf
https://circabc.europa.eu/webdav/CircaBC/env/wfd/Library/framework_directive/implementation_documents_1/2012-2014%20WFD%20public%20information%20and%20consultation%20documents/UK/UK05%20Anglian/Broadland%20Rivers.pdf
https://circabc.europa.eu/webdav/CircaBC/env/wfd/Library/framework_directive/implementation_documents_1/2012-2014%20WFD%20public%20information%20and%20consultation%20documents/UK/UK05%20Anglian/Broadland%20Rivers.pdf


progress in implementation of the Water Framework Directive Programmes of
Measures. Accompanying the document: Communication from the Commission to the
European Parliament and the Council. The Water Framework Directive and the
Floods Directive: Actions towards the ‘good status’ of EU water and to reduce flood
risks. SWD(2015) 50 final.

European Communities, 2003. Common Implementation Strategy for the Water
Framework Directive (2000/60/EC), Guidance Document No. 3, Analysis of Pressures
and Impacts. Luxembourg.

Everard, M., 2011. Why does “good ecological status” matter? Water Environ. J. 26,
165–174. https://doi.org/10.1111/j.1747-6593.2011.00273.x.

Everard, M., McInnes, R., 2013. Systemic solutions for multi-benefit water and environ-
mental management. Sci. Total Environ. 461 (462), 170–179. https://doi.org/10.
1016/j.scitotenv.2013.05.010.

Everard, M., Powell, A., 2002. Rivers as living systems. Aquat. Conserv. Mar. Freshw.
Ecosyst. 12, 329–337. https://doi.org/10.1002/aqc.533.

Fisher, B., Turner, R.K., Morling, P., 2009. Defining and classifying ecosystem services for
decision making. Ecol. Econ. 68, 643–653. https://doi.org/10.1016/j.ecolecon.2008.
09.014.

Fu, B.-J., Su, C.-H., Wei, Y.-P., Willett, I.R., Lü, Y.-H., Liu, G.-H., 2011. Double counting in
ecosystem services valuation: causes and countermeasures. Ecol. Res. 26, 1–14.
https://doi.org/10.1007/s11284-010-0766-3.

Giakoumis, T., Voulvoulis, N., 2018b. Progress with the WFD implementation in five
European basins: Significant differences but similar problems. Eur. J. Environ. Sci. 8,
44–50. https://doi.org/10.14712/23361964.2018.7.

Giakoumis, T., Voulvoulis, N., 2018a. The Transition of EU water policy towards the
water framework directive’s integrated river basin management paradigm. Environ.
Manage. 1–13. https://doi.org/10.1007/s00267-018-1080-z.

GLOBAQUA, 2018. Results from the first GLOBAQUA participative workshops. http://
www.globaqua-project.eu/en/content/Results-from-the-First-GLOBAQUA-
Participative-Workshop.84/ (accessed 10 May 2018).

Grizzetti, B., Liquete, C., Antunes, P., Carvalho, L., Geamana, N., Giuca, R., Leone, M.,
McConnell, S., Preda, E., Santos, R., Turkelboom, F., Vadineanu, A., Woods, H., 2016.
Environmental science & policy ecosystem services for water policy: insights across
Europe. Environ. Sci. Policy 66, 179–190. https://doi.org/10.1016/j.envsci.2016.09.
006.

Hart, B.T., Burgman, M., Grace, M., Pollino, C., Webb, J.A., 2006. Risk-based approaches
to managing contaminants in catchments. Hum. Ecol. Risk Assess. 66–73. https://doi.
org/10.1080/10807030500428595.

Hartje, V., Klaphake, A., 2006. Implementing the Ecosystem Approach for Freshwater
Ecosystems: A Case Study on the Water Framework Directive of the European Union.
Federal Agency for Nature Conservation, Bonn, Germany.

