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About AQUACROSS

Knowledge, Assessment, and Management for AQUAtic Biodiversity and Ecosystem Services
aCROSS EU policies (AQUACROSS) aims to support EU efforts to protect aquatic biodiversity
and ensure the provision of aquatic ecosystem services. Funded by Europe's Horizon 2020
research programme, AQUACROSS seeks to advance knowledge and application of
ecosystem - based management for aquatic e cosystems to support the timely achievement of
the EU 2020 Biodiversity Strategy targets.

Aquatic ecosystems are rich in biodiversity and home to a diverse array of species and
habitats, providing numerous economic and societal benefits to Europe. Many of these
valuable ecosystems are at risk of being irreversibly damaged by human activities and
pressures, including pollution, contamination, invasive species, overfishing and climate
change. These pressures threaten the sustainability of these ecosystems, th eir provision of
ecosystem services and ultimately human well - being.

AQUACROSS responds to pressing societal and economic needs, tackling policy challenges
from an integrated perspective and adding value to the use of available knowledge. Through
advancing science and knowledge; connecting science, policy and business; and supporting
the achievement of EU and international biodiversity targets, AQUACROSS aims to improve
ecosystem - based management of aquatic ecosystems across Europe.

The project consortium is made up of sixteen partners from across Europe and led by
Ecologic Institute in Berlin, Germany.

Contact
Coordinator
Duration

Website
Twitter
LinkedIn
ResearchGate
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1 Background and Objectives

The AQUACROSS project, funded wunder the EUBGS
Program me, seeks to improve the management of aquatic ecosystems, thereby supporting

the achievement of the EU 2020 Biodiversity Strategy and the Strategic Plan for Biodiversity

2011 - 2020.

According to the structure of the AQUACROSS project, Work Package (WP 4 builds on and
forms part of the Assessment Framework (AF) developed in WP3. Task 4.1 builds the basis for

the analysis of drivers of change and pressures on aquatic ecosystems (WP4) and should
provide guidance for the analyses performed within the case stud ies. Hence, this Deliverable
(D4.1) aims at the AQUCROSS consortia partners, in order to help guide their work going
forward under Task 4.2. Within this deliverable , the following objectives are addressed:

4 Conceptualise how drivers, pressures and environme ntal states are interwoven across the
aquatic realms and in relation to complex social - ecological systems

4 Define the role of drivers that directly or indirectly act on different levels, the interacting
effects of these drivers, related human activities and the resulting pressures along the
freshwater - marine continuum

4 Deepen the understanding of the Driver - Pressure- State (D-P-S) part of the AF by
exploring the existing qualitative and quantitative approaches of D -P-S assessment
systems

4 ldentify the most suit able set of pressure - sensitive indicators , including indicators for
ecosystem state

4 Propose integrative indicators especially for newly emerging drivers and pressures based
on currently used cost - effective indicators

The AQUACROSS Innovative C oncept (Gome z et al, 2016) considers social (including
economic) and ecological systems as being complex, adaptive, and mutually interdependent.

To understand both systems and their connections, the AQUACROSS Architecture ( Figure 1)
considers two interrelated sets of linkages between the ecological system and the socio -
economic system: the supply - side perspective, which describes the capacity of the ecological
system to deliver services to the social system, contributing to human welfare, and the
demand - side perspecti ve, through which the socio - economic system affects the ecosystem.
Task 4.1 addresses the relationships described by the demand - side perspective, to
investigate how driving forces of the social systems, i.e. human sectors, cause pressures,

which may impact the ecological system.

A broad review of existing knowledge will explain how drivers, pressures and the state of
ecosystems are defined, described and linked across the different aquatic realms. This will
consider , on the one hand , the information gained  during the development of the AF in WP3,

3 Background and Objectives
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which reviewed basic concepts and knowledge on drivers and pressures,
hand, information gained through other EU

and, on the other
Devotes). Accordingly, this deliverable

(e.g., ODEMM, MARS, BioFresh,
will essentially contribute to an aligned and common
understanding of drivers and pressures across the aquatic realms and across the disciplines

represented in AQUACROSS. The disambiguation of terms and the precise definition of

- funded projects

drivers and pressures acro ss the aquatic realms are a quintessential requirement for the work
within the AQUCROSS case studies. Furthermore

, recommendations on assessment concepts
and analytical approaches for D - P- S relationships will be made to guide the identification of
drivers and related pressures as well as their effects on ecosystem states in the case studies.

Finally, basic principles of indicators will be highlighted and pressure

- sensitive indicators will
summari sed and described.

Figure 1: The AQUA CROSS Architecture

o

Benefits of
ecosystem

services
/ Social

Ecosystems’
structure

cological
processes

Ecosystem
functions

Human Drivers
of ecosystems’
change

Source: Gomez et al. (2016)

understanding demand

- side relationships, i.e. those aspects covered by the larger yellow
arrows in the figure (e.g. , hum an drivers, pressures and ecosystem responses).

Task 4.1 reviews the concepts, data and analyses that are relevant for evaluating and

4 Background and Objectives
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2 Introduction

Biodiversity is threatened or declining across all aquatic realms and biogeographical regions
globally, with pressures related to human activities well documented in driving these changes
(Dudgeon et al., 2006; Vorésmarty et al., 2010) . Most aquatic ecosystems are currently used
and affected by human purposes (Millennium Ecosystem A ssessment , 2005; also see a review
of major threats to aquatic realms in AQUACROSSDeliverable 2.1). Therefore, it is essential to
evaluate the consequences of human -induced disturbances on biodiversity. Disturbances
induced by socio -economic systems are s ummarised under the terms arivers 8 and
Goressures @ Around 660 million people live in catchment areas in Europe (EU and non -EU
countries), which have the potential to influence European fresh - and marine - waters under
EU jurisdiction (EEA, 2015). Driven ma inly by human disturbances, species are currently being

lost 100 to 1 000 times faster than the natural rate: according to the Food and Agriculture

Organi sation of the United Nations (FAQ), 60% of the world's ecosystems are degraded or
used unsustainably; 75% of fish stocks are over - exploited or significantly depleted and 75%

of the genetic diversity of agricultural crops has been lost worldwide since 1990 (FAO, 2010).

In particular, land use changes, non - native species invasions, nutrient enrichment, and
climate change are often considered some of the most ubiquitous and influential pressures
associated with global biodiversity loss and ecosystem change (Vitousek et al., 1997; Chapin
et al., 2000; Butchart et al., 2010) . It is essential to understand the mechanisms by which
human - induced pressures influence biodiversity, ecosystem processes and ecosystem
services to anticipate further changes .1 Despite the positive effects of conservation and
restoration efforts, biodiversity declines have not slowed (Butchart et al., 2010) . Thus, further
investigation of Aow and which drivers and pressures lead to change in ecosystems; as well

as how the effects of drivers and pressures can be altered by the interactions between them
(cumulative effects , which can be additive, synergistic or antagonistic, e.g. Piggott et al.,
2015), is needed to develop robust management strategies.

The EU Biodiversity Strategy to 2020 2 aims to halt the loss of biodiversity by 2020 as well as

to restore biodiversity as f ar as feasible. However, ecosystems are under multiple threat S.
Freshwater ecosystems are thought to be the most altered ecosystems across any terrestrial

or aquatic realm, with degraded water quality and loss of connectivity in wetlands, while in

coastal and marine systems, there has been widespread degradation of the sea bed, declines

in fish abundance and degradation of coral reefs and mangroves worldwide (MEA, 2005).

1 In Deliverable 5.1 the understanding of how change in biodiversity rela tes to ecosystem functions, processes and
services is discussed in more detail.
2 http://ec.europa.eu/environment/nature/biodiversity/strategy/index_en.htm
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More than half of the freshwaters in Europe are in a degraded state and are affected b y
pollution and modifications to water courses (EEA, 2012). Human activities that introduce

these pressures come from agriculture, urban areas, energy production, transport,
commercial fishing, the waste sector, tourism, species trade , flood protection, et c. (Rouillard
et al., 2016; EEA, 2012). Meanwhile, European marine systems are known to have been

profoundly altered since historical times , and the level of human -induced change has greatly
increased in recent decades (EEA, 2015; Steffen et al., 2015). Th ese changes are evident in
alterations in marine biodiversity and the distribution of species. Continued , increasing

human activities are further driving these changes through the pressures that they introduce

(EEA, 2015). Some of the main pressureseffect i ng Europeds seas include phys
to the seafloor, the selective extraction of commercial fish species, introduction of invasive

species, pollution and input of energy such as noise, and these pressures are introduced

through activities such a s fishing, water abstraction, impoundment diversion, dredging,

mining, shipping, land occupation, and waste treatment (Rouillard et al. , 2016; EEA, 2015).

Coastal areas are additionally impacted through activities related to urbanisation and coastal

protec tion (EEA, 2012).

Multiple and interacting social processes and drivers of change mean that it is often not

possible to elucidate causal chains with changes in ecosystem state and the supply of
services (M EA, 2005). Most studies to date attempt to deal wit h how single pressures may
cause a change in ecosystem state, such as nutrient enrichment (e.g., Donohue et al., 2009)
or resource use such as fishing (e.g., Daskalov et al., 2007) . More recently, attempts have
been made to consider multiple pressure s and their cumulative or interacting effects on
ecosystem state (Schinegger et al.,, 2012, 2016) , but cumulative effects assessment is a
relatively novel area with much work still to do, in particular in the area of understanding how
pressure effects interact  with one anot her (Judd et al., 2015).

