

  energies-14-04600




energies-14-04600







Energies 2021, 14(15), 4600; doi:10.3390/en14154600




Article



Connecting Blue Economy and Economic Growth to Climate Change: Evidence from European Union Countries



Roxana Maria Bădîrcea 1, Alina Georgiana Manta 1[image: Orcid], Nicoleta Mihaela Florea 1, Silvia Puiu 2,*[image: Orcid], Liviu Florin Manta 3[image: Orcid] and Marius Dalian Doran 4





1



Department of Finance, Banking and Economic Analysis, Faculty of Economics and Business Administration, University of Craiova, 13 A.I. Cuza Street, 200585 Craiova, Romania






2



Department of Management, Marketing and Business Administration, Faculty of Economics and Business Administration, University of Craiova, 13 A.I. Cuza Street, 200585 Craiova, Romania






3



Department of Mechatronics and Robotics, Faculty of Automation, Computers and Electronics, University of Craiova, 107 Bld. Decebal, 200440 Craiova, Romania






4



Doctoral School of Economic Sciences, Faculty of Economics and Business Administration, University of Craiova, 13 A.I. Cuza Street, 200585 Craiova, Romania









*



Correspondence: silvia.puiu@edu.ucv.ro







Academic Editors: Magdalena Ziolo, Isabel Novo-Corti, Diana-Mihaela Țîrcă and Peter V. Schaeffer



Received: 28 May 2021 / Accepted: 27 July 2021 / Published: 29 July 2021



Abstract

:

Blue Economy represents a new and interesting concept on a global level, both from the economic potential but also by the fact that it can be used to reduce environmental degradation. The main goal of this research is to identify the causality relations between the greenhouse gas emissions, the Blue Economy and economic growth based on a panel of annual data from the 28 countries that are members of the European Union (EU) over the 2009–2018 period. After applying stationarity and cointegration tests, the long term cointegration coefficients shall be determined with the help of the fully modified ordinary least squares (FMOLS) estimator. Granger causality estimation based on the vector error correction model (VECM) was applied to identify the causality relationship between the variables and to detect the direction of causality. Based on the identified causality relations, the Blue Economy has a significant influence on greenhouse gas emissions in the long run. Unidirectional causality relations were identified from the economic growth of greenhouse gas emissions in the long term, as well as from the greenhouse gas emissions on economic growth in the short term.
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1. Introduction


There are no doubts that the economy of the seas and oceans is needed for the welfare and the prosperity of humankind. Seas and oceans represent safe sources of food, energy, minerals, health and free time, and they also provide the transport of more than 90% of traded goods worldwide [1].



There is also the need for sustainable use of the ocean and its resources, so as not to threaten the welfare and prosperity of the world. This sustainable use of oceans and seas cannot be accomplished without the coherent management of all sectors of human activities generating effects.



‘Blue Economy’ is a term widely used as of late in the reference literature regarding the government of seas and oceans. The interest for this term appeared along with the depletion of the terrestrial resources and orientation towards the economic opportunities included inside and beneath the seas or oceans [2].



Although it was adopted as a concept, but also as an objective for the development of policies and investments, there is still no widely accepted definition of the term Blue Economy. In some definitions, Blue Economy means using the seas and its resources for a sustainable economic development, whereas in others it only refers to any economic activity within the maritime sector, regardless of whether it is sustainable or not [3]. The definition of the concept of Blue Economy sets to combine the ocean-based development opportunities with environmental management and protection. The concept can be considered according to the most recent trends in environmental management: environment sustainability, economic development and social equity or inclusion [4]. In other definitions, the term is associated with long-term sustainable development due to the balancing of economic benefits with the health of the world’s oceans and seas [5].



According to OECD [2], the global Blue Economy is going to grow faster than the general economy, almost doubling by 2030. At the same time, the impact on the environment and the loss of natural resources caused by the unsustainable economic activity related to oceans and seas affect the resource generating source relying on such growth. In consequence, we need concerted effort for the protection and revival of the health of the oceans and seas. The importance of harmonizing the ocean, coastline and marine economic activities was emphasized with the values imposed by the sustainable economy to stimulate the growth of sustainable development [6].



