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We develop a model for four sustainability paradigms (weak sustainability, a-growth, de-growth, strong sustainability) within a single framework that accounts for responsibility for nature and future generations and for intra- and inter-generational equality. The model is applied in three case studies: the Baltic, the Adriatic and the Black Sea with the aim to identify feasible sustainability solutions for shared seas under alternative sources of environmental pressure and cooperation strategies. The Baltic Sea is analyzed as an example of pollution from agriculture, the Adriatic Sea as an example of over-exploitation of fish in fishery, and the Black Sea as an example of pollution from industry. Empirical results show that different cooperation strategies are feasible in each case and that they yield different results in different context. Also welfare implications vary between different cooperation strategies. The main policy implication of the analysis is two-fold. Environmental conservation must be preferred to environmental innovation, where both intra- and inter-generational equity concerns are unessential. The choice of a different sustainability approaches must be combined with the feasibility of the differently required management institutions, while considerations of the sectoral sources of environmental pressure are essential.

Keywords: sustainability, equity, marine strategy framework, Adriatic Sea, Black Sea, Baltic Sea

JEL Classification: Q2, Q56, Q57, R11.

INTRODUCTION

Four main sustainability paradigms have been suggested in the literature (Zagonari, 2016): weak sustainability, a-growth, de-growth, and strong sustainability. Two main value changes have been evoked to achieve sustainability: (i) a sense of responsibility for nature (Van der Werff et al., 2013; Pedersen, 2015) and future generations (Koukouzelis, 2012; Caselles, 2013) and (ii) an aversion to inequality with respect to current and future generations (Golub et al., 2013; Kopnina, 2016). Under weak sustainability, current generations meet their needs without considering future generations and their needs. In contrast, strong sustainability, assumes a development path that allows for future generations to access to the same amount of natural resources and the same environmental status as the current generation. A-growth refers to the ecological and economic strategy that is indifferent to economic level and growth as it considers it a non-robust and unreliable indicator of social welfare and progress. De-growth is an ecological and economic perspective that assumes a socially sustainable and equitable reduction. Note that the economic general equilibrium framework is similar to weak sustainability, whereas the ecosystem services framework is close to strong sustainability.

The purpose of this paper is to develop a model for the four sustainability paradigms (weak sustainability, a-growth, de-growth, strong sustainability) within a single framework that accounts for the two value changes: (i) a sense of responsibility for nature and future generations and (ii) aversion to intra- and inter-generational inequality, which could socially characterize each single country. The goal is to identify feasible sustainability solutions for a common environment that depend on value changes which could democratically (i.e., everyone is involved or has equal rights in the outcome achieved) support specific environmental policies in each country.

We employ our model in three case studies: the Baltic Sea, the Adriatic Sea and the Black Sea with the perspective of national actions and trans-boundary cooperation as set out in the Marine Strategy Framework (MSF) Directive of the European Union. The MSF Directive aims to achieve good environmental status of the EU's marine waters by 2020 as well as to protect the resource base upon which depend the marine-related economic and social activities. The MSF Directive is the first EU legislative instrument associated with the protection of marine biodiversity that makes explicit the regulatory objective of maintaining biodiversity in EU marine waters by 2020. The Directive puts in a legislative framework the ecosystem approach with the integration of environmental protection and sustainable use to the management of human activities that impact on the marine environment. The case studies are defined as regions in the Directive complying with certain geographical and environmental criteria and fall within the geographical boundaries of the existing Regional Sea Conventions.

Complying with the Conventions, countries falling within the specific marine regions cooperate with other neighbor countries with which they share the same marine waters. According to the MSF Directive in order to achieve good environmental status by 2020 each Member State has to develop a Marine Strategy that includes: the initial assessment of the current environmental status of national marine waters and the environmental impact and socio-economic analysis of human activities in these waters, the definition of good environmental status for national marine waters, the setting of environmental targets and indicators to achieve good environmental status by 2020, the setting of a monitoring programme for the continuous assessment and update of the targets and the development of a programme of measures so as to achieve and maintain the good environmental status by 2020.

We identify feasible sustainability solutions for the shared waters under alternative sources of environmental pressure associated with different sectors of production, i.e., agriculture, fishing and industry. Thus the Baltic Sea is analyzed as an example of over-concentration of nutrients (i.e., pollution) from agriculture, the Adriatic Sea as an example of over-exploitation of fish (i.e., resource) in fishery, and the Black Sea as an example of over-discharge of oil (i.e., pollution) from industry. The characterization of each case study follows recent studies and literature on the environmental status in each case. The Baltic Sea faces significant challenges associated to eutrophication (EEA, 2008, 2014) and surplus amounts of nutrients (mainly nitrogen and phosphorus)1. The Adriatic Sea is the northernmost waterbody of the Mediterranean Sea and has a significant impact on the national economies and specifically, the fishing sector of the countries within the region, due to its high diversity and quality of aquatic species (Severini, 2013). Nonetheless, the region suffers from poor fishing stocks as a result of unsustainable fishing practices (European Commission, 2017). The Black Sea suffers from numerous environmental issues with pollution having a primary negative impact on the sea's biodiversity, biological resources and ecology (REEFS, 2015).

We model and assess the different sustainability paradigms for the case studies of shared waters and we derive useful implications for the strategies to be followed and policy design. The model employed assesses the feasibility of alternative sustainability solutions for the shared marine environment, based on changes in values that support specific environmental policies in the relevant countries. The model results are characterized using the welfare changes on average and in each country respectively. The analysis offers both theoretical and empirical results. Alternative solutions are theoretically compared and the discussion is backed up by empirical findings in terms of efficiency, i.e., welfare changes.