2.1  Conceptual framework: DPSIR and beyond

In order to account for changes in socio - ecological systems, conceptual frameworks have
been employed that allow a categorisation of information to capture multiple causes and the
nature of ¢ hange in ecosystem state, and the impacts of change on human welfare (Cooper,
2013). In many cases, these frameworks have been based on the frequently used DPSIR
(Driver - Pressure - State- Impact - Response) concept (for a summary of work on how DPSIR has
evolve d see Cooper , 2013). DPSIR formalises the relationships between drivers that result in
direct pressures over ecosystems and the environment as interacting causal chains of links
(see Figure 2) and frameworks based around its principles have been widely used across
freshwater (e.g., Friberg, 2010) and marine and coastal realms  (Borja et al., 2006, 2016;
Atkins et al., 2011; Cooper, 2013; Smith et al., 2016) to organise information for ecosystem
assessments.

6 Introduction
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Figure 2: The DPSIR (Driver- Pressure - State- Impact - Response) cycle

Drivers (D):
The human activities
responsible
Response (R):
Pressures (P): The'human' response
The causes of the
problem(s)
System ’
Impact (I):

State Change (S): / Tlmech ansoowy

The change in background

status

Environment

Source: Atkins et al., 2011

Even though the DPSIR framework is wide ly used, it has been substantially criticised for not
being able to account for feedback processes or multiple pressures ; lacking explicit link s to
human welfare ; not allowing consideration of trade - offs between natural use, conservation
and enhancement ; and finally, for being reactive rather than proactive (Gomez et al. , 2016).
However, as discussed further below, more recent developments of the framework have
addressed some of these issues (Cooper, 2013 ; Borja et al. , 2016) allowing for a more
comprehensive application of the concept. Furthermore, it represents a well - known approach
that is comprehended by a wide field of disciplines , thus facilitating an easy communication
across them, and it can be placed within a broader conceptual fra mework (such as that
provided by AQUACROSS) to allow incorporation of feedbacks and multiple pressures.

As the use of the DPSIR conceptual framework has evolved, different groups have placed

emphasis on clarification of particular aspects. For example, Co oper (2013) introduced the

need to highlight that impacts should be understood in terms of being a change in welfare

for society, by specifically exchangi(Riggre3)h@PSWER e me n't
(Driver - Pressure - State- Welfare - Response) empha sises that impacts should be considered in

terms of being an impact on human welfare.

Subsequently, Borja et al. (2016) introduced the need to separate drivers from activities
(Figure 4) , to highlight that the drivers are, in fact, societal demands on nat ure (e.g., the need
to provide building aggregates), whilst activities are sectoral actions taken to fulfil those
demands (i.e., dredging for aggregates) . This so - called DAPSI(W)R(M) (Drivers - Activities -
Pressures - State- Impacts(Welfare) - Responses(Measures)) framework adapts DPSIR so that the

7 Introduction
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difference between drivers and activities is added. Most of the iterations show that human
responses can directly act on drivers (and activities) and/or pressures, but Cooper (2013) also
recognised they can act directly  on State variables (e.g. , through restoration activities 0 see
Figure 3).

Figure 3: DPSIR adapted to Driver - Pressure- State(change) - Welfare(change) - Response
(DPSWR)

ECOLOGICAL SYSTEMS

SOCIAL SYSTEMS

: WELFARE RESPONSE
i A change in human R An initiative

. welfare attributable ~  intended to reduce
i to a change in Stat
! £y

DRIVER
An activity or process,,.-"
intended to enhance
human welfare

Impacts « l

\\ PRESSURE ¥

~ A means by which a Driver causes
or contributes to a (change in) State

}

STATE v
Attribute(s) of the natural environment reflecting its
integrity as regards a specified issue (or change therein)

—» Direction of causal relationship

--------> Potential Response action

Source: Cooper (2013)

Recently, Hering et al. (2015) introduced the MARS model ( Figure 5). In this conceptual
assessment framework , the DPSIR cycle itself is not adapted or changed but supplemented by

a risk assessment framework and an ecosystem service cascade. The three parts of this
model, namely risk, status and ec  osystem services, are linked through indicators of a water
body's sensitivity or resilience to stressors, its status and the capacity to provide services.

This approach aims to support management decisions and scenario - testing through the
ecosystem service s paradigm by examining interactions between the structure and
functioning of ecosystems, and benefits for human well - being.

8 Introduction
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Figure 4: A further iteration of DPSIR to DAPSI(W)R(M)

Responses
(economic, legal...)

(Measures)

Drivers (societal
basic needs)

Impacts (on

Activities Welfare) .
(of society) {changes affecting
wealth creation,
quality of life)

Pressures State change
(resulting fram (on the natural
activities) system)

Source: Borja et al. (2016 ) introduced by Wolan ski and Elliott (2013)

Figure 5: Conceptual model of MARS for an integrated assessment framework

; | DRVER < !
_ 0 : ¥ \ |: |
'Jﬁ 1 [ } 11 ]
gu ' EXPOSURE == PRESSURE = ;
st . L it :
: v ~ v i :
» ABIOTIC ! e il :
2 Sl i SENSITIVITY X STATE it CAPACITY |
Ry e | MR
S fstmvices | RESILENGE || IMPACT ||| ECOSERVICE |
e ¥ p— —
5 ¥ (i BENEFITS !
e : oy
E ¥ | VAWE
i _, RESPONSE 1! E
5 ¥ A i :
. Risk assessment | | | | Ecosystem service |
| framework .. DPSIRscheme . cascade :

Legend: This conceptual model integrates the three parts of a risk assessment framework,
the DPSIR scheme and an ecosystem service ¢ ascade by indicators and response decisions
that are relevant for all three parts.

Source: Hering et al. (2015)
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2.2  Definitions and constraints on the expanded
D- P- S part of A QUACROSS

Considering the broader AQUACROSS  Architecture ( Figure 1), it is clear tha t the DPSIR
framework, even when modified as described above, does not encompass all that is
envisaged by AQUACROSS. In particular, AQUACROSS extends the concept to consider the
social processes and the wider economic activities that explain the demand of nature -
provided services; the actual drivers of change. This extends out from the Driving forces

covered in the classic DPSIR frameworks as shown by the added elements on the left hand

side of Figure 6 below. In this expanded D -P-S framework, we make a cri tical distinction

between activities devoted to the production of final goods and services (the ©6ésecondar)
activitieso, that may explain the demand of the sei
ecosystems services and abiotic outputs, and that we consi der the drivers of change), and

primary activities devoted to the co - production of nature - provided services. These primary
activities combine human effort and capital with natural capital to co - produce and convey to
the social system goods and services , such as water, energy, fish, minerals, navigation, etc. ,
to fulfil social demands.

Figure 6: Single relational chain from a social process through human activities to
pressures that lead to a change in ecosystem state.

] Driver
Social proces Ecosystem
EoE s i Production of E.g. Actual Primary St;/te
-g. COﬂOmI final goods demand of Activity Pressure
groc\j/vth Ieadd]'cng and SerV'CeS nature E.g. Sand an E.g. Abrasion Ck:)pn(]pone_nts,
to beT(?n or provided Aggregate of seafloor flo versity,
uriding COHSUUCUOH building extraction ClI(E el
materials material processes

Legend: This expands the D - P-S part of the classic DPSIR concept, such that Drivers are the
demand for the supply of ecosystem services, resulting from social processes, such as
economic growth, and the production of final goods and services, which require ecosystem

services from nature. Primary activities are directly involved in the exploitation of ecosystem

services and , thus, can directly cause Pressures on ecosystem State. The interaction with
Impacts on Welfare and Responses to this (the | - R elements of DPSIR) are not shown here.
This relational chain fits within the demand side of the AQUACROSS Innovative C oncept 3 as
shown by the yellow arrows in Figure 1. For definitions of each of the six elements
represented above , see further detail under  section 2.2 .

3 Deliver able 3.1 The AQUACROSS Innovative Concept
http://aquacross.eu/sites/default/files/D3.1%20Innovative%20Concept.pdf

10 Introduction
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We call higher -level processes, such as population or economic growth, demographic and
technological factor s, 6social & processes. These pro
the demand for ecosystem services. We i deromic f y O0se
activities that produce final goods and services directly resulting in a demand for an

ecosystem service. For example, construction may lead to a demand for building materials;

this demandri v(Eiguiees). 6 Thi s driver | eadtsi vtia y@andg smainmchar
aggregate extraction, that is the proximate activity directly causing a pressure in the

ecosystem.