Heink, U., Hauck, J., Jax, K., Sukopp, U., 2016. Requirements for the selection of eco-
system service indicators – the case of MAES indicators. Ecol. Ind. 61. https://doi.
org/10.1016/j.ecolind.2015.09.031.

Hering, D., Borja, A., Carstensen, J., Carvalho, L., Elliott, M., Feld, C.K., Heiskanen, A.-S.,
Johnson, R.K., Moe, J., Pont, D., Solheim, A.L., de Bund van, W., 2010. The European
Water Framework Directive at the age of 10: a critical review of the achievements
with recommendations for the future. Sci. Total Environ. 408, 4007–4019. https://
doi.org/10.1016/j.scitotenv.2010.05.031.

Howarth, W., 2009. Aspirations and realities under the water framework directive: pro-
ceduralisation, participation and practicalities. J. Environ. Law 21, 391–417. https://
doi.org/10.1093/jel/eqp019.

Hüesker, F., Moss, T., 2015. Land Use Policy The politics of multi-scalar action in river
basin management: Implementing the EU Water Framework Directive (WFD). Land
Use Policy 42, 38–47. https://doi.org/10.1016/j.landusepol.2014.07.003.

Jones, N.A., Ross, H., Lynam, T., Perez, P., Leitch, A., 2011. Mental model an inter-
disciplinary synthesis of theory and methods. Ecol. Soc. 16, 46–59.

Kandziora, M., Burkhard, B., Müller, F., 2013. Interactions of ecosystem properties,
ecosystem integrity and ecosystem service indicators: a theoretical matrix exercise.
Ecol. Ind. 28, 54–78. https://doi.org/10.1016/j.ecolind.2012.09.006.

Ker Rault, P.A., Jeffrey, P.J., 2008. Deconstructing public participation in the Water
Framework Directive: implementation and compliance with the letter or with the
spirit of the law? Water Environ J. 22, 241–249. https://doi.org/10.1111/j.1747-
6593.2008.00125.x.

Liu, J., Dietz, T., Carpenter, S.R., Alberti, M., Folke, C., Moran, E., Pell, A.N., Deadman, P.,
Kratz, T., Lubchenco, J., Ostrom, E., Ouyang, Z., Provencher, W., Redman, C.L.,
Schneider, S.H., Taylor, W.W., 2007. Complexity of coupled human and natural
systems. Science (80-) 317, 1513–1516. https://doi.org/10.1126/science.1144004.

Lopes, R., Videira, N., 2017. Modelling feedback processes underpinning management of
ecosystem services: the role of participatory systems mapping. Ecosyst. Serv. 28.
https://doi.org/10.1016/j.ecoser.2017.09.012.

Lu, Y., Wang, R., Zhang, Y., Su, H., Wang, P., Jenkins, A., Ferrier, R.C., Bailey, M., Squire,
G., 2015. Ecosystem health towards sustainability. Ecosyst. Heal. Sustain. 1, 2.
https://doi.org/10.1890/EHS14-0013.1.

Martin-Ortega, J., 2012. Economic prescriptions and policy applications in the im-
plementation of the European Water Framework Directive. Environ. Sci. Policy 24,
83–91. https://doi.org/10.1016/j.envsci.2012.06.002.

McVittie, A., Norton, L., Martin-Ortega, J., Siameti, I., Glenk, K., Aalders, I., 2015.
Operationalizing an ecosystem services-based approach using Bayesian Belief
Networks: an application to riparian buffer strips. Ecol. Econ. 110, 15–27. https://
doi.org/10.1016/j.ecolecon.2014.12.004.

MEA, 2005. In: Ecosystems and Human Well-being: Synthesis. Island Press, Washington,
DC. https://doi.org/10.1196/annals.1439.003.

Pahl-Wostl, C., 2004. The Implications of Complexity for Integrated Resources
Management. In: Pahl-Wostl, C., Schmidt, S., Jakeman, T. (Eds.), Journal of Chemical

Information and Modeling. iEMSs 2004 International Congress: “Complexity and
Integrated Resources Management”. International Environmental Modelling and
Software Society, Osnabrück, Germany, pp. 1689–1699. https://doi.org/10.1017/
CBO9781107415324.004.

