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About AQUACROSS  
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Services aCROSS EU policies (AQUACROSS) aims to support EU efforts to protect 

aquatic biodiversity and ensure the pro vision of aquatic ecosystem services. Funded 

by Europe's Horizon 2020 research programme, AQUACROSS seeks to advance 

knowledge and application of ecosystem - based management (EBM) for aquatic 

ecosystems to support the timely achievement of the EU 2020 Biodi versity 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 dama ged by human activities and 

pressures, including pollution, contamination, invasive species, overfishing and 

climate change. These pressures threaten the sustainability of these ecosystems, their 

provision of ecosystem services and ultimately human wellbeing . 

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 bus iness; 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.  
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1   Introduction  

This report frames the ecosystem - based management (EBM) planning process and sets the 

basis for the evaluation of the performance of EBM towards achieving societal goals, the 

ultimate aim of EBM. AQUACROSS focuses on those societal goals related to biodiversity (i.e. , 

EU Biodiversity Strategy 2020 and other international biodiversity targets) for EU aquatic 

ecosystems.  

The AQUACROSS Innovative Concept  and Assessment Framework (Work Package/WP 3) make 

up  the theoretical background to assess the perfor mance of EBM to advance the state of the 

socio - ecological system (SES) in order to achieve policy objectives. Thus, making EBM 

operational in each of the AQUACROSS case studies (CS) requires all input assembled until now 

in the AQUACROSS project, i.e. info rmation on the policy objectives (WP2) and their relative 

importance according to stakeholders (WP1), understanding of the SES (WP4, WP5), and the 

conceptual basis (i.e. , AQUACROSS Concept and Assessment Framework , WP3).  

This AQUACROSS EBM approach is bas ed on a wealth of published AQUACROSS research. In the 

following sections of this introduction, we provide brief syntheses of the main results and 

conclusions of these key AQUACROSS reports/outputs.  

4 Section 1.1 introduces the stakeholder participation pro cess, which  is key to EBM and 

occurs throughout the process. This section is based on the Assessment Framework 

(Deliverable/ DEL 3.2) and on - going work in WP1.  

4 Section 1.2 synthesises the main conclusions regarding policy objectives with stakeholder 

prefere nces for a collective agreement on the set of operational policy objectives at the 

local level. This is based on DEL2.1 that deals with òSynergies and Differences between 

Biodiversity, Nature, Water and Marine Environment EU Policiesó (main report  and Executive 

summary ) and DEL2.2: Report on the review and analysis of policy data and information 

requirements and lessons learnt in the context of aquatic ecosystems  (main report ). 

4 Section 1.3 explains how AQUACROSS understands the SES, based on the  AQUACROSS 

Innovative Concept (DEL3.1, main report  and executive summary ) and Assessment 

Framework (DEL3.2, main report  and executive summary ). It requires understanding of how 

human activities and pressures affect the aquatic ecosystems on one side ( DEL4.1, main 

report  and executive summary ) and the causal flows between the aquatic ecosystem with 

its structure and functions providing ecosystem ser vices on the other side ( DEL5.1, main 

report , excel annex  and executive summary ). Both sets of causal linkages and the complex 

processes taking  place at both the social and the ecological systems determines the 

knowledge base for the assessment of EBM measures, programmes, and plans.  

4 Section 1.4 summarises the key assessment criteria presented in the AQUACROSS 

Integrative Assessment Framework (AF ), as depicted in DEL3.2 ( main report  and executive 

summary ), and their connection with the identification, design, and implementation of EBM 

as alternative to current practice.  

http://aquacross.eu/sites/default/files/D2.1_Synergies%20and%20Differences%20between%20EU%20Policies%20with%20Annexes%2003112016.pdf
http://aquacross.eu/sites/default/files/AQUACROSS%20D2.1%20Synergies%20and%20Differences%20-%20Executive%20Summary_0.pdf
http://aquacross.eu/sites/default/files/AQUACROSS%20D2.1%20Synergies%20and%20Differences%20-%20Executive%20Summary_0.pdf
http://aquacross.eu/sites/default/files/D2.2_Review%20and%20analysis%20of%20policy%20data10112016_0.pdf
http://aquacross.eu/sites/default/files/D3.1%20Innovative%20Concept.pdf
http://aquacross.eu/sites/default/files/AQUACROSS%20D3.1%20Innovative%20Concept%20-%20Executive%20Summary.pdf
http://aquacross.eu/sites/default/files/D3.2_Assessment%20Framework.13012017.pdf
http://aquacross.eu/sites/default/files/AQUACROSS%20Executive%20Summary%20D3.2_12012017_final.pdf
http://aquacross.eu/sites/default/files/D4.1_Drivers_change_and%20pressures_aquatic_ecosystems_13.01.2017.pdf
http://aquacross.eu/sites/default/files/D4.1_Drivers_change_and%20pressures_aquatic_ecosystems_13.01.2017.pdf
http://aquacross.eu/sites/default/files/AQUACROSS_D4.1_Executive%20Summary_13.01.2017.FINAL_.pdf
http://aquacross.eu/sites/default/files/D5.1_Guidance%20on%20Causal%20Flow%20Indicators%20in%20Aquatic%20Environment11012017.pdf
http://aquacross.eu/sites/default/files/D5.1_Guidance%20on%20Causal%20Flow%20Indicators%20in%20Aquatic%20Environment11012017.pdf
http://aquacross.eu/sites/default/files/D5.1_ANNEX_I_INDICATORS_BD_EF_ESS_11012017.xls
http://aquacross.eu/sites/default/files/AQUACROSS%20D5.1%20-%20Executive%20Summary_11.01.2017.FINAL_.pdf
http://aquacross.eu/sites/default/files/D3.2_Assessment%20Framework.13012017.pdf
http://aquacross.eu/sites/default/files/AQUACROSS%20Executive%20Summary%20D3.2_12012017_final.pdf
http://aquacross.eu/sites/default/files/AQUACROSS%20Executive%20Summary%20D3.2_12012017_final.pdf
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4 Section 1.5 provides the AQUACROSS definition of EBM and elaborates on principles of EBM 

which is considered the backbone of AQUACROSS. 