A literature review of existing definitions of the elements included in DPSIR conceptual
frameworks from studies related to freshwater, mar ine and coastal ecosystems was
conducted in WP2 to refine the terms. Following this review, we have proposed specific and

precise definitions of  @roduction of final goods and services § @rivers § @orimary activities §
foressures @ and d&state 6 to allow fo r a more cohesive application of the AQUACROSS
architecture and heuristics, adapting existing DPSIR frameworks, across aquatic realms that

can be consistently used within AQUACROSS (please see D2.1 4 and D3.2 for more
information). Within  this deliverable , we emphasise the definitions of &rivers § @pressures 0
and G&state 6 as they are most relevant for the aims of this WP. These definitions are an
essential part to align sectoral views across the aquatic realms and the research disciplines
represented in AQUA CROSS. Following the structure shown in Figure 6 above, the sequential
definitions adopted within the AQUACROSS framework (based on D3.2) are as follows:

4 Production of final goods and services : These are all economic activities requiring the
inputs of any good and service provided by the natural capital for the production of any
final goods for human use (consumption goods and services) or for the replacement
and enlargement of the productive capacity of the economy (capital goods).
Understanding these econ omic activities, the resources they use with the technology in
place and within the institutional system in place is essential to understand the demand
of nature - provided goods and services that drive change in ecosystems. The scale,
composition, productiv ity and other relevant characteristics of these activities depends
on different factors, such as location, abundance or scarcity of natural resources,
comparative advantages in the global economy, technology, availability of
infrastructures and human capit  al, etc., and the governance institutions in place. At a
sectoral level, each activity is influenced by the regulatory and market conditions in
which they operate. At a higher macroeconomic level , all these economic activities can
only be explained as part of social processes , including institutional decisions,
technology development and innovation, adaptive response to climate change and all

kinds of resource constraints, etc. Using well - established economic accounting
4 http://aquacross.eu/content/deliverable - 21 - synergies - and- differences - between - biodiversity - nature - water - and -
marine - 1
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methods , these activities can be defi ned and classified among economic sectors , such
as agriculture, energy, manufacturing, financial services, etc . (EC, 2006).

4 Drivers of change : These are represented by the effective demand on the goods and
services provided by natural capital, including e cosystems goods and services and
abiotic outputs. In this way, drivers can be represented and measured relying on the
standard classifications of ecosystems services, abiotic outputs and other goods and
services provided by natural capital (CICES, 2016).

4 Primary activities: T7hese are the particular economic activities devoted to the co -
production and conveyance to the social system of the goods and services provided by
natural capital , in combination with human work and capital , SO as to fulfil the demand
of these services for the production of final goods and services . These primary activities
include, for instance, the extraction and transport of water, any kind of water
impoundment and diversion, the point and diffuse disposal of pollutants, the capture of
fish and other living species, mining, hydropower and the production of energy from
tides, dredging of rivers to enhance their potential for navigation, the construction and
operation of harbours and all other activities that may result in detrimental p ressures
over aquatic ecosystems (EC, 2006).

4 Pressures: These result from human sectoral activities and are the mechanisms through
which drivers have an effect on the environment . Pressures can be of a physical,
chemical or biological nature, and include for example, the extraction of water or
aquatic species, emissions of chemicals, waste, radiation or noise, or the introduction
of invasive alien species.

4 State (change in) : State refers to the environmental condition of an ecosystem as
described by its physical, chemical and biological parameters . Physical parameters
encompass the quantity and quality of physical phenomena (e.qg. , temperature, light

availability). Chemical parameters encompass the quantity and quality of chemicals
(e.g., atmospheric CO , concentrations, nitrogen levels). Biological parameters
encompass the condition at the ecosystem, habitat, species, community, or genetic
levels (e.g. , fish stocks, biodiversity).

It is the change in State parameters caused by human drivers of change that then links to any
Impacts on welfare that result from a change in the supply of ecosystem services. These
Impacts on welfare then lead to Responses that can be used to target any aspect of the
relational chain described in Figure 6 (see Deliverables 3.2 an d5.1).

Finally, it is important to specify that we focus here on the manageable endogenous drivers

of change in AQUACROSS. As argued in the AQUACROSS AF (Deliverable 3.2) broadening the
definition of drivers to encompass all possible causes of ecosystem change at various scales
from global to local, at any possible timeframe from long to the very short term, being
inclusive of both manageable and non - manageable exogenous drivers, weakens the precision

of the concept itself, and reduces its potential usefu Iness for analytical purposes.
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2.3  Summary

The revised DPSIR framework described above fits within the AQUACROSS Architecture ( Figure
1, Gomez et al. 2016). In WP4, the focus lies on the D - P- S part of the framework and , thus,
the demand - side relationships. Fr om this starting point, it is our aim that , through work
completed in the case studies under Task 4.2, it will be possible to identify drivers and
pressures across the aquatic realms that are most relevant for ecosystem state in the case
studies, and there fore for impacts on aquatic biodiversity and its capacity to support
ecosystem services (Task 5.2). As the description under section 2.2 above should illustrate,
the identification, description and analysis of drivers of change should go beyond the usual
comprehension (from the natural science side) of only interpreting drivers in terms of the

human activities directly introducing pressures into the ecosystem (the primary activities of

Figure 6 ); the economic activities that require input from the nature - provided services and
deliver final goods and services to society should also be considered (and have often been

more of the focus in economic/social science approaches). These activities lead to the
demand of ecosystem services from the environment and , Wit hout accounting for them, it is
impossible to understand what can cause changes in drivers acting on the ecosystem.
Furthermore, the social processes (exogenic and endogenic) that lead to variability in demand

must also be considered to fully evaluate the demand - side.

Under chapter 3 of this report, we go forward to explain in more detail how the drivers of
change and pressures can be fully represented and explained, considering both academic and
policy - driven perspectives on this across aquatic realms. We describe a consistent typology
of drivers and pressures that can be used to bridge the gaps and inconsistencies between
existing nomenclatures, where those differences mostly stem from the aims and objectives of
different policies. This should facilitate t he generation of comparable results and outcomes
across the different case studies and their aquatic realms in AQUACROSS and we make a
number of recommendations on how this can be used in guiding the case study analyses
under Task 4.2.
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3 Drivers and Pressures Along
the Freshwater - marine
Continuum

AQUACROSS addresses all aguatic realms, from freshwater to marine. Thus, the relationships

to nearly all types of human uses can be relevant in the context of drivers and pressures

along the continuum of freshwater to marine realms. In WP2, the effects of drivers, human
activities and pressures on aquatic biodiversity wer
Even though it facilitates the description of consequences of human alterations to

ecosystems, the identifica tion of the specific impact pathway (threat) that has caused change

in ecosystem state is not always possible. However, to develop and implement ecosystem -

based management (EBM) solutions, it is necessary to consider the relationships and

connections of th e different parts along the impact pathway.

Although ecologically and socially linked, the different aquatic realms have mainly been
investigated by autonomous research disciplines, and this separation is further emphasised

in high level policies such as  the Water Framework Directive (WFD) and the Marine Strategy
Framework Directive (MSFD). Those different policies artificially divide the management of the
realms and impede the implementation of integrative (ecosystem - based) solutions.
Furthermore, the per ceptions of natural and social scientists on how human uses and
ecosystems are related are based on mismatching terminologies. Although, the AQUACROSS
Innovative C oncept and AF generally formalised the flow and connections within the social -
ecological syst ems, the operationalisation of the concepts needs a common understanding of
drivers, human activities and pressures. In this chapter , the different perspectives that
originate from the divided discipline views will be aligned to one common AQUACROSS view

to build a common basis for the analyses in the case studies under Task 4.2. We start by

reviewing the approach taken under the most relevant policy drivers (Chapter 3.1) and then
go on to describe what we believe should be covered in AQUACROSS, for drivers of change
and their associated economic activities (Chapter 3.2), primary activities and pressures

(Chapter 3.3). Finally we describe a linkage framework approach that can be used to provide
the setting in which analyses can b e explored linking within the A QUACROSS framework,
focusing on the demand - side perspective (Chapter 3.4).

3.1  Drivers and pressures from the policy
perspective

Management and conservation efforts of aquatic ecosystems are strongly related to different
environm ental policies in the EU. These policies aim to improve ecosystem conditions
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through the achievement of pre - defined ecosystem or environmental status objectives. In

this context, drivers and pressures are often key elements in the policies because it is
acknowledged that achievement of such status objectives will be difficult, or impossible,

without an understanding of the drivers and pressures acting on affected ecosystems.
Accordingly, chapter 3.1 highlights how drivers and pressures are perceived in thes e
legislative frameworks.

Drivers and pressures in the Biodiversity Strategy

The EU Biodiversity Strategy to 2020 (EC , 2011), as part of the commitment to the Convention

on Biological Diversity ( CBD; UN, 1992), aims to halt the loss of biodiversity and ec osystem

services as well as to improve the state of species, habitats and ecosystems in the EU and to

help stop global biodiversity loss by 2020 through six targets. The six inter - dependent

targets should address the main drivers of biodiversity loss (Figure 7). Even though the

Biodiversity S trategy picks up terms such as drivers, indirect drivers and pressures, a clear

definition is lacking S For exampl e, the official document postul
Europe's biodiversity: land - use change, over - exploitation of biodiversity and its components,

the spread of invasive alien species, pollution and climate change have either remained

N

constant or ar e increasing. o0 Or ol ndirect drivers,

awareness about biodiversity and t  he fact that biodiversity's economic value is not reflected
in decision making are also taking a heavy toll on bi

Figure 7: The six targets of the Biodiversity Strategy

Target 1 Target 2 Target 3

AcConserving and restoring nature AMaintaining, enhancing and AEnsuring the sustainability of
through better application of restoring (15% as minimum by agriculture and forestry through
the Birds and Habitats Directives 2020) ecosystems and their enabling existing funding
with the goal of halting services, by integrating green mechanisms to assist in the
biodiversity loss and restoring infrastructure into land  -use application of biodiversity
biodiversity by 2020. planning. protection measures.