Pistocchi, A., Udias, A., Grizzetti, B., Gelati, E., Koundouri, P., Ludwig, R., Papandreou,
A., Souliotis, I., 2017. Sci. Total Environ. An integrated assessment framework for the
analysis of multiple pressures in aquatic ecosystems and the appraisal of management
options. Sci. Total Environ. 575, 1477–1488. https://doi.org/10.1016/j.scitotenv.
2016.10.020.

Pollard, S., Toit, D., 2008. Integrated Water Resource Management in Complex Systems:
How the Catchment Management Strategies Seek to Achieve Sustainability and
Equity in Water Resources in South Africa, vol. 34, pp. 671–680.

Pollard, P., Huxham, M., 1998. The European water framework directive: a new era in the
management of aquatic ecosystem health? In: Aquat. Conserv. Freshwater Ecosyst. 8.
pp. 773–792. https://doi.org/10.1002/(Sici)1099-0755(1998110)8:6<773::Aid-
Aqc313>3.0.Co;2-R.

Pomeroy, R., Douvere, F., 2008. The engagement of stakeholders in the marine spatial
planning process. Mar. Policy 32, 816–822. https://doi.org/10.1016/j.marpol.2008.
03.017.

Potschin-Young, M., Haines-Young, R., Görg, C., Heink, U., Jax, K., Schleyer, C., 2016.
Understanding the role of conceptual frameworks: reading the ecosystem service
cascade. Serv. Ecosyst. https://doi.org/10.1016/j.ecoser.2017.05.015.

Prell, C., Hubacek, K., Reed, M., 2007. Stakeholder analysis and social network analysis in
natural resource management. Soc. Nat. Resour. 22, 501–518. https://doi.org/10.
1080/08941920802199202.

Quevauviller, P. (Ed.), 2009. Water System Science and Policy Interfacing. The Royal
Society of Chemistry. https://doi.org/10.1039/9781847556622.

Reed, M.S., Graves, A., Dandy, N., Posthumus, H., Hubacek, K., Morris, J., Prell, C.,
Quinn, C.H., Stringer, L.C., 2009. Who’s in and why? A typology of stakeholder
analysis methods for natural resource management. J. Environ. Manage. 90,
1933–1949. https://doi.org/10.1016/j.jenvman.2009.01.001.

Salgado, P., Corral Quintana, S., Guimarães Pereira, Â., del Moral Ituarte, L., Pedregal
Mateos, B., 2009. Participative multi-criteria analysis for the evaluation of water
governance alternatives. A case in the Costa del Sol (Málaga). Ecol. Econ. 68,
990–1005. https://doi.org/10.1016/j.ecolecon.2006.11.008.

Sanò, M., Medina, R., 2012. A systems approach to identify sets of indicators: applications
to coastal management. Ecol. Ind. 23, 588–596. https://doi.org/10.1016/j.ecolind.
2012.04.016.

Sanò, M., Richards, R., Medina, R., 2014. A participatory approach for system con-
ceptualization and analysis applied to coastal management in Egypt. Environ. Model.
Software 54, 142–152. https://doi.org/10.1016/j.envsoft.2013.12.009.

Sørensen, M.M., van Breugel, C., Petersen, S.C., Korsgaard, L., Jensen, J.K., Dannisøe, J.
G., Canavan, R., 2014. Support Policy Development for Integration of Ecosystem
Service Assessments into WFD and FD Implementation, pp. 1–46.

Spray, C.J., Blackstock, K., 2013. Optimising Water Framework Directive River Basin
Management Planning Using an Ecosystem Services Approach, CD2012_17, pp. 1–46.

Steyaert, P., Ollivier, G., 2007. The European water framework directive: how ecological
assumptions frame technical and social change. Ecol. Soc. 12 (1). https://doi.org/10.
5751/ES-02018-120125.