The remainder of the paper develops as follows: section Methods and Data summarizes the methods and the data employed. Section Numerical Results presents the numerical results. General and case study specific insights are discussed in section Discussion. Last section concludes with some useful policy considerations.

METHODS AND DATA

Methodology

Four sustainability paradigms are assessed: Strong sustainability, weak sustainability, a-growth and de-growth. This categorization follows Zagonari (2016) which operationalizes sustainability and discusses the derivation of the sustainability paradigms employed in this paper2. A summary of the assumptions employed in each case are provided in Table 1. The main assumptions behind weak sustainability (i.e., development that meets the needs of the present generation without compromising the ability of future generations to meet their own needs) can be summarized as follows (Schlör et al., 2015): needs are used as the unit of measurement, the same weights are used for current and future generations and there is unconditional substitution among current economic, social, and environmental forms of capital at both intra- and inter-generational levels.


Table 1. Assumptions employed in the different sustainability paradigms.
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A-growth is an ecological and economic strategy focused on indifference to or neutrality about the economic level and growth as a non-robust and unreliable indicator of social welfare and progress (Van den Bergh, 2010, 2011). It can be characterized as follows: welfare is used as the unit of measurement, as deduced from the aim of moving from wrong prices that result from the many neglected non-market transactions (e.g., informal activities and relationships) and the many unpriced environmental effects to right prices (i.e., prices that account for both non-market and unpriced values), different weights are used for individuals in current generations and substitution between forms of capital is possible.

De-growth is an ecological and economic perspective based on achieving a socially sustainable and equitable reduction (and eventually stabilization) of the materials and energy that a society extracts, processes, transports, distributes, consumes, and returns to the environment as wastes (Kallis, 2011; Kallis et al., 2012). It can be characterized as follows: happiness is the unit of measurement with a priority on meeting the needs of the poorest individuals, as deduced from the aim of introducing a basic income, same weight is assigned to current and future generations and substitution among forms of capital is acceptable.

The main assumptions behind strong sustainability (i.e., a development that allows future generations to access to the same amount of natural resources and the same environmental status as the current generation) (Jain and Jain, 2013) can be summarized as follows: requirements for some incommensurable categories as unit of measurement, possibly assignment of different weights to current and future generations, no substitution between current or future forms of capital and natural and physical or social capital considered to be complementary.

The sustainability paradigms identified above are formalized as follows: Let us assume that Ei identifies the per capita use of the shared environment by the current generation in country i3. The per capita equilibrium level consistent with the current population is η 4. Let us assume that Xi identifies the per capita consumption of the current generation in country i. Thus, the use of the environment for the current generation in country i is given by Ei = θi Xi, and for the future generation is given by EF = θF XF, where θi and θF represent the use of the environment for each consumption unit for the current generation in country i and for the future generation, respectively: θi will be set at current values based on the current technology, whereas θF is assumed to be the average of θi across all countries:
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with n being the number of countries.

Two main sustainability conditions can be formalized. The weighted sustainability condition requires that use of the shared environment be weighted according to the proportions of the total population in the relevant countries (pi):EC = ∑piEi, where EC stands for the total weighted use of the shared environment by the current generation. The non-weighted sustainability condition requires that use of the shared environment be averaged between the representative individuals in each country:EC = 1/n∑Ei5. Thus, in terms of consumption levels, these sustainability conditions become, respectively: η = EC = ∑piθiXi and η = EC = 1/n∑θiXi. We use the non-weighted sustainability condition for strong sustainability to stress the equity access to natural resources and environment status for each individual; and the weighted sustainably condition for the other sustainability paradigms to stress the sustainability goal at the regional level. Let us assume that the utility for the future generation (UF) depends only on the consumption level:
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Where αF represents the future preference for consumption, and it is assumed to be the average across all countries of the current preference for consumption, αi. Needless to say that this assumption tries to tackle operationally a theoretical problem behind sustainability paradigms referring to future generations. However, since we focus on preferences and technologies characterizing countries at a basin level, it seems to be plausible that some convergence between these countries could be observed in the future. We assume that use of the environment is in a long-run equilibrium so that people do not need to feel a duty to preserve the environment for subsequent generations.

Let us assume that the welfare of the current generation in country i (Ui) depends on the consumption level, the current use of the shared environment, and the welfare of the future generation:
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Where αi represents the current preference for consumption in country i, βi represents the degree of concern for nature, and γi represents the degree of concern for future generations. In other words, each country is assumed to be concerned about the shared environment (i.e., EC) rather than about its own environment (i.e., Ei). Note that βi has a negative sign because this parameter is applied to the use of the environment, and a larger degree of concern for nature applied to a larger use of the environment must reduce welfare.

Let us assume that a representative individual in the current generation is concerned about welfare inequality between countries:
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Where ε is the degree of aversion to intra-generational inequality (Asheim et al., 2012). Thus, the overall utility is given by:
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Where ζ is the degree of aversion to inter-generational inequality. Alternatively, a representative individual in the current generation could be concerned about inequality in use of the shared environment between countries:
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Thus, the overall welfare would be given by:
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Alternative cooperation options are considered. In a non-cooperative context countries develop individual polices and aim for own welfare maximization as a best response to what other countries sharing the same environmental good do. This situation corresponds to a Nash equilibrium for each country's welfare. In this scenario each country attempts to maximize its own welfare rather than overall welfare. In the cooperative option countries develop common polices and approaches with the aim to maximize overall country group utility as opposed to individual country or group utility6. Many theoretical definitions of the four sustainability paradigms can be suggested (Aznar-Marquez and Ruiz-Tamarit, 2016). Here, the analytical definitions summarized in Table 2 are applied7. Note that needs in weak sustainability, welfare in a-growth, and happiness in de-growth are all operationally represented by U.


