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1. Introduction 
The aim of a sustainable stewardship is to maintain an ecosystem capable of providing a range of ecosystem services now and in the future (Turner, 2000; Elliott, 2014). One challenge lies in understanding the complexity of the processes and functions within the ecosystem and how human behaviour and actions affect the ecosystem and the services and benefits it provides to human societies. Another challenge lies in implementing a strategy that is able to cope with an uncertain future. 
The paper focuses on marine ecosystems as examples of complex entities of plant and animal life and their physical environment providing important flows of provisional and cultural ecosystem services (Turner and Schaafsma, 2015). In this context it seeks to provide answers to the following questions: What are the management tools needed to address the environmental problems in marine ecosystems?  To what extent can we rely on cost-benefit analysis and environmental impact assessments, and what other considerations might be needed to appropriately guide policies and marine governance? 
The paper highlights the different challenges that marine stewardship is facing, and presents an analytical framework to identify the main components of a decision support system (scoping method, process models, indicators, scenarios and socio-economic and political/cultural appraisal) for an adaptive management strategy. The results from two empirical Baltic Sea studies are used to illustrate how this decision support system could be furnished with relevant information. Finally the paper discusses the implications for marine management based on the theoretical framework and the empirical information drawn from different Baltic Sea studies.  
2. The Baltic Sea – environmental challenges and current management
The governance[footnoteRef:1] of the marine environment is a relationship between two systems: a ‘system-to-be-governed’ and a ‘governing system’ (Jentoft, 2007). The system to be-governed consists of the ecosystem and its resources, as well as drivers, activities and pressures affecting the state of the ecosystem, and the impact this has on human well-being. The governing system is made up of institutions and steering mechanisms aimed at preserving or improving the state of the ecosystem. Both systems are diverse, complex, dynamic, potentially confusing to users/stakeholders and vulnerable. This complexity requires an integrated governance system which aims to harmonise a number of diverse  interests, especially in multi-state regional seas such as European waters in general and the Baltic Sea in Particular (e.g. Boyes and Elliott, 2015).   [1:  Governance can be defined as the policies, politics, legislation and administration required or desired by management of an area. This includes the structures and processes for collective decision-making involving both state and non-state (profit and non-profit) actors on different levels – local, regional, national, European and global (Rosenau, 2003). 
] 

2.1 The system to be governed
An understanding of the ‘system to be governed’ is central to management. That is, understanding the state of the marine ecosystem and its fundamental processes and how it impacts human wellbeing as well as identifying the endogenic and exogenic drivers and pressures affecting the state; exogenic pressures are those operating from outside the system being managed (such as climate change) whereas endogenic pressures are created inside the system (such as fishing) (Elliott, 2011).
The Baltic Sea is globally one of the largest brackish water bodies, containing inflowing seawater from the North Sea and freshwater from its large catchment area (Ducrotoy and Elliott, 2008). It is connected to the Atlantic via the narrow and shallow Danish Straits, which limits water exchange in the Sea and hence the pulses of oxygen-rich water are episodic. Furthermore, its thermohaline and geomorphological characteristics have produced a halocline, which limits the vertical mixing of water and thus the oxygenation of bottom waters (Voipio, 1981; HELCOM, 2007, 2009). These conditions reduce bottom water renewal and the water residence times in the Baltic deeps are up to 40 years causing hypoxia and decreasing the ability of sediments to retain phosphorus (Leppäranta & Myrberg, 2009; HELCOM, 2007, 2009). The biodiversity of the Baltic Sea has usually been considered as low, but recently Telesh et al. (2011) showed that Baltic Sea species diversity is higher than previously thought.  
In particular due to its enclosed nature, the Baltic Sea is vulnerable to internal and external pressures (Elmgren & Larsson, 2001; Möllmann et al. 2009; Carstensen et al., 2014) and hence its state has changed profoundly during the last centuries, including non-linear and abrupt changes, i.e. regime shifts (Österblom et al., 2007). Such changes become of increasing social concern if they affect ecosystem services and the range of benefits provided to human society. This increases the importance of having holistic assessment tools which convey the overall health for seas such as the HOLAS tool for the Baltic (Borja et al, 2016). Future environmental changes in the structure and processes of the Baltic Sea ecosystem may significantly reduce the functioning of the system (Ducrotoy & Elliott, 2008) and in turn the production of ecosystem services and their delivery of societal benefits. Model simulations of future Baltic Sea oceanographic conditions, as well as its food web, show previously unobserved ecosystem perturbations (Meier et al., 2012a; Niiranen et al., 2013), and that the risk for future abrupt ecosystem changes cannot be overlooked (Borja et al, 2016).
Anthropogenic nutrient loads have changed the Baltic from an oligotrophic (nutrient poor) to a eutrophic (nutrient rich) state during the last century (de Jonge & Elliott, 2001; Savchuk et al., 2008). A set of eutrophication-related symptoms denote poor ecosystem health (Tett et al., 2013).  The potentially toxic algal summer blooms have increased substantially during the last decades (Kahru & Elmgren 2014). The proportion of sea floor bottoms with low or no oxygen, and thereby locally reduced benthic fauna and worsened conditions for fish spawning, have also increased substantially (Laine, 2003; Savchuk et al., 2008 and references therein; Carstensen et al. 2014). These pressures together with overfishing, changes in the abundance of seals and climate change have caused several regime shifts in the food web (Figure 1). In the 1950s there was a shift from seal to cod domination (Österblom et al., 2007) followed by a further regime shift in the late 1980s from cod to sprat domination (Möllmann et al., 2009). 
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Figure 1.  A conceptual model of regime shifts in the Baltic Sea. (SwAM, 2013)
Contamination from hazardous substances, small oil spills and the increased risk of major oil spills, increases in invasive species and marine litter also affect the environmental status of the Baltic Sea. The sea surface temperature has increased by more than 0.7 °C during the 20th century (Rutgersson et al 2014) and future climate change is projected to have significant impacts on the ecosystem (Meier et al., 2012a and 2012b). 
The integrated assessment of the health of the Baltic indicates the cumulative nature of the human impacts (Borja et al, 2016) and hence the management measures required to improve or remediate the system. The changes to the Baltic Sea ecosystem during the last two centuries have been triggered by different drivers, such as population growth, intensification of industry and trade activity as well as related land use changes (O’Neill et al., 2014). Within society this economic growth has been associated with changes in consumption patterns, e.g., increased meat in the diet as well as increases in energy use and traffic (Gustafsson et al., 2012).
Changes in the Baltic Sea ecosystem affect the ecosystem services which generate benefits to human societies. To understand how degradation can be tackled it is necessary to identify all ecosystem services and their interconnections and the conceptual framework set out by Fisher et al (2009) can help to reflect this complexity. It distinguishes between ecosystem structure and basic processes, intermediate services, final services and benefits. It also helps to avoid a double counting error when services are valued in monetary terms. Figure 2 identifies the important ecosystem services of the Baltic Sea and shows, as an example, how the final ecosystem service and benefit of food (in terms of fish landings) depends on many intermediate ecosystem services and processes, such as habitat, food webs, nutrient buffering, resilience etc.[footnoteRef:2]  [2:  Here resilience is defined as the ability to bounce back from the adverse effects of stressors, in itself an inherent property of a healthy ecosystem (e.g. Elliott et al., 2007; Tett et al., 2013).] 