AEnsuring sustainable use of ACombating invasive alien AAddressing the global
fisheries resources by 2015 with species. biodiversity crisis and meeting
the goal of achieving MSFD international biodiversity
targets by 2020. protection obligations.

Source: D2.1 Executive Summary 6

5 As explained under chapter 2.2, we reserve the concept of odriverd6 for the effective demand
provided by aquatic ecosystems. Then the so called indirect drivers (a term we systematically avoid) is the equivalent

of social processes and economic activities devoted to the production of goods and services.

6 http://aquacross.eu/content/deliverable - 21 - synergies - and - differences - between - biodiversity - nature - water - and -

marine- 1
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Drivers and pr essures in the Birds and Habitats Directive

The Birds and Habitats Directives  (jointly referred to as the Nature Directives) require EU
Member States to establish a strict protection regime for all wild European bird species and
other endangered species, and to contribute to the development of coherent ecological
network of nature areas, known as the Natura 2000 Network. Together, they form the
cornerstone of Europe's nature conservation policy and make a fundamental contribution to

the EU Biodiversity Str ategy.

The directives (Article 17 of the HD and Article 12 of the BD) oblige EU Members States to
assess and report to the European Commission on the threats and pressures to habitats and
species both within and outside the Natura 2000 Network. Under both directives, pressures
are considered to be factors which are acting now or have been acting during the reporting

period, while threats are factors expected to be acting in the future. 7

While there is no explicit menti o, otf hedddliivetr sd@f wi hh
pr es s frwhich Gerve as a basis for reporting, include human activities that produce an

environmental impact such as agriculture, forestry, urbani sation, etc. , as well as the resulting

pressures on the environment (e.g. , pollution, invasive species, waste). The directives ,

therefore , do not seem to distinguish between activities associated with drivers and their

resultant pressures as defined by AQUACROSS, but instead groups them under the umbrella

term 6threats G6and pressures

Drivers and pressures in the Marine Strategy Framework Directive

The aim of the European Union's MSFD is to protect more effectively the marine environment

across Europe. More specifically, the MSFD aims to protect and preserve the marine

environment, prevent its deterioration and where practicable, restore that environment in

areas where it has been adversely affected (Provision 43, MSFD). The MSFD does not provide

an explicit definition of 6driver so. Howevera Provi
marine regi on o rundenakeareagalysiaof thedeatares or characteristics of, and

pressures and impacts on, their marine waters, identifying the predominant pressures and

impacts on those waters, and an economic and social analysis of their use and of the cost of
degradation of the marine environment .0
Annex | 1|1 of the MSFD I|ists a number of Opressuresd

physical loss, physical damage, physical disturbance, interference with hydrological
processes, conta mination by hazardous substances, systematic and/or intentional release of

7 Assessment and reporting under  Article 17 of the Habitats Directive Explanatory Notes & Guidelines for the period
2007 - 2012 https:// _circabc.europa.eu/sd/a/2cl2cea2 - 1827 - 4bdb - bb56 - 3731c9fd8b40/Art17%20 - %20Guidelines -

final.pdf
8 http://bd.eionet.europa.eu/activities/Reporting/Article_17/reference_po rtal
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substances, nutrient and organic matter enrichment and biological disturbance (Table 1) . The
pressures in its Annex refer to activities such as commercial or recreational fishing, b oating
and dredging. Such activities could be understood to be covered under the broader term

drivers as defined by the DPSIR framework, though they are not explicitly defined as such in

the MSFD.

Table 1: Pressure categories and s ingle pressures listed in the MSFD

Presure category Single pressure

Physical loss Smothering (e.g. , by man - made structures, disposal of dredge spoil)
Sealing (e.g. , by permanent constructions)

Physical damage Changes in siltation (e.g. , by outfalls, in creased run - off,
dredging/disposal of dredge spoil)
Abrasion (e.g. , impact on the seabed of commercial fishing, boating,
anchoring)

Selective extraction (e.g. , exploration and exploitation of living and
non - living resources on seabed and subsoil)

Other physical disturbance Underwater noise (e.g. , from shipping, underwater acoustic
equipment)
Marine litter
Interference with hydrological Significant changes in thermal regime (e.g. , by outfalls from power
processes stations)

Significant changes in sa linity regime (e.g. , by constructions impeding
water movements, water abstraction)

Contamination by hazardous Introduction of synthetic compounds (e.g. , priority substances under
substances Directive 2000/60/EC which are relevant for the marine environmen t
such as pesticides, antifoulants, pharmaceuticals, resulting, for
example, from losses from diffuse sources, pollution by ships,
atmospheric deposition and biologically active substances)

Introduction of non - synthetic substances and compounds (e.g. , heavy
metals, hydrocarbons, resulting, for example, from pollution by ships

and oil, gas and mineral exploration and exploitation, atmospheric
deposition, riverine inputs)

Introduction of radio - nuclides

Systematic and/or intentional release Introduction of other substances, whether solid, liquid or gas, in
of substances marine waters, resulting from their systematic and/or intentional
release into the marine environment, as permitted in accordance with
other Community legislation and/or international conve ntions
Nutrient and organic matter Inputs of fertilisers and other nitrogen fi and phosphorus - rich
enrichment substances (e.g. , from point and diffuse sources, including agriculture,

aquaculture, atmospheric deposition)

Inputs of organic matter (e.g. , sewers, mariculture, riverine inputs)
Biological disturbance Introduction of microbial pathogens

Introduction of non - indigenous species and translocations

Selective extraction of species, including incidental non - target catches
(e.g., by commercial and recreational fishing)
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Drivers and pressures in the Water Framework Directive (WFD)

The economic analyses required under the WFD include the development of a baseline

scenario, which assesses forecasts of all significant water -related social processes and

economic activities and the drivers likely to influence pressures and thus water status. The

key objective of the WFD is to achieve good status for all water bodies by 2015. This includes

the objectives of good ecological and chemical status for surface wa ters and good

quantitative and chemical status for groundwater. The WFD indirectly addresses all social

processes, economic activities and drivers, which put water bodies at risk of failing good

ecol ogi cal status. Whi | e t he theéegahtextbofitheiWFB, guddances not def
documents define a driver as Oan anthropogenic acti
effect (e.g. ,agr i cul t ur e,? whicmrélates torthe JAQUACROSS definitions of primary

activities, (activities leading to) pro  duction of final goods and services, and the drivers that

link both kinds of activities due to the demand for nature - provided goods and services (See

2.3).

The list of drivers to report on, as indicated in the 2016 WFD reporting guidance documents,

include all the economic activities with significant impact over water bodies (Art. 5 of the WFD

and Wateco Guidelines), within the river basin (agriculture, energy - hydropower and non -
hydropower - fisheries and aquaculture, forestry, industry, tourism and recreat ion, transport
and urban development), along with adaptive social processes (demography, climate change,
technology development, sectoral policies, flood control, drought management, etc.) 10,

Similarly, while O6pressuresod ar ¢he WIEDn & debnitiends notn t he | ¢
provided. However, the guidance document on % he ©O6AN
defines a pressure as othe direct effect of the dri
change in flow or a change in the water chemistr y) 6, whi ch al so aligns wi
framework. The WFD defines seven coarse pressure categories with 47 detailed pressures

(see table 2).

In summary, while the EU Nature Directives, MSFD and WFD, all refer to terms such as drivers,

pressures and impacts , clear definitions for these are not always provided. Furthermore,

terms such as ©O6threatsd and O6pressuresobegatHRand o met i me
BD). DPSIR definitions are explicitly adopted/referred to within guidance documents for some

(e.g., MSFD, WFD) but not all ( e.g., HD and BD) directives. Going forward in Chapters 3.2 and

3.3, we explain the AQUACROSS approach to representing and explaining drivers of change,

activities and pressures that should be taken forward in the case studies under Task 4.2.

9 https://circabc.europa.eu/sd/a/7e0la7e0 - 9ccb - 4f3d - 8cec- aeef1335c2f7/Guidance%2 0ON0%203%20-
%20pressures%20and%20impacts%20 - %20IMPRESS%20%28WG%202.1%29.pdf

10 https://circabc.europa.eu/sd/a [cffd57cc - 8f19 - 4e39 - a79e - 20322bf607e1/Guidance%20N0%201%20
%20Economics%20 - %20WATECO%20(WG%202.6).pdf

11 https://circabc.europa.eu/sd/a/7e0la7e0 - 9ccb - 4f3d - 8cec- aeef1335¢2f7/Guidance%20N0%203%20
%20pressures%20and%20impacts%20 - %20IMPRESS%20(WG%202.1).pdf
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Table 2: Pressures according to the WFD

Levell Level2

1.1 Urban waste water
1.2 Storm overflows

1.3 IPPC plants (EPRTR)
1.4 Non IPPC

1.5 Other

1 Point Source pollution

2.1 Urban runoff

2.2 Agricultural

2.3 Transport and infrastructure
2.4 Abandoned industrial sites
2.5 Release from facilities not connected to sewerage network
2.6 Other