In chapter 2, the EBM planning process is framed consisting of the following elements: (1) 

identification and characterisation of measures and the actions req uired to put them into 

practice ; (2) screening and evaluation of measures (and the a ctions for their implementation) 

and design of a comprehensive programme of measures (PoM) to reach the environmental 

objectives ; (3) identification, characterisation screening, and design of social and institutional 

changes to enhance the governance of the SES so as to develop the means required for the 

implementation of the PoM ; (4) design of the implementation plan ; and  (5) design and 

implementation of the EBM management plan formed by the PoM and the Information Platform 

(IP). 

Finally , some of the abo ve steps are further illustrated with examples from the AQUACROSS CS 

in chapter 3 and conclusions for further improvements in the operationalisation of the 

AQUACROSS EBM approach are included in section 3.4 .  

1.1  Stakeholder engagement  

Stakeholder engageme nt is an essential component of EBM. The AF stresses upon the critical 

importance of stakeholder engagement for EBM. The co - production of EBM plans with 

stakeholders will optimise the uptake by end - users through the enhancement of science - based 

perceptions  (learning), the alignment of stakeholder expectations, and the promotion of 

cooperation.  

Stakeholder engagement is necessary to support the deployment of the AQUACROSS AF and 

its practical application in the different case studies. This requires an opera tional stakeholder 

engagement process. The AQUACROSS stakeholder engagement approach distinguishes 

between several steps in which stakeholder participation is considered fundamental.  

4 Co- defining  policy objectives  

Developing integrated  (across aquatic rea lms, inter - sectoral and across spatial scales) EBM 

plans for aquatic ecosystems is challenging among other things , due to complexity of the policy 

context. The management of aquatic ecosystems is guided by several interrelated European 

directives that are translated into national and local policy goals and objectives that involve 

several sectors and local agencies. Ideally, the setting of goals and objectives must be founded 

on those established at the international and/or EU level but tailored to the local  level and the 

stakeholders involved therein.  

However, policy goals and objectives are often incompatible. Thus, forming a source of 

potential conflicts and eventually threaten cooperation and collective action. Effective 

stakeholder engagement is crucial to set policy objectives. Some level of common 

understanding and consensus of the status and trends of aquatic ecosystems and priorities to 

improve the status, between scientists, policy - makers and stakeholders, is needed to support 

EBM.  
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So, a commonly ag reed upon and shared representation of current and future problems and 

objectives (assessed using indicators and targets) is best co - built with stakeholders. Scientific 

input is important in this step as it provides accurate knowledge on the status of aqua tic 

ecosystems. Therefore, AQUACROSS should provide stakeholders with the very best science to 

understand management challenges and opportunities at hand; help them build a shared 

perception of problems; and to set objectives.  

4 Co- defining  EBM management alternatives  

Once policy objectives have been jointly agreed upon different courses of action to reach the 

objectives need to be identified and prioriti sed. One of the main challenges is to identify 

cooperative responses rather than compet itive ones. This requires effective stakeholder 

engagement in which a common understanding of potential management alternatives and their 

effectiveness is created, as well as some transparency concerning the division of 

responsibilities (roles) and resourc es. The role of AQUACROSS in this step is to convey 

knowledge in such a way that it can be understood and used by stakeholders to screen out 

alternatives and understand the foreseeable consequences of the different courses of action.  

4 Co- evaluation  of management alternatives  

This step makes society accountable to increase the effectiveness , efficiency, and equity  of EBM 

to achieve the stated policy objectives and to identify optimal (environmental and socio -

economic) management options, both when ev aluating against the baseline scenarios as well 

as any alternative scenarios. This does not preclude anything as per the consideration of socio -

cultural criteria to fully understand the impact of EBM plans . They could inform about the 

negative consequences  of nature degradation over people  (in terms of wellbeing ), rather than 

only over nature itself. As it happened since the CBD Ecosystem Approach came into play , 

economic progress and human wellbeing  are added to the criteria to favour nature preservation 

that was previously dominated by strict conservationist approaches.  EBM decisions should be 

based on social priorities, and the definition of societal preferences is a major challenge.  

Choices (in the context of uncertainty) should be made and trade - offs s tem from different 

sources such as the conflicting interests amongst stakeholders concerning the division of costs 

and benefits, the balance between short and longer term benefits, the need to forgo current 

rents in exchange of future security, or between the local opportunity costs and regional and 

global benefits. Ecosystem services  trade - offs often reflect rivalry between wellbeing  

components (Iniesta - Arandia et al., 2014) or value dimensions (Martín - López et al., 2014) . 

