
This is the published version of the bachelor thesis:

Pallarés Balaux, Berta; Andres Martinez, Raquel, dir. Is the plastic marine
debris well assessed? Analysis of the sources and the international legislation
related. 2020. 75 pag. (1102 Grau en Administració i Direcció d’Empreses)

This version is available at https://ddd.uab.cat/record/240676

under the terms of the license

https://ddd.uab.cat/record/240676


 

 

 

 

 

 

 

 

 

IS THE PLASTIC MARINE DEBRIS WELL ASSESSED? ANALYSIS OF THE 

SOURCES AND THE INTERNATIONAL LEGISLATION RELATED 

 

BERTA PALLARÉS BALAUX 

 

BACHELOR’S DEGREE IN BUSINESS MANAGEMENT AND 

ADMINISTRATION 

 

TUTOR: RAQUEL ANDRÉS MARTÍNEZ 

 

MAY 25th 2020 

 

 

 

 



 1 

ACKNLOWLEDGEMENTS 

 

I would like to express my very great appreciation to Professor Jaume Puigagut from 

Universitat Politècnica de Catalunya, specialised in environmental engineering, and 

Professor Laura Oller from the University of Abertay, specialised in marine biology, for 

their valuable and constructive suggestions during the elaboration of this study. I am so 

grateful they could spend a few hours of their busy schedule to give me some tips and 

methods to orientate differently some parts of the thesis. 

Of course, I would also like to thank my tutor Raquel Andrés for her guidance and her 

encouragement. Not only has she given me the tools I needed to write the thesis, but she 

has also provided me with some solutions to deal with statistical calculations. 

Furthermore, she has also shown her concern about the future of our planet and seas, 

which has allowed us to understand each other perfectly. 

My thanks are also extended to my classmates and friends who have contributed with 

their notions, insights and constructive criticism upon this study, which have enabled me 

to enhance the quality of this paper and the methods used.  

Finally, I wish to thank my family for their support and patience. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 2 

ABSTRACT 

 

Plastic marine debris has become of major concern due to the lack of knowledge about 

its sources and the possible ineffectiveness of its related international policies. Research 

has shown that albeit there exist many different origins, international legislation may fail 

to cover them due to methodological limitations, excess of qualitative monitoring 

processes or the governments’ lack of implication. This study aims to determine, apart 

from the main plastic ocean sources, the evolution of international policies regarding such 

issue – what has been achieved, which pollutants have been handled and which are the 

future call-to-actions. To do so, a deep study on the main marine debris legislation texts 

is performed, followed by the construction of a regression model able to explain the tons 

of plastic floating in the Earth’s oceans. Once having the statistical results, it is 

demonstrated that the country’s surface area, population growth, municipal solid waste 

generation per capita, gross domestic product per capita growth, aquaculture production 

and the container port traffic are the factors that better explain the marine litter amount. 

In relation, it is proved that prior 2010 policies did not well cover marine debris sources 

and that posterior 2010 just treat a few of them. On the basis, it is recommended to 

enhance a circular economy model based on information-sharing practices and well-

designed and defined data gathering methods, proper waste management systems 

particularly in developing countries, consumer behaviour regulation or on increasing 

plastic value, among others. 

 

 

Keywords: plastic, marine debris, plastic oceans, international policies, sources, 

circular economy  
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1. INTRODUCTION 

 

Plastic is considered to be one of the main big problems of this century. Born in 1855 and 

designed to be useful and cost-effective for industrial activities, it could also satisfy the 

materialistic behaviour of consumers in terms of quick solutions. That is why throw-away 

or single-use goods such as plastic bags, food wrappers and containers, beverage bottles 

and cans, cutlery, straws, cups, lids and even cigarette filters became very successful 

(Scott E. Rupp, 2018). During the 1930s and 1940s, the plastic industry experienced a 

great increment mostly because of packaging, and from 1975 to 2012, its production grew 

by 620% (“Plastics Europe”, 2013). Throughout its evolution, natural resources have run 

out for future generations and waterways have been polluted, which is related to the fact 

that individuals have always seen nature as something to use and consume rather than 

something to protect (Cotter. B, 2019). 

 

Figure 1: Evolution of global plastics production measured in metric tonnes per year 

(Source: Geyer et al. 2017) 

 

Then, albeit marine debris1 is not a new phenomenon, it has recently become more 

important due to its increasing production over time. Mismanaged plastic waste is estimated 

to triple by 2060 if individuals keep consuming plastics as now. By the same year, the ocean 

will have more plastics than fish in terms of weight (MacArthur Foundation, 2016). 

 
1 Any human-created manufactured or processed solid waste material which has been disposed or 

abandoned into the marine and coastal environment, directly or indirectly (Coe & Rogers, 1997). It is 

estimated that between 60% and 80% of such materials are made of plastic (Algalita Marine Research 

Foundation, 2008). 
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Specifically, about 9.2 billion tons of plastic has been produced since its invention. If this 

amount was be transformed into clingfilm, it would be enough to wrap the whole globe, 

with some of it leftover (Berners-Lee, 2019). From such amount, 6.3 billion tons have never 

been recycled, and what is more, 5.3 million to 14 million tons are estimated to end up in 

the ocean each year (Parker. L, 2018).  

Special attention is given to microplastics2, which are estimated by the UN Environment 

Programme to be around 51 trillion. While bigger plastic items can be easily removed, 

microplastics are not visible – they can be smaller than the diameter of a piece of hair – so 

they cannot be properly identified. They are latterly found in food chains or pharmaceutical 

products which lead to human health issues due to their toxic chemicals and carcinogens. 

These microfibres mostly come from the beauty industry and wastewater treatment, but 

they can also be created when washing clothes or using fishing nets (Matsangou, E., 2018). 

As plastic is a non-biodegradable material, these small fibres cannot be absorbed by the 

natural system due to its high molecular weight. In fact, plastic degradation at sea has been 

ranged from 450 to 1.000 years, even though some items such as foamed plastic cups only 

take 50 years to be disintegrated (Le Guern, C. 2009). 

 

 

Figure 2: Map of the five major ocean gyres 

 (Source: National Oceanic and Atmospheric Administration, 2017) 

 
2 Small fragments and particles coming from broken up plastic items and that become smaller over time 

(Matsangou, E., 2018). 
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There are specific areas in the ocean called gyres3 where these amounts of macro and micro-

plastics are being accumulated. There are 5 important gyres worldwide, and the biggest one, 

the North Pacific Gyre (also known as the Great Pacific Garbage patch), which is formed 

by plastics coming from North America and Japan, occupies twice the size of Texas. It was 

first mentioned in 1988 and it was described as a large area in the ocean concentrating 

around 1.8 trillion microplastics across 617.000 square miles, both suspended or beneath 

the ocean surface (Akpan. N, 2018). It is also characterized for being toxic for the marine 

environment as it contains bisphenol A and PS oligomer4 (Le Guern, C. 2009). 

Some countries have undertaken numerous analysis to know the sources of marine debris 

in their territorial waters5, and some international organizations and entities have also 

estimated the global primary plastic production by industrial sector or, for instance, the total 

plastic waste per country. The environmental, social and economic consequences of such 

phenomenon can be easily observed and they become fundamental when assessing public 

behaviour, legislation, governance, industry or commerce (Pahl et al., 2017). Firstly, 

environmental impacts involve marine fauna injury or death due to microplastic ingestion 

or entanglement, which leads to a reduction in the provision of fisheries and habitat damage. 

Plastics is also a risk for vessels and for non-native species which end up in far-away 

habitats. Overall, it represents a biodiversity loss and a long-term ecosystem deterioration. 

Secondly, social impacts include coastal contamination and a consequent decrease in 

recreational opportunities. People can also suffer from plastic ingestion or heritage lost. 

Social aspects are also related to the loss of aesthetic value and non-use value of ecosystems. 

Finally, economic impacts include different associated financial losses such as in shipping 

activities, tourism, cleaning activities, coastal agriculture, control and eradication of non-

native species or power station costs. Details about all the impacts mentioned can be found 

in Appendix 1. Indirect costs must also be borne in mind. The 98% of plastics come from 

fossil fuel feedstocks and its management process is energy-intensive and carbon-emitting, 

for which CO2 emissions could grow 76% by 2050. Also, keeping with the same pace of 

production and incineration practices would lead to 287 billion tonnes of carbon by 2100, 

 
3 Large-scale circular mass of water featured by spiral currents around a central point which can be found 

both in the Northern Hemisphere and Southern Hemisphere. There are 5 gyres in total which represent 40% 

of the ocean (Le Guern, C. 2009). 