[image: Figur11.3.eps]
Figure 2. Ecosystem services of the Baltic Sea. Underlying ecosystem services important for fish as food are marked with yellow arrows and illustrate linkages between different ecosystem services and benefits. (SwAM ; 2013)
There are interdependencies between environmental state changes, impacts and policy responses.  For example, oil spills and the consequences of invasive species may reduce benefits, such as the recreational benefits, obtained by mitigating eutrophication (Hyytiäinen & Huhtala, 2014). The presence of hazardous substances influences the quality and value of fish, and marine litter reduces recreational values. Furthermore, there is a dynamic interplay of different pressures and the activities and drivers which cause them. This in turn leads to a change of the state of the sea and its impact on the provision of ecosystem services. Several different plausible future scenarios for the Baltic Sea are possible depending on a combination of what prevention and mitigation measures are adopted, and how drivers, activities and pressures over which the Baltic Sea countries have limited control are managed (e.g. climate, world economy, and global population). Therefore, the precise nature of the change process is subject to uncertainty as is the need for and efficacy of necessary amelioration measures in terms of the social costs and benefits of reaching a good environmental status (e.g. Borja et al., 2013).
2.2 The governing system
Global and regional agreements, EU directives and national laws as well as hierarchies of administrative bodies including departments, ministries, agencies, etc., all affect and complicate the management of marine environments, including the Baltic Sea (Boyes & Elliott, 2014; 2015). Hence, the regional environmental governance of the Baltic Sea ecosystem is a fragmented web of national, European, and international governance (Gilek et al., 2011; Hassler, 2011; Karlsson et al., 2011; Kern, 2011). However, with the EU-inclusion of all littoral Baltic Sea countries except for Russia, this governance is becoming more harmonised although the implementation of the EU directives and international agreements remains an on-going process.
Some of the agreements, directives and laws set targets for the desired state of the sea either now or in the future (e.g. the HELCOM Baltic Sea Action Plan (BSAP) and the Marine Strategy Framework Directive (MSFD)), whereas others target the sources behind the problems (e.g. EU Common Agricultural Policy (CAP), EU Common Fishery Policy (CFP), EU Urban Waste-water Treatment (UWWTD) and Nitrates Directive, MARPOL, IMO:s Ballast Water Management Convention (BWMC)) (Boyes & Elliott 2014). Some of these are designed to have a direct effect on the marine environment but others (e.g. EU CAP) can have an indirect impact, positive or negative, on the state of the environment. This highlights the risk of ‘regulatory failure’ when governance regimes evolving over substantial periods gain redundancy and have multiple policy goals and objectives, some of which are not well co-ordinated (Turner et al., 1996). This emphasizes the need for horizontal and vertical integration of governance (Elliott, 2014). 
With time, the EU Directives have moved from being sectorial targeting drivers (e.g. controlling dangerous substances and urban wastewaters) to becoming more holistic targeting state (e.g. the Water Framework Directive (WFD), the Marine Strategy Framework Directive (MSFD) and the Maritime Spatial Planning Directive) (Apitz et al., 2006; Boyes and Elliott, 2014). 
The Helsinki Commission for the Baltic Marine Environment Protection (HELCOM) has played a predominant role in coordinating the environmental assessment and management of the Baltic Sea drainage area (Valman, 2013). In 2007 the HELCOM Baltic Sea Action Plan (BSAP) was signed by the governments of the contracting states under the Helsinki Convention, containing a core objective of restoring good environmental status in the Baltic Sea by the year 2021. The BSAP addresses as its priority biodiversity conservation, hazardous substances, shipping and eutrophication by using the holistic Ecosystem Approach to management to achieve the objectives. 
The aim of the European Union Marine Strategy Framework Directive (EU MSFD) is to achieve Good Environmental Status (GES) of EU marine waters by 2020 and to protect the resource base upon which marine-related economic and social activities depend (Borja et al., 2013). It has been suggested that the MSFD is based for its implementation on the regional conventions, such as the BSAP, to achieve the Good Environmental Status objective (HELCOM, 2007; Long, 2011). In fact, the BSAP has been suggested as a pilot project for the MSFD (Backer et al., 2010) to ensure that GES is achieved and thus the Baltic reaches the overall aim of a healthy, safe, productive and diverse sea (Borja et al., 2013; Tett et al., 2013). 
3. Ecosystem complexity and management - the DPSIR framework 
To integrate and structure the information of both the system to be governed as well as the governing system the DPSIR (Drivers-Pressures-State-Impact-Response) scoping framework is often used (OECD, 1993; EEA, 1995; Turner et al., 1998; Gari et al., 2015), although anomalies in the DPSIR framework (pronounced ‘dapsiworm’, capitalised and in bold below) have now been updated to include some clarifying parameters in the new DAPSI(W)R(M) framework (see below) (Wolanski & Elliott, 2015; Elliott, et al, submitted). 
Within this framework, each of the main societal Drivers, which cover the basic human needs such as the need for food or recreation, requires human Activities, such as agriculture or tourism, to satisfy those needs, and these in turn lead to several Pressures such as sediment resuspension by trawling, increased polluting inputs, etc. Each of those Pressures are mechanisms which then in turn lead to several State changes, which in turn can have an Impact (on the societal Welfare). For example, change in the state of the fish populations providing the available stock will ultimately impact the ability of the fishing sector and thereby the welfare of fishermen. Accordingly, those pressures, state changes and impacts require a Response(which often defined in EU Directives as Measures) which if successful will ultimately prevent the Drivers and Pressures from causing State changes and Impacts (Atkins et al., 2011; Wolanski and Elliott, 2015; Elliott et al, submitted). In turn, those Responses and Measures include prevention and mitigation initiatives which are required to cover many aspects, the so-called 10-tenets. Those 10-tenets indicate that successful and sustainable management requires actions which are: ecologically sustainable, economically viable, technologically feasible, socially desirable/tolerable, legally permissible, administratively achievable, politically expedient, ethically defensible (morally correct), culturally inclusive and effectively communicable (Elliott, 2013; Barnard and Elliott, 2015). 
By using an integrated version of the DAPSI(W)R(M) scoping framework it is possible to identify more holistic management strategies that are capable of addressing the linkages between different environmental problems and their drivers and pressures (Atkins et al., 2011; Cooper 2012). 
3.1 Establishing targets for the State –capturing the system to be governed
Each of the major environmental problems in the Baltic has its own DAPSI(W)R(M) cycle.  As shown in Figure 3 these cycles can be linked and nested within a system to provide a more holistic view of the complexity of the state of the marine environment. The nested cycles for the different drivers (the need for foods, transport, living space, etc) constitute endogenic managed pressures (EnMP) onto which are superimposed the effects of Exogenic Unmanaged Pressures (ExUP) (Elliott 2011). Figure 3 reflects the main concerns in the Baltic emanating from the Drivers – eutrophication resulting from food production and urban areas; invasive species and oil spills emanating from transport; overfishi g emanating from food production, and hazardous substances emanating from industrial production.
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Figure 3.  A nested DAPSI(W)R(M) framework for the ecosystem approach illustrating the complexity of the “system-to-be-governed”. (Modified from Atkins et al. 2011; Elliott, et al, submitted) 
The Impact on human well-being of a certain State change is determined by the supply of ecosystem services related to that State change. Having decided on the ecosystem state capable of providing the level of ecosystem services desired, it is possible to identify necessary restrictions to mitigate Pressures such as nutrient loads, fishing effort, risk of oil spills and invasive species. In that way a range of relevant environmental problems, as well as the interactions between them, are captured. As described in section 2.2 many targets are actually described in terms of state (e.g. MSFD, WFD) hence reinforcing the importance of State change in the DAPSI(W)R(M) framework.
By focusing on the State change of the ecosystem, as illustrated in Figure 3, a more holistic ecosystem approach can be achieved. This approach entails understanding the state of the marine ecosystem and its fundamental processes and the change due to the pressures resulting from activities. Here, ecosystem services connect the changing ecosystem state (S) with human wellbeing through a range of ecosystem services that generate societal benefits (I).[footnoteRef:3] [3:  The Ecosystem Approach, enshrined in the 12 principles of the UN Convention on Biological Diversity, can be summarised as an ability for the management of an area to protect and maintain the natural structure and functioning of the ecosystem while at the same time support ecosystem services from which societal benefits can be obtained (Elliott, 2011).] 