It is challenging to integrate al l stakeholdersõ societal preferences, since society consists of a 

large number of stakeholder groups with diverging interests, perspectives and knowledge 

bases. The role of AQUACROSS is to build up a comprehensive management plan based upon 

the systematic assessment of alternative measures and instruments, using different methods 

that rely on different levels of stakeholder engagement, e.g. Multi - Criteria Analysis (MCA), and 

to be transparent about the underlying assumptions. This should provide decision - makers with 

the necessary information to make choices.  
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1.2  Policy objectives   

The definition of policy objectives is the basic starting point of the development of elements 

of the EBM management alternatives to current practice. The setting of precisely defined policy 

objectives is one important outcome of the baseline assessment: i t requires examining existing 

policy targets, identifying existing and prospective ecological deficits and balancing the 

advantages and disadvantages of current management practices. A closer look of the baseline 

allows highlighting opportunities for EBM r esponses and anticipating the challenges of their 

implementation. Examining policy drivers can also inform on the underlying causes of the 

processes affecting the SES (e.g. , from incentives and regulation) and support the design of 

corrective action. The d efinition of policy objectives should inform on the level of policy 

òintegrationó that may potentially be achieved at different scales, for example the degree to 

which policy and management work across aquatic realms, foster sectoral coordination, or 

addre ss SES as a whole. Integration across realms, objectives and the SES as a whole is an 

essential ingredient of successful EBM.  

It is expected that the definition of policy objectives results in the following type of outcomes:  

1.  An overview of the policy conte xt of the case study and how they influence the pressures 

of interest in the CS; 

2.  A detailed presentation of the existing (and relevant) policy targets and deficits towards 

which EBM responses will contribute to ; 

3.  A listing of current management practices in  the case study, some of which will be 

modified/enhanced by EBM responses ; 

4.  An overview of the key policy challenges and gaps, which will inform the development 

of EBM responses or identified solutions . 

In AQUACROSS, such information proceeds from the evalu ation of the baseline scenario. 

AQUACROSS baseline scenarios are built to provide a comprehensive representation of the 

overall SES focusing on the relevant interactions and identifying environmental and policy 

challenges. Furthermore, a good understanding  of relevant policy actions at the local level for 

the management of biodiversity, ecosystem services and abiotic components of aquatic 

ecosystems should also provide a standpoint for screening, assessing, designing, and 

implementing the management alterna tives to reach these objectives.  

According to the AQUACROSS AF, policy objectives in the CS refer to conservation and 

biodiversity but must take into account the structure and functioning of an ecosystem and its 

biological components to address a variety of human needs (Tear et al, 2005). The 

characterisation of policies should start from the analysis of drivers of ecosystems change, the 

resulting pressures and the assessment of the current and baseline status of the relevant 

ecosystems, as well as from th e analysis of how all this links to biodiversity, and ecosystem 

services.  
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The AQUACROSS Policy Review and the AQUACROSS AF highlight the need to take into account 

two complementary levels of analysis in the policy characterisation at different scales:  

4 At  a global and EU level, objectives need to be defined in terms of contributions to meet  

the targets of the EU 2020 Biodiversity Strategy and other international targets within 

aquatic ecosystems, while contributing to the objectives set in the EU directives and 

strategies related to habitats, biodiversity, and aquatic ecosystems.  

4 At a local level, objectives need to be defined to respond to a well - defined environmental 

challenge or threat to biodiversity and conservation (such as dealing with invas ive species, 

reducing nutrient pollution, improving hydrological flows and water retention, etc.).  

These levels do not refer to different objectives but rather to how abstract EU - level goals are 

defined and specified at local and ecosystem scales so that, besides compliance with EU 

regulations, the local - level policy priorities, available information and environmental 

circumstances should be taken into account. Accordingly, an assessment of policy objectives 

should acknowledge abstract, general goals (from global and EU policy) as well as specific and 

measurable targets tailored at the regional and local level.  

Environmental policy objectives and targets are usually expressed through the use of 

descriptors and indicators describing the status of ecosystems.  The distance between existing 

and target values of these descriptors and indicators are the òdeficitsó that must be bridged in 

order to fulfil the desired objectives. Policy instruments encourage the application of a number 

of management strategies to res tore and protect aquatic ecosystems and fill in the existing 

deficits. Compiling information on existing targets, deficits and management strategies would 

provide useful information for the definition and assessment of baseline scenarios in the 

AQUACROSS CS. 

Descriptors and indicators currently used in policies can provide a starting point to help case 

studies focus on key aspects of ecosystems and develop targeted and measurable objectives 

to reach a desired state or status. This can then be used to assess  effectiveness and facilitate 

the choice of alternative management responses. Using existing descriptors and indicators not 

only connects the local level to the national level, but also provides an opportunity to integrate 

higher - level (inter - )national obj ectives into local - level environmental decision - making 

processes.  

As noted by the AQUACROSS AF, alternative management responses should be designed to 

restore the resilience and sustainability of the whole SES and not only the ecological system 

(via the id entified policy objectives). In this sense, the design of alternative management 

strategies should consider a wider range of criteria (including e.g. socio - cultural dimensions) 

than the need to contribute to environmental policy objectives. According to th e AQUACROSS 

Concept, responses should follow EBM principles and perform adequately against a set of 

assessment criteria. The following sections present in more detail key elements for the 

development of an operational EBM approach including the design and implementation of 

alternative management responses.   
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1.3  The Socio- Ecological System (SES) 

According to the AQUACROSS Innovative Concept (DEL3.1), AQUACROSSõ holistic approach to 

sustainability considers social and ecological systems as being complex, ada ptive, and mutually 

interdependent. Hence, AQUACROSS builds upon the understanding of both systems and their 

interlinkages to develop innovative management approaches and tools. These are focused on 

the restoration and protection of critical aquatic ecosys tem components as a means to sustain 

biodiversity and the delivery of ecosystem services in the long term.  