4 Toxic chemicals of major concern as they can totally modify animals’ hormones.  

5 Area of the sea immediately adjacent to the shores of a state and subject to the territorial jurisdiction of 

that state ("Territorial waters | International law", n.d.).  



 8 

which is a third of the whole carbon budget (Birkbeck, 2010). Low plastic prices do not 

reflect all these costs. Fossil fuel feedstocks and infrastructure for plastic manufacturing are 

being heavily subsidized and the huge production of such material allows economies of 

scale, resulting in small prices for most plastic products (Birkbeck, 2010). Contrarily, the 

costs of damaging the marine ecosystem are estimated to be of $13 billion per year 

(Matsangou, E., 2018).  

Governments and citizens have a lot to do to mitigate such consequences. On the one hand, 

governments along with other institutions should elaborate policies according to the 

prevention of plastic oceans as well as guidelines to cover its consequences. The problem 

with these policies or agreements is that, after implementing them, their evaluation and 

tracking processes are usually based on qualitative data rather than quantitative, which 

would enable to proof the effectiveness of such policies in a more straightforward way. 

Another problem, as mentioned, is that if the real plastic sources are not properly identified, 

so they cannot be taken into account when designing international policies. On the other 

hand, it is the responsibility of citizens and shareholders to stop the throwaway plastic 

culture by supporting a circular production and consumption model to reduce or even 

eliminate the plastic accumulation (McDermott & Kristin L., 2016).  
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2. OBJECTIVES 

 

The main goal of this thesis is to prove the effectiveness of international regulatory 

policies by involving all possible countries and sources of marine debris and using 2010 

for all statistical calculations. Comparing the legislation previous to 2010 to the statistical 

results, as well as comparing these statistical results to the legislation after 2010, will 

offer a clear snapshot of the evolution and effectiveness of the international organisms, 

associations and governments when elaborating the correct policies regarding plastic 

oceans. The objectives, then, are the following ones: 

 

1. Finding and analysing the corresponding international agreements regarding 

plastics in the ocean. 

 

2. Finding indicators with a direct impact on marine plastic pollution: 

a. Selecting possible variables included in international policies and previous 

related studies. 

b. Observing which are the most relevant ones based on statistical results. 

c. Observing which type of relationship these factors have with plastic ending 

up in the ocean. 

 

3. Evaluating the effectiveness of international legislation: 

a. Studying if policies set before 2010 were effective based on statistical 

results. 

b. Studying if the posterior policies handle the most pollutant sources 

(variables) found in 2010. 

 

4. Determine the future investigation lines as well as proposing some solutions once 

having studied the effectiveness. 
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3. THEORETICAL FRAMEWORK 

 

3.1 Countries and marine debris: contextualization 

Before starting to analyse both the international policies and studying the other similar 

literature, it is crucial to explain the different sort of countries regarding the waste 

management industry, and consequently, the marine debris. 

As mentioned, the numbers are very worrying. In 2016, almost 310 million metric tons of 

plastic waste were generated, but just 63% of them passed a controlled waste management 

process (World Wide Fund For Nature, 2019). In fact, from 1950 onwards, only 9% of 

primary plastic has been recycled (Birkbeck, 2010). Waste and recycling industries are 

highly related to countries’ income. In developing countries6, the impact of unworkable 

waste systems is huge due to their limited recycling capacity and their poor waste 

infrastructures. There, 90% of litter is disposed of in openly landfills which creates health, 

safety and environmental problems as well as contributes to climate change ("Solid Waste 

Management", 2019). For example, in India and Cambodia people could just throw their 

garbage out their homes with no institution penalizing them for which they have no 

incentive to start recycling or paying a waste management service. This could explain the 

59.130 plastic tonnes in the Indian Ocean (Kaza S., 2018).  

 

Figure 3: Quantity of plastic floating at ocean surface within reach of the world’s ocean or marine basins 

 (Source: Eriksen et al. 2014) 

 

 
6 Any country having a standard of living or level of industrial production well below that possible with 

financial or technical aid (Dictionary.com, 2020). 
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Conversely, high-income countries often have the correct infrastructure and means for 

which the probability of plastics ending up in the ocean is lower. For instance, countries 

such as Norway or Switzerland can reuse more than 80% of their plastics due to their 

integrated and well-designed waste framework and resource strategy to address each waste 

stream with the best option (National Oceanic and Atmospheric Administration, 2018).  

Many debates have been created around which countries have the fault of the current 

situation. It has been proven that, even if they counted on better infrastructures, richer 

countries would waste more plastic than poorer ones (Niranjan, 2019). For instance, 

Germans and Americans throw away plastic items 10 times more compared to Indians or 

Kenyans. Furthermore, countries such as Australia or Japan have been exporting great 

amounts of litter to Southeast Asian countries for recycling, which exceeds the waste 

capacity management of these regions. Fortunately, Vietnam, China and Malaysia have 

finally banned such imports. This study is intended to clarify that the current situation is all 

countries’ responsibility. As mentioned, low-income countries, while becoming richer, 

should invest in proper waste infrastructures and focus on recycling centres and secure 

dumping sites. On the other hand, richer ones should start dealing with their litter without 

having to export it, as well as reducing the waste infrastructures operating costs, which 

currently are of €924 per metric ton (Niranjan, A., 2019). 

Nowadays, each country is applying some policies according to their current situation, 

possibilities and needs (Birkbeck, C. D., 2020). By creating or modifying the corresponding 

policies – or by strictly applying the current ones – sustainable waste frameworks will be 

created, which must also be complemented with the support of local institutions, financial 

sustainability and citizen engagement related to deep ecology7. It is estimated that 

implementing all these policies and practices with proper strong enforcement would lead to 

a reduction of 57% in global plastic litter and a decrease of half of the total virgin plastic 

production from business activities, as well as it would lower single-use plastics demand 

by 40% and would create jobs in plastic recycling and manufacturing industry (World Wide 

Fund For Nature, 2019). 

 

 

 

 
7 Philosophy recently created by ecologists which aims the legal recognition and protection of nature by 

recognising it as a subject of law (Le Guern, C. 2009). 
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3.2 International policies related to plastic oceans 

The United Nations created the United Nations Environment Program (UNEP) in 1972, 

which was designed to set the global environmental agenda and to control the 

implementation of programmes around the globe. Specific programs for plastic were 

added a few years ago, and in the Environment Assembly celebrated in 2019, they agreed 

on jointly tackling pollution on single-use plastics. An Expert Working Group was also 

created to strengthen the international cooperation regarding marine debris through 

sharing best practices, instruments and experiences (Birkbeck, 2010). The most important 

UNEP conventions, sub-organisations and agreements regarding marine debris are: 

¶ The United Nations Convention on Oceans and the Law of the Sea (UNCLOS). It 

was signed in 1982 and it replaced the Geneva Convention of 1958. Part XII 

specifies the policies regarding the conservation of the marine environment.  

¶ The International Maritime Organization was established in the London 

Convention on the Prevention of Marine Pollution by Dumping of Wastes, which 

was carried out in 1972 and involved 87 states. Its goal was the effective control 

of all sources of marine pollution as well as implementing some prevention 

measures. In 1996, it was modified with the introduction of new duties for member 

parties and with some points related to plastic, which entered into force in 2006. 

¶ The International Convention for the Prevention of Marine Pollution from Ships 

(1973) and the Protocol of 1978 relating thereto (MARPOL 73/78) is the main 

framework to prevent and reduce pollution from vessels by both assessing the 

items which accidentally end up in the sea as well as the regular pollution from 

shipping operations. Annexe V deals with plastic items, which entered into force 

in 2013. 

¶ The Convention on Biological Diversity entered into force in 1993 and it focused 

on preserving biological diversity through the sustainable use of its components 

and the sharing of its benefits among all members.  

¶ As commented above, specific plastic waste and marine litter policies have 

recently been incorporated. They involve different programs such as the Global 

Programme of Action for the Protection of the Marine Environment from Land-

based Activities (GPA), the Global Partnership on Marine Litter (GPML) guided 

by the Honolulu Strategy or the Global Partnership on Waste Management. 
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¶ The Basel Convention on the Control of Transboundary Movements of Hazardous 

Wastes and Their Disposal was undertaken in 1989 and it was aimed to assess the 

management of hazardous wastes and their disposal. In 2019, members extended 

the original text with an amendment dedicated to marine debris and plastic waste, 

in which 187 states agreed that unrecyclable plastic will require the prior consent 

from importing countries before being exported. Also, several partnerships on 

plastic waste in support of this new amendment were created with members of 

private companies, civil society and other stakeholders (Birkbeck, 2010). 