3.2 Integrated policy response – the governing system
The policy Responses to the environmental problems also need to be integrated, due to their potential interaction and additive effects on the system state.  Therefore the whole DAPSI(W)R(M) framework and its linkages should be taken into consideration when developing policy responses aimed at managing the problems. By using the 10-tenets as a means of framing the responses to the effects of human actions, the DAPSI(W)R(M) framework provides an adaptive management pathway (sensu Wise et al 2014).  This then includes all aspects of society’s ability to respond using both bottom-up processes, as the demands of stakeholders, and top-down approaches, from European and regional governance. Of course, those aspects of response are all both complicated and contain large uncertainties which increase with the length of projection (Haasnoot et al 2013). 
As indicated by Figure 3, all sectorial elements each produce a state change of which their sum total is the current state of the Baltic. By rotating the sectorial elements to combine all the R(M) (Response leading to Measures) components (sensu Atkins et al., 2011; Elliott et al, submitted) the need for an integrated response is illustrated in Figure 4, implying that to minimise the State change and achieve the desired state all responses to control the different activities (agriculture, fishing, navigation etc.) should be coordinated. Each environmental problem needs to be addressed by a separate management strategy (R(M)), but there is also a need to integrate these into an integrated management plan. For example, the nutrient load causing eutrophication also changes the state of the fish stock, so any integrated management plan needs to take cumulative effects of the nutrient load into consideration.