The analysis of the relationship between social and ecological systems can actually be based 

on the analysis of the complex and adaptive processes ta king place in the ecosystem and 

society, on one side, and on how these two are connected to each other. As shown in Figure 1, 

the social and ecological processes are intertwined by two sets of linkages: the demand - side 

connections, from society to ecosyste ms, and the supply - side connections, from ecosystems 

to society.  

 

Figure 1: The Socio - Ecological System, adopted from AQUACROSS DEL3.1  

 

Figure 1 shows how supply side linkages allow  understanding the adaptive processes taking 

place in the social system (technological progress, adaptation to climate change, scarcity, 

water - borne risks, institutional change, population change, etc.) . These supply side linkages 

are shaped by changes in ecosystems that affect their potential to continue delivering the 

ecosystems services that people should and/or actually care about (resource scarcity, increased 

risk, degraded water quality, climate change, changes in biodiversity, etc.). Within this 

fram ework the identification, design and implementation of policy responses in general and of 

EBM strategies in particular should be understood as a deliberate collective effort to provide a 
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consistent adaptive response . This response should be better than cur rent practice  and make 

a real contribution to the improvement of the ecosystem (in an effective, efficient and fair way) 

and enhance the resilience and the sustainability of the whole SES . 

The supply - side connections help understand the consequences of all  ecological processes on 

human wellbeing, including those driven by human activities and social responses to ecosystem 

changes. This perspective contributes to represent and assess the changes in the status of the 

structural components of ecosystem (includ ing biodiversity, as a macroscopic property) and 

how their functioning ultimately determines the current and future delivery of ecosystem 

services enjoyed by society.  Nature contributions to people (NCP, the new IPBES approach as in 

Díaz et al., 2018) are all the outcomes , both positive and negative, of living nature (diversity of 

organisms, ecosystems, and their associated ecological and evolutionary processes) 

contributing to peopleõs quality of life. The novelties of this approach are to recogni se the 

central and pervasive role that culture plays in defining all links between people and nature  

and to operationalize the role of indigenous and local knowledge in understanding natureõs 

contribution to people . 

Likewise, the demand - side set of connections is key to understand the consequences of all 

social adaptive processes on the status of ecosystems, including those driven by changes in 

the ecological system. As a result of that, it is possible to understand a nd assess ecosystem 

impacts caused by human activities and their corresponding pressures as well as the 

consequences of the societal response to those changes in the ecosystem.  

Policymaking  is one of the relevant social adaptive processes that -  along wit h research and 

innovation, technological development, institutional adjustments, changes in behaviour, 

investment in infrastructures, etc.  -  shape the social response to the challenges raised by 

ecosystem change. Policy making provides a deliberate and agr eed collective response to the 

changes of ecosystems and the consequences of these changes for human wellbeing. EBM is 

an innovative approach guiding the decision - making process that intends to change current 

practices and provide better responses to curre nt and emerging environmental challenges.  

Figure 1 shows how ecosystem change triggers social processes, through supply - side linkages, 

and the outcomes of social processes result in changes in ecosystems, through demand - side 

linkages. The AQUACROSS AF allows the understanding of adaptive processes taking place in 

the social system (technological progress, adaptation to climate change, scarcity, water - borne 

risks, institutional change, population change, etc.) that are shaped by changes in the 

ecologica l system that affect (through e.g. resource scarcity, increased risk, degraded water 

quality, climate change, changes in biodiversity, etc.) the potential to continue delivering 

ecosystem services that individuals and society care about.  

1.3.1 The AQUACROSS architecture to support EBM  

The AQUACROSS architecture provides the analytical foundations to support the decision -

making process when both establishing the problem (by assessing the baseline) and providing 

a solution through EBM, i.e. the design and ass essment of alternative policy/management 

scenarios.  
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A resilient SES is one in which the effective co - production of ecosystem services (the demand  

side in the AQUACROSS architecture) does not exceed the capacity of ecosystems to provide 

them in a sustainabl e way (which is determined by the supply  side in the AQUACROSS 

architecture). To understand this, we need to acknowledge that the benefits for society emerge 

from the co - production of ecosystem services provided by the ecological system, but which 

require the intervention of the social system in terms of its physical capital (infrastructures, 

fishing boats, etc.), human capital (skilled and unskilled labour), and social capital (institutions 

and norms).  

Problems such as overinvestment in physical capital ( irrigation, water storage and delivery, 

fishing vessels, turbines, mills and other infrastructures), together with excessive effort applied 

to the co - production of ecosystem services ( e.g., water abstraction, fishing, hydropower 

production) lead to demands  that exceed the ecosystemsõ natural capacity (over- abstraction, 

over - fishing, excessive regulation), resulting in environmental degradation (ecosystem 

processes impacted by excess demand) and an impaired capacity to provide benefits to human 

wellbeing (he nce reducing ecosystemsõ supply in the short and the long term).  