To ensure a balance between the use of coastal resources and the maximization of economic and social benefits, the integrated coastal zones management (ICZM) system was implemented, through which “conservation and development become compatible objectives”. Thus, at the European level, a proposal was adopted for a Directive establishing a framework for maritime spatial planning and integrated coastal management [7] which aims to create the necessary framework to develop Europe’s Blue Economy.



The purpose of this paper is to investigate the causality relations between the blue economy, climate change, and the economic growth in EU countries and Great Britain. The study of these relations is important because they could efficiently manage the use of the economic potential of the seas and oceans and reach all the sustainable development objectives, including the reduction of greenhouse gas emissions. Up to the present, there are no studies on the causality relations among greenhouse gas emissions and the Blue Economy. Instead, most of the studies are focused on the influence of economic growth on the performance of the environment or the influence of climate change on the Blue Economy.



The structure of the paper is as follows: Section 2 presents a short revision of the literature regarding the Blue Economy and the effects generated by the activities in the maritime field on the environment. Section 3 reveals the variables of the analysis and the methodology used. Section 4 presents the results and Section 5 describes the discussions. Section 6 points out the conclusions of the study.




2. Literature Review


The connection between the Blue Economy and climate change is bidirectional: on one hand, there are sectors of the Blue Economy that are not sustainable and contribute to climate change and an increase of greenhouse gas (GHG) emissions; on the other hand, climate change determined by economic activities (not only by Blue Economy) affect the quality of coastal tourism, the quality of oceans and of people living near a coastal area.



There are a many papers investigating the effects of environmental changes on the seas and oceans, but they are less interested in the effects of maritime activities on climate change. This is why we systematically analyzed works in the literature that highlighted the effects of maritime activities on the environment: the effects of economic growth on ocean health, the effects of aquaculture, the effects of maritime transport, the effects of renewable energy production, the effects of fishing and the importance of carbon storage, seas and oceans.



Therefore, these studies analyze economic growth simultaneously with the health of the oceans in the Caribbean [8], but also focus on the political framework and governance for the transition to the Blue Economy, and not on the quantization of the relations and effects between the two (economic growth and the health of the oceans).



More papers analyze the way in which aquaculture is generating waste affecting the maritime ecosystem. Hall et al. [9] analyzed the way in which the fishing farms might affect the environment especially regarding the nitrogen used to feed the fish. Porrello et al. [10] (2003) quantified the nutritional components N and P evacuated in the Lagoon Orbetello (Tuscany, Italy).



Acknowledging that aquaculture is the food sector with the highest growth in the past 20 years, Robb et al. [11] analyzed the effects of aquaculture on greenhouse gas emissions, because these appear not only in the production process, but also in the entire process of transmitting the raw material to the final consumers.



In the study entitled, The Ocean as a Solution to Climate Change: Five Opportunities for Action, Hoegh-Guldberg et al. [12] reached the conclusion that the opportunities offered by the oceans and seas might lead to a reduction of the greenhouse gas emissions (GES) on a global level with almost 4 billion tons of carbon dioxide (CO2) per year 2030 more than 11 billion tons per year in 2050. Therefore, they analyzed the five fields where climate actions can be taken to reduce greenhouse gas emissions: renewable energy from the ocean; ocean and maritime transport coastal and marine ecosystems; a food system oriented towards the products from seas and oceans (wild fishing, aquaculture); carbon deposits on the bottom of the seas and oceans.



As the United Nations Environment Programme (2019) [13] mentions, GHG emissions “are depriving … oceans of oxygen”, and oceans attract 93% of all GHGs. The consequences of GHG on oceans are important and have a direct impact on water temperature, sea levels and marine life. The entire blue ecosystem is thus affected. These changes should lead to an increased interest in protecting water and developing a sustainable Blue Economy that does not maintain this vicious circle of GHGs produced by economic activities related to oceans and seas.