[image: ]
Figure 4. Integrated management of complexity; natural change refers to the normal physico-chemical and biological factors causing a change in the system which are not primarily the results of human actions; other abbreviations are given in the text. (Modified from Atkins et al. 2011; Elliott, et al, submitted) 
As shown in Figures 3 and 4, Endogenic managed pressures operate inside an area of influence, such as the Baltic Sea Region, and hence management has some control over the causes and consequences, whereas governance and practical management also have to be able to cope with the ‘exogenic unmanaged pressures’, i.e. those aspects operating from outside a system, such as climate change, and which require coordinated international action (Elliott, 2011).  Management at a local or regional scale is most often focused on adaptation to the consequences of exogenic change (Elliott, 2011). However, categorising a pressure as endogenic or exogenic depends on the area being managed. From a single nation perspective nitrate run-off from catchments outside its national borders constitutes an exogenic pressure, which can only be managed reactively. However, if the whole catchment area can be addressed through international agreement these pressures become endogenic and, both causes and consequences are tackled. This occurs in the implementation of the EU Water Framework Directives where all parts of the catchment are in EU states. In the case of the Baltic Sea, however, one major part lies in Russia, and therefore outside the WFD jurisdiction. 
Given the complexity of the marine ecosystem to be managed, once the main parameters of the environmental problem set have been identified and as far as is feasible analysed, a policy analysis process has to be undertaken. There are many studies which detail the ecological changes in the Baltic system whereas now there is an increasing need to consider also the economic repercussions and the solutions to those changes. The DAPSI(W)R(M) framework provides an illustration of the components required for a holistic description of the problems and interconnections. However when Response decisions (R(M)) have to be made, the socio-economic impacts of different options of reaching and changing a certain state (S) have to be addressed. Hence it is emphasised that the management of the system has to encompass and balance the socio-economic demands on the system while ensuring protection of the natural system. This suggests a need for a policy appraisal approach having the capacity to take such complexities into account. The one such approach for collating, analysing and presenting a more robust evidence base is the ’Balance sheet’ approach (BSA) (Turner, 2007; UKNEA FO 2014; Turner and Schaafsma, 2015; Turner, 2016).  The BSA process, methods and tools is compatible with adaptive management and its flexible ‘learning by doing’ philosophy. Recent applications include the ‘Dynamic Adaptive policy Pathways’ approach which combines a stepwise construction of a basic plan with contingency planning as new information accrues over time. Within this policy approach a ‘pathways’ focus is emphasised which addresses the sequencing of actions over time and seeks to highlight potential lock-in and path dependency issues (Kwadijk et al 2010; Haasnoot et al 2013). In later sections we compute the costs associated with a range of abatement measures necessary in order to reach Good Environmental Status for the Baltic. These measures are foundations for the policy pathway and by and large represent ‘no-regrets’ actions.).
4.  A decision support tool - the balance sheets approach 
The Balance Sheet Approach (BSA) described below captures the consequences of different Responses and their management Measures (costs, benefits, distributional effects, long-term effects etc.) with regard to Drivers, State change, Impact on human Welfare, etc. The BSA is both a process and a tool and can be applied sequentially according to the policy context and levels of complexity and uncertainty. 
In the BSA three types of complementary assessments (balance sheets) are envisaged to give guidance for steering a reasonably objective course through uncertain and often highly ’contested’ policy contexts (Figure 5).
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Figure 5. ‘Balance sheets’ approach. Adapted from (UKNEAFO 2014)

As the simplified figure illustrates, the appraisal may start (sheet 1) with an efficiency –based cost-benefit analysis and environmental impact assessment, but is then supplemented by an explicit focus on the winners and losers (distributional analysis) in any given policy context (sheet 2) and further wider ethical and policy consequences (sheet 3). 
Decision support tools, incorporated into the Responses in the DAPSI(W)R(M) framework, such as the economic Cost-Benefit Analysis (CBA) of sheet 1, are important for informing about relevant trade-offs from an economic efficiency perspective. However, complementary approaches are needed in order to broaden the scope and tackle the multi-dimensionality of decision making (Söderqvist et al., 2015). 
Sheet 2 highlights financial and social impacts on sectors through to households, often experienced at the regional/local spatial scale, such as loss of employment due to fisheries closure or loss of productivity, with possible community identity and culture losses. In the Marine Strategy Framework Directive (MSFD) terms we are now shifting from an economic appraisal into a wider social appraisal which includes non-monetary values associated with cultural/symbolic ecosystem services. These contexts often raise issues of ‘compensation’ and the need for tools to enable such action, or the need for other enabling policy instruments that can ensure that polluters take action. 
The risk of threshold effects and regime shifts with uncertain but potentially significant future damage costs also raises ethical questions and makes the more ’precautionary’ and safe operating space approach more compelling. CBA results need to be treated with caution in the presence of non-linear and non-marginal risk since they are based on individual preferences and most reliable for marginal changes of costs and benefits. In such complex contexts, it is important to undertake holistic long-term analysis including also assessment methods other than CBA. The third ’balance sheet’ incorporates these concepts and may require the use of multi-criteria analysis decision tools to help in the appraisal process. These tools can include more deliberative forms of policy option evaluation and may include analysis of values that goes beyond values based on individual preferences, and are driven by a collective or shared responsibility for societal well-being, so called ‘shared’ values (Fish et al., 2011; Spash 2007, 2008). 

One way to cope with future uncertainty is to deploy scenario analysis as shown in the Millennium Ecosystem Assessment (MEA, 2005). Scenarios can help to put approximate ‘bounds’ around future uncertainties and thereby contribute to a decision support system based on the principles of adaptive management.
 