Table 2. Analytical definitions of the four sustainability paradigms.
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Each parameter attached to an item of the Cobb-Douglas utility function (e.g., α to consumption, β to the environment, γ to the welfare of future generations) can be related to the current proportion of the budget spent to purchase it. Thus, the following notation applies:

• α = % expenditures in consumption

• β = % expenditures in environmental conservation

• γ = % expenditures in environmental R&D

Coefficients of Cobb-Douglass are normalized so that initial α = 1 − β − γ. Thus, the following changes are focused:

• dβ = change in value attached to environment or change in expenditures in environmental conservation

• dγ = change in value attached to future generations or change in expenditures in environmental R&D

The approach employed here allows for the identification of the optimal strategies to be followed in the context of shared environments and binding directives (such as the MSF Directive) considering different sectoral drivers of pressures on the shared seas (agriculture, industry and fishing as pollution source). The methodology considers the implications of environmental free-riding, i.e., not all individuals pay for the consequences of environmental use by going deeper into the sectoral sources and implications of it. The methodology allows for the explicit incorporation of sustainability and equity considerations in the analysis allowing thus for the identification of democratic, i.e., everyone is involved or has equal rights in achievement of sustainability. Toward this end the analysis does not consider the different economic and policy instruments with which sustainable solutions can be achieved, neither the ambiguity associated with the different options and this is something future research should address. The analysis though offers insights on the efficient approach that needs to be considered in each case with regards to the balance between environmental conservation and wellbeing of present and future generations.

With regards to the data approaches employed in the paper: Many indicators are suggested by the UE Marine Strategy Framework to assess the environmental status of a sea (Borja et al., 2011). We refer to:

(i) Concentration of contaminants (like nitrogen and phosphorous) for the Baltic Sea, as linked to the agriculture sector (item 5 in Borja et al., 2011)

(ii) Exploitation of fish and shellfish for the Adriatic Sea, as linked to the fishery sector (item 3 in Borja et al., 2011)

(iii) Concentration of contaminants (oil, chemical products, etc.) for the Black Sea, as linked to the industry sector (item 8 in Borja et al., 2011)

Unfortunately, these detailed data are not available for all countries included in the study. To overcome this limitation we use the sustainability indicators developed by the UN. Specific data and characterization for each case study are discussed in the following subsections.

Data

Baltic Sea

The Baltic Sea remains one for the world's largest brackish water areas inhabited by both marine ad freshwater species8. Countries sharing waters include: Denmark, Estonia, Finland, Germany, Latvia, Lithuania, Poland, Russia and Sweden9. The region hosts around 85 million people, the activities of which impact on the status of the Baltic Sea10. Due to the limited level of water exchange, nutrients and other substances from the drainage area accumulate in the Baltic Sea and are only slowly diluted. Over-concentration of nutrients from agriculture remains one of the most important problems the Baltic Sea is faced with. Agriculture is responsible for approximately 75% of total nutrient input in the Baltic Sea (HELCOM, 2011) accounting for 90 and 70% of nitrogen and phosphorus discharge, respectively11.

Some of the top performers in environmental policy and Sustainable Governance Indicators are located in the region (Sweden, Germany and Denmark) (SGI, 2017). Sweden's response to the pollution of the Baltic Sea as a result of intensive agriculture has been swift (see for instance the establishment of the Environmental Objectives Council to develop policies related biodiversity, toxicity and preservation of the natural environment)12. Germany is considered as a global leader in environmental policy performing well in terms of biodiversity, water and energy. The biggest challenge it currently faces is to significantly reduce its concentrations of particulate matter and NO2, O3 (SOER, 2015). One of the country's greatest recent achievements in the field was to officially adopting the UN sustainable development goals (SOER, 2015; BMUB, 2017; SGI, 2017).

At the same time activities driven by lower quality in environmental policies in Russia and Poland also impact on the developments in the Baltic Sea (SGI, 2017). Poland has taken a number of measures to reduce one of the country's biggest environmental challenges, which is effective wastewater treatment & agri-environmental protection. Poland's National Strategic Plan (NSP) and new Rural Development Programme (RDP) have significantly improved wastewater treatment leading to a considerable reduction of nutrient discharges into the Baltic Sea. Russia's biggest environmental concern remains water pollution from agricultural, waste, with the country being a major polluter of the seas (Black, Caspian, Azov, etc.) that surround it (NIC, 1999). Unsustainable agricultural practices (overgrazing, unrestricted harvesting) that date back to the Soviet Union era, which did not prioritize environmental protection policies, have resulted in considerable quantities of chemicals and fertilizers contaminating nearby waters (Word Bank Group, 2002; OECD, 2008). While there has been an initiative to promote environmental policy in the country, effectuation remains a significant obstacle due to political instability and mistrust associated with the government (OECD, 2006; FAO, 2017b; Newell and Henry, 2017).

Estonia's environmental policies are in accordance with international standards, yet effectuation remains an obstacle, due to insufficient expertise, lack of funding, meager social acceptance and fear of job-loss (Kraus and Amtsberg, 1998). Agricultural practices are regulated by the Baltic Sea Action Plan (BSAP) which tackles eutrophication, protects biodiversity and reduces hazardous waste (HELCOM, 2007). In order to minimize nutrient pollution from agricultural practices, the country has implemented the Water Act, along with the River Basin Management Plans and Nitrates Action Program (NAP), which targets a nitrogen discharge reduction and ultimately total elimination of eutrophication (FAO, 2016).