Reaching the objective proposed by the Paris Agreement of reducing the greenhouse gas emissions proved to not be enough to provide the global temperature with 2 °C [14]. That is why the interest for the elimination of carbon dioxide from the air includes capturing and depositing the carbon.



Adams and Caldeira [15] studied the effects of CO2 capturing and injection on the bank of the oceans on climate change, and analyzed the various injection methods and costs compared to other storage methods. As compared to other methods, ocean injection reduces the maximum CO2 concentration and slows down the growth rhythm on the level of the atmosphere and on the level of the surface of the ocean. With all these advantages, the CO2 injection in oceans leads to the increase of alkalinity, causing more studies to identify the local impact of this growth and the response of the ecosystem to these injections [16]. Widdicombe et al. [17] considered that the impact of the acidification of the oceans due to the oceans’ absorption of CO2 is complex, and must be assessed based on the growth of the effects caused by climate change, particularly, the warming of the oceans.



The cultivation of seaweed generates, among the various advantages for the coastline affected by eutrophic, hypoxic or acid conditions, the possibility of taking over a CO2 quantity which could help in the fight against climate change [18].



Regarding maritime transport, its effects on air and ocean waters have been identified and several steps have been proposed to reduce GHG emissions with various results, namely: emissions controls, voluntary agreements, environmental indexing, taxation, and tradable permits [19]. It is considered that without the application of technological solutions, regulations and implementation mechanisms are not sufficient.



Another paper [20] highlighted that ship owners are required by a series of regulations to invest in ships that use new hybrid and electric technologies that reduce global warming, however they are currently unprofitable from a financial standpoint. This is the use of electric ferries and hydrogen fuel which, compared to conventional diesel ships, leads to a reduction in CO2 emissions of up to 90%, including NOx, SOx emissions.



According to the European Commission (2020a) [21], the carbon dioxide (CO2) generated by water transportation, capture fisheries and aquaculture decreased between 2009 and 2017 both per euro of GVA and euro of turnover. The GVA and turnover increased for these sectors of the Blue Economy and at the same time the CO2 decreased for water transportation and just slightly increased for capture fisheries and aquaculture. Still, the report mentions that shipping emissions are still important—138 million tons of CO2 in 2018. This represents almost 4% of the CO2 emissions in the EU, according to the European Commission (2020b) [22], a third being generated by container ships. One of the solutions could be investments in a new fleet that is more efficient in terms of its carbon footprint. As a first step in reducing CO2 emissions from maritime transportation in the EU, the EU MRV Regulation was adopted [23]. Thus, companies must monitor and report their shipping emissions to have a better understanding at a country- and European-level and be able to implement adequate measures for reducing CO2 emissions by considering the type of ship, its age or the type of fuel used.



In a paper consisting of a revision of the literature regarding the potential of reducing greenhouse gas emissions in maritime transport, Bouman et al. [24] noticed that no single measure is enough in produce significant results, but a reduction of more than 75% by 2050 may be reached if political measures and field regulations are combined. In addition, implementation should be supported by the results of studies that address multiple effects and measures at the same time.



Countries with access to seas and oceans are increasingly interested the seas and oceans as attractive sources of renewable energy. With all the advantages that this energy has, we must consider the fact that many marine animals and birds are already affected by human activities such as fishing, coastal tourism development, marine transport and extraction from seas and oceans, and generating this type of energy might affect them even more [25].



New technological discoveries in the field of producing renewable energy [26], such as floating turbines, might lead to the extension of the aeolian optimum area and reduction in the environmental impact to provide a sustainable Blue Growth.



The Food and Agriculture Organization of the United Nations (FAO) underlined the importance of fishing and aquaculture for nourishment, but also for the welfare of people since millions of people are employed in these fields. This sector does not lack challenges because there is the need to reduce the fish stock below the level of political sustainability, to provide the correct treatment of the disease and for the marine biosecurity [27].