Overall, the aim in the BSA is not to aggregate the results of each overlapping balance sheet but to present policymakers with an evidence base made of a suite of complementary findings in as transparent a way as possible, and to encourage a move away from short term expediency towards a longer term perspective. The more complex or contested policy context, the more ‘balance sheet’ evidence will need to be deployed.
5. Applying BSA to the Baltic Sea 
In this section two empirical studies are presented providing decision support information regarding the Baltic Sea relevant for the three BSA sheets. These studies can illustrate ways to provide decision makers with information needed according to the theoretical frameworks and tools.
The BalticSTERN CBA initiative, described below, provides a full-scale analysis (BSA sheet 1) of the eutrophication problem.[footnoteRef:4] It also provides information on cross-country distributional consequences in line with the second BSA sheet. The CBA component includes non-use values, and a case study on shared values was also undertaken. This type of plural values evidence is what is envisaged in the third sheet of a BSA. The BalticSTERN assessments are based on scenarios linked to the development of eutrophication in the Baltic Sea.  [4:  BalticSTERN is an international research network with partners in all nine Baltic Sea countries. The scientists combine ecological and economic models with the purpose of doing cost-benefit analysis regarding the environmental problems of the Baltic Sea and give guidance toward cost-effective measures.] 

The second study of Niiranen et al. (2013) encompasses fishing effort impacts and climate effects, illustrating the need for long-term and holistic perspectives covering dynamic processes and effects of both endogenic and exogenic pressures.
5.1 BalticSTERN cost-benefit analyses of eutrophication mitigation
Within the Baltic Sea Action Plan (BSAP), the nine countries surrounding the Baltic Sea have agreed to reduce their nutrient loads by a specific amount for each country (HELCOM 2007).[footnoteRef:5] The quantification and valuation of the costs and benefits of reaching these nutrient load targets was a key objective of recent studies undertaken by the international research network BalticSTERN, with partners in all littoral countries around the Baltic Sea (SWAM  , 2013). This research has indicated that reaching the BSAP targets with respect to eutrophication will, in aggregate, generate net welfare gains.   [5:  The BSAP targets were to some extent revised at the HELCOM ministerial meeting 2013 (HELCOM 2013).] 

As a first step towards capturing the benefits of reaching the BSAP, a study, BalticSurvey, was undertaken in 2010 (Ahtiainen et al., 2013) examining the public use of the Baltic Sea, and people’s attitudes towards the marine environment and towards responsibilities for improving the environment. The survey showed that some 80 per cent of the people living in the Baltic Sea region have spent leisure time related to the Sea and that many (ranging from approximately 40 to 75% of the respondents in the different countries) were concerned about the environmental state of the Baltic Sea. 

Based on BalticSurvey, an economic valuation survey BalticSUN (Ahtiainen et al., 2012; Ahtiainen et al., 2014) was performed in 2011 investigating the benefits of reaching the BSAP nutrient reduction targets. For the first time, people in all nine countries around the Baltic Sea were simultaneously surveyed about their willingness to pay for reduced eutrophication of the Sea. The study used the contingent valuation method, one of the few economic valuation methods that can capture both use and non-use values (Carson & Hanemann 2005). Non-use values refer to values not connected to the use of the Sea, such as the value of having a healthy Sea to pass on to future generations, or the value of knowing that the Sea will recover from its environmental problems.
A so-called Business-As-Usual (BAU) long-term (2050) scenario was described, in which no additional actions were taken to reach the BSAP nutrient reduction targets. This scenario implies a state of the Baltic Sea characterized by frequent algae blooms, hypoxia and diminishing cod stocks. Thereafter a scenario in which the BSAP reduction targets were met was described, leading to an improved ecological state of the Baltic Sea in 2050 in terms of less algae blooms and hypoxia. The two scenarios are illustrated in figure 6.
Business-As-Usual (Inaction)			Implementation of BSAP
[image: Figur11.1.png]Figure 6. Maps showing eutrophication of the Baltic Sea in a Business-As-Usual scenario (left) and in a scenario where the Baltic Sea Action Plan is fulfilled (right). (Ahtiainen et al. 2014)
Ahtiainen et al. (2014) showed that most of the respondents are willing to pay for an improvement of the environmental state. Total benefits were estimated to be about 4 600 M € annually for reaching the BSAP goals by 2050. 

The costs of reaching the BSAP sea basin targets via a cost-effective allocation of abatement measures were estimated to be around 2 300 M € annually. The costs of reaching the targets according to the BSAP country quotas, on the other hand, were estimated to be 2 800 M € annually (Hyytiäinen et al., 2015)[footnoteRef:6]. The estimated costs were based on costs and effectiveness of several abatement measures in agriculture and wastewater treatment that can be implemented in different parts of the catchment area.[footnoteRef:7] [6:  The discount rate of 3.5% was used for both costs and benefits throughout the calculations. A majority of the total cost comes from abatement measures that have no investment costs, such as reduction in fertilizer use, use of catch crops and reduction in detergent use. Most benefits accrue during the forthcoming decades.]  [7:  The measures were reduction of fertilizers, reduction of cattle, pig or poultry, cultivation of catch crops, constructing sedimentation ponds, restoring wetlands, reducing phosphate in detergents and improving wastewater treatment. A catchment model was used to determine a cost-effective combination of measures to reduce the overall loading below the maximum allowable inputs of nitrogen and phosphorus as defined in the BSAP (Ahlvik et al., 2014)] 