Identifying the demand - supply mismatch of ecosystem services is as important as 

understanding it as the outcome of social processes which need to be addressed to restore the 

resilience of th e whole system. The lack of resilience not only involves a reduction of natural 

capital with immediate consequences for the allocation of physical and human capital . Besides 

inappropriate levels of natural physical and human capital, environmental challeng es are the 

result of institutional or governance failures, hence of inadequate social capital. These failures 

are the result of rules governing the co - production of ecosystems services that are either 

inappropriate (e.g. , excess fishing quotas or water use  rights) or inadequately enforced (e.g. , 

open access, abided overexploitation of groundwater, poorly protected natural reserves), or 

not responding to a legitimate collective interest but instead to the vested interest of specific 

stakeholder groups throug h, e.g. regulatory capture, lack of transparency and accountability, 

and other failures of the institutional processes.  

Within this framework the identification, design, and implementation of policy responses in 

general, and of EBM strategies in particula r, should be understood as a deliberate collective 

effort to provide a consistent adaptive response, that is better than current practice (by 

definition), which makes a real contribution to the improvement of the ecosystem (in an 

effective, efficient and f air way) and enhances the resilience and the sustainability of the whole 

SES. 

The AQUACROSS architecture supports the institutional processes (including decision - making) 

by conveying scientific knowledge and integrating stakeholdersõ perceptions and information 

to help establish the problem (through an assessment of the baseline scenario) and the design 

of comprehensive societal responses involving EBM (management/policy scenarios). To that 

end , we distinguish three levels for the analysis:  

1. The analysis of social processes (policy making, resource allocation decisions, investments 

in physical and human capital, etc.) that explain the mismatch between demand and supply 

of ecosystem services (problem setting) and that must be addressed to enhance the 

resilienc e and sustainability of the SES through EBM. From a policy perspective, the analysis 

of social processes should therefore focus on governance institutions involved in regulating 
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the economic activities that exploit ecosystem services and impact the ecological system. 

All these processes are dynamic and must be understood in relation to broader processes 

including technological improvement, institutional development, population dyn amics, and 

climate  change adaptation. Yet, their relevance (often as exogenous variables) can only be 

determined at the case study level.   

2.  The supply - side connection (from ecosystem to society), which depends on the capacity of 

natural capital to provide e cosystem services and which may be impacted by excess 

demand. The supply - side analysis focuses on understanding the mechanisms through 

which the ecosystem structure and functioning (which may be impacted by human 

pressures) affect the delivery of ecosystem  services. This can be assessed both under the 

baseline scenario as well as potential alternative management scenarios. The supply - side 

analysis requires an understanding of how the ecosystem structure (including biodiversity) 

and its functioning support t he co - production of three distinct sets of ecosystem services 

(i.e. , provisioning, regulation and maintenance, cultural).  

3.  The demand - side connections (from society to ecosystem), which are about the effective 

capacity to co - produce these services combining  natural capital with physical, human and 

social (including institutional) capital. The demand - side analysis, in turn, focuses on 

understanding the physical, human and social capital and their application to the effective 

exploitation of these ecosystem se rvices. The economic activities that combine natural 

capital with other sorts of capital to produce ecosystem services cause pressures that may 

impact the ecosystem.  

These three levels of the analysis support the establishment of the policy problems at ha nd in 

each CS, through an identification of the ecosystem services concerned, the economic activities 

that may be affected either positively  or  negatively, and who the actual winners and losers are 

or would be. This applies both to the baseline scenario, a s well as in any alternative scenario. 

In addition, this analysis supports the identification of institutional failures that need to be 

addressed to provide better adaptive responses of the social system.  

A holistic analysis does not necessarily cover all the dimensions of the SES or all the 

components that make up the SES. That is a misconception of holistic assessments, and one of 

the reasons EBM fails (DeFries and Nagendra, 2017) . Detailed information, even if based upon 

strict classifications, might be useless if not linked to the problem at hand. Holistic analyses 

are based upon a meaningful and relevant knowledge base. This does not mean covering 

everything , but rather avoiding downplaying  or even overlook ing  relevant linkages  and 

processes.  

Similarly, information and data are not valuable in themselves but rather as a result of their 

relevance to support the making of better decisions. This, therefore, requires a problem -

oriented assessment of the knowledge base and the insti tutional set - up that is intended to 

support EBM decision - making. The inter - linked social and ecological processes are complex 

and adaptive and òthe connections between ecosystem processes and benefits to humans are 

complex, non -linear and dynamicó (Costanza  et al. , 2017) . The identification and definition of 

all the variables and connections implied in the three perspectives, at every possible temporal, 

spatial and institutional scale if feasible, are well beyond the scope of current knowledge. 

Moreover, efforts in this direction might distract time and resources away from the analysis of 
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those linkages and processes that are relevant in the particular context an d scale at hand. 

Therefore, instead of screening and listing all the potential variables and indicators implied in 

these analyses, the assessment should rather focus from the onset on the relevant social 

processes and ecosystem components that are key to u nderstand the social processes and how 

they are connected to the ecological system for both the supply and the demand  sides.  