On a European level, the Blue Growth strategy is oriented towards the five sectors identified as having a potential for growth: aquaculture, coastline tourism, blue energy, marine biotechnology, and marine mining [28]. The coastline tourism proved to be the largest sector of Blue Economy, but also the one generating the highest challenges for the environment. The blue energy sector showed great success on a European level, because the EU is a global leader in wind and ocean energy. The aquaculture and biotechnology sectors are less developed in the EU region because of the administrative complexity, access difficulties, and standards regarding health and the EU environment. In the field of marine mining, we determined that there were not enough studies to avoid the associated risks.



Investigating a single cause related to the environmental changes generating Blue Economy might lead to tricky results in a multi-varied natural environment, representing a major source of incertitude for projections. That is why within this paper all the fields of the Blue Economy are correlated by using the gross added value from all the economic activity fields.




3. Materials and Methods


3.1. Data Analysis


For an analysis of the causality relationships among greenhouse gas emissions, the Blue Economy and economic growth we used a data panel with annual data for 28 countries in the EU, taken from the database of the European Commission (EC), available on the official website and from the report published online [21], for the period 2009–2018. We opted for an analysis of a pack of data because there is a low amount of information regarding the Blue Economy and in consequence a low number of information included in the model. The concept only started to gain significant importance around 2009, when the European Commission published the first information on this subject. To meet the proposed objective, we used the following variables within the econometric model: the total value of greenhouse gas emissions expressed in thousands of tons (GHG), the gross added value from the Blue Economy expressed in millions of Euros (GVA), and the real GDP per capita expressed in Euros (GDP and GDP2).



The EC characterized the economic significance of the Blue Economy in the EU-28 countries considering that this region has all the elements required to provide for sustainable development of the maritime economy, because it is registered by a low unemployment as compared to the rest of the economic sectors, high economic growth rates and low government debts [29].



Nevertheless, an increase in the GVA produced by the Blue Economy established sectors (coastal tourism, living resources, non-living resources, maritime transport, port activities, shipbuilding and repair and marine renewable energy) that can be identified in most Member States between 2009 and 2018 (see Figure 1). The most important growth is achieved in Ireland, Portugal, and Malta. Comparably, “an increase of about 30% or more can be noticed in Belgium, Poland and Sweden. On the other hand, in 2018 GVA in Bulgaria and Greece had not yet recovered to the levels observed in 2009” [21] (see Figure 1).



The highest added value in the EU-28 countries comes from the maritime transport, but the highest employment comes from the sectors of tourism and fishing. The maritime transport increased constantly in the last decade in the EU-28 countries as a reflection of the intensification of the international cooperation and economic growth, the number and the size of the ships continuously growing.



After the negative impact generated by the world economic crisis, in the period 2009–2018 the economies of the EU-28 countries increased gradually as a consequence of the measures taken by governments; the most important being, the reduction of expenses, competitive exports, increased trust in the international credit markets, and a suitable climate for business [21].



Based on the prognosis regarding the GHG emissions [30], we reached the conclusion that EU-28 countries can meet the targets set in the EU package for climate and energy, although they represent a huge challenge for some states.



As for climate change, we forecast that by the end of this century, the temperature will grow 2–4 °C with direct consequences, but also indirect consequences on salinity, nutrients, oxygen concentration, the level of phosphates, and migration or disappearance of species [21]. The EU-28 countries implemented similar reduction tools for the GHG emissions, based on the requirements of the EU accession, but these measures determined different effects on the GHG emissions. This can also be explained by the dimension of each country but also by the primary energy supply and final energy consumption levels [31].




3.2. Research Methodology


The objective of this study is represented by the identification and analysis of the causality relation between climate change, the Blue Economy, and economic growth in the EU countries. Starting from this main objective there are three secondary objectives:




	
The identification and the direction of the causality relation among the variables included in the model;



	
An analysis of the Blue Economy’s influence on the performance of the environment;



	
Positioning these EU-28 countries from the point of view of the influence of the economic growth on the degradation of the environment according to the EKC [32].