In line with BSA, table 1 illustrates the way in which the benefits and costs would be distributed between the countries, under a cost-effective reduction of nutrients, to the different sea basins.[footnoteRef:8] This shows that even though the total welfare gain amounts to about 2 300 M € annually, some countries will experience costs that exceed their benefits, under the assumption that each country is financially responsible for the measures taken within the country. However, the table does not illustrate the distribution of costs between different stakeholders within the countries (e.g. agriculture, households, industry). [8:  Some of the measures behind the cost estimates will, apart from the effect on the Baltic Sea, also have positive effects on the state of inland waters within the Baltic Sea drainage area, and also to some extent on the North Sea. These effects are likely to generate additional benefits beyond those considered in the study, implying even larger benefits as a result of the BSAP than the ones captured in the BalticSUN study. It is also likely that the estimated total cost is an overestimation due to the limited number of abatement measures, coarse spatial resolution and exclusion of any possible new technological development. As the benefits are probably underestimated and the costs are likely to be overestimated, the conclusion that implementing the Baltic Sea Action Plan would generate net welfare gains can be regarded as robust. (SwAM, 2013; Hyytiäinen et al., 2015)
] 

Table 1. Distribution of benefits and costs between countries under a cost-effective solution (Hyytiäinen et al. 2015). 
	Country
	Benefits
M€/year
	Costs
M€/year
	Net benefits without transfers
M€/year
	Benefit/Cost ratio