TEEB, 2010. The Economics of Ecosystems and Biodiversity (TEEB) Ecological and
Economic Foundations, 2005, pp. 456. https://doi.org/10.1017/
s1355770x11000088.

Tippett, J., Searle, B., Pahl-Wostl, C., Rees, Y., 2005. Social learning in public partici-
pation in river basin management – early findings from HarmoniCOP European case
studies. Environ. Sci. Policy 8, 287–299. https://doi.org/10.1016/j.envsci.2005.03.
003.

Vlachopoulou, M., Coughlin, D., Forrow, D., Kirk, S., Logan, P., Voulvoulis, N., 2014. The
potential of using the Ecosystem Approach in the implementation of the EU Water
Framework Directive. Sci. Total Environ. 470–471, 684–694. https://doi.org/10.
1016/j.scitotenv.2013.09.072.

Voulvoulis, N., 2012. Water and sanitation provision in a low carbon society: The need for
a systems approach. J. Renew. Sustain. Energy 4, 041403. https://doi.org/10.1063/
1.3665797.

Voulvoulis, N., 2014. The potential of water reuse as a management option for water
security under the ecosystem services approach. Desalin. Water Treat. 53,
3263–3271. https://doi.org/10.1080/19443994.2014.934106.

Voulvoulis, N., Arpon, K.D., Giakoumis, T., 2017. The EU water framework directive:
from great expectations to problems with implementation. Sci. Total Environ. 575,
358–366. https://doi.org/10.1016/j.scitotenv.2016.09.228.

Vugteveen, P., Leuven, R.S.E.W., Huijbregts, M.A.J., Lenders, H.J.R., 2006. Redefinition
and elaboration of river ecosystem health: perspective for river management.
Hydrobiologia 565, 289–308. https://doi.org/10.1007/s10750-005-1920-8.

Webler, T., Kastenholz, H., Renn, O., 1995. Public participation in impact assessment: a
social learning perspective. Environ. Impact Assess. Rev. 9255, 443–463.

Wehn, U., Collins, K., Anema, K., Basco-Carrera, L., Lerebours, A., 2017. Stakeholder
engagement in water governance as social learning: lessons from practice. Water Int.
43, 1–26. https://doi.org/10.1080/02508060.2018.1403083.

White, C., Dunscombe, R., Dvarskas, A., Eves, C., Finisdore, J., Kieboom, E., Maclean, I.,
Obst, C., Rowcroft, P., Silcock, P., 2015. Developing ecosystem accounts for protected
areas in England and Scotland: The Broads National Park Summary Report.
Department for Food, Environment & Rural Affairs.

Withycombe Keeler, L., Wiek, A., White, D.D., Sampson, D.A., 2015. Linking stakeholder
survey, scenario analysis, and simulation modeling to explore the long-term impacts
of regional water governance regimes. Environ. Sci. Policy 48, 237–249. https://doi.
org/10.1016/j.envsci.2015.01.006.