Following the dissolution of the Soviet Union and the tough transitional period that ensued, it can be claimed that environmental policy is not a priority for Lithuania. Low priority in environmental policies adds to the impact of inadequate environmental leadership and financial resources (Kraus and Meyer, 1998; SGI, 2017). Nonetheless, the country was involved in the Baltic Sea Region Programme, and is actively participating in the follow up, Interreg Baltic Sea Region Programme, which aims at reducing nitrogen and phosphorus discharges.

For the Baltic region countries population data and per capita GDP13 (see Table 3) are from the World Bank, World Development Indicators database, whereas the share of agriculture to GDP figures are from OECD data14. For the estimation of the consumption of domestic agricultural products as a percentage of GDP we have made use of the OECD Input-Output tables and include consumption figures for agriculture, hunting, forestry and fishing as a percentage of gross output production (at basic prices)15.


Table 3. The dataset for the case study in the Baltic Sea.
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Data on Expenditure on Agriculture Environmental Protection have been extracted from Eurostat: and regard figures on total general government expenditure on environmental protection (in % of GDP) (Eurostat, 2017). Figures on Expenditures on Agriculture Environmental R&D are obtained from Lowder et al. (2012)16. Due to data scarcity, in order to complete the dataset, we used data on 2012 instead of 2014 for Lithuania, and we assumed that Russia shows the same percentage of expenditure on Agricultural R&D as Poland.

Adriatic Sea

Countries sharing the Adriatic Sea, that is part of the Mediterranean Sea, include Albania, Croatia, Italy, Montenegro, Serbia, and Slovenia17. Unsustainable fishing and overexploitation has led to the stock-depletion of several of the 450 species that live in the Adriatic (Houde et al., 1999). Measures have already been taken, for instance fishing vessels have been drastically reduced (Tsikliras et al., 2015). Trawling at depths of more than 1 km was also banned by the General Fisheries Commission for the Mediterranean; however, a business-as-usual approach will have continuous, negative consequences for the region's biodiversity, food-webs and ecology (WWF, 2015).

Countries in the Adriatic region rank relatively low in terms of environmental policy. Italy's last financial crisis diminishes and deprioritizes environmental policy (SGI, 2017). In Croatia environmental policies are regulated and monitored by the European Commission, however implementation continues to face obstacles like insufficient amount of data and a lack of cooperation from all relative stakeholders (UNECE, 2013; SOER, 2015). Albania has taken steps toward improving coastal water quality and increase public awareness about the effects of climate change, however further progress is required if the country is to achieve its ambition of gaining membership into the European Union (IEP, 2015; SOER, 2015). Montenegro has a number of national environmental programmes in place which tackle significant country-specific issues regarding biodiversity (Strategic Plan for Biodiversity). In Serbia factors associated to the last financial crisis, political instability and lack of environmental protection are all obstacles for substantial environmental progress (Nadić, 2011). As an exemption to the region, Slovenia receives a high ranking in terms of environmental protection, with a top 20 ranking worldwide (SGI, 2017). The country has also taken action regarding water quality and biodiversity protection (SOER, 2015).

In accordance to EU laws, countries in the region should adhere to strict rules and regulations, related to fisheries and aquaculture within the Adriatic region, that include: national fishing licenses (commercial and recreational), transboundary conservation measures, prohibited fishing zones, fishing method guides, a list of protected and endangered species, and monitoring, control and surveillance (MSC) programmes (FAO AdriaMed, 2017).

For the Adriatic region population data have been extracted from the World Bank, World Development Indicators18. Data on the share of fishing output as a percentage of GDP are extracted from FAO (2017a). Data on Slovenia are obtained from official national reports19. Data was not available for Albania. In order to complete the dataset, we assumed that Albania records the same percentage of fishery on GDP as Croatia and Slovenia. Montenegro's and Serbia's fishing industries account for a very small percentage of the GDP, therefore a value of 0.1% is used.

Figures on consumption of domestic fishery products are estimated with the use of figures of the OECD Input-Output on Agriculture, Hunting, Forestry and Fishing (OECD, 2017)20. For Croatia the respective figure is calculated following the report of Soullard and Bencetić (2016) 21. We assumed that consumption of fishery in Albania is the same as Montenegro and in Serbia as an average between Croatia and Slovenia. Data on Expenditure on fishery Environmental Protection and Expenditures on fishery Environmental R&D are obtained from Eurostat database (Eurostat, 2017)22.

Black Sea

The inland Black Sea23 spreads between Bulgaria, Georgia, Romania, Russia, Turkey and Ukraine. Key issues that the Black Sea region faces include: chemical and oil pollution, biodiversity loss, eutrophication and marine habitat changes (CPBSAP, 2009; SOER, 2015). Chemical pollution has been recognized as the biggest challenge the Black Sea area faces, with frequent oil discharges from ships and poorly-managed wastewater, as well as the release of heavy metals such as lead, chromium, cadmium and copper from industrial activity and coal combustion (Black Sea SCENE, 2017). The Black Sea Commission (BSC) in association with the International Commission for the Protection of the Danube River (ICPDR) has enforced a number of protocols to reduce pollution and preserve the region's environment, with some positive results recorded, but more work needs to be done on a consistent basis in order to achieve the environmental conditions observed in the past (CPBSAP, 2009; Cogălniceanu, 2011; ICPDR, 2017)24.

Bulgaria and Romania are included in the top 20 countries, globally, concerning environmental policy (SGI, 2017). Bulgaria's priorities concentrate on protecting biodiversity (SOER, 2015). The two countries still face obstacles in policy development and implementation due to corruption, infringements and lack of funding (SGI, 2017). Turkey is ranked as the poorest of performers concerning the implementation of environmental policy due to its political instability of the last years (SGI, 2017).