	Denmark
	265
	630
	- 365
	0.4

	Estonia
	23
	78
	- 55
	0.3

	Finland
	263
	23
	240
	11

	Germany
	2 271
	480
	1 791
	4.7

	Latvia
	8
	85
	- 77
	0.1

	Lithuania
	14
	101
	- 87
	0.1

	Poland
	236
	544
	- 308
	0.4

	Russia
	308
	105
	203
	2.9

	Sweden
	1 237
	290
	947
	4.3

	Total
	4 625
	2 336
	2 289
	2.0



BalticSTERN research also carried out a case study indicating the existence of shared values regarding the Baltic Sea resources and services provided by the sea (Cole, 2013). These values (sheet 3 of the BSA) are distinct from the individual preference-based values captured by the BalticSUN study.
In the BalticSUN study, two future possible scenarios of the Baltic Sea at 2050 were described to survey respondents. The two scenarios represent the same global scenario, which is in line with a best-case scenario with no expected large-scale increases in the drivers and activities controlling the nutrient load (e.g. agricultural production) to the Baltic Sea. Prognoses regarding agricultural production ten years ahead were included in the modelling but indicated no significant changes on the long-term aggregate level. The BalticSUN scenarios did not include climate effects as they were estimated to be minor in the time perspective chosen (40 years). Recent research however indicates that climate-induced effects will be seen earlier than previously thought. If a global scenario including earlier climate change effects had been used in the CBA, the costs as well as benefits of reaching the BSAP targets would differ. The costs of reaching the BSAP basin targets would be higher as more prevention and mitigation measures would be required. However, the difference between the two scenarios (with and without implementing the BSAP) illustrated in the BalticSUN survey, would be larger, suggesting that the benefits of implementing the BSAP could also be larger.
New challenges to the achievement of ‘good quality status’ in the Baltic Sea are also emerging from other unmanaged exogenic pressures at the global scale. The development of drivers, activities and pressures affecting the state of the Baltic Sea is to a large extent dependent on global trends. For example, future changes in the size and intensification of agricultural production and global demand for agricultural products will influence the potential nutrient load to the Baltic Sea. These changes are largely driven by world market price fluctuations and trends. Furthermore, global climate change will have direct (e.g. increased nutrient run-off and prolonged growth period of cyanobacteria) as well as indirect effects (e.g. intensified agriculture, change of cultivated crops) on the nutrient load and the environmental state of the Baltic Sea (Elliott, et al., 2015, BACC, 2008). Thus, it is important to consider how the global drivers might evolve when developing future scenarios for the Baltic Sea. The scenarios presented in 5.2 below provide information about possible future changes not captured in the BalticSTERN CBA.
5.2 Scenarios for the Baltic Sea
Climate change is emerging as a potentially dominant driving force of pressure and change on the Baltic Sea (IPCC AR5 WG1 2013; WG II 2014) and has large repercussions for the ability to meet the status required under, for example, the MSFD (Elliott et al., 2015). In particular, baselines and reference conditions set now and against which management measures may be judged will have to be changed as the result of climate change. Recent projections indicate that climate change may cause a warmer and less saline Baltic Sea than ever measured (measurements available since 1850), and that the climate-induced effects will be seen earlier than previously thought (Meier et al., 2012a). Further, modelling studies show that in the ‘best-case’ nutrient management scenario (a scenario where the Baltic Sea Action Plan (BSAP) nutrient reduction targets were achieved) the phytoplankton production of the open Central Baltic Sea is likely to remain at current levels indicating that projected climate change may work against the expected outcome of nutrient load reductions. In a ‘worst-case’ scenario, i.e., substantial increases in nutrient loads combined with change in future climate, increase in hypoxia as well as in summer algae blooms are indicated (Meier et al. 2012b). Other long-term development scenarios envisage significant increases in activities such as agricultural production and sea and land transport (see e.g. Agrimonde, 2009; Öborn et al., 2011; WWF, 2012).
Niiranen et al. (2013) used a food web modelling approach to study how the two future nutrient load scenarios from Meier et al. (2012b), in combination with two cod fishing scenarios (past intensive fishing and precautionary approach), would affect cod stock and phytoplankton biomass. Figure 7a shows that the cod stock is projected to be close to extinction in the worst-case scenario with high fishing pressure on cod and increasing nutrient loads. In contrast, the best-case scenario, with decreased fishing pressure on cod (following the EU cod recovery plan, EC 2007) and fulfilment of the BSAP targets regarding nutrient loads, was projected to result in an improvement in cod stock compared to present conditions. Nevertheless, due to climate change causing a decrease in salinity and worsening oxygen conditions, a new decrease is projected in the cod biomass towards the end of the century. The phytoplankton biomass projections follow the trends found in Meier et al. (2012b) independent of the cod fishing scenarios (Figure 7b). The future food web model projections of cod and phytoplankton include more extreme values than projected for the past reference period (1974-2006) (Figure 7, Niiranen et al. 2013). Hence, the risk for unpredicted and unanticipated ecological repercussions, including regime shifts, is present in both future scenarios. 
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Figure 7.  Future change in the a) cod and b) phytoplankton biomass as projected by the BaltProWeb food web model in combined nutrient load (BAU:high, BSAP:low) – cod fishing (F1.1:high, F0.3:low) scenarios. The box and whisker plots indicate the median, as well as 25% and 75% quartiles and comprise biomass projections from the food web model when forced with the output from three regional biogeochemical models (BALTSEM, ERGOM and RCO-SCOBI) that were all driven by three future climate scenarios (based on IPCC greenhouse gas emission scenario A2 and two realizations of scenario A1B). All values are presented as a relative change (rel) from the reference (average of years 1974-2006) conditions; base model units are t wet weight km-2. (Modified from Niiranen et al. 2013)
In summary, the BalticSTERN CBA has delivered a full-scale analysis regarding eutrophication for the first BSA sheet. There is also information on distributional causes and effects between countries giving some input into further in-country analysis in line with the second sheet.  The CBA includes non-use values, and a case study has revealed the existence of shared values. The need to examine and present this type of plural values evidence is what is envisaged in the third sheet of a BSA. The empirical studies of Niiranen et al. (2013) provides further input to Sheet 3 of the BSA, in that it broadens the perspectives of possible future changes regarding the state of the Baltic Sea. 
6. Management implications 
Many preconditions for ameliorative actions towards an improved state of the Baltic Sea are in place on EU level and in many Baltic Sea countries. As described in section 2 there is sufficient scientific consensus regarding the problems and their origin. It is also shown that political frameworks are in place. That public awareness and support for action exists was clear from the surveys made within BalticSTERN (Ahtiainen et al., 2013; SwAM , 2013). Possible measures that could be implemented in order to meet the environmental objectives have been identified in a number of studies as well as within the WFD and the BSAP (see Elofsson 2010 for review). In light of the pathways approach the type and sequencing of these foundational measures is reasonably clear. In 2015 EU Member States were required to deliver their lists for Measures required to meet Good Environmental Status under the MSFD (Elliott, et al, 2015). Therefore it is apposite to ask what more is required to reach the desired state of the Baltic Sea?  
In order to answer that question it is important to make a distinction between strategic policy initiatives that provide the framework (in terms of e.g. goals, programmes of measures, allocation of responsibilities), such as the MSFD and BSAP, and enabling policy instruments that create incentives for measures to be implemented (e.g. taxes, regulation and information). In the end it is the enabling policy instruments of the management strategy that will be decisive for the state of the Baltic Sea and for the delivery of ecosystem services and benefits to society. The success of meeting the environmental objectives is therefore determined by the ability and will of national government to implement enabling instruments capable of meeting these objectives. 
The reason why countries are not able to meet the objectives might be explained by the allocation of costs and benefits (i.e. the distributional effects illustrated in Table 1) as well as future uncertainties. When deciding on management strategies it is therefore necessary to take distributional effects into consideration (sheet 2 in the BSA) as well as future uncertainties (Sheet 3). Those two dimensions are discussed in the following.
6.1 Management challenges linked to distributional effects 
The acceptance, and thereby success, of any management strategy is conditional upon the way in which the benefits and costs of improving the state of the Baltic Sea are distributed between different countries (see Table 1 section 5) as well as amongst different stakeholders (e.g. agriculture, shipping, industry, households). 