1.3.2 EBM components: enhancing ecosystems and their governance  

A comprehensive analysis of EBM should , therefore , not only cover t he individual actions or 

strategies with the best potential to contribute to the societal goals of enhancing and restoring 

ecosystems and their potential to deliver ecosystem services, but also to build the capacity of 

the social system to go forward and a dapt itself to make EBM happen. EBMõs social capacity 

includes changing and adapting rules and institutions, harnessing scientific knowledge to 

better support social decisions, seizing the opportunities of new technologies, and all other 

social changes tha t might enhance the capacity to improve societal responses to actual and 

future ecological challenges.  

This is why when designing EBM responses,  we need to distinguish between institutional and 

other changes in the social system. That means distinguishing the EBM policy instruments from 

the measures directly intended to act over the ecological system (i.e. , the individual measures 

and the programm es of measures intended to enhance the ecosystem). Policy instruments refer 

to all complementary, encompassing actions designed to overcome the political, economic, 

institutional, and technical information and other drawbacks that prevent or limit the 

effe ctiveness of strategies as well as all the support actions intended to enhance the capacity 

of the social system to better adapt and respond to current and future changes in ecosystems. 

PoMs refer to actions that if properly designed and implemented, would  result in an 

improvement of the ecosystems and their constituent parts, and then  contribute to the primary 

environmental objectives of public policy.  

An EBM management plan is a structured combination of a PoM, intended to reach precisely 

defined environ mental objectives, and an implementation plan with all the means for their 

implementation, chosen and designed to make them happen (thus to make them technically 

feasible, affordable, acceptable, legitimate, etc.) and to maximise their effectiveness, effic iency, 

and fairness , as well as their socio - cultural impact (for instance through social cohesion),  and 

thus to contribute to the sustainability and the resilience of the whole SES. 

The building of an EBM management plan must start with the pre - screening o f both the 

measures and the means for their implementation. On this basis, once environmental 

challenges and policy objectives have already been defined, the first two steps are:  

1.  Identify which EBM actions or measures, if adequately designed and implement ed, offer 

the largest potential to meet environmental goals at the case study level.  The outcome 

of this process is a catalogue of potential measures, addressed to change activities, 

reduce their pressures, mitigate their impacts, restore components of the  environment, 

etc. that might be combined to design a PoM. Individual measures are to be compared 

to each other based on different criteria. This analysis should be refined and updated 

after the consideration of policy instruments.  
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2.  Identify policy instruments  required to improve the social capabilities to take advantage 

of the opportunities of EBM resulting in the successful implementation of the PoM. The 

assessment of the baseline  scenario is the basis for the identification of political, 

instituti onal, financial, technical, and other barriers that should be overcome to 

implementing the above - mentioned package of measures, as well as of the 

complementary and support measures with the best potential to maximise their 

effectiveness and reduce their im plementation costs , among all above - mentioned 

criteria, and as explained in the next section .  

1.4  The AQUACROSS assessment criteria  

The AQUACROSS Innovative Concept and Assessment Framework stand for the comprehensive 

assessment of baseline and alternative courses of action, through the systematic application 

of three sets of assessment criteria designed to be applied also at three different but closely 

intertwined levels of analysis:  

1.  Process- oriented criteria to assess decision - making processes and institutions in the 

baseline scenario and the changes to these pathways and institutions required to build, 

design, and implement EBM management plans. Process - oriented criteria (e.g. , 

stakeholder involvement or the implementation of integrated and/or adaptive 

management ) are key to evaluate the governance failures that lead to baseline 

environmental challenges and that should be addressed to enable the social system to 

grow to the challenge of implementing EBM.  

2.  System- oriented criteria to assess the k nowledge base of the SES in terms of its capacity 

to guide EBM thereby contributing  to the resilience, adaptability, and transformability 

of the SES. 

3.  Outcome - oriented criteria to assess the actual and potential consequences of current 

and prospective manag ement actions in terms of their (see Section 2.3.2 of D EL3.2):  

4 effectiveness (to reach predefined environmental goals),  

4 efficiency (in terms of subsequent gains and losses  of wellbeing  at individual and 

collective levels, and the distribution of these imp acts and costs throughout 

society ),  

4 equity (in terms of the distribution of benefits and costs across society and for the 

alternative courses of action).  

Outcome - oriented criteria are instrumental to judging the baseline by focusing on the cost of 

inactio n and on opportunities to achieve societal goals, enhance wellbeing  and equity that can 

be seized by implementing EBM strategies. Socio- cultural dimensions are within this third set. 

These outcome - oriented criteria are the cornerstone in the analysis of me asures and 

instruments both on a one - by- one basis and in the building of management plans to achieve 

societal goals.  

These criteria will be further developed in chapter 2.  
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1.5  Principles of Ecosystem - based Management   

EBM is the cornerstone of all AQUACROSS work, and is probably best understood by considering 

its foundational concepts or principles as many definitions of EBM exist. The following 

definition , proposed by Long et al. (2015), is based on a thorough review  of the extensive 

literature around EBM, comfortably fits within the AQUACROSS concept (D EL3.1):  

òEcosystem- based management is an interdisciplinary approach that balances ecological, 

social and governance principles at appropriate temporal and spatial scales in a distinct 

geographical area to achieve sustainable resource use. Scientific knowledge and  effective 

monitoring are used to acknowledge the connections, integrity and biodiversity within an 

ecosystem along with its dynamic nature and associated uncertainties. EBM recognises coupled 

SES with stakeholders involved in an integrated and adaptive ma nagement process where 

decisions reflect societal choiceó. 