3 Water Abstraction 3.1 Agriculture

3.2 Public water supply

3.3 Manufacturing

3.4 Electricity cooling

3.5 Fish farms

3.6 Hydro - energy

3.7 Quarries

3.8 Navigation

3.9 Water transfer

3.10 Other

4.1 Groundwater recharge

4.2 Hydroelectric dam Manufac  turing
4.3 Water supply reservoir

4.4 Flood defence dams

4.5 Water flow regulation

4.6 Diversions

4.7 Locks

4.8 Weirs

5  River management 5.1 Physical alteration of channel
5.2 Engineering activities

5.3 Agricultural enhancement
5.4 Fisheries enhancement

2 Diffuse Source pollution

4  Water flow regulations and
morphological alterations of surface waters

5.5 Land infrastructure

5.6 Dredging
6 Other morphological alterations 6.1 Barriers
6.2 Land sealing
7  Other Pressures 7.1 Litter/Fly tipping

7.2 Sludge disposal to sea

7.3 Exploitation/removal of animals /plants
7.4 Recreation

7.5 Fishing

7.6 Introduced species

7.7 Introduced disease

7.8 Climate change

7.9 Land drainage

7.10 Other
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3.2  The drivers of change in ecosystems

Water- related ecosystems provide a wide array of goods and services that are essential for
human life, indispensabl e for eventually all economic activities and necessary for the
maintenance of the aquatic ecosystems themselves. Subsequently, they are essential for the
continuous provision of the services and abiotic outputs they provide to society, people and

their eco nomic activities. The demand for these goods and services are the actual drivers of
change in ecosystems (see definition under chapter 2.3). Thus, the first basic approach to
describe and explain the drivers of change in ecosystems consists of a systematic analysis of
economic activities that link goods and services provided by aquatic ecosystems to human

well - being. Below , we describe some of the ways in which this can be approached. We argue
that it will be necessary to consider the different types of app roach es in order to fully
evaluate the drivers of change acting on case study ecosystems, but it is also anticipated that

not all aspects may be equally well explored across all case studies due to both data and time
constraints. As such, it will be import ant to consider how the aspects that cannot be captured
may affect uncertainty in the socio - ecological systems modelled within each case study.

Linking drivers with economic activities

At the case study level, the activity analysis under Task 4.2 may go t hrough the following
sequence of basic steps:

1 A first step consists in  identifying the economic activities that benefit from the current
provision of water -related ecosystems services for the production of final goods and
services (such as irrigated agricu  Iture, tourism, energy, transport, mining, power, timber,
tourism, etc.). Such activities can be characterised by the value added they produce and
by the employment opportunities they provide both directly and indirectly through
relations with other econom ic sectors (for instance, agriculture and the fishing industry
can be connected to food production, transport and trade creating value and inducing
employment creation through a wider value chain).

2 A second step consists of the identification of the parti  cular goods and services provided
by ecosystems followed by characterising and measuring these demands which are
actually the drivers of change in ecosystems; see, for instance, Schaldak, et al. (2012 ) for
methods to characteri se demand for irrigation in t he EU, Gaudard et al. (2014) for
hydropower, as well as STECF (2016) for demands placed by the the marine fishing
industry.

3 Athird step consists of  understanding the link between the production of final goods and
services and the demand and use of goods and services provided by aquatic ecosystems.
In many cases, this link can be evaluated by implemented apparent productivity
indicators (such as vyield per cubic meter in irrigated agriculture), or input output
requirements (such as cubic meters per Kilowatt in hydropower or in cooling thermal
power plants). These indicators can be represented along time to show the evolution of
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productivity. This third step provides the basis to link the production of goods and
services with the drivers, or the demand and us e of ecosystems goods and services .12

4 A fourth important step consists of describing and analysing the primary activities
devoted to the co - production of the goods and services provided by aquatic ecosystems
such as the full system provisioning water for i rrigation, for household consumption or
for manufacturing (including water impoundment, delivery, distribution and application),
the dredging of river beds to improve navigation services, the capture of living species
for the food industry, mining marine s urfaces, etc. These activities can also be
represented by their productivity, traditionally in terms of units of goods and services
(water or fish) per unit of effort (energy for pumping or power used, etc.) depending on
the technology in use (gravity irri  gation, trawling, etc.) providing relevant information to
assess margins to enhance productivity and reduce the pressures resulting from the
satisfaction of current and prospective demands of nature provided goods and services
(or simply from the drivers) (see Galioto et al., 2015 and Haqiqi et al., 2016 for irrigation
and STECF, 2016 for marine fisheries). This analysis provides the basis to understand the
resource efficiency as well as the regulations that allow or restrain the use of aquatic
ecosystem se rvices.

This activity - based approach allows focusing on individual ecosystems services (such as
recreation or provision of water), where demands can be linked to the size and the
characteristics of the sector. Thus, analyses of this kind are sector specif ic: for instance, the
water demand for irrigation depends on the irrigated surface, the water requirements of the
specific crops planted, the efficiency of the water transport, distribution and application
systems in place, the prices of water, etc. (Galioto et al., 2015; Hagqiqi et al., 2016 and Liu et
al., 2016). Actually, the analysis of economic activities is the basis to understand the current

and prospective demand for the goods and services provided by water - related ecosystems
services that drive ecos ystem change (see Kahil et al., 2015 and Garrote et al., 2015 for the
demand for water services for irrigation in Europe and OECD, 2016 for a comprehensive
analysis of all economic activities that benefit from marine ecosystems).

It is important to note th  at in evaluating /fow to describe the primary activities, we also need

to consider how the measures selected can inform us about any associated pressures and
effects on ecosystem state measures. For example, the size and productivity of a fishing fleet

may tell us something about this economic activity, but we need to know the spatial
distribution of the fleet and the characteristics of the boats (types of gear deployed, target

species, size and power of vessels) involved to be able to evaluate the distribut ion and
magnitude of associated pressures (e.g. , abrasion on the seafloor) and overlap with different
components (e.g. , habitats or functional groups like fish or birds) of the ecosystem.

12 Productivity and input output indicators are sector specific. Indicators in agriculture b ased upon Input/Output
methodologies, see for instance Blanco et al. (2014) for irrigated agriculture, STECF (2014) for fish - processing
industries and Lehr (2008) for employment in energy industries.
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Linking economic activities with social processes

Besides activity a nalysis, deepening the understanding of drivers requires the analysis of
social decisions that lead to the demands for goods and services provided by aquatic
ecosystems. This implies consideration of decisions at different levels (individual and/or

institu tional decisions taken at local, regional and international levels). Decision - making
processes are complex (see Knights et al., 2014) and involve multiple scales, from global
through regional to local, and multiple agents closely connected to each other. F or this
reason, it is important to distinguish between social processes, such as climate change
adaptation, population growth, technology development and innovation, and policy - making,
which also determine the drivers of change. However, the way these soci al processes

influence the drivers of change in ecosystems is mediated by many individual and collective
decisions, from individuals and institutions, made at local and regional scales, that each need

to be understood to explain how the demands on nature ( and resulting activities and
pressures) might vary.

All of these decisions have the ultimate purpose of meeting the demand for ecosystems
services and abiotic outputs provided by aquatic ecosystems. Thus, understanding the drivers

is the equivalent to unde rstanding the underlying factors that determine the demand for any

water - related service. For instance, if we like to measure the demand for fish at a place and a
moment of time, we could get this information from the fish market. However, if we really

want to understand the demand for fish, we should wun
regulations in place that define catch allowances (EU, 2012; Carpenter et al., 2016), the
economic incentives that determine the financial returns to the fishing industry, the size of
the fleet and the technologies in use (STECF, 2016). In addition, if EBM solutions should be
developed, we need to understand the future of fishing. Accordingly, we need to explore how
regulations, economic incentives and technologies will evol ve through time and also what the
expected trends of future fish demand and the capacity of ecosystems to match it are (e.g. ,
OECD, 2016). Moreover, fishing is only the primary activity that conveys an important marine
ecosystem service to other human acti vities, i.e. industries, such as the fish processing
industry (STECF.a, 2014) that satisfy the final demand for wild fish in combination with, for
instance, the outputs of the aquaculture industry (Bostock, 2016; OECD, 2016 and STECF.b ,
2014).

Considering non - market ecosystem services

Activity - based analysis must be complemented with the analysis of other non - market or

non - monetary services, such as flood security, health protection or cultural values linked to

recreation, landscapes and biodiversity. Addin g non - market ecosystem services to the picture

all ows a better understanding of the drivers of ecosy

4 First, it helps to understand the opportunity costs of the matching past, current and
prospective demands for prov isioning ecosystems services to the different economic
activities. For instance, the overall demand for water (a provisioning service to the market
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economy) may be in excess to long term renewable resources. This will have important
consequences over many other non - market services, such as water security in the distant
future (due to increasing water scarcity, see EEA, 2009), and in any moments of time (due

to higher exposure to droughts, floods and other water related natural hazards, see

Gosling et al. (2 016) ), and might lead to negative consequences to both nature (due to the

loss of diversity and regulation ability, see Navarro - Ortega et al., 2015 and Tendall et al.,
2014) and people (due to health risks, production and employment losses; Kapengst et al. ,
2011).

4 Second, it provides the background to understand the critical trade - offs involved in
business - as- usual scenarios (that helps to explain current and prospective social and
economic outcomes) and policy scenarios (that call for a different way to so rt out the
difficult trade - offs involved in balancing the mix of services provided by ecosystems).
These scenarios must be considered to build a sustainable future and to secure the
provision of ecosystem services and abiotic outputs (see for instance Berg er etal.,, 2015 to
consider tradeoffs between water scarcity and climate change adaptation).