Apart from the United Nations, the International Solid Waste Association (ISWA), which 

was founded in 1970, also aims to enhance waste management practices and meet the 

Sustainable Development Goals8. Its projects include keeping waste out of oceans, 

building a circular economy infrastructure, building a resource management 

infrastructure and assessing the waste management worldwide. In 2017, a report called 

Task Force on Marine Litter was included (Velis C, Lerpiniere D, Tsakona M, 2017). 

Finally, the World Trade Organization (WTO) has also been promoting the economic 

transition towards a free-plastic economy through the removal of subsidies that promote 

plastic trade, new environmental standards, new policies and producer responsibility 

schemes (Birkbeck, C. D., 2020). Other conventions and programs related are the 

Stockholm Convention, which is intended to reduce or even eliminate the production of 

persistent organic pollutants some of which are additives used in plastic industry, the 

Paris Agreement, aimed to assess the CO2 emissions and to regulate the growing plastic 

industry relying on fossil fuel feedstocks and carbon-intensive production processes, the 

2015-G7 Action Plan to Combat Marine Litter and the G20 Implementation Framework, 

which contain different regional actions, the World Bank Project, which supports 

sustainable projects with financial aid, the Global Environment Fund (GEF), which issues 

alternative assets related to green energy, the World Customs Organization (WCO) or the 

International Organization on Standardization (ISO), both of which relate to plastic trade 

and social responsibility .  

 

 

 

 
8 They are different call-for-actions in which countries are committed to tackling plastic pollution through 

targets on sustainable consumption and production patterns 
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3.3 Other similar studies 

Some regional and partial studies have been examined. The first country-by-country 

estimate for coastal emissions of plastic appeared in 2015, in which it was proved that 

between 4.8 and 12.7 million tonnes entered the oceans in 2010 (Jambeck, J. R. et al, 

2015). Such estimation was done taking into account countries’ population density, waste 

generation rates, countries’ economic status and specific waste data. This 2010 study is 

the most recent one regarding the amount of plastic littered. The results show that China, 

Europe and North America are the ones in charge of the greatest share of littered plastic 

due to their consumption and disposal practices (Birkbeck, 2010): 

 

Figure 4: Countries with their estimated mass of mismanaged plastic waste (in millions of metric 

tons) generated in 2010 by populations living within 50 km of the coast 

 (Source: Jambeck, J.R. et al, 2015) 

 

Studies regarding agricultural and land sources have proven that the 80% of marine debris 

is originated in land, coming from both common litter and materials in poorly managed 

landfills which end up in the ocean through conduits, outpourings and wind (Sonam et al, 

2019). Some articles point out the 10 largest rivers of the world are the responsible of the 

90% of marine pollution as they are potential connectors between garbage generated on 

land and marine debris (Schmidt et al., 2017). Waterways, even in developed countries, 

are very sensitive to rain as they can be easily polluted when the rain level exceeds the 

sewage treatment facilities’ capacity. For instance, about the Yamuna River in India, it 

was estimated that 80% of its pollution is the result of sewage, and that combined with 

industrial toxic releases, they represent 3 billion litres of waste per day that end up in the 

ocean (Le Guern, C. 2009). On the other hand, Greenpeace also stated that abandoned 

fishing gears are great contributors of plastic pollution in the sea (Laville, 2019) and that 

food production is responsible for the vast majority of single-use plastics littered 
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(Westwater, 2018). Finally, human activities concentrated in coastal regions are less able 

to assimilate high amounts of plastic consumption which have more possibilities to end 

up in the sea ("Europe's seas and coasts", 2019). Nevertheless, since 2010, the marine 

protected area coverage has raised over 14 million Ὧά, which represents an increment 

of 6,4% ("Explore the World's Marine Protected Areas", n.d.). 

Studies regarding population and urban development pollutants link marine debris with 

those nations with a growing population rate close to coastlines and with poor waste 

administration frameworks (Jambeck, J. et al, 2015). 

 

Figure 5: Plastic waste input study which analyses the coastal population as well as administration 

frameworks and percentages of mismanaged waste per country 

(Source: Jambeck, J. R. et al, 2015) 

 

These countries have low waste collection rates as they have limited investment for it. In 

relation, the quick creation of megacities and urban regions could also explain such 

phenomenon. Almost 70% of the city development occurs in the city surroundings and 

ghettos, areas in which administration of waste disposal is slightly worst that in the city 

centre. In relation, plastic waste generation per capita has been studied to proof the 

relationship between plastic usage and its recycling process (McAdam, 2017), as well as 

the renewable energy usage, which has been proven that could reduce plastic pollution in 

some particular developed areas (Folk, 2019). Also, a recent study by Toyota has claimed 

that business activities can have an impact on water pollution in consumption’s disposal 

phase, and therefore countries should enhance their social responsibility frameworks to 

avoid it ("How Businesses Can Reduce Plastic In Our Oceans”, 2020).  

Other articles take into account economy and growth-related variables such as the gross 

domestic product (McAdam, 2017). Industrial activities also generate plastic trash 

through packaging, construction and textiles activities ("What Is Plastic Used For In 
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Society, & What Sectors Use & Waste The Most Plastic?", 2019). In fact, some producers 

are expecting to increase their production capacity to 75% by 2022, which would be 

followed by a demand increase for disposable plastics (Day K. and Hodges T., 2018). 

Single-use plastics are also widely mentioned. Their dependency on natural gas has made 

fuel feedstocks really available and cheap worldwide, for which plastic production is 

expected to increase by 50% in the next 10 years. It would triple the plastic exports 

amount by 2030 (Day K. and Hodges T., 2018). Some governments have started to 

introduce bans and levies to stop such situation. The first country to ban plastic bags was 

Bangladesh in 2002, followed by Ireland which got a 90% reduction in single-use plastic 

items, and the money gathered was used to promote plastic recyclability programmes. In 

2003, Taiwan introduced a small charge in plastic purchases both for businesses and 

citizens. Lately, in 2018, the European Commission put pressure on its 28 member states 

to approve bans on such plastics, which would avoid 3.7 million tons of carbon dioxide 

emissions by 2030 (Amadeo, 2020). Plastic trade has recently become relevant for 

governments, especially since China banned its plastic waste imports in 2018 and for 

which some European countries had to rearrange their plastic waste exports to other 

developing countries (Gray, 2018): 

 

Figure 6: Extra-EU-28 plastic waste trade by receiving country 

(Source: Eurostat, 2019) 

 

Finally, it has been seen that international and national policies play an allegedly 

important role in the behaviour of governments regarding environmental policies and 
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waste management, so those countries with more regulatory policies are expected to have 

less probability to throw litter away their oceans. 

Another factor frequently studied is education. According to Chow, Winnie So, Cheung 

& Yeung (2017), people’s behaviour towards plastic consumption can be modified 

through different education programs, which should be boosted by governments. Then, it 

becomes fundamental to analyse the relationship between government resources in terms 

of education and marine debris. For instance, in 2004, the Australia government promoted 

the plastic waste proper disposal in all schools, and the Indonesian government engaged 

citizens with enhancing the waste management to prevent plastic pollution in the Java 

Sea. Both campaigns succeeded in reducing the amount of plastic littered. Besides, a 2018 

research at the University of Plymouth proved that innovative and systematic tools for 

teachers can make a significant positive contribution to students’ willingness to change 

their behaviour regarding plastic consumption. Then, teachers can improve the public 

understanding of environmental issues as well as can provide solutions through different 

programmes and workshops (Scott E. Rupp, 2018). Wages and waste are also related 

because, as commented before, the per capita share of plastic inadequately disposed is 

highly related to the countries’ income. Finally, even though it is not quantitatively 

proven, experts believe there is a linkage between those individuals and organizations 

involved in clean-up activities and the reduction of plastics in shores and seas (Sonam et 

al, 2019). Clean-ups are straightforward and effective to perform as they represent the 

starting point of cultural change towards new behaviours. However, special attention 

must be put into the machines used as they can absorb the plankton needed for marine 

species to do the photosynthesis (Le Guern, C. 2009). The first massive coastal clean-up 

was carried out in 1986 by the Ocean conservancy. In 2008, the organization reported 

that 104 different regions had participated and that the percentage of debris collected had 

risen by 126% since 1994, which is so worrying.  