For the Black sea region population data are from World Bank, World Development Indicators (Table 5). The share of industry in GDP and Expenditures on Environmental R&D figures are obtained from the World Bank database (World Bank, 2017), Eurostat (Eurostat, 2017) and (Knoema, 2017). Consumption of domestic industry products is calculated from the OECD Input-Output Tables (OECD, 2017)25. Data on Expenditures on industry Environmental R&D are obtained from Eurostat (2017); World Bank (2017) and Knoema (2017). Data was missing for Georgia. Thus, in order to complete the dataset, we assumed that percentage of expenditures on industry R&D in Georgia is the same as in Bulgaria.

NUMERICAL RESULTS

We define sustainability as 10% unsustainability, i.e., unsustainability indicators with regards to clean water and fish catchment, where 0 and 100 depict the best and worst scores respectively (see Tables 3–5 for definitions), do not exceed 10%. Note that weighted averages of unsustainability are 22, 33, and 29% in Baltic, Adriatic and Black Sea, respectively. Moreover, we assume that weighted averages of required changes in β and in γ must be positive. Finally, we assume that required changes in β and in γ in each country cannot be larger than 100 times the current level (i.e., + or – 10,000 %).


Table 4. The dataset for the case study in the Adriatic Sea.
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Table 5. The dataset for the case study in the Black Sea.
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Baltic Sea

If a non-cooperative approach is adopted (Table 6) strong sustainability can achieve sustainability with the smallest welfare burden (dU = −0.21), with Denmark and Russia increasing welfare. Relative larger welfare change burden is recorded for Lithuania, Estonia and Poland indicating that countries in the group lacking behind in economic terms might suffer more in terms of welfare loss in the case of a non-cooperative approach. De-growth with change in expenditures in environmental conservation (dβ) could also be considered, although the weighted average of dβ is negative, since it is more efficient than strong sustainability (i.e., dU = 7.08).


Table 6. Baltic Sea: non-cooperative solutions.
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If a cooperative approach is adopted (Table 7), weak sustainability with changes in environmental conservation (dβ) and without inequality aversions (ε = 0, ζ = 0) is suggested as in this case are recorded net welfare gains (dU = 3.10), with Germany and Russia decreasing their environmental conservation and increasing their welfare. Note that the weighted average of dβ for weak sustainability is 5.0 (the non-linear average is 7.0) and standard deviation of dU is 5.4126.


Table 7. Baltic Sea: cooperative solutions.
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Adriatic Sea

If a non-cooperative approach is adopted (Table 8), strong sustainability is suggested (dU = −0.34), although in this case Italy maintains its welfare if weak sustainability with changes in value attached to environment or change in expenditures in environmental conservation (dβ) is implemented (dU = −0.37). Note that a-growth with change environmental conservation could also be considered, since it is more efficient than strong sustainability (i.e., dU = −0.26), although the weighted average of dβ is 140.1. Moreover, the weighted average of dβ for weak sustainability is 3.6 (the non-linear average is 12.7). Finally, standard deviation of dU for strong sustainability and weak sustainability are 0.21 and 0.34, respectively.


Table 8. Adriatic Sea: non-cooperative solutions.
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If a cooperative approach is adopted (Table 9), weak sustainability with changes in value attached to environment or change in expenditures in environmental conservation (dβ) and without inequality aversions (ε = 0, ζ = 0) is suggested, with Italy decreasing its environmental conservation and increasing its welfare.


Table 9. Adriatic Sea: cooperative solutions.

[image: image]



Note that an intra-generational equity approach (ε = 1, ζ = 0) could be adopted, by reducing Montenegro specificities, although it is less efficient (dU = −0.52) as compared to the case of no inequality aversions (ε = 0, ζ = 0). Moreover, the weighted average of dβ for weak sustainability is 4.2 (the non-linear average is 5.5). Finally, standard deviation of dU for weak sustainability is 0.60.

Black Sea

If a non-cooperative approach is adopted (Table 10), strong sustainability is suggested (dU = −0.64). Note that de-growth with changes in expenditures in environmental conservation (dβ) and weak sustainability with change in value attached to future generations or change in expenditures in environmental R&D (dγ) could also be considered, although these are less efficient (dU = −0.71). Moreover, the weighted average of dβ for de growth is 12.5 (the non-linear average is 8.5), whereas the weighted average of dγ for weak sustainability is 2.3 (the non-linear average is 0.0). Finally, standard deviation of dU is 0.17 for both de-growth with environmental conservation expenditures (β) and weak sustainability with expenditures in R&D (γ). In the case of cooperative approach, results show that no feasible (Table 11) solutions can be obtained. Indeed, the required changes in β are larger than 100 times the current level in 4 out of 6 countries.


Table 10. Black Sea: non-cooperative solutions.
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Table 11. Black Sea: cooperative solutions.
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DISCUSSION

Based on the analysis of the different cases studies we derive several general but also country specific insights. As a general observation, the change in the value attached to the environment or environmental conservation is positive (dβ > 0) if and only if the change in the value attached to future generations or change in expenditures in environmental R&D is negative (dγ < 0). This is the case in Black Sea where some countries must invest in environmental conservation and some countries must invest in environmental R&D (e.g., Romania, Russia and Turkey must invest in preservation, whereas Bulgaria, Georgia and Ukraine must invest in R&D). From the same case study of the Black sea, if follows that the value of environmental conservation is higher than the value attached to future generations. Thus investing in environmental preservation is less effective than investing in environmental R&D (e.g., a redistribution of investment in R&D (dγ = 0) and an increase in preservation (dβ = 8.5) produce the same dU = −0.71).