4 Third, besides the identification of the benefits and the beneficiaries of the provision of
ecosystems services for each economic activity , the inclusion of non - market ecosystems
services brings the potential benefits and beneficiaries of preserving the ecosystems in
particular through the successful implementation of EBM approaches to the spotlight (see
for instance Hawkings et al. , 2016; Brouwer et al., 2015 and Vaughan et al., 2015 for a
review of the benefits and beneficiaries of water conservation).

4 Fourth, bringing non - market values to the frontline allows for better understanding the
emerging drivers of ecosystemsd changedasadagiscee new d
social and economic responses to the cumulative and detrimental changes in ecosystems
(that is to say as adaptive responses to water scarcity, degraded water quality, increased
exposure to water related risks, lower water security, etc.), or by more stringent
regulations (that is to say by restrictive water or fishing quotas, higher water quality
standards, etc.). These constraints are important to understand the development of
emerging activities such as aquaculture (STECF, 2014), water reuti lisation and desalination
(e.g., Angelakis et al., 2014 and Wilcox, 2016) advances in technology, the discovery and
adoption of innovations to take advantage of new business opportunities linked to
resource efficiency and sustainability that are increasing ly important to explain the
demand for ecosystem services in contemporary economies (in areas as diverse as water
efficiency, reuse, desalination, energy, food, textiles, mining, soil conservation, etc. (e.g. ,
IPCC, 2015 and OECD, 2016).

4 Fifth, the analysi s of drivers of ecosystems®& change may be
better understanding of emerging drivers , such as innovative responses to water and
energy scarcity, for instance through the expansion of infrastructures to generate
renewable energy based on freshwater and marine ecosystems (OECD, 2016), water
efficient technologies to increase water security in agriculture (Elliot et al. , 2014), and
fishing (Rezaee, 2016). In  fact, it is not just public decisions but also business decisions
that are increasingly driven by the need to transform environmental problems (such as
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climate change, water scarcity, etc.) into new actions linked to enhanced water security,
adapting to climate change, reducing risk exposure, etc . (e.g., Kriegler et al., 2014).

4 Finally, most of the drivers, in particular the emerging ones, result from synergies and
trade - offs among economic activities. This way, for instance, looking for alternative
sources of energy may become a driver of further demands of freshwater (Hussey et al.,
2012), such as in the case of biofuels or the expansion of fracking technologies, and
finding alternative water sources may be a driver of higher energy demand, as in the case
of water desalination and reuse (Olsson, 2015). Similarly, new business opp ortunities may
emerge with the opportunity to solve various problems simultaneously, as in the case of
dry cooling systems in thermal power or energy self - sufficient boats. These problems can
only be addressed if the interactions between economic activitie s are considered (e.g. ,
Benson, 2012).

All social processes, economic activities and drivers of change in ecosystems must be
properly understood at different temporal and spatial scales. For instance, the scale of
drinking water demand, a critical driver f or water intake and for freshwater conservation,
depends, among other factors, on the population size, the number of households and family

income. Temporal and spatial scales are key in the identification of the determining factors

that are under the contr ol of policy - makers and those that are not, but must be considered

as exogenous contour conditions and as state variables. For instance , at a local level , factors
such as innovation, population and income growth, national or EU regulations are
state/exogen ous factors rather tha n control/manageable variables. Thus, management must
focus on control variables , such as the number of households using water from a particular
source, the size and the structure of water prices, settlement regulations, development p lans,
local regulations, etc. (EEA, 2015)

The same can be said for irrigation water, where the overall demand depends on food
demand, irrigation surface, the crops planted and the associated irrigation requirements,
global markets, etc. Nevertheless , at a local scale , these decisions depend on water prices,
crop subsidies, land regulations, water infrastructures, rainfall and runoff, etc. All these
manageable factors are essential to understand why and how the same activity (drinking
water provision, irrig ated agriculture, etc.) can be sustained or not depending on local
ecosystems availability and the efficiency with which these services are used.

Similarly, to a large extent , advances in technology are independent of short - term local water
management. B ut local water management is essential to understand the rate of adoption and

speed of diffusion of new technologies once they become available. All this depends on
incentives, resource constraints and water regulations that can only be understood at a loc al
scale. In AQUACROSS, we may distinguish between high level drivers (such as income,
population and technology development trends at an aggregate level) and low level drivers

that are critical to understand the demand for ecosystems service.
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3.2.1 Newly emerg ing drivers

The social drivers of ecosystem change are increasingly shaped by the extension of the
progressive and cumulative impacts of human activities over marine, coastal and freshwater
ecosystems , as well as by the consequences of climate change and t he need to adapt
business and social responses to a new situation. Technological development and innovation
processes are ever more driven by the need to adapt to a more constrained and more
uncertain supply of environmental services and to take advantage of the new business
opportunities that result from all the above - mentioned factors.

Marine -, coastal - and freshwater -based economic activities are increasingly constrained by

further deterioration of aquatic ecosystems (OECD, 2016; IPBES, 2016). Different from

traditional analysis of drivers of ecosystems change, AQUACROSS recogni ses how these

cumulative effects have progressively transformed resource and environmental constraints

into new emerging drivers of social and economic decisions that must be facto red into the

anal ysi s i n order t o under stand emerging activities
change. New approaches in activities such as agriculture (smart irrigation techniques, water

reuse, desalinisation, soil conservation practises, etc.), urba n development (smart cities,

green infrastructures, sustainable urban drainage systems, etc.), energy (sea - based

renewable energy, fracking, etc.) and transport (autonomous vessels) can hardly be
understood without consideration of emerging trends in techn ology development and
innovation driven by resource scarcity concerns.

Scarcity and insecurity of supply is an emerging driver of innovation. These are reasons to

put into value all and new methods to enhance the efficiency with which virtually all service S
provided by aquatic ecosystems are used. These developments are visible in areas such as
irrigation, cooling of thermal and nuclear plants, wastewater treatment. Innovations in
biotechnology, advanced materials, autonomous systems, new fuels, and other a reas are
expected to result in important changes in fisheries and navigation. Nevertheless, business
concerns and policy debates will continue over the extent to which these new technologies

will result in more sustainable practices and less pressures over ecosystems or in further
advances of the economic activities and the creation of market values with no positive
impacts over aquatic ecosystems.

Furthermore, worries about the future implications of climate change for aquatic ecosystems

are important for making visible the role of oceans and the hydrological cycle to regulate
climate and also to understand the different uncertainties about the future availability of
provisioning and regulating services brought by climate change. This will affect rain patte rns
and run off is likely to increase the number and the severity of weather extremes with
considerable but unpredictable consequences in habitat changes in both marine and
freshwater ecosystems, as well as in many economic activities ranging from food, en ergy,
tourism and fishing to aquaculture, bioprospecting and many others.

These new drivers will come with new economic activities and new business opportunities. In
some cases this will trigger new business models to halt ongoing degradation processes and
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new threats to marine and continental waters. These impacts can be analysed on a one by
one basis. For instance, sustainable drainage systems are increasingly finding their way in
cities with substantial benefits for runoff regulation, groundwater recharg e, biodiversity, etc.
with collective benefits in terms of energy savings, flood control and recreation and
substantial financial savings in water storm management. In a similar sense, advances in
biotechnology has served to reduce detrimental impacts of a quaculture, improve fish health,
increase yields and reduce dependence on wild fishing, and new communications technology
have opened the possibility to enforce fishing restrictions in distant seas. But this is not the

only possible outcome. New technologi  es can also support the possibility to drive pressures
and impacts to a new level. This may be the case if, for instance, mining the sea floor is
facilitated by advances in robotics and satellite technologies, or if the use of big data and

geo- locali sation leads to putting additional pressures over decreased fish stocks and
advances in cruise materials, logistics and fuel efficiency lead to the exponential growth of
cruise tourism with all the associated detrimental impacts over coastal areas.

3.2.2 Summary

As described under the three main areas of approach in chapter 3.2, to fully capture the
drivers of change acting on aquatic ecosystems, and to understand how and why they vary, it
is necessary:

4 To evaluate how economic activities drive demand for aquatic eco system services and
abiotic outputs, and how this demand causes activity in other related economic
activities;

4 To explore how social processes limit and generate demand on the economic activities
that utilise aquatic ecosystem services and abiotic outputs; and

4 To include evaluation of non -market aquatic ecosystem services (e.g., many
provisioning and cultural services that do not have clear market value) 13 and their use,

without which it is impossible to reach a full understanding of how sustainability can b
achieved and thus to deliver Ecosystem - based Management (see Deliverable 3.2 the
AQUACROSS Assessment Framework).

Finally, we described how newly emerging drivers are pervasive in our current conditions, and

that these must too be considered in the compl ex, adaptive socio - ecological systems we
explore in AQUACROSS. It is acknowledged that evaluation of all aspects described is difficult

and that not all case studies may be able to achieve full coverage, never mind quantification

of everything described, b  ut we urge case study teams to consider the approaches outlined
above, and to explore what could be captured to fully understand the drivers of change

acting on their case study systems. As a minimum we should acknowledge, at least
conceptually, what is no t captured and how this could affect uncertainty in the understanding

of the socio - ecological systems explored.