The distribution of costs between countries is to a large degree dependent on agreements, such as the BSAP. Basically, that distribution has two aims. On one hand, good policies should promote cost-effectiveness, that is, allocate abatement measures to countries where the marginal abatement costs are the lowest. For example, a given amount of funding may produce more benefit by putting some sewage treatment where there is none rather than upgrading an existing plant. As shown in the BalticSTERN case a cost-effective allocation of measures would reduce total costs substantially compared to meeting the BSAP country quotas. 
On the other hand, in order to create incentives for each country to participate in cooperation, costs should be distributed such that all countries can feel that they gain from nutrient abatement. This would mean allocating more costs to countries that benefit the most from reduced eutrophication. As illustrated by Table 1 there are countries where benefits clearly exceed costs but also vice versa. 
The two aims do not necessarily have to be in conflict with each other as long as there exist mechanisms, such as joint implementation mechanism or a market for tradable permits, for a country to finance abatement measures in other countries. 
Distribution of the costs across stakeholders will also depend on the type of enabling policy instrument that is used to get the required measures implemented. A tax on the polluting activity, for example, implies that it is the economic sectors responsible for the pollution that incur the financial burden, in accordance with the polluter-pays-principle (PPP). Subsidizing the required measures means that it is the national taxpayers that finally carry the burden. Under the current EU directives (described in section 2) it is, to a large degree, up to the member states to decide on the enabling instruments to be implemented in order to reach the targets. The current degree of acceptance for different enabling policy instruments, environmental awareness, macro-economic situation and political priorities often differ across countries. This might imply that implementation plans face different prospects in terms of effective realisation in the respective countries. The distributional analysis above should thus be complemented by addressing the distributional effects that different enabling instruments would have on stakeholders within countries. 
In summary the distributional effects captured in sheet 2 of the BSA provide important information when determining how a management strategy can be designed on a regional as well as a national level in order to be politically feasible.
6.2 Management challenges linked to uncertainties and future risks
Regarding the Baltic Sea there are inherent challenges to management due to the long time-lags between the response being initiated and the positive changes in state (as is the case for eutrophication). In addition to this, exogenic drivers and pressures will be of increased importance for the outcome of any management strategy and may, in the case of climate change, mask any benefits of measures operating on endogenic pressures (Elliott, et al., 2015). 
As illustrated in Sections 2 and 5.2, the Baltic region faces a novel set of drivers, activities and pressures (some global in scope) the outcomes of which are uncertain but potentially highly damaging and costly. A Worst Case, Non - action BAU scenario, may imply that a large proportion of the Baltic Sea ends up in a poor or even bad state by the end of this century as a result of climate change, and increased and intensified agricultural production in the region as well as overfishing (see Section 5.2). Furthermore, although not yet fully understood, feedback mechanisms, such as remobilisation of nutrients, may enhance the risk of surpassing thresholds and may trigger the ecosystem into a state that is even worse (Nyström et al., 2012). There are risks of regime shifts and possible system collapse due to changes in the resilience of components of the system. These characteristics of contemporary environmental change pose particular challenges for the management of ecosystem services. 
In summary, the management strategy required for meeting the environmental objectives might change in the future due to
· a faster impact from external forces (e.g. climate change) than expected,
· interactions that are not covered by the management strategy or yet not completely understood (e.g. eutrophication-invasive species and anoxia-remobilisation of toxic substances), 
· feedback mechanisms that accelerate undesirable changes (e.g. internal loading of phosphorus) and the risk of regime shifts.
To meet these challenges there is a need for new integrated adaptive management strategies (e.g. Wise et al, 2014; Haasnoot et al, 2014). An important part towards building such strategies is to develop scenarios able to capture actions needed under different possible future outcomes. The conundrum in Baltic management, however, is that uncertainties which can be overcome when only a single country is involved (e.g. Haasnoot et al., 2013) become even greater with the complex socio-political systems in the Baltic catchment.
Monitoring the state and using models to estimate effects of actions is a given component in any management strategy. Targets might need to be revised and policy instruments strengthened as new information is obtained. Such an adaptive approach recognises that action has to be taken often in circumstances when complete knowledge is lacking. 
The present state of the Baltic Sea shows that immediate action to improve the situation is needed. Regardless of how global drivers will evolve, a ‘wait and see’ policy is not justified and current action aimed at improving the state of the Baltic Sea based on current information is a minimum requirement. This has to be done before knowing with certainty about effects of previous action and also about what may be needed now in order to prevent serious future regime shifts. 
A way to handle this dilemma is to find out what kind of actions that would be needed under different scenarios and compare these with actions considered in the short-term perspective. This would provide insights into what can be identified as no regret solutions, that is, actions motivated regardless of future developments. Such an adaptive strategy will be required under the large current and future uncertainty in the social and political situation and the ability of states to implement adaptive changes (Wise et al, 2014; Haasnoot et al, 2014).
Such an analysis would also help to identify the need for actions required under the precautionary principle. Building the internal resilience of the system (e.g., by safeguarding biological diversity and reducing nutrient load) to prepare it for rising pressures and shocks from climate change and other global environmental risks is in line with the precautionary principle and should be a part of the management strategy (UNEP, 2012). In the case of the Baltic Sea this could imply action going beyond the nutrient targets of the BSAP. 
In summary, a deeper sustainable management strategy may be needed to respond to possible future increase of drivers, growing evidence of external pressures, interactions and non-linear dynamics – a strategy aimed at increasing the resilience required to cope with and adapt to change. 
7. Conclusions
This paper describes a process that could be used to achieve a sustainable stewardship of the marine environment based on the ecosystem approach. The DAPSI(W)R(M) framework and the BSA decision support system are suggested as vital processes and tools to capture the information needed for a successful management. Empirical studies from the Baltic Sea have been used to illustrate the information required for such a process.
To achieve an efficient management plan for a complex marine ecosystem a holistic perspective is important. As a basis for such a process we suggest an integrated DAPSI(W)R(M) framework which enables capturing all the vital components needed to be taken into account. In this way, targets can be based on a holistic approach for the ecosystem and all environmental problems and management (response) on a more integrated approach instead of the current sectorial approach.
The described BSA support process and tool (Section 4) is capable of providing guidance on necessary considerations when deciding on measures and enabling policy instruments. It is a tool for a successive analysis of costs and benefits of potential response, distributional effects and consideration of uncertainties and ethical perspectives. The empirical studies verify the importance of including all these perspectives of the BSA. 
The empirical Baltic Sea study described in section 5.1 shows that it is possible to undertake cost-benefit analyses on a regional scale, thus providing opportunities for more cost-effective solutions and information of distributional consequences among countries. 
A particular challenge is to recognise that integration between land- and sea-based sectors is no longer sufficient. As illustrated by the scenarios in section 5.2 these must now also be integrated with the rising importance of cross-scale interactions where exogenic climate change is emerging as a dominant pressure influencing all other processes, such as increasing Baltic Sea sensitivity to over-fishing and eutrophication. Due to such future uncertainties, management strategies need to be adaptive and precautionary.
In summary there is need for an adaptive ecosystem-based, holistic and integrated management strategy with a common vision for a sustainable transformation of the marine environment, which could safeguard ecosystem services and the benefits they provide to human societies. It is vital that a coherent and agreed package of enabling policy instruments and their sequencing within an adaptive policy pathway is in place and in accordance with the precautionary principle and the concept of safe operating space (Rockström et al., 2009).
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