EBM thus aims at achieving the long - term  sustainability of resource use by focusing on 

protecting the capacity of ecosystems to provide key services to society, ultimately contributing 

to human wel lbeing . Long et al. (2015) analysed the relative importance of 15 different EBM 

principles in peer - reviewed literature.  In order of decreasing importance, these 15 principles 

are:  

1.  Consider Ecosystem Connections  

2.  Appropriate Spatial and Temporal Scales  

3.  Adaptive Management  

4.  Use of Scientific Knowledge  

5.  Integrated Management  

6.  Stakeholder Involvement  

7.  Account for Dynamic Nature of Ecosystems  

8.  Ecological Integrity and Biodiversity  

9.  Sustainability  

10.  Recognise Coupled Social - Ecological Systems  

11.  Decisions reflect Societ al Choice  

12.  Distinct Boundaries  

13.  Inter - disciplinarity  

14.  Appropriate Monitoring  

15.  Acknowledge Uncertainty.  

 

These 15 EBM principles are compared to requirements that come from the concept of 

resilience thinking and will be the basis to assess the SES knowledge bas e in terms of its 

capacity to guide the development and implementation of EBM.  

1.6   Scenarios and management plans  

If societal goals are not achieved under current or future scenarios , a societal response 

involving EBM should  contribute to the achievement of those societal goals. Here the main 
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phrases are introduced and described based on information in previous AQUACROSS 

deliverables.  

Scenarios  are coherent, internally consistent, and plausible descriptions of a potential fut ure 

trajectory of a system to assess current practice, screen new opportunities, and improve the 

design and implementation of policy responses (see AQUACROSS D EL3.2).  The AQUACROSS 

DEL7.2 provides a clarification of terms that are often used in relation to  describing the state 

and future trajectories of a SES. From the holistic perspective of a SES, it is of particular 

relevance how a societal response emerges, i.e. from social feedbacks, but also directly 

interacts with the ecological system, through i.e. management strategies.  

Within AQUACROSS, a distinction is made between:  

4 A baseline scenario  represents a shared view of past, current and prospective trends and 

vulnerabilities in ecosystem services and biodiversity. It is associated with challenges and 

opportunities in a case study and based on management practice as usual (sometimes 

called òbusiness as usualó or BAU scenario). It describes a trend under the assumption that 

there is no alternative, new action: what would happen if the different drivers ex ert 

pressures over European aquatic ecosystems on a pathway from today towards 2020 and 

2030 (Gómez et al., 2017). In other words, AQUACROSS baseline scenarios integrate future, 

dynamic social - ecological interactions. This is beyond conventional baseline s cenarios, 

where only the consequences from currently implemented policies of what is happening 

today are projected together with biophysical trends. Therefore , for example, current 

adaptive strategies that foresee the dynamic adjust ment of  management indicators (i.e. , 

fishing quotas) are included in the AQUACROSS baseline scenario.  

4 An alternative policy scenario (or Management scenario)  represents objectives, deficits and 

alternative pathways (potential management interventions) for reaching a target 

(normative) or to represent, assess and compare the outcomes of several alternative policy 

instruments or measures (descriptive), both ex - ante or ex - post, by comparison against 

baseline scenarios.  

To develop and operationalise EBM, alternative scenarios ca n be used to estimate and test the 

consequences over time from putting different management strategies into practice. Those 

scenarios can be evaluated with various tools, i.e. analytical tools or simulation models, and in 

collaboration with stakeholders in  two ways: a) in a more descriptive way, where the 

consequences from applying the management strategy are projected and later assessed to 

which degree they meet selected management targets (derived from societal goals), or b), in a 

more normative way, wher e from the perspective of a management target, only management 

responses that are expected to meet the target are assessed regarding their implied costs. 

Ideally, new policy or management scenarios take into account multiple measures and policy 

instruments . The degree to which the scientific knowledge base and the institutional set - up 

that inform the design and implementation of the management plans fulfils EBM principles, 

e.g. the robustness against climate change or the ability to adapt institutions over time, can 

then be assessed via the system - oriented and process - oriented criteria based on the 

AQUACROSS AF. 
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1.7   Indicators  

In a management context , indicators are chosen to facilitate tracking of ecosystem status and 

trends relative to policy objectives (Levin et al., 2009) . Indicators can relate to the condition of 

natural or human systems, and should encompass both (Tallis et al., 2010) 1.  

An indicator  refers to a variable that provides aggregated information on certain phenomena, 

acting as a communication tool that facilitates a simplification of a complex process. It  relates 

to the component or process responsive to changes in the SES, but does not possess a 

measurable dimension. Therefore , it is not an operational tool in itself.  

A summary of potential indicators is provided for human activities, pressures and ecosys tem 

state in D EL4.1. In addition,  DEL5.1 brings together classifications used by different 

approaches in an attempt to facilitate the identification of indicators for biodiversity and the 

state of the ecosystem ( Table 1) as well as the functions, services,  and benefits ( Table 2) based 

on this.  

                                           

1 The term indicator is interchangeably used in the literature with related concepts like measure, metric and index. 

Please see DEL4.1 and DEL5.1 for the consolidat ed definitions used in AQUACROSS.  