In case where a cooperative approach is adopted, inter-generational equity (ε = 0, ζ = 1) should not be used. Intra-generational equity (ε = 1, ζ = 0) can be used in the case of countries being similar (e.g., Montenegro in Adriatic Sea). If weak sustainability within a cooperative approach is adopted, some countries might gain and some countries might lose (e.g., Baltic Sea, Adriatic Sea). The analysis of different sustainability paradigms suggests the adoption of same policies across countries, for instance policies targeting R&D and future generations in the weak sustainability and de-growth paradigms in the Black Sea.

The welfare reduction could be smaller than reduction in consumption to achieve sustainability if a value change is applied (e.g., 3.10 > −0.21 in Baltic Sea, −0.01 > −0.34 in Adriatic Sea). Overall an a-growth strategy is not suggested while strong sustainability approaches can be welfare improving as shown by the results for Denmark and Russia in the Baltic Sea.

Specific insights obtained for the Baltic and the Adriatic Seas indicate that the weak sustainability paradigm in cooperative solutions with dβ and without inequality aversions (ε = 0, ζ = 0) is more efficient than strong sustainability in non-cooperative solutions (i.e. for the Baltic countries dU = 3.10 in cooperative solutions with ε = 0, ζ = 0 as compared to dU = −0.21 with strong sustainability in non-cooperative solutions. For the Adriatic Sea countries the values are dU = −0.01 in cooperative solutions without inequality aversions (ε = 0, ζ = 0) and dU = −0.34 with strong sustainability in non-cooperative solutions. For the Adriatic sea the weak sustainability paradigm in cooperative solutions is preferred even after comparison with the case of weak sustainability with changes in environmental expenditure (β) in non-cooperative solutions (dU = −0.37). For the Black Sea strong sustainability in non-cooperative solution is more efficient than weak sustainability with expenditures in R&D (γ) in non-cooperative solutions (dU = −0.64>dU = −0.71).

Note that combining results for the Baltic Sea from the whole approach used in Zagonari (2017) and results from the sectoral approach focused on agriculture applied here leads to interesting insights: in case of a whole approach, strong sustainability should be chosen and all countries must reduce utility. Other options, in particular weak sustainability with positive changes in the value attached to the environment or environmental conservation, are not feasible. In the case where a sectoral approach is applied, if strong sustainability is adopted, then the weighted average utility change is the same at −21%, but Russia and Denmark gain. However if weak sustainability is adopted with change in environmental conservation (dβ), then the weighted average utility change is at +3.10, and Russia and Germany gain.

Thus, a sectoral approach focused on agriculture suggests cooperation (and weak sustainability with environmental conservation, whereas a whole approach suggests non-cooperation (and strong sustainability). In other words, HELCOM can go on with its current approach (strong sustainability for the whole economy), but it could also decide to move to a sectoral approach, i.e. weak sustainability with environmental conservation focused on agriculture. In this case two potential issues draw attention. The first regards the compensation mechanisms (e.g., from Russia and Germany to other countries) and the second regards the presence and adequacy of the cooperative institutions (e.g., from Ministries to other agricultural stakeholders).

Several insights can be obtained from a cross-case study analysis of the previous results (summarized in Table 12). First, the required reduction of welfare depends on the case study to a greater extent than on the adopted approach or paradigm. In particular, where the unsustainable sector accounts for a larger proportion of GDP (like industry in the Black Sea), achieving sustainability is more demanding than where the unsustainable sector accounts for a smaller proportion of GDP (like fishery in the Adriatic Sea and agriculture in the Baltic Sea).


Table 12. Challenging results: countries improving welfare (i.e., ΔUi> 0); and countries expected to implement anti-environmental policies (i.e., Δβi <0 and Δγi <0).

[image: image]



Second, SS is better linked to non-cooperative approach (i.e., each country must achieve sustainability by reducing Ei, so a cooperative approach is useless), whereas WS (with ε = ζ = 0) is better linked to a cooperative approach (i.e., if you maximize the total welfare U, a Nash equilibrium represents a constraint). DG is likely to be linked to a non-cooperative approach (i.e., each country must achieve sustainability by reducing Xi, so a cooperative approach is useless), whereas AG is never feasible (i.e., getting “prices right” seems to be inadequate). Note that the 3 out of 6 anti-environmental policies obtained in the Black Sea for WS (i.e., ROM, RUS, TUR) and for DG (i.e., BUL, GEO, UKR) are impracticable, whereas the 1 out of 6 in the Adriatic Sea (i.e., ITA) and the 2 out of 9 in the Baltic Sea (i.e., DEN and RUS for non-cooperative SS and GER and RUS for cooperative SS) are realistic.

Third, SS is likely to be matched with an increase in environmental protection (i.e., the reduction of Ei is triggered by an increase in βi), whereas WS might be matched with an increase in environmental R&D (i.e., the reduction of Ui is compensated by an increase in γi).

Forth, a non-cooperative approach is less effective than a cooperative approach, if any (i.e., it is unlikely if the unsustainable sector accounts for a large proportion of GDP), although a cooperative approach requires redistributive policies (i.e., the total welfare is maximized, but there are gainers and losers).

In summary, if the unsustainable sector accounts for a large proportion of GDP, SS must be adopted. In contrast, if the unsustainable sector accounts for a small proportion of GDP, either SS or WS, by bearing in mind that a cooperative approach is more efficient but it requires complementary redistributive policies.