In terms of countries’ infrastructure, shipping activities often create waste from 

commercial vessels which is deliberately or accidentally dumped into the sea (Scott E. 

Rupp, 2018). In fact, according to the World Shipping Council, the shipping industry 

loses 10.000 containers per year at sea, which represents a flux of 6.4 million tons of 

items discharged (Cambel, 2018). It was also estimated that 20% of debris come from 

dumping activities on the ocean such as sailboats, large transport ships, offshore drilling 

rigs and fishing piers (Le Guern, C. 2009). According to Blok (2019), it is also necessary 

to focus on internal freshwater sources to explain the ocean pollution, as microplastics 
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are often thrown away in such water flows and channels, mainly in developing regions. 

New studies have concluded that the role of wastewater treatment plants is crucial at 

filtering microplastics, albeit their implication is not as effective as it should be 

("Wastewater Treatment Status by Countries and Economies", 2020). 

Finally, many articles blame tourism for polluting the ocean. People using beaches for 

recreation and leisure constitutes one of the most plastic pollutants ("What Causes Marine 

Litter?", n.d.). In fact, around 80% of tourism chooses coastal areas, which disrupts the 

local infrastructure and habitats. For instance, shoreline activities account for 58% of 

marine litter in the Baltic Sea Region and 67% in Jordan. This phenomenon is of 

particular concern in East Asian regions where from 1.8 billion people, 60% live in 

coastal cities (Le Guern, C. 2009). According to Eagle, Hamann & Low (2016), tourists’ 

behaviour must be changed to minimize the plastic environmental issues.  
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4. RESEARCH QUESTION AND HYPOTHESIS 

 

The 4 main research questions are highly related to the specified objectives:  

 

1. Which were the variables with the highest relationship with marine debris in 

2010? 

2. Which variables taken into account in previous 2010 policies were not relevant 

anymore by that year? 

3. Which of these variables were not included in the international agreements set 

before 2010? 

4. Do the posterior 2010 policies handle 2010 results? 

 

From these questions, the hypothesis presented are the following ones: 

1. Pollutants included in previous 2010 international policies keep having a positive 

relationship with marine debris in 2010, demonstrating that policies were not 

well-designed. 

2. Regarding specific variables for 2010: 

a. Plastic exports and industrial activities were highly related to marine 

debris. 

b. Waste management frameworks were not effective enough, which means 

that waste production had a positive relationship with marine debris. 

c. Education had not so much to do in terms of plastic in the ocean because 

there was no consciousness among citizens.  

d. Tourism and recreational activities were highly related to marine debris. 

e. Single-use plastic bans were significant as they prevent countries from 

polluting the oceans. 

3. Many relevant variables were not significant for marine debris due to their 

correlation with other significant variables. 
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5. METHODOLOGY 

5.1 Overview  

To accomplish the objectives, an analysis of international policies and a regression 

analysis to determine which variables have a direct impact on plastic ending up in the sea 

are done. This second action is a standard approach when facing macroeconomic 

variables, even though there is no other study with so many countries and possible 

regressors. To get the final regression function, some prior steps are undertaken to assure 

data validity and reliability. It has been verified that other similar studies use the same 

procedure to observe the causal relationships among variables.  

 

5.2 Qualitative analysis: International legislation 

As mentioned, a deep analysis of the international policies regarding plastic oceans has 

been done. It is useful for verifying the effectiveness of international organisations and 

governments when assessing plastic debris. All official texts and amendments of 

organisations, conventions, protocols or agreements have been read to extract relevant 

information about policies’ current performance, goals and monitoring practices. The 

analysis can be found in Appendix 2. From it, many conclusions can be set. First of all, 

it is needed to pay special attention to developing countries and other regions with 

vulnerabilities such as South Asia, East Asia, Pacific and Sub-Saharan countries as well 

as small islands. The commented differences among low-income and high-income 

countries are observed in data gathering tools, lack of prevention policies and frameworks 

or practices regarding the elimination of waste. In many regions, information cannot be 

systematically collected, so the real situation in terms of waste remains unknown. 

Secondly, the analysis evidence that the way in which these policies and agreements are 

being monitored relies on reports and other types of qualitative analysis. Even though 

reports are very detailed and complemented with audits and meetings, they are not as 

effective as numerical data would be in giving objective information. Finally, even though 

all policies mention many marine debris sources that must be taken into account, all of 

them agree that there is limited information available for debris prevalence by source and 

pathway.  
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5.3 Qualitative analysis: pollutant variables 

 

5.3.1 Data gathering tools 

Data about variables included in the international policies’ texts and previous literature 

articles are mostly extracted from The World Bank, which has a specific development 

data group that coordinates, gathers and reports statistical data for every country. The 

institution works closely with most of the world’s regions, and all its processes are guided 

by professional collection, compilation and dissemination standards to ensure data quality 

and integrity (“The World Bank – About us”, n.d.). However, some specific data such as 

the Municipal Solid Waste are extracted from other sources also linked to international 

organisations – in this case, it was from The International Solid Waste Association. 

 

5.3.2 Data selection  

As what it is aimed to study is the amount of plastic waste that ends up in the sea for each 

country, the share of plastic waste that was littered in 2010 (measured in tonnes) is used 

as the dependent variable. It captures the uncollected street waste that enters sewage 

systems and has more probability to end up in the oceans, which is assumed to be an extra 

2% on top of the national mismanaged waste (McCarthy, 2019). This variable has also 

been used in many other marine debris studies as it is the closest approximation to the 

real marine debris amount per country. Regressors’ data are widely explained in 

Appendix 3. An Excel datasheet which grouped such variables into groups – agriculture, 

population and urban development, economy and growth, education, environment, 

infrastructure and tourism – has been done and latterly exported to JMP, the statistical 

software that will perform all the statistical calculations needed. Doing such study with 

2010 data will enable to see whether countries were correctly applying the previous 2010 

policies and whether the posterior 2010 policies properly cover the results. Thus, it will 

be possible to see the evolution and the effectiveness of such international agreements.  

 

5.3.3 Data limitation and the final population sample 

Data about littered plastic waste only consider countries with coast. Also, as some small 

islands and some countries with political and social conflicts present no data for certain 

variables, they have been deleted too. Overall, the deleted countries represent 0.374% of 

the total population of countries with coasts and their surface area is 0.094% of the total 

surface of countries with coasts. These calculations are found in Appendix 4.  
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There are no data about tons of vessel waste discharges, seaside population, fishery 

subsidies, countries with incentives for recycling, the number of environmental non-profit 

firms per country or the total waterway lengths. There are no neither 2010 data about 

forest or agriculture protected areas, the number of volunteers for coastal clean-ups or the 

average wage per country. OECD countries indeed have information regarding the 

number of passengers on vessels and cruises, incineration rates, landfill or dumping areas, 

waste collection rates or about wastewater treated over the total wastewater generated. 

However, OECD only includes data for the 36 member states. In any case, it has been 

intended to find missing data by looking at specific country reports where 2010 

information can be found. It has required a great amount of time, but several data gaps 

could be finally found. With such limitations, thus, there are a total of 52 possible 

explanatory regressors and 162 coastal countries to be analysed. 

 

5.3.4 Data analysis 

Normality test 

With data in a JMP datasheet, the first step is performing a normality test for the 

dependent variable. An observation is normal when it has frequent behaviour, which can 

be easily seen through a histogram. As the sample of this study is smaller than 200 

countries, which is the value from it is assumed the distribution starts to be normal, it is 

fundamental to perform it.  

 

Correlation 

The next step is related to collinearity, which appears when one regressor can be written 

as a linear combination of another one, so they are correlated and cannot predict the value 

of the dependent variable. In a multiple regression model, multicollinearity is quite 

common, which is when there are associations among two or more explanatory variables. 