Starting from the equations used within the studies regarding the impact of economic growth on the environment [33], we developed the following equation corresponding to the present study:


GHGit = f(GVAit, GDPit, GDP2it)



(1)







To research the causality relation between the variables included in the model, after making the logarithm of the data, Equation (1) becomes:


lnGHGit = αi + δit + β1lnGVAit + β2lnGDPit + β3lnGDP2it + μit



(2)




where i = 1, 2, …, 28 represent the EU-28 countries included in the panel, t = 2009, …, 2018 represent the time period for which the analysis was made, μit expresses the value of the residual term, βi are coefficients associated to the variable of the model, αi and δi are the parameters that allow for the possibility of country-specific fixed effects and deterministic trends.



The first stage in the analysis of the causality relation among the variables is represented by testing the stationarity of the data used by applying the Levin–Lin–Chu test [34]. A correlation matrix was used prior to summarize data, as input into a more advanced analysis, and as a diagnostic for advanced analyses. The second stage involves applying the cointegration tests to identify the existence of a cointegration relation among the variables included in the analysis by using the Pedroni test [35,36] and the Kao test [37].



In case of at least one cointegration relation among the variables of the model, the long-term cointegration coefficients are established with the fully modified ordinary least squares (FMOLS) estimator suggested by Phillips and Hansen [38]. Furthermore, a vector error correction model (VECM) is used to identify the long- and short-term causality relations. The cointegration term is known as the error correction term (ECT).





4. Results


At first, a correlation matrix is used to show the correlation coefficients between the variables in the model. All of the correlations are positive, and significantly different from zero at conventional levels (see Table 1).



The LLC test involves a common unit root process, so this test does not allow the possibility that data provided for a variable in a particular country included in the panel will be stationary and for another country to have a unitary root. The null hypothesis of this test is that the data series contains a unit root, and the alternative hypothesis assumes that the series is stationary. The Levin–Lin–Chu test with panel-specific means requires that the number of time periods grow more quickly than the number of panels, so the ratio of panels to time periods tends to zero, which makes this test appropriate for the proposed model. The results of the unity root LLC test point out the fact that all variables are stationary at level or at first difference. Thus, all the variables rejected the null hypothesis of the unit root after first difference. Moreover, alternative hypothesis of no unit root is acceptable (see Table 2).



The cointegration test will be applied on the level form of the variables. The first cointegration test is the Pedroni test (see Table 3). This test is one of the most important and widely used tests of cointegration for panel data. It proposes several tests for cointegration that allow for heterogeneous intercepts and trend coefficients across cross-sections.



The results of the test presented in Table 3 point to the existence of a long term cointegration relation among the variables of the model. To improve the accuracy of the analysis, the Kao cointegration test was applied (see Table 4).



The Kao residual cointegration test also emphasizes that the null hypothesis of no cointegration is rejected and the p-value (0.0498) offers strong evidence that between the variables there is a long-term relationship.



Assessing the long-term cointegration coefficients was carried out by using the FMOLS estimator. The results from Table 5 point out the fact that in the long-term there is a cointegration relation among the greenhouse gas emissions, the Blue Economy and economic growth. Analyzing the coefficients associated with the variables lnGDP and lnGDP2 we can formulate the conclusion that this panel of EU-28 countries is on an inverted U shape curve (conventional EKC) in the long-run, because the coefficient associated to the linear term GDP per capita is positive and that associated to the nonlinear term (GDP2) is negative. This result supports the environmental Kuznets curve theory according to which greenhouse gas emissions increase within the first phase of the economic growth and decrease after reaching a certain point (see Table 5).



As for the Blue Economy, according to the results obtained from Table 5, this negatively influences the greenhouse gas emissions; therefore, for a growth with a unit of the gross added value in the Blue Economy there will be a decrease of 0.1065 units of the greenhouse gas emissions.