T. Giakoumis, N. Voulvoulis Ecosystem Services 34 (2018) 126–135

135

https://doi.org/10.1111/j.1747-6593.2011.00273.x
https://doi.org/10.1016/j.scitotenv.2013.05.010
https://doi.org/10.1016/j.scitotenv.2013.05.010
https://doi.org/10.1002/aqc.533
https://doi.org/10.1016/j.ecolecon.2008.09.014
https://doi.org/10.1016/j.ecolecon.2008.09.014
https://doi.org/10.1007/s11284-010-0766-3
https://doi.org/10.14712/23361964.2018.7
https://doi.org/10.1007/s00267-018-1080-z
https://doi.org/10.1016/j.envsci.2016.09.006
https://doi.org/10.1016/j.envsci.2016.09.006
https://doi.org/10.1080/10807030500428595
https://doi.org/10.1080/10807030500428595
http://refhub.elsevier.com/S2212-0416(18)30348-6/h0160
http://refhub.elsevier.com/S2212-0416(18)30348-6/h0160
http://refhub.elsevier.com/S2212-0416(18)30348-6/h0160
https://doi.org/10.1016/j.ecolind.2015.09.031
https://doi.org/10.1016/j.ecolind.2015.09.031
https://doi.org/10.1016/j.scitotenv.2010.05.031
https://doi.org/10.1016/j.scitotenv.2010.05.031
https://doi.org/10.1093/jel/eqp019
https://doi.org/10.1093/jel/eqp019
https://doi.org/10.1016/j.landusepol.2014.07.003
http://refhub.elsevier.com/S2212-0416(18)30348-6/h0185
http://refhub.elsevier.com/S2212-0416(18)30348-6/h0185
https://doi.org/10.1016/j.ecolind.2012.09.006
https://doi.org/10.1111/j.1747-6593.2008.00125.x
https://doi.org/10.1111/j.1747-6593.2008.00125.x
https://doi.org/10.1126/science.1144004
https://doi.org/10.1016/j.ecoser.2017.09.012
https://doi.org/10.1890/EHS14-0013.1
https://doi.org/10.1016/j.envsci.2012.06.002
https://doi.org/10.1016/j.ecolecon.2014.12.004
https://doi.org/10.1016/j.ecolecon.2014.12.004
https://doi.org/10.1196/annals.1439.003
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.1016/j.scitotenv.2016.10.020
https://doi.org/10.1016/j.scitotenv.2016.10.020
https://doi.org/10.1002/(Sici)1099-0755(1998110)8:6<773::Aid-Aqc313>3.0.Co;2-R
https://doi.org/10.1002/(Sici)1099-0755(1998110)8:6<773::Aid-Aqc313>3.0.Co;2-R
https://doi.org/10.1016/j.marpol.2008.03.017
https://doi.org/10.1016/j.marpol.2008.03.017
https://doi.org/10.1016/j.ecoser.2017.05.015
https://doi.org/10.1080/08941920802199202
https://doi.org/10.1080/08941920802199202
https://doi.org/10.1039/9781847556622
https://doi.org/10.1016/j.jenvman.2009.01.001
https://doi.org/10.1016/j.ecolecon.2006.11.008
https://doi.org/10.1016/j.ecolind.2012.04.016
https://doi.org/10.1016/j.ecolind.2012.04.016
https://doi.org/10.1016/j.envsoft.2013.12.009
https://doi.org/10.5751/ES-02018-120125
https://doi.org/10.5751/ES-02018-120125
http://dx.doi.org/10.1017/s1355770x11000088
http://dx.doi.org/10.1017/s1355770x11000088
https://doi.org/10.1016/j.envsci.2005.03.003
https://doi.org/10.1016/j.envsci.2005.03.003
https://doi.org/10.1016/j.scitotenv.2013.09.072
https://doi.org/10.1016/j.scitotenv.2013.09.072
https://doi.org/10.1063/1.3665797
https://doi.org/10.1063/1.3665797
https://doi.org/10.1080/19443994.2014.934106
https://doi.org/10.1016/j.scitotenv.2016.09.228
https://doi.org/10.1007/s10750-005-1920-8
http://refhub.elsevier.com/S2212-0416(18)30348-6/h0345
http://refhub.elsevier.com/S2212-0416(18)30348-6/h0345
https://doi.org/10.1080/02508060.2018.1403083
https://doi.org/10.1016/j.envsci.2015.01.006
https://doi.org/10.1016/j.envsci.2015.01.006

	A participatory ecosystems services approach for pressure prioritisation in support of the Water Framework Directive
	Introduction
	Pressures assessment in the WFD
	Ecosystem services and the WFD
	A participatory ecosystems services framework for ranking pressures
	Application to a catchment in England
	Results
	Discussion
	Acknowledgements
	Supplementary data
	References