CONCLUSIONS

Our analysis provides several insights about the sustainability paradigms in shared waters under alternative sectoral sources of environmental pressures and cooperation strategies. Different solutions can support sustainability with different implications on welfare and burden sharing. From an optimal strategy perspective, results indicate that alternative approaches, and not necessarily only cooperative ones, can work toward a sustainable use of the shared waters. Cooperative and non-cooperative approaches are feasible in the Baltic and Adriatic Seas while only non-cooperative approaches are feasible in the Black sea. In non-cooperative approaches strong sustainability paradigms incur the smallest welfare loss on average. In this case, countries such as Denmark and Russia gain in terms of welfare. However it should be noted that in non-cooperative approaches, strong sustainability might incur a higher burden in terms of welfare losses for the smaller countries. In a non-cooperative solution, de-growth can also be considered for the Baltic Sea countries with changes in expenditures in environmental conservation as it incurs larger welfare gains. In cooperative approaches in the Baltic and the Adriatic seas weak sustainability with changes in environmental conservation and without inequality aversions result in group welfare gains with Germany, Russia and Italy decreasing their environmental conservation and increasing their welfare.

The identification of alternative optimal strategies in alternative contexts indicates the differentials in terms of environmental and intra-generational policies adopted in each case and the available knowledge and capital to address environmental issues in each country and region. The alternatives identified here as the most efficient ones indicate that both cooperation and non- cooperation can be an option. These findings point to the need to look more thoroughly at the cooperation requirements of neighboring countries as envisaged in the MSF Directive and already taking place within the geographical boundaries of the existing Regional Sea Conventions. The Directive specifies that Member States utilize the existing regional cooperation structures to coordinate among themselves and their actions with those of third countries in the same region or sub-region. In terms of designing and implementing the optimal marine policies non-cooperation can also be considered as a valid alternative. In this case the issue of institutional capacity requires attention with regards to allocation of burden sharing and benefits across countries.

The policy implications of our analysis are important suggesting the need to take into consideration the sources of environmental pressure on the shared seas, the inter- and intra-generational allocation of any gains and losses, the cooperation alternatives and the importance of institutions to the sustainable management policies. Environmental conservation must be preferred to environmental innovation, where both intra- and inter-generational equity concerns are unessential. The choice of a different sustainability approach must be combined with the feasibility of the differently required management institutions. Policy making needs to identify and employ the appropriate economic tools and institutions that can address sustainability concerns but also intra- and inter-generational equity concerns in terms of burden and benefit allocation between smaller and larger economies taking into account at the same time the “polluters' pay principle”. In this respect the identification and appropriate designs of the cooperative institutions remains equally important.
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FOOTNOTES

1In addition to organic material, nutrients that are discharged into the Baltic Sea, result in the excessive growth of algae, phytoplankton and other aquatic plants, leading to decreased light conditions in the water, oxygen depletion, water turbidity and alterations in the composition of species (see HELCOM, 2007; WWF, 2017).

2For a detailed discussion and links to sustainabilty theory see Zagonari (2016) and references therein.

3Per capita use of the shared environment is defined as the percapita consumption of the environmental good under question, i.e., fish catchment, clean water, etc.

4We obtained population figures at the basin level by applying the following percentages to the total population figures: 20 for GER, 40 for POL, 10 for RUS in Baltic Sea; 30 for ITA; 50 for SER in Adriatic Sea; 80 for UKR, 40 for TUR, 20 for RUS in Black Sea.

5Following the definition of representative agent in economics we assume here all individuals are identical and can be thus modeled by a representative agent.

6Discussion on Nash equilibrium and common utility maximization extends beyond the purpose of this paper. To save space and make the discussion easier to follow for the readers we refer to the wide literature on game theory and social utility for a detailed analysis of the concepts.

7Analytical solutions are detailed in the Appendix.

8See: http://stateofthebalticsea.helcom.fi/in-brief/summary-of-findings/

9See: http://www.newworldencyclopedia.org/entry/Baltic_Sea

10Data availability does not allow for the estimation of resource use by country. The same applies for the Adriatic and Black Sea.

11The Baltic Sea Action Plan aims at reducing and halting nutrient diffusion in the Baltic Sea waters via agri-environmental measures, though visible and long-lasting results will require a strong level of commitment and a long period time (HELCOM, 2007, 2011).

12See: http://www.miljomal.se/Global/24_las_mer/broschyrer/2016/Swedens-environmental-objectives.pdf

13Note that sectoral per capita GDP will be 4-digit figures for industry in the Black case study, 3/4-digit figures for fishery in the Baltic case study, and 2/3-digit figures for fishery in the Adriatic case study. We discuss next the particularities and data for each case study.

14See http://www.oecd-ilibrary.org

15A percentage exclusively for agriculture itself is not assumed in order to avoid inaccuracies and/or miscalculations. Household consumption as a percentage of GDP from Eurostat was also considered but ultimately not utilised, as there is no distinction between agricultural products, food and non-alcoholic beverages (OECD, 2017).

16Countries with Agriculture Environmental R&D spending of below $2 million, are not presented in the report. This could refer to values between 0.0001 and 0.01% for countries such as Estonia, Russia, Poland etc. and therefore, for the sake of the model, $2 million is divided by the 2011 GDP of the respective country, in order to come up with an indicative hypothetical and maximum value for those countries.

17http://www.newworldencyclopedia.org/entry/Adriatic_Sea

18http://data.worldbank.org

19Information on Slovenia was derived the country's official website (http://www.slovenia.si/). where it is stated that around 2% of the GDP is invested in Agriculture, Fishing and Forestry. It is assumed that Agriculture would make up the majority of that percentage and therefore it is considered that an estimation of around 0.1–1.0% would be appropriate for the fishing industry.