The existence of a cointegration nexus between the variables of the model implies the existence of a causality connection from at least one direction. To evaluate the causality connections between greenhouse gas emissions, gross value added from the Blue Economy, GDP, and GDP2, the Granger test [39] based on the VECM framework was used. This test determines if there is a short-run, long-run or strong causality between the variables. To analyze the long-run causal impacts, the t-statistics of the ECT are analyzed. If the value of t-statistics proves to be negative, then there is a long-run nexus among variables. As for the existence of a short-term nexus among variables, this is demonstrated by the p-value granted for the coefficients associated to each variable. Therefore, if the p-value is lower than 0.5, then the null hypothesis with the lack of cointegration is rejected and it is accepted that the alternative hypothesis of an existence of a short-term causality nexus among the variables of the model (see Table 6).



According to the results obtained, the direction of causality on the short-run is from greenhouse gas emissions (GHG) to gross domestic product (GDP and GDP2).



On the other hand, the direction of causality from greenhouse gas emissions (GHG) to gross domestic product (GDP and GDP2), on the long- and short-run, demonstrate the real influence that the economy has on greenhouse gas emissions.




5. Discussions


Results indicated that the Blue Economy negatively influences greenhouse gas emissions. This result might be explained by the fact that the economic activity from the seas and oceans are not only based on the use of the renewable energy resources, and governments are taking significant measures to prevent traditional sources and to liberate in the atmosphere harmful gases for the environment. Another example in this sense is represented by the sector of maritime transport, liberating in the atmosphere a higher quantity of CO2, the most important greenhouse gas. The first data obtained from the EU system to monitor, report and verify CO2 emissions from ships over 5000 gross tonnages showed that they emitted more than 138 million tons of CO2 into the atmosphere in 2018.



Furthermore, according to the results obtained, the direction of causality in the short-run is from greenhouse gas emissions (GHG) to gross domestic product (GDP and GDP2). This means that, in the short-run, the levels of greenhouse gas emissions have a negative influence on GDP and GDP2.



Moreover, the direction of causality from greenhouse gas emissions (GHG) to gross domestic product (GDP and GDP2), in the long- and short-run, demonstrate the real influence that the economy has on greenhouse gas emissions.



The results above prove that economic growth and gross value added from Blue Economy have a significant influence on reducing greenhouse gas emissions in the long- and short-run in the EU-28 countries, while in the short-run the influence of greenhouse gas emissions on economic growth was determined. Thus, this fact could be explained because for countries with a high level of pollution, the level of economic growth is important when they have goals in the long-run, but at the same time they have to acknowledge the need for other measures in the short-run to diminish the negative impact that the activities from the maritime field generate on climate change. However, policymakers should create adequate green policies adapted to each member country to reduce these impacts and to maintain the level of economic growth that is very important for the financial development of the country.



Therefore, the results of this study are similar to other papers also mentioned in the literature review section. Furthermore, as Bouman et al. [24] noted that no single measure is enough to cause a significant reduction, we also believe that policymakers should address multiple measures to see a real reduction in the negative impacts on the seas and oceans.



Nevertheless, like other authors’ ([25,26]) views on sustaining economic growth, our results confirm that countries with access to seas and oceans are more interested in generating energy from the seas and oceans as an attractive source of renewable energy which will help reduce the environmental impact in order to provide a sustainable Blue Growth.




6. Conclusions


The purpose of the paper is to analyze the correlations among the Blue Economy, climate change, and economic growth in the EU-28 countries. The motivation of choosing the EU-28 countries resides in the fact that they implemented similar reduction tools for the GHG emissions, based on the requests of the EU accession, but these measures determined different effects on GHG emissions.



The novelty element of the paper is represented by the causality relations among the greenhouse gas emissions, the Blue Economy and the economic growth under the form of a data panel over the period 2009–2018, using the FMOLS and VECM methods and taking into account the fact that there is a lower amount of information regarding the Blue Economy and studies analyzing the effects generated by the maritime activities on climate change. At the same time, this type of analysis was not approached in other research studies and gained a significant importance in the EU starting in 2009, when the European Commission published the first information on this subject.