Then, all regressors included in the model must be exogenous9. Through correlation 

analysis, it will be possible to quantify the strength of the linear relationship between the 

regressor and the dependent variable as well as between regressors. A correlation matrix 

with all variables is done, and the ones with more correlation with the other regressors 

 
9 Regressors must follow the ceteris paribus criteria in which when one regressor varies, if no other 

regressors which also affects the dependent variable vary systematically, then we can use this regressor 

to explain the effect of such variation.  
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are omitted. Then, individual correlations for each mentioned group of variables - 

agriculture, population, economy, education, environment, infrastructure and tourism - 

are done, also adding the dependent variable. Those variables with correlations between 

0,3 and 0,6 were picked up. To reduce the noise of the model, the maximum number of 

variables were picked up. However, as correlations only explain the relationship between 

two variables, it will not give proper multicollinearity information. Then, to further 

analyse multicollinearity, the Variance Inflation Factor (VIF) will be used, which 

indicates how much the standard error of the coefficient estimation is inflated due to the 

existence of multicollinearity. Thus, once having the regression analysis, variables with 

a VIF greater than 5 will be deleted.  

 

T-test for dummy variables 

The next step is performing a t-test for dummy variables – single-use plastic bans and 

Basel Convention members. It is crucial because it will be possible to see if means differ 

from each other and then observe if they are both significant for the model. 

 

Regression analysis 

The final step, as mentioned in the beginning, is the regression analysis with the final 

variables to obtain the explanatory model10. When doing so, other assumptions must be 

met (“Regression model assumptions”, n.d.): 

- The relationship between regressors and dependent variable has to be linear. 

- Errors must follow a normal distribution, they must be independent from one 

another and they must present homoscedasticity11 - they must have a constant 

variance. This is analysed through a residual predicted plot. 

- Outliers may appear, which are data observations that differ significantly from the 

other data points. If its source cannot be found, they can be not taken into account. 

They can be seen through a scatter plot.  

 
10 The regression determines which variables have an effect on the dependent one or help explain the 

response. It is intended to identify the predictors that better explain the response to understand the 

magnitude and direction of the model coefficients. Overall, it is aimed to know how the response values 

change as the values of a given predictor change (“Interpreting Results in Explanatory Modelling”, n.d.) 

11 Homoscedasticity is the assumption that there is no systematic change in the spread of residuals over the 

range of measured values (Frost J., 2019) 
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6. RESULTS 

6.1 Normality test 

Computed by the JMP software 

 

The results show that three-quarters of countries emit below 9.167 tones of plastic while 

the top 1% of counties reunite around 275.000 tones. This means that few countries 

contribute to the vast majority of plastic pollution. To solve such asymmetry, the 

dependent variable must be transformed into a logarithm. The normality test obtained by 

doing such transformation gives the following results: 

Computed by the JMP software 

 

As data more or less follow a straight line, they are reasonably approximated by a normal 

distribution. Furthermore, the p-value of the test (indicated by Prob> A2) is of 0.05, 

Graph 1: Histogram of the dependent variable normality test with its quantiles table and goodness-of-fit 

Graph 2: Histogram of the dependent variable logarithm normality test with its quantiles table and goodness-of-fit 
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which suggests that there is not sufficient evidence indicating that the underlying 

distribution is not normally distributed. 

 

6.2 Correlation analysis 

The whole correlation matrix is attached in Appendix 5. The first variables omitted due 

to their high level of correlation with many other variables are Land area, Total municipal 

solid waste generation, GDP, GDP per capita, Plastic exports and imports, Wage and 

salaried workers and Tourism expenditures and receipts. Then, regarding agricultural 

variables, first of all, Surface area and Forest area are highly related, so just the first-

mentioned one will be chosen as it is the most related one with the logarithm variable. 

Water area will also be included and its VIF will determine whether it has to be deleted 

or not. The % of land area, the Agriculture, Forestry and Fishing value-added and Food 

production index, even though they have a weak relationship with the logarithm variable, 

will be included because they are not related among them and can also be relevant. 

 

Table 1: Correlation test for Agriculture variables 

Computed with JMP software 

 

Regarding population variables, just Renewable energy consumption will be deleted as it 

highly related to the Renewable electricity output, which has a lower correlation with the 

logarithm. There also exists a correlation between Urban population and Kilocalories. 

As these particular variables might not seem to have any apparent relationship, both will 

be selected and the one with the highest VIF will be deleted. 

 

Table 2: Correlation test for Population variables 

Computed by JMP software 

 

Regarding economy and growth variables and in terms of GDP, just the GDP per capita 

growth is chosen as it has the greatest relationship with the logarithm – 0,2666. Food 

exports, Business, Tariffs, Manufacturing and Fisheries also present interesting 
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correlations with the dependent variable. They will be latterly deleted according to their 

VIFs and p-values. 

 

Table 3: Correlation test for Economy and growth 

Computed by JMP software 

 

Regarding education variables, Education % of GDP will be deleted as it is quite related 

to Research, whose relationship with the dependent variable is stronger. 

 

Table 4: Correlation test for Education variables 

Computed by JMP software 

 

Then, variables about the environment do not either arrive at the 0,3 positive correlation 

level, but Basel convention, Aquaculture, Coastal size and the Single-use plastics bans 

variables have been selected. 

 

Table 5: Correlation test for Environmental variables 

Computed by JMP software 

 

Regarding infrastructure variables, Container port traffic presents a 0.4593 correlation 

level for which it must be included. As Renewable internal freshwater resources, with a 

0.4196, is highly related to Container port traffic, the other two remaining variables will 

be chosen instead – Annual freshwater withdrawals (total) and Renewable internal 

freshwater resources per capita. 

 

Table 6: Correlation test for Infrastructure variables 

Computed by JMP software 
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Finally, regarding tourism variables, as Tourism expenditures and receipts had been 

previously eliminated, only the Number of arrivals will be picked up. 

 

6.3 T-tests for dummies 

As mentioned, this bivariant analysis is highly recommended to be done in dummies 

before the regression as it will be possible to see if they are predictor variables. If they 

are not significant, they do not have to be included in the final regression model: 

 
                        Basel convention                                                 Single-use plastic bans 

 

Graph 3: T-test for countries within the Basel Convention 

Graph 4: T-test for countries Single-use plastic bans 

Computed with the JMP Software 

 

 

Prob > |t| is the p-value for the two-tailed test. In the T-Test, the null hypothesis is that 

means are equal - the mean difference is zero: 

Prob > |t| = 0.0139 is the p-value for HA: μ1 - μ0 ≠ 0 

Prob > t = 0.0069 is the p-value for HA: μ1 - μ0 > 0 

Prob < t = 0.9931 is the p-value for HA: μ1 - μ0 < 0 

By default, the Upper CL Dif and Lower CL Dif is the 95% confidence interval for μ1 - 

μ0 . Since the Prob > |t| is smaller than 0.05 in both cases, it can be concluded that the 

null hypothesis of the two means being equal can be rejected, which means that the 

dependent variable is affected by the dummy variable. Regarding the Basel Convention, 

it can be seen that member states have a great mean of plastics ending up in the sea 
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compared to countries not included in the international agreement. Regarding single-use 

plastic bans, those countries with such levies also have a great mean of plastics ending up 

in the sea compared to countries without such ban. This would mean that even putting 

their efforts on reducing marine debris, policies are not quite effective when doing so. In 

any case, both variables are significant for the model. 

 

 

6.4 Regression analysis 

With variables chosen through the prior correlation analysis, a regression analysis have 

been done. Having multiple regressors is crucial when avoiding omitted variable bias as 

well as reducing the noise. Starting with all of them, the ones with higher VIFs have been 

eliminated. The final parameter estimates are intended to have VIFs below to 512. 

 

 

Table 7: Regression analysis parameter estimates 

Computed by JMP software 

 

Firstly, by looking at the F-Ratio13 and its p-value in the table of analysis of variance, it 

can be safely concluded that there are one or more predictors in the model that are 

significant. 

 
12 VIFs below to 5 are associated to variables without multicollinearity, while in VIFs between of 5 or 10 

indicates that the collinearity might be problematic for which p-values would not be reliable. 