 

12    Introduction  

Table 1: Classification for biodiversity and the state of the ecosystem, applicable to aquatic ecosystems  

 

Table 2: Classification proposed for ecosystem functions and ecological processes  

 

While these indicators were primarily intended to enable the structuring and organisation of 

the knowledge base including the forecasting tools in relation to the SES, CS- specific indicators 

(or metrics or indices) will need to be selected for the actual evaluation of the performance of 

management strategies. These CS - specific indicators are not necessarily identical to the 

potential indicators proposed in AQUACROSS D EL4.1 and D EL5.1.  
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2   An ope rational EBM approach  

Because of the inherent complexity of ecosystems and the inability to foresee all consequences 

of management interventions across different spatial, temporal, and administrative scales , EBM 

is considered a òwicked problemó that has no clear - cut solution (DeFries and Nagendra, 2017) . 

DeFries and Nagendra distinguish two types of traps that can curtail the desired incremental, 

partial improvements to such a wicked problem as EBM is: (1) oversimplifying a problem  and 

assuming that a technical solution will fix the problem and (2) inaction from overwhelming 

complexity. In developing an operational EBM approach , we follow the AQUA CROSS AF way of 

thinking (which is in line with that of DeFries and Nagendra, 2017 and Borgstrom et al., 2015)  

that EBM should be considered an incremental piecemeal process as opposed to a single (gian t) 

leap from traditional management to EBM. Together with this requirement to develop an EBM 

approach that can be applied as part of òadaptive managementó and òcomplex adaptive systems 

thinkingó, this resulted in the development of the cyclical AQUACROSS E BM approach that may 

be advanced with every iteration of the management cycle. The further development of this 

EBM approach builds on the AQUACROSS AF , which introduces the key principles of EBM (Long 

et al., 2015)  (see chapter  1.5), but these are merged with examples from recent literature 

including:  

4 the systemic approaches to wicked problems proposed by (DeFries and Nagendra, 2017)  

and aligned to  

4 the management phases in (Borgstrom et al., 2015)  as well as  

4 the core elements in the planning process for ecosystem - based marine spatial planning 

(Ansong et al., 2017) .  

Each of these approaches and their relevance to the AQUACROSS EBM approach are described 

in the Annex . 

This, then, leaves us with 4 distinct phases in the AQUACROSS EBM approach (see Figure 2): 

¶ Societal goals : Identification of societal goals based on policy objectives and 

stakeholder preferences. This is further elaborated in chapter 2.1.  

¶ Description of the socio - ecological system:  Assessment of  the baseline scenario, 

which is the equivalent of the òdefining and analysing  existing conditionsó in (Ansong 

et al., 2017) . Following the AQUACROSS architecture we explicitly distinguish between 

the ecological syst em and the social system. This is further elaborated in chapter 2.2.  

¶ Planning a comprehensive EBM response : For the AQUACROSS EBM approach this 

planning phase starts with the pre - screening of alternatives and finalises with  the 

agreement on an EBM plan. In  this planning phase , we distinguish between the sub -

phases òidentification and pre-screeningó of measures and policy instruments (chapter 

2.3) and òevaluation of expected performanceó of measures (chapter 2.4).  
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¶ Implementation, monitoring and evaluation: This is where the implementation of the 

management coincides with the initiation or continuation of a monitoring and 

evaluation program.  

 

Figure 2: The AQUACROSS EBM approach consisting of 4 phases for which different assessment criteria 

apply 2 

 

 

This distinction helps in understanding the relevance of the AQUACROSS assessment criteria 

and the role of the different governance actors in the EBM approach and guides the assessment 

of this EBM approach aimed and its performance to achieve the societal goals. Each phase of 

the AQUACROSS EBM approach thus consists of an assessment part that feeds back into the 

same phase or one of the previous phases. This will be further elaborated in the remainder of 

this chapter.  

Stakeholder partic ipation occurs throughout the EBM approach in each of the phases. The 

AQUACROSS EBM approach allows feedback from the òManagement planó phase back into the 

                                           

2 Note: The different EBM phases consist of Phase I ò Societal goalsó (see chapter 2.1), òDescription of the socio-

ecological systemó (see chapter 2.2), òManagement strategiesó phase (with sub- phases described in chapters  2.3 and 

2.4) and Phase IV ò Implementation, monitoring and evaluationó. This approach is further elaborated in figure 5. 
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òDescription of the socio-ecological systemó. This feedback may be based on the pre- screening 

or the  evaluation of the performance of the management alternatives through management 

strategy evaluation (see chapter 2.3).  

These elaborate feedback loops in the AQUACROSS EBM approach are shown in figure 3. This 

commences with an assessment of the current sit uation against societal goals. This current 

situation emerged after the completion of a past management cycle resulting in the 

implementation of what we now consider the baseline or BAU management strategies. This 

baseline assessment is thus based on the o utcome of the òMonitoring and evaluationó phase 

from what can be considered a previous management cycle. This, then, is the starting point of 

the first cycle in the AQUACROSS EBM approach as reflected in the flowchart below and resulting 

in alternative man agement strategies that can be assumed to perform better in achieving the 

societal goals ( Figure 3).  

 

 

Figure 3: Flowchart of a typical EBM cycle in the AQUACROSS EBM approach distinguishing different 

management phases and sub - phases  

 

2.1  Societal goals  

Based on the framing outlined in Section 1.2, this section presents the concrete steps to carry 

out a policy characterisation of the CS and the definition of policy objectives and societal goals:  

1.  Key threats: Identify and describe the main human activities and their pressures leading to 

the loss of aquatic biodiversity, and report relevant information on ecosystem status  






































