Another novelty element of the paper is using and including the gross added value in the chosen pattern of the Blue Economy (GVA) synthesizing all the economic activity fields within the Blue Economy because the analysis of a single cause generating changes on the environment might lead to contradictory results in a multi-varied natural environment, representing a major uncertainty for future projections.



In consequence, to meet the proposed goal we used the following variables within the econometric model: the total value of the greenhouse gas emissions expressed in thousand tons (GHG), the gross added value in the Blue Economy expressed in million Euros (GVA), and the real GDP per capita expressed in Euros (GDP and GDP2).



The results obtained indicate the fact that in the long-term there is a cointegration relation among greenhouse gas emissions, the Blue Economy, and economic growth. As for the Blue Economy, according to the results obtained, they negatively influence greenhouse gas emissions. This can also be explained by the fact that the economic activity from the seas and oceans sector is not only based on traditional sources liberating harmful gases in the atmosphere but also on renewable energy sources; thus, the EU-28 countries are taking important steps in preserving the environment. At the same time, we identified unidirectional causality relationships from the greenhouse gas emissions on the economic growth in the short-term and from the economic growth to the greenhouse gas emissions in the long-term. These results indicate that the Blue Economy is a very important part of the global economy and the negative impact over the seas and oceans also reflect on other fields of the economy.



We agree with the opinion expressed by the specialists of the European Commission [6], that we need concerted actions to protect and reset the health of the oceans and seas and to reduce the impact on the environment and the losses of natural resources caused by the unsustainable economic activity related to seas and oceans. The conservation and growth of natural capital accumulated in the seas and oceans is essential for the provision of sustainable ecosystem services and for the achievement of the EU’s Sustainable Development Goals (SDGs) set by the UN for 2030. Therefore, Marine Strategy Framework Directive (MSFD) offers a comprehensive and holistic approach for the protection of the European sea, acting as an environmental pillar of the EU’s broader maritime strategy. However, climate change (rising temperatures, acidification, deoxygenation, rising sea levels) is another additional pressure that is exacerbating the effects of pollution, biodiversity, and other existing threats. Thus, the Blue Economy is linked to many other economic activities and its impact goes beyond the sectors mentioned above. Therefore, we strongly agree that on the EU level it is important to harmonize the ocean, coastline and marine economic activities with the values imposed by the sustainable economy to support sustainable growth.



The limitations of this study can be outlined on one hand, by the fact that the analysis only includes the EU-28 countries and therefore we propose to include other OECD countries within our study. On the other hand, once the threats on the oceans and seas are more varied, we intend to include other macroeconomic variables in the proposed model.
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Figure 1. Gross added value (GVA) in EU-28 during 2009–2018 (millions of Euros). 
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Table 1. Correlation matrix for the variables.
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	lnGHG
	lnGVA
	lnGDP
	lnGDP2





	lnGHG
	1.000000

-
	
	
	



	lnGVA
	0.675645

(0.0000)
	1.000000

-
	
	



	lnGDP
	0.143160

(0.0165)
	0.257532

(0.0000)
	1.000000

-
	



	lnGDP2
	0.137406

(0.0215)
	0.244562

(0.0000)
	0.999312

(0.0000)
	1.000000

-
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Table 2. Unit root test results in EU-28 countries.
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Method

	
Common Unit Root Test

LLC






	
lnGHG

	
Stat (p-value)

	
−7.7373 (0.0000)




	
dlnGHG

	
Stat (p-value)

	
−4.7787 (0.0000)




	
lnGVA

	
Stat (p-value)

	
0.5585 (0.7118)




	
dlnGVA

	
Stat (p-value)

	
−6.9652 (0.0000)




	
lnGDP

	
Stat (p-value)

	
−0.1718 (0.4318)




	
dlnGDP

	
Stat (p-value)

	
−7.8937 (0.0000)




	
lnGDP2

	
Stat (p-value)

	
−0.0274 (0.4891)




	
dlnGDP2

	
Stat (p-value)

	
−7.7604 (0.0000)
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Table 3. Pedroni cointegration test for the variables in EU-28 countries.
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Alternative Hypothesis: Common AR Coeff. (within-Dimension)






	

	
Statistic

	
Prob.