13 Calculated by dividing the Mean Square Model and the Mean Square Error. To state that the model 

explains at least some of the variation response, it must be greater than 1. However, as F-Ratio can be 

influenced by the number of parameters and the number of observations, it is crucial to also analyse the p-

values (“Interpreting Results in Explanatory Modelling”, n.d.) 
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Table 8: Analysis of variance 

Computed with JMP software 

 

Nevertheless, the p-values14 are the ones that indicate which of the included factors are 

statistically significant for the dependent variable, so all regressors not significant for the 

dependent variable mean that data cannot support with a 95% confidence that such 

variables have a significant impact on the plastic littered in the ocean. What JMP does is 

partial tests for each variable, and each test is adjusted for the other predictors in the 

model meaning that they take into account correlation among variables. With these 

results, then, the econometric model that explains the behaviour of the share of plastic 

waste that was littered in 2010 is: 

 

Log(Plastic littered) = β0 + β1 (Surface area) + β2 (Water area) + β3 (Food production index) 

+ β4 (Population growth) + β5 (Urban population) + β6 (Per capita plastic waste) + β7 (MSW 

generation per capita) + β8 (MSW % plastic) + β9 (GDP per capita growth) + β10 (Food exports) + 

β11 (Tariff rates) + β12 (Manufacturing) + β13 (Government expenditure on education) + 

β14 (Children out-of-school) + β15 (Research) + β16 (Basel Convention) + β17 (Aquaculture) + 

β18 (Single-use plastic bans) + β19 (Container port traffic) + β20 (Annual freshwater withdrawals, 

total) + β21 (Renewable internal freshwater resources per capita) + β22 (Tourism arrivals)  + ε 

 

Then, the first research question about which variables had the highest relationship with 

marine debris in 2010 can already be answered. To correctly interpret the coefficients, it 

is crucial to bear in mind that the dependent variable is a logarithm. Then, for instance, 

with the Surface area: 

 

(∂ / ∂ Surface area) ln(Tons of plastic littered) = β0 + β1 (Surface area) + β2 (Water area) + β3 (Food 

production index) + β4 (Population growth) + β5 (Urban population) + β6 (Per capita plastic 

waste) + β7 (MSW generation per capita) + β8 (MSW % plastic) + β9 (GDP per capita growth) + 

β10 (Food exports) + β11 (Tariff rates) + β12 (Manufacturing) + β13 (Government expenditure on 

education) + β14 (Children out-of-school) + β15 (Research) + β16 (Basel Convention) + 

β17 (Aquaculture) + β18 (Single-use plastic bans) + β19 (Container port traffic) + β20 (Annual 

 
14 The variable is significant when the p-value is smaller than the alpha level of 0.05. 
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freshwater withdrawals, total) + β21 (Renewable internal freshwater resources per capita) + 

β22 (Tourism arrivals)  + ε 

 

(d Plastic littered / Tons of plastic littered) = d Surface area x  β1 

100 x (d Plastic littered / Tons of plastic littered) =100 x d Surface area x  β1 

%∆ Tons of plastic littered = 100 x d Surface area x β1 

 

The intercept indicates that if all regressors were 0, the plastic littered on a log scale would 

be of 0.1762495 per country, which is equal to ὩȢ   1.193 tons of littered plastic. 

Globally, significant regressors are interpreted as semi-elasticities : 

o  If the surface area were increased by a Ὧά, the plastic littered in the ocean would 

also be increased by 0.000011203%. 

o  If population growth were increased by 1%, the plastic littered in the ocean would 

be reduced by 33.98%. 

o  If the municipal solid waste generation per capita were increased by one Kg per 

capita per day, the plastic littered in the ocean would also be increased by 35.05%. 

o  If the GDP per capita growth were annually increased by 1%, the plastic littered 

in the ocean would also be increased by 6.6074% 

o  If the aquaculture production were increased by a metric ton, the plastic littered 

in the ocean would also be increased by 0.000021638%. 

o  If the container port traffic were increased by a 20-foot equivalent unit (TEU), 

the plastic littered in the ocean would also be increased by 0.0000041769%. 

 

From the above interpretation, some other research questions and hypothesis can be 

answered: 

o  Exports and industry do not explain marine debris, so the hypothesis of them being 

relevant can be rejected.  

o  Waste management frameworks were not effective enough, which meant that they 

had a positive relationship with marine debris. Therefore, such hypothesis is 

accepted. 

o  Education had not so much to do in terms of plastic in the ocean because there was 

no consciousness among citizens, so the hypothesis is accepted. 

o  Tourism and recreational activities were not related to marine debris at all, so the 

hypothesis is rejected. 
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o  Finally, the hypothesis of single-use plastic bans being significant is also rejected. 

 

The related predicted plot for the model is: 

 

Graph 5: Predicted plot from regression analysis estimates 

Computed with JMP software 

 

It is a non-deterministic linear relationship between the dependent variable and the other 

explanatory variables as there are other factors not explained in the model and included 

in the error. This phenomenon is captured by the R-Square, which determines, in this 

case, that 82% of the dependent variable – plastic littered – can be explained by 

regressors. On the other hand, the residuals plot is the following: 

 

 

Graph 6: Residual by predicted plot 

Computed with JMP software 

 

Almost all residuals are randomly scattered around the centre line of zero, with no 

obvious non-random pattern, for which it can be concluded that they have a constant 
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variance. However, there are some few points more dispersed which could artificially 

inflate R-Square. To observe so, a plot for studentized residuals15 can be done: 

 

 

Graph 7: Studentized residuals plot 

Computed with JMP software 

 

Thus, as there is one residual falling outside the red limits, it can be concluded that there 

is only one potential outlier, which cannot be identified by the program. Were it be 

identified and removed, the R-Square value would be higher.  

 

6.5 Statistical results and international policies 

The final step is comparing the statistical results obtained with the international policies 

studied to answer the last research questions and hypothesis.  

o  It has been proven that the only variables taken into account in previous 2010 

policies and that were not relevant anymore by that year are Research and Plastic 

exports.  

o  On the other hand, some pollutants included in previous 2010 international 

policies that kept having a positive relationship with marine debris, for which such 

hypothesis can be accepted. These pollutants are Surface area, linked to land-

based sources, and Container port traffic. This demonstrates that such 

international legislation was not well-designed. 

o  Finally, in 2010, the variables Population growth, MSW generation per capita, 

GDP per capita growth and Aquaculture were not borne in mind by international 

organisations.  

 

 

 

 
15 The Studentized residuals’ plot is more effective in detecting outliers and assessing the equal variance 

assumption. It conducts a t-test for each residual.  
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From 2010 onwards, the situation changed.  

o  While Population growth, GDP per capita growth and Aquaculture remained 

unassessed, the Municipal Solid Waste generation per capita became 

fundamental, especially for ISWA, when investing in effective waste management 

in low-income countries.  

o  Surface area became better assessed by the Law of Sea or the Convention on 

Biological diversity, which state that land-based sources, rivers, estuaries, 

pipelines, outfall structures, vessels, coastal activities, dumping and ports were 

the major pollutants in terms of plastic. 

o  Also, policies such as MARPOL put their efforts on Container port traffic by 

prohibiting plastic discharges and establishing monetary penalties for vessels to 

pollute the marine environment. 

 

Finally, it is also crucial to mention that as seen in the correlation analysis as well as with 

VIFs, many possible relevant variables such as exports or land are not taken into account 

to explain the dependent variable due to their relationship with other variables, so such 

hypothesis is also accepted.  
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7. DISCUSSION 

 

Once having the results, a deep analysis of each regressor can be done. Land-based 

sources, explained by the Surface area, failed to be assessed by governments probably 

because of the multiple water pathways such as drains, canals, rivers or wind. They were 

possibly the most difficult sources to control as they required the huge capacity of waste 

management systems to absorb, eliminate and recycle plastic items. Population growth 

seemed to affect marine debris in a negative way, which could be explained due to the 

pressure of governments to set proper recycling and waste frameworks with enough 

capacity to manage the increasing population. The positive relationship of marine debris 

with the Municipal solid waste generation per capita reinforces the idea of the waste 

industry failing in assessing and processing plastic litter because, as explained before, 

governments have not set proper recycling and waste frameworks with enough capacity 

to manage the increasing population. GDP per capita growth corroborates the idea of the 

more economic output (which is related to consumption and production) the more marine 

pollution. Aquaculture has been covered by the Convention of Biological Diversity, and 

many institutions are currently working on assessing its consequences and possible 

solutions. Finally, Container port activity, related to vessel discharges, has also been 

consolidated as one of the major pollutants since the beginning of international policies 

enforcement, and besides all efforts put to mitigate such effects, many work and research 

about it is still needed. About the hypothesis not met, some conclusions can also be set. 

Education about environmental-friendly practices was only carried out in specific 

developed countries or most polluted regions, but maybe it will be relevant now. On the 

other hand, as mentioned, possible regressors have been excluded from the model due to 

collinearity and only the ones less related among them and that also explained the 

dependent variable have been included. This fact might explain why tourism, plastic 

exports or industry, previously included in the hypothesis, were not relevant in 2010.  