13 See Deliverable 5.1 for a full description of the typ es of ecosystem service supplied by aquatic ecosystems
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3.3  Pressures and the primary activities that
introduce them

As indicated in the policy review under Chapter 3.1 , the use of the term pressure is n ot

always consistent, and this is also the case in the academic literature, where scientists utilise

the same or similar expressions for their purposes in different contexts; for example, the
term 6stressord is often used i descrbeeniranmenalddrtbry
that exceed the normal level of variation, and trigger a response in the system of interest,

where these factors can include natural as well as human -induced origins  (Hering et al.,
2015; Piggott et al., 2015; Ndges et al., 2016)

Going forward in Aquacross, we have adopted the definition of pressure given under chapter

2.2 as 0t hem mehkcrhaaingh which an activity has an
following Knights et al. (2011). In the context of AQUACROSS , a pressure is always related to
an anthropogenically induced effect (from a human activity) on the state of an ecosystem .In

turn, this does not explicitly exclude the consideration of natural factors from analyses, as an

impact is implied when the effect of a pressure alters an ecosystem component such that the
change seen is beyond what would be expected due to natural va riability. The wider
perception of the term pressure mostly suggests a negative effect on the ecosystem.
However, the effect of a pressure does not necessarily imply only negative effects for all parts

of the ecosystem. Indeed, a pressure is a mechanism t hat has any kind of effect on the
environment, respectively on ecosystem state (see Figure 6 , Section 2.2 ). Importantly, most
pressures do not create a clear -cut impact on the ecosystem but substantially change the
probability of unfavourable conditions.

The mechanisms through which activities affect the ecosystem, can be physical (e.g.
abrasion), chemical (e.g. , contamination) or biological (e.g. , introduction of disease) in
nature. Translating the stressors investigated by Stendera et al. (2012) into biological,
chemical and physical pressures gives a clear pictur e (Figure 8), of which pressures are
dominating in freshwater ecosystems, for example. Out of 353 classified records 45%
comprised chemical or physical pressures each, leaving 10% for biological pressures. The
deterioration of water quality by nutrients is one of the major pressures in freshwater
ecosystems (Schinegger et al., 2012; N6ges et al., 2016)
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Figure 8 Share of pressure types in freshwater ecosystems based on Stendera et al
(2012); N=353

biclogical
s chemical

physical

3.3.1 Common typologies of pressures and primary activities

As a basis for further work in the AQUACROSS case studies, common typologies are
developed that systematically align the nomenclatures and definitions of activities (Table 3

below) and pressures (Table 4 below) and are based on previous classifications including
those from the WFD, MSF D, HD (see chapter 3.1) and the statistical classification of economic
activities (NACE) (EC, 2006), also referring to previous typologies from White et al. (2013),

Connor (2015) and Smith et al. (2016). None of these lists alone capture all of the relevan t
human activities and pressures for all aquatic ecosystems and the typologies here attempt to

be more comprehensive. However, we provide examples and not a fully exhaustive list of

primary activities even though there is the attempt to be comprehensive. G enerally, the
primary activities can fit within broad activity types, as the primary activities will be specific

to a case study region or locality. Some primary activities can fit under more than one broad

activity type, and this may depend on the seconda ry activity driving the primary activity ( see
Figure 6) . For example, I and claim could come wunder
activity is due to the need to recover land from rising sea level for purposes such as
agriculture (the secondary activi ty that produces the final goods and services, Figure 6, and
drives the primary activities of land claim). However, land claim could also come under
6residenti al and commerci al devel opment d where
the desire fo r commercialising a waterfront.
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Table 3: Proposed Aquacross Activity types and (non - exhaustive) examples of more
specific primary activities  within those types, that co - produce nature based goods
and services, which can directly cau  se pressures in the ecosystem.

Example of Primary
Activity

Activity type

Cultivation

Agriculture & Forestry Forestry activities

Livestock

Finfish

Aquaculture Macroalgae

Shellfisheries

Benthic trawls

Fixed nets

Fishing Other fishing

Pelagic trawls

Potting/creeling

Beach replenishment

Flood defence

Environmental Management .
Land Claim

Seawalls/Breakwaters/Groynes

Navigational dredging

Manufacturing (land - based) Specific to locality or region

Disposal of waste o r other

Waste management material

Sewage treatment

Urban dwellings

Marinas

Residential & Commercial Development
Dock/port facilities

Land Claim

Telecommunications

Transport

Utilities

Water abstrac tion and supply

Services (e.g., transport, utilities, water supply,

Navigational dredging
defence)

Military

Reservoirs

Shipping & other commercial
vessels

Road and railroads

Mining, extraction of materials Land Quarrying
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Example of Primary

Activity type
_— Activity

Marine Aggregates

Mining

Salt works

Oil & Gas

Non- renewable energy
Peat

Wind

Geothermal

Renewable Energy Hydropower

Solar

Tidal

Boating/Yachting, Water
sports

Diving/Dive sites

Tourism, recreation & non - commercial harvesting Terrestrial sports

Tourist resorts

Bait digging

Recreational fishing & angling

The broad activity types listed in Table 3 above will not necessarily cover all economic
activities that drive the demand for ecosystem services from aquatic ecosystems (the
secondary activities as described with Figure 6 ); the focus is on the primary activities that
introduce pressures directly to these systems. These primary activities can be linked to
pressure categories and their attributed pressures ( Table 4). This should enable the creation
of linkage pathways that highlight the relationships between the di fferent elements of the
demand side (see chapter 3.4).

In the case studies, there may be a clear picture of the important primary activities and
pressures already known for that system. This should be the starting point of the
assessment. The typologies o f activities and pressures described above can then be used to
review under Task 4.2 whether other sets of impact chains may exist that have not yet been
considered, thus making the assessment more holistic. If there is no clear picture initially, the

typo logies can be used as a starting point in the case study. An ultimate aim of this work is to

draw together final typologies of activities and pressures which are reflective of those
relevant across aquatic ecosystems in Europe, based on the experiences in the case studies
(for Deliverable 4.2).
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Table 4: Proposed Aquacross Pressures categories relevant to aquatic realms
identified from the alignment of threats and pressures from the HD, MSFD, WFD

Prressure Categor Pressures

Introduction of microbial pathogens
Introduction of non - indigenous species
Biolo gical disturbance Translocations of species (native or non - native)
Selective extraction of species
Introduction of genetically modified species
pH changes
Salinity change
Chemical change, Introduction of non - synthetic compounds
chemicals a nd other Introduction of radionuclides
pollutants Introduction of synthetic compounds
Emissions (to air)
Litter
Nitrogen and Phosphorus enrichment
Water abst raction
Water flow rate changes
Death or injury by collision
Emergence regime change
Abrasion/Damage
Barrier to species movement
Change in wave exposure
Changes in input of organic matter

Physical change o
Changes in siltation

Sealing

Selective extracti on non - living resources

Smothering

Alteration of channel

Disturbance (visual, odour) of species due to presence of activity ( e.g., on marine mammals)

Artificialisation of habitat (  e.g., artificial reefs)
Change of habitat structure/morphology
Electromagnetic changes

Thermal change

Ener
o Underwater Noise
Input of light
Emergence regime change (climate change, large - scale)
Change in wave exposure (climate change, large - scale)
Thermal cha nge (climate change, large - scale)
Exogenous/Unmanaged )
. Water flow rate changes (climate change, large - scale)
(e.g., due to climate .
- pH changes (climate change, large - scale)
L Precipitation regime change (climate change, large - scale)

Salinity change (climate change, large - scale)
Geomorphologi cal change ( e.g., due to tectonic events)

Source: Connor (2015), White et al. (2013) and Smith et al. (2016)
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3.3.2 Representing and quantifying pressure effects

Under chapter 3.2 the various approaches available to identify and represent drivers of
change, in cluding the activities captured therein are described. Here we go on to introduce
briefly the considerations for capturing pressure distributions and effects, but this is also
expanded on in much more detail under Chapters 4and5.

Across Europe, pressures caused by human activities affect aquatic ecosystems and their
inhabiting communities. Today, a complex mixture of physical, chemical and biological
pressures exist that impair the functioning of ecosystems and can affect the provision of
ecosystem servic es (Schinegger et al., 2012) . Pressure distributions and intensities can be
described using metrics (sometimes composite indice s) and indicators (see chapter  5).In the
past, the impacts of single pressures such as organic pollution or trawling disturbance have

been the focus of assessments and there are many extant studies documenting this in
aquatic ecosystems. Some of the pressu  res listed under Table 4, are however, much less well
studied and understood (e.g. , noise pollution) and the difference in availability of data and
understanding will need to be considered when addressing the overall case study systems
under Task 4.2.

Different pressures can interact in their effect on the ecosystem, implying that their
combined effect is different to the simple addition of the single individual effects. Without the
consideration of these synergistic or antagonistic interactions, the effec ts of pressures can be
under - or overestimated (Piggott et a |, 2015) . However, understanding the cumulative
effects of combined pressures is a relatively recent topic in aquatic ecology. Initially, these

effects have been tested in experimental settings ( e.g., Matthaei et al., 2010; Piggott et al.,
2012) , followed by field studies with limited extent (Roberts et al., 2013; Lange et al., 2014)
Meanwhile, the effects are also tested on continental scales (Schinegger et al.,, 2016)

However, despite a recognisable conceptual setting on how multiple pressures can interact
(Piggott et al., 2015) , there are a limited number of studies that actually provide quantitative
evidence of multiple stre ssor effects on biota, especially over large spatial extents (Judd et
al., 2015; Noges et al., 2016) . Furthermore, N&ges et al. (2016) , who reviewed 219 papers on
ecological evidence of multiple stressor impacts, underlined the lack of standardised

investigation methods. Considering cumulative effects can help (e.g. , higher explanatory
power of stress - effect for fish in all aquatic environments) in the analyses but it also may
reduce the explanatory power of models (e.g. , for benthic flora).