	
Statistic

	
Prob.




	
Panel v-Stat

	
−2.1319

	
0.9835

	
−2.6506

	
0.9960




	
Panel rho-Stat

	
2.6744

	
0.9963

	
2.4916

	
0.9936




	
Panel PP-Stat

	
−6.2131

	
0.0000

	
−6.0610

	
0.0000




	
Panel ADF-Stat

	
−4.9240

	
0.0000

	
−4.5530

	
0.0000




	
Alternative Hypothesis: Individual AR Coeff. (between-Dimension)




	

	
Statistic

	
Prob.

	




	
Group rho-Stat

	
5.1094

	
1.0000




	
Group PP-Stat

	
−8.7019

	
0.0000




	
Group ADF-Stat

	
−5.8470

	
0.0000
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Table 4. Kao cointegration test in EU-28 countries.






Table 4. Kao cointegration test in EU-28 countries.










	
	t-Statistic
	Prob.





	ADF
	−1.646895
	0.0498



	Residual variance
	0.008152
	



	HAC variance
	0.006855
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Table 5. Long run estimates—fully modified ordinary least squares (FMOLS) model.
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Variable

	
Coefficient

	
Std. Error

	
t-Statistic

	
Prob.




	
Long Run Equation






	
lnGDP

	
3.0453

	
0.0187

	
162.0452

	
0.0000




	
lnGDP2

	
–0.2318

	
0.0406

	
–5.6978

	
0.0000




	
lnGVA

	
–0.1065

	
0.0286

	
–3.7165

	
0.0003
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Table 6. VECM estimation for the variables in EU-28 countries.
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	Error Correction:
	d(lnGHG)
	d(lnGVA)
	d(lnGDP)
	d(lnGDP2)





	ECT(−1)
	−0.000343
	0.000403
	−0.000160
	−0.002435



	
	(0.00024)
	(0.00035)
	(6.4 × 10−5)
	(0.00131)



	
	[−1.44727]
	[1.15182]
	[−2.48574]
	[−1.86299]



	d(lnGHG(−1))
	−0.153350
	−0.020106
	0.029195
	0.574425



	
	(0.06374)
	(0.09405)
	(0.01726)
	(0.35135)



	
	[−2.40575]
	[−0.21379]
	[1.69176]
	[1.63492]



	d(lnGVA(−1))
	0.043706
	−0.138191
	0.016461
	0.323563



	
	(0.04465)
	(0.06588)
	(0.01209)
	(0.24613)



	
	[0.97878]
	[−2.09753]
	[1.36165]
	[1.31460]



	d(lnGDP(−1))
	−0.341455
	1.909622
	1.074648
	15.59224



	
	(3.32055)
	(4.89916)
	(0.89897)
	(18.3027)



	
	[−0.10283]
	[0.38979]
	[1.19542]
	[0.85191]



	d(lnGDP2(−1))
	0.016601
	−0.032226
	−0.030785
	−0.321307



	
	(0.16535)
	(0.24396)
	(0.04476)
	(0.91139)



	
	[0.10040]
	[−0.13210]
	[−0.68771]
	[−0.35254]
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  energies-14-04600


  
    		
      energies-14-04600
    


  




  





media/file0.png





media/file2.png
45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000

0

Belgium

Bulgaria

Croatia

Cyprus

Denmark

Estonia

Finland

France
Germany

3
2
G

Hungary

Ireland

Italy

Latvia
Lithuania
Luxembourg

Malta

Netherlands :

Poland
Portugal
Romania

Slovakia

Slovenia

Spain
Swede





media/file1.jpg
45000
40000
35000
30000
25000
20000
15,000
10000

ewewoy
eBmiog
pueioa
spuepiayioN
euen
Sinoquexm
ewenin