Nevertheless, the situation from 2010 onwards has changed and new policies and 

amendments related to marine debris have been created as during these years, 

consequences regarding climate change have been more perceived than ever, becoming 

the main focus for governments, institutions and citizens who have widely recognized the 

problem. These further studies also enabled more research and allowed new gathering 

methods and tools which have proven that other variables not taken into account before 

2010 – such as marine protected areas or coastal construction – are relevant now. Besides, 
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during these years many developing countries have joined most of the agreements 

commented and they have increased the number of measures to combat plastic waste for 

which many debris sources were better assessed. Particularly for the relevant variables of 

this study, Surface area became of major importance and were included again in the 

Convention on Biological Diversity (2016), the International Solid Waste Association 

Task Force on Marine Litter (2017) and in the UNEP amendments about plastic waste. 

All these texts state that attention must be particularly put into the packaging and single-

use items, which are claimed to be the vast majority of items ending up in the ocean. 

Secondly, the Municipal solid waste generation per capita was included mentioned again 

by the International Solid Waste Association, which created many different frameworks 

for low-income countries. Finally, the MARPOL put its efforts on Container port traffic 

by establishing new monetary penalties for vessels to pollute the marine environment, 

especially in ice-covered areas. MARPOL is characterized by its Regional Reception 

Facility Plan for which each State must elaborate a report with technical information on 

shipboard garbage management methods, packaging and provisioning methods and 

educational materials developed for the crew. The Basel Convention text also assesses it 

by regulating such transport under special bilateral or regional agreements. Nevertheless, 

variables such as the Population growth, GDP per capita growth or Aquaculture have not 

been included in any of the legislation text and policies. Overall, posterior 2010 policies 

have been widely criticized for not being effective enough. They pose the problem, 

propose a solution and act as the framework of change, but they have an important lack 

of enforcement.  

This thesis, as exposed in the objectives, it is also aimed to propose solutions based on 

statistical results, previous literature and analysis of legislation. The first solution 

proposed consists of standardising processes and efforts so as to reduce marine debris, 

meaning that there would be necessary to establish a unique but effective global protocol 

with well-defined goals and specific actions. As stated in the Convention on Biological 

Diversity text (2016), it would require the same level of implication of governments, 

citizens and companies. States should accelerate the transition towards a new economic 

model before being too late for the planet through different actions:  

o  Improving waste management systems, especially for developing countries such 

as Southeast Asia regions. Recycling techniques must be enhanced and made 

available for all states. According to ISWA, by investing in effective waste 
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management, greenhouse gas emissions would be also reduced and new jobs 

relating to the recycling industry would be created. 

o  In relation, States cooperation must be enhanced in order to improve information-

sharing practices and technology transfers. Cooperation must be also taken into 

account regarding trade practices, in which plastics should only be imported in an 

environmentally sound manner16. Thus, there is a need for equalizing the 

imbalances among low and high-income countries in this sense, as well as 

aligning the trade rules with climate change needs. 

o  Supporting a circular economy17 model sustained by new technologies and 

research investments.  

o  Regulating consumers’ behaviour through education, in which environmental-

friendly practices are crucial. Education would also push the individual’s social 

identity18 which would lead to a reduction in consumers’ demand for plastic. If 

such demand is modified, industries will have to adopt other approaches not 

relying on fossil fuel feedstocks. 

o  Creating social awareness and media campaigns by carrying out different call-to-

actions, especially in developing countries. 

o  Using economic instruments such as bans, fees and levies to producers, 

distributors and consumers for single-use plastic production and purchasing. 

Small charges act as a reminder for not consuming plastic items. 

o  Increasing plastic value by finding new applications such as the production of 

energy. Many firms have started to create their products and packaging with 

plastic coming from oceans. In increasing the plastic value, it must reflect its full 

life cycle cost. 

 
16 Basic condition for allowing or prohibiting an export/import of waste that consists of protecting human 

health and the environment by minimizing hazardous waste traded and mitigating the impacts. 

17 It consists of re-entering the plastic debris collected from oceans in the production stream through its 

reduction, reusability, recyclability, proper distribution and sustainable consumption. Thus, nothing would 

go on waste. 

18 When a person’s behaviour is tied to the image he/she wants to Project (Akerlof and Kranton 2000). 
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o  Supporting and promoting zero waste19, greener initiatives and financial support 

in research, such as on plastic substitutes, renewable energies, new products made 

of plastic or on organism capable of breaking plastics to discompose them. 

o  Supporting non-profit organisations20 which fight for ocean conservancy, 

awareness-raising activities and clean-up movements. All the posterior 2010 

amendments and texts mention coastal clean-ups as a key success factor for ocean 

citizenship21. 

o  Facilitate data collection and monitoring processes for their macro-economic and 

environmental variables. All studies state that there is still limited information 

available for debris prevalence by source and pathway and that information is not 

collected systematically in most regions. There are also many methodological 

limitations for quantitative approaches to evaluate.  

Regarding citizens and in the context of a neoliberal political system, individual 

behaviour can modify plastics’ and specific products’ demand, which would accelerate 

the change in the current economic model. A great example of this is the increasing 

purchase of bulk goods in small environmental friendly shops, which demonstrates that 

collective action is highly related to education and culture. However, it is very difficult 

to change the current collective thought and culture based on convenience and ease, but 

the global change will be made of small daily changes in terms of consumption. Finally, 

a complete change will not be reached without the cooperation of firms, which should 

include new corporate social responsibility frameworks. All stakeholders must also 

pursue the common goal of a free-plastic economy for which they should be transparent 

regarding their production processes as well as they should report all measures they 

undertake regarding the plastic use. 

 

 
19 Strategy based on waste reduction, reuse and recycling and producer responsibility that are adopted 

worldwide both in developed and developing countries. It aims to redesign resources’ life cycles in which 

litter sent to landfills must be minimal (Le Guern, C. 2009). 

20 It is crucial to highlight the 5 Gyres Initiative, Project Kaisei, the Plastic Pollution Coalition, Surf-riders, 

the Dyer Island Conservation Trust, the Marine Conservation Society, the World Wildlife Fund and the 

Ocean Clean-up project. 

21 It describes the relationship between the marine environment and coastal health and citizens’ day-to-day 

lives. Individuals have the responsibility to carry out a sustainable lifestyle to minimize and mitigate their 

impact on marine pollution (Fletcher S. and Potts J. 2007). 

 



 38 

8. LIMITATIONS 

 

The first great constraint has been data limitation for the dependent variable, regressors 

and countries. In terms of the dependent variable, the share of plastic waste that was 

inadequately managed was previously taken, which can be defined as the percentage of 

waste that was not properly managed and included disposal in dumps or open and 

uncontrolled landfills and that had a high risk of polluting rivers and oceans (McCarthy, 

2019). Nevertheless, as some countries had 0%, which is quite impossible due to the 

information obtained in previous literature, tons of plastic waste that were littered in 2010 

has been used. Regarding regressors data, as mentioned in the methodology, some 

variables that could have been relevant when explaining the dependent variable and 

would have reduced the noise of the model could not be included. Finally, countries 

without information in some drivers of demand had to be omitted, so some of the results 

might not be well estimated. Also, even though the sources from which data have been 

extracted are mostly official and linked to international organizations, there might exist a 

problem of data reliability which would modify the results. Methodologies for data 

gathering are not always consistent and effective, as it has been proved by analysing 

international policies and by reading partial studies. Data are also subjected to 

inconsistent and omitted units or value estimates. In developing countries, data are also 

subjected to seasonal variations, incomplete waste collection and disposal and lack of 

weight scales at landfill sites to record waste quantities (Daniel Hoornweg, P, 2012). In 

this study, some data sources are probably done as the results are not what it was expected. 

In terms of previous literature, the vast majority of reports, articles and other thesis written 

are from countries and local organizations of Europe, Australia or America, which do not 

reflect the whole reality. There exist a lack of studies and their availability from Africa, 

South America and some parts of Asia. In terms of the international legislation analysed, 

there were selected those with a more global impact, but there exist other documents and 

policies that could have been analysed too, such as the National Oceanic and Atmospheric 

Administration, the Ocean Conservancy Centre for Marine Conservation, the Oslo 

Convention (1972), the Water Framework Directive (2000) or the Land-Based Sources 

Protocol. This analysis could be complemented with important regional policies. 

Limitations in statistics and methodology also exist. Firstly, endogeneity can appear in 

case there is a correlation among observable variables and hidden variables not included 

in the analysis. Secondly, even though it was intended to avoid it, heteroskedasticity 
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might exist as constant variances are difficult to be perceived among small and large 

countries. Finally, multicollinearity can also occur as, for instance, the Basel convention 

and Single-use plastics bans variables, which have been proved to be significant, are not. 