3.3.3 Summary

Going forward in Aquacross, we have adopted the definition of pressure given under chapter

22as 0the mechanism through whi chanan paatti wift yt hhea se caors
following Knights et al. (2011). The mechanisms through which activities affect the

ecosystem, can be physical (e.g. , abrasion), chemical (e.g. , contamination) or biological (e.g.

introduction of disease) in nature. In the cont ext of AQUACROSS a pressure should always
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related to an anthropogenically induced effect (from a human activity) on the state of an
ecosystem.

As a basis for further work in the AQUACROSS case studies, common typologies have been
developed that systematic ally align the nomenclatures and definitions of activities (Table 3)

and pressures ( Table 4 ). We recommend that these typologies are used as a reference to help
define drivers and pressures for case studies under Task 4.2 (although expansion is required

to fully capture drivers, see chapter 3.2). An ultimate aim of this work is to draw together
final typologies of activities and pressures which are reflective of those relevant across
aguatic ecosystems in Europe, based on the experiences in the case studies (for Deliverable
4.2).

In this chapter 3.3, we briefly summarise the issues to consider in trying to evaluate
pressures in the Aquacross assessments (the approaches for activities are covered in much
more detail under chapter 3.2). Ultimately , we know tha t there is good information and
understanding on some of the key pressures affecting aquatic ecosystems in Europe, but that

for some of the more emerging pressures (e.g. , hoise pollution) we work with much greater
uncertainty. Furthermore, we acknowledge t hat cumulative effects of the multiple pressures
introduced into aquatic realms, are poorly understood, with investigative approaches used
rarely standardised. As a starting point, case study teams should at least identify where
cumulative pressure effects  could be an important issue in their case studies going forward.

3.4 A framework approachto! inking drivers and
pressures , ecosystem states (and services)
across aqguatic realms

This sub - chapter will focus on the linkage framework that was recently develo ped for the
marine realm within the EU FP7 project ODEMM (  www.odemm.com ). The framework basically

consists of a series of interconnected matrices between typologies of activities, pressures
ecosystem components, ecosystem services and policy objectives. In ODEMM the linkage
framework was used to explore and evaluate the combinations of impact chains found in
Erueopean regional seas also providing a framework for the selection of management options

and development of manage ment strategies. Under Task 4.2 of AQUACROSS this work will be
built on and expanded to include matrices from case studies across all aquatic realms.
Further details on linkage frameworks are provided on the ODEMM website
http://odemm.com/content/linkage - framework ).

We will start with the linking up of the typologies described under chapter 3.3, into a matrix
to show all possible interactions of activities and pressures relevant to a case study system

(under Task 4.2). We will need to consider how, and to what extent, it is possible to cover

links between primary activities, drivers, secondary activities and social processes (see Figure
6) in developing the linkage framework and matrices within each ca se study. Furthermore,
links will be built between activity/pressures and the metrics of ecosystem state relevant to
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the case study ecosystems and ecosystem services supplied by those ecosystems (see
Deliverable 5.1), formalising the links between WPs 4 an d 5 through Milestones 4.1 and 5.2.
Linkages will be identified and supported by expert knowledge as well as by evidence from
literature. The linkage framework especially helps to identify and visualise the different
system components and their manifold re lationships and interlinkages, as well as to provide
decision support and to explore management options.

3.4.1 Uses of the | inkage framework s developed

The linkage framework within the overall AQUACROSS architecture provides an operational
framework, which is a  characterisation of the system and serves as a starting point for further
analyses (described below in Chapters 4 and 5 of this document). In the creation of detailed

linkage matrices within the case studies (as part of Deliverable 4.2), evidence should b e

provided for the linkages between drivers, activities, pressures and ecosystem components.
There are already a number of extant databases documenting, for example, literature that
supports the links between certain activities and pressures introduced. Ad ditional literature
can be identified by search terms (including terms of drivers and pressures and the aquatic
realms) in scientific literature databases (Scopus, Web of Science). Based on a snowball
principle the references of a fitting paper may provide further adequate references to be
included (e.g. , see Pulin and Stewart, 2006) . Where literature is not available, expert
judgement may be required (as is used in many well respected fields such as medicine and
engineering).

Compiling information on the many relational chains interacting in a socio - ecological system
allows compounding multiple economic activities and various relevant social processes
resulting in the aggregate demand of specific services provided by a primary sector of the
economy (e.g. , mining of non -ferrous metal ores or water abstractions). Moreover, one
primary activity may be the source of multiple pressures and any single pressure may be
caused by more than one activity  (Figure 9 below) , such as a many - to- many relationship in a
relational database and an advance of one - to- one relationship s as presented in DSPIR circles
(Figures 2 -4). For example, both aggregate extraction and navigational dredging cause
abrasion, a physical change pressure that can affect a number of different ecological
characteristics. The same pressure can also result i n different impacts and multiple pressures
can cause the same i mpact. For exampl e, t he
impacts that include mortality to benthic invertebrates and change in habitat properties (such

as particle size distribution, stability etc. ), as can t
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Figure 9 Multiple impact chains

a) An impact chain b)

SECTOR ACTIVITY

PRESSURE

A conceptual network of multiple impact chains affecting
ECOLOGICAL one ecological component (white circle). Different sectors
COMPONENT (black circles) can generate the same pressure (e.g. abrasion;
red circles) and each sector can generate multiple pressures
(not shown). Multiple activities within a sector are pooled.

Legend: (a) A generic hierarchical impact chain linking sectors and activities to an ecological
component via a specific pressure. An ecological c omponent can be impacted by multiple
sectors and multiple pressures, forming (b) a complex network of sector dpressure impact
chains. A separate impact chain is generated for every combination of sector (black circles),
pressure (red circles), and ecologica | component (central white circle) (from Knights et al.
2013 and Robinson et al. 2014).

The linkage framework can be used as the basis for exploratory analysis of the system,
including simple network analyses (see Chapter 4.2). By simply taking the linkage matrices, it
is possible to examine the complexity and connectivity in the aquatic ecosystem. Knights et

al. (2013) have explored this, using analyses taken from food -web ecology and network
analysis theory. This helps to highlight aspects such as: which primary activities interact with
most ecological components, which pressures are most pervasive in the system in terms of
connectivity between activities and ecological components, and where are there similarities
between sectors and/or pressures in terms of how they interact with the ecological
components of the ecosystem.

The ODEMM pressure assessment methodology (Robinson et al., 2013; Robinson et al., 2014)

could also be used to weight the interactions between primary activities, pressures and
ecologic al components based on the exposure, severity and recovery lag associated with each
interaction in order to focus management on the greatest threats to policy objectives. This
recognises that not all activities undertaken are necessarily as harmful as each other. By
centring the approach on pressures , it is possible to focus on the most damaging aspects of
primary activities and thus to target management strategies with a higher level of precision.

Threats based on the ODEMM pressure assessment can be summa rised as risks (Knights et
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al., 2015) and then linked to management options to evaluate their effectiveness (Piet et al.,
2015). This approach is described in Robinson et al. (2014, available at www.odemm.com ).

3.4.2 Potential for extension of the | inkage framework developed

As well as allowing the consideration of multiple links in the system, the linkage framework

also facilitates the consideration of feedback loops. This is accounted for through the

consideration of ecosyst em state characteristics which will in turn facilitate the identification

of pathways through which primary activity - pressure - ecosystem state characteristics link to
ecosystem services (Linking to WP5; see Deliverable 5.1) (Figure 10). A primary activity t hat
causes a pressure, which leads to a change in ecosystem state, can cause an impact on the

supply of an ecosystem service, feeding back to the social system. Thus, the linkages can be
traced from the social, demand side to the ecological, supply side, a nd back to the social
system (see also Figure 1).

Figure 10: Example of a single impact chain

Legend: From a pressure, which leads to a change in state in an ecosystem component, which
impacts on the supply of an ecosystem servic e.

Existing drivers and pressures, and the links to ecosystem components and services, can be

linked to management options through the work envisaged in WP8. Management responses

may target drivers, human activities (sectors), pressures or the ecosystem co mponents
themselves (e.g. , restoration). Thus, scenarios of management options project changes of
ecosystem components, such as through changes in sectoral activities, the pressures
introduced by these, and changes in the structures and functions of the ec osystem and
therefore the ability to provide ecosystem services and abiotic outputs.

3.4.3 Summary

This sub - chapter focused on the linkage framework that was recently developed for the
marine realm within the EU FP7 project ODEMM (  www.odemm.com ). The framework basically
consists of a series of interconnected matrices between typologies of activities, pressures
ecosystem components, ecosystem services and policy objectives.

It is recommended that linkage framework matrices linki ng case study - relevant primary
activities, pressures and ecosystem state characteristics are developed for each case study
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