20In general, data on domestic fish consumption as a percentage of GDP is very scarce, and therefore an estimation between 1.0 and 3.0% for each country, falls in line with data available for countries within the region.

21Calculations are based on what the average person spends on fish per year, the population of Croatia and the country's GDP. In general, data on domestic fish consumption as a percentage of GDP is scarce, however an estimation between 1.0 and 3.0% seems to be appropriate.

22The countries in the region record very low levels of environmental R&D spending. Thus for modelling purposes a distinction is made for biodiversity protection and therefore a minimum value is used. For Environmental Protection, the total value is used, as no distinction is made between the subsections.

Subsections for total environmental protection include: Waste management; wastewater management; pollution abatement; protection of biodiversity and landscape; R&D environmental protection; Environmental protection nec. So, for fishery environmental R&D, the biodiversity protection value is used, as the R&D Environmental Protection value is zero. For Expenditure on fishery Environmental Protection, the whole value is used, as we consider waste, wastewater, biodiversity and pollution all important aspects within the fishery sector. To complete the dataset we fixed the percentage of expenditures on fishery R&D at a tiny value for Albania, Montenegro and Serbia.

23http://www.newworldencyclopedia.org/entry/Black_Sea

24Programmes implemented to deal with these issues include the Black Sea Strategic Action Plan, as well several research projects regarding fisheries and coastal management (see CPBSAP, 2009; SOER, 2015; for details). The six countries around the Black Sea, have made joined efforts in association with the ICPDR and Black Sea Scene to combat pollution flow into the sea, as a result of heavy industry, dating back to the Soviet Union. All six countries have also signed the Convention on the Protection of the Black Sea against Pollution, another measure aimed at reducing spillage into the region's surface waters (CPBSAP, 2009).

25The following sectors have been included in industry: Food products, beverages and tobacco; Textiles, textile products, leather and footwear; Wood and products of wood and cork; Pulp, paper and paper products, printing and publishing; Coke, refined petroleum products and nuclear fuel; Chemicals and chemical products; Rubber and plastics products; Other non-metallic mineral products; Basic metals; Fabricated metal products; Machinery and equipment nec; Computer, Electronic and optical equipment; Electrical machinery and apparatus, nec; Motor vehicles, trailers and semi-trailers; Other transport equipment; Manufacturing, recycling nec; Electricity, gas and water supply.

26To save space and make it simpler for the readers to focus on results standard deviation figures are not reported in tables. Authors can make them available upon request.
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Maximum total sustainable flow per year of nitrogen and phosphorous into the Baltic Sea is measured as clean water unsustainabilty. Population 2014, Total population in 2014;
Population at basin level (%), Population at basin level, in % of totalin 2014; GDP PPP 2014, Gross Domestic Product per capit, in Purchesing Power Parity 2014; Agriculture % GDP.
Share of agriculture sector,in percent of GDP 2014; Clean water unsustainabilty (%), contemination by chemicals, excessive nutrients, human pathogens or trash of marine waters under
national jurisdictions (best score = 0; worst score = 100); Non-clean water; in percent of total; Consumption of (domestic) agricultural products % GDP, Consumption for agriculture,
in 9 of gross outout production at basic prices; Expenditure on Agriculture Environmental Protection % GDP, Expenditures on activiies directly aimed at the prevention, reduction
and elimination of pollution or any other degradation of the agricultural environment, in percent of Gross Domestic Product; Expenditures on Agriculture Environmental R&D % GDP.
General government expenditure on research and development regarding agricultural environmental protection that includes, waste management; water waste management; polltion
abatement; protection of biodiversity and landscape, in percent of Gross Domestic Product; p, proportions of the totel population; 6, use of the environment for each consumption unit;
X, per capita consumption in monetary terms; a, % expenditures in consumption (preferences for consumption); f, % expenditures in environmental conservation (the degree of concem
for nature); y, % expenditures in environmental R&D (the degree of concer for future generations); U, Utily. talc values indicate missing data replaced by 2 Milion USD divided by
GDP in 2011 times 100.
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Maximum totel sustainable flow per year of fish catchment from the Adriatic Sea is measured s fish catchment unsustainabilty. Population 2014, Total population in 2014; Population
at basin level (%), Population at basin level, in % of total in 2014; GDP PPP 2014, Gross Domestic Product per capite, in Purchasing Power Parity 2014; Fishery % GDP Share of
fishery sector, in percent of GDP 2014; Fish catchment unsustainabilty (%), the percentage of a country's total catch withinits exclusive economic zone (EEZ) including overexploitation
of species, as weighted by the quality of fish catch data (best score = 0; worst score = 100); Consumption of (domestic) ishery products % GDR, Consumption for fishing in % of
gross output production at basic prices; Expenditure on fishery Environmental Protection % GOP, Expenditures on activites directly aimed at the prevention, reduction and efimination of
polution o any other degradation of the fishingl environment,in percent of Gross Domestic Product; Expenditures on fishery Environmental R&D % GOP, General government expenditure
onresearch and development regarding fishery environmental protection in percent of Gross Domestic Product; p, proportions of the total population; 0, use of the environment for each
consumption unit; X, per capita consumption in monetary terms; a % expenditures in consumption (preferences for consumption); , % expenditures in environmental conservation

(the degree of concem for nature); y, % expenditures in environmental R&D (the degree of concem for future generations); U, Util
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U, overal ity in terms of consumption; U, utlty for the future generation; Ui utity for
the current generation in country i; UC, total weighted utilty for the current generation;
EC, total weighted use of the environment by the current generation; EF; use of the
environment by the future generation; XC, totel weighted per capita consumption by the
current generation; XF, per capita consumption by the future generation; W, overall welfare
in terms of the environment.
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