It could be explained as there are other explanatory variables related to them. In terms of 

methodology, it is also crucial to say that other possible statistical analysis could be also 

done, such as the Stepwise method or the analysis of the principal components, which are 

also quite common. However, it has been proven that with the Stepwise method, the 

regressors that explain the dependent variable would be the same as with the Regression 

analysis method. 

Finally, there would be a limitation in terms of specific explanations and analysis for each 

significant variable. This thesis gives a global situation context, but to solve the problem, 

there is a huge need of studying specifically each relevant regressor as well as a need of 

better show the upsides and downsides for each of the analyzed agreements.  
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9. CONCLUSION 

 

This thesis raises two major concerns about marine debris: the lack of knowledge about 

its sources and the possible ineffectiveness of its related international policies. As there 

is no other study linking marine debris with as many macroeconomic and environmental 

factors, this study is intended to give a snapshot of the global marine waste situation 

involving its evolution (taking 2010 as the analysed year), causes and the possible 

solutions countries should develop in the future based on the results. In the theoretical 

framework, international policies have been described and various articles mentioning 

different sources have been carefully analysed. The hypothesis presented are related to 

the expected results on specific variables: land-based sources, trade, industry, waste 

management frameworks, education or tourism. Also, it is wanted to observe which 

variables have been handled, which kept having a positive impact on marine debris and 

if posterior legislation covers them. The methodology has consisted of qualitative 

analysis on international agreements and policies and qualitative analysis based on a 

regression model with debris sources, to later relate both. For this second one, prior steps 

have been done such as normality test, correlation analysis and t-tests for dummies. Once 

having the regression model, variables with lower VIF’s and higher p-values were 

selected to construct the final regression model. However, some limitations about data 

sources, data reliability, previous literature, statistical approaches used or specific studies 

must be taken into account for further future studies.  

The findings showed that the main explanatory variables are the surface area, population 

growth, urban population, municipal solid waste per capita, GDP per capita growth, 

aquaculture tons produced, container port traffic and annual freshwater withdrawals. 

Only land-based sources and container port traffic were previously mentioned in policies’ 

texts, so international organisations and governments failed in assessing them. On the 

other hand, while posterior policies started to also contemplate municipal solid waste 

created per capita as responsible of polluting, population growth, urban population, GDP 

per capita growth or aquaculture remained without being assessed. It has also been 

concluded that education, exports, industry or tourism had not a great impact on marine 

debris, but, in any case, results could be influenced by regressors correlation among them.  

This thesis, through the results and the analysis, also wanted to pose some solutions to 

the problem. Some of them are based on standardizing processes and efforts with a global 

unique protocol, the proactive participation of governments through investing in waste 
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management systems, the cooperation with other states, supporting circular economy 

projects, investing in new technologies for recycling and research, regulating consumers’ 

behaviour, creating social awareness, regulating consumption through economic 

instruments and education, finding new applications for plastic, supporting greener 

initiatives and movements or facilitating data collection and monitoring about certain 

specific macro-economic and environmental variables that would help to know better the 

current situation. Citizens and companies should also collaborate by redefining the 

demand for certain products, changing behaviours and including greener and 

environmental-friendly actions in their daily routine. Overall, the thesis results present a 

great call-to-action to change the current model and behaviour patterns in terms of plastic 

production, consumption and disposal for individuals, governments, legislation, 

industries, the technological sector, education, philosophy and international sustainable 

development. Thus, by finding and analysing the corresponding international agreements 

regarding plastics in the ocean, finding its explanatory variables and by evaluating the 

effectiveness of such legislation, the objectives of this study have been successfully met.  

Future lines of investigation might include, firstly, a similar statistical analysis for 2020 

to compare the results to 2010 and better estimate the evolution of legislation, further 

analysis on regional policies or even a study on the numerous uses of plastics. 
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11. APPENDIXES 

 

Appendix 1: Analysis of environmental, social and economic impact of plastics in the oceans 

Environmental 

impacts 

 

Ingestion Some sea animals are unable to process plastic through their 

digestive systems which may result in malnutrition, intestinal 

blockage, starvation or even death. In addition, toxins from 

ingested plastics also harm animals’ breeding and immune 

systems . 

Entanglement Observed in 270 different marine species, it leads to chronic 

injuries or even death. It can be done by fishery materials such as 

nets, roles, packing bands, balloon strings or wraps. Specifically, 

the term ghost fishing is widely used to explain the great number 

of gears floating or stuck in the deep sea. 

Provision of 

fisheries and 

aquaculture 

Due to ingestion and entanglement, commercial activities related 

to fishing suffer a reduction in effectiveness and productivity, as 

well as having a direct risk to fish stocks. Overall, it ends up 

affecting the total food supply chain. 

Microplastics Derived from both the breakdown of larger plastic items and the 

industrial activity, they are specially difficult to remove so can 

be easily be ingested by sea animals. 

Habitat damage Plastic deteriorates sea habitats such as coral reefs, which 

challenges the survival of many species which rely on these 

habitats. Specifically, plastic reduces the oxygen sediments on 

the seafloor and changes their material composition. 

Vessel damage 

and navigation 

hazards 

Navigate on plastic could lead to costly vessel damage, either to 

the vessel structure or through a tangled propeller or clogged 

intake. 

Non-native and 

invasive species 

transport 

Debris acts as a mean of transport for many marine species 

which end up in far-away shorelines or non-characteristic sea 

regions. 
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Biodiversity loss It is the final output. As indicated by The Convention on 

Biological Diversity of 2018, humanity has only two years to 

reverse the current decline. 

Long-term 

ecosystem 

deterioration 

Long-term effects of marine litter are not straightforward to 

determine and nowadays, it is unclear to what extent these 

impacts mentioned will combine and cause ecosystem 

deterioration. Furthermore, marine debris is just one more factor 

of the ocean deterioration along with tourism, climate change or 

overfishing. 

Social impacts  

Coastal 

contamination 

Pieces of plastic are being accumulated in shores, damaging the 

natural environment. 

Recreational 

opportunities 

Activities such as water sports or sailing are being eliminated as 

people trend to avoid areas where litter is concentrated. 

Loss of aesthetic 

value 

Reduction of people enjoyment of surrounding natural scenarios, 

which affects their lifestyle quality and their recreational use of 

the marine environment. 

Loss of non-use 

value 

Related to the altruistic profits created by knowing that a 

particular ecosystem is maintained. 

Human ingestion As well as marine species, humans also ingest great amounts of 

microplastics, other toxins or chemicals by consuming sea 

animals, which have ingested plastic coming from plastic 

patches. 

Heritage loss Many protected coastal areas, specifically islands, are being 

damaged by plastic items arriving to their shores. A great 

example of this phenomenon is the Herderson Island in the 

Pacific Ocean. 

Public health and 

safety impacts 

They relate to navigational risks, possible physical and mental 

injuries and risks associated to plastic toxins. 

Economic 

impacts 
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Fisheries and 

aquaculture 

Plastic usually obstructs the machines used for fishing activities. 

Costs of interruption are estimated to be the 0,9% of the total 

industry revenues - €61,7 million per year. Other costs include 

damage of vessels equipment, debris removal and staff 

downtime. 

Shipping costs The cost of litter damage to commercial shipping is estimated to 

be $297 million per year. Other shipping costs involve harbours 

removal and management tasks or emergency rescue operations 

of damaged vessels. 

Tourism Not only does tourism concern citizens, but it is also an 

economic issue as plastic debris reduces its revenues and 

increases its costs. Removing plastic items from touristic regions 

implies a huge governments and businesses inversion. 

Litter cleaning 

costs 

Then, removing litter from coastal areas is needed to sustain the 

tourism rates. These tasks are carried out by both local 

authorities and altruistic local citizens, and their costs involve 

cost of collection, transportation, disposal, contract management, 

administration and volunteer time. 

Control and 

eradication of 

invasive and non-

native species 

It is extremely difficult to trace and identify such marine species, 

as well as the fact that these operations involve expensive 

procedures which lead to high economic losses. 

Coastal 

agriculture costs 

They include damage of property and equipment, livestock 

damage and even wasting time removing the debris. It is 

estimated that the 96% of coastal farmers have experienced 

litter-related problems, which equals to $400 losses per year. 

Power station 

costs 

They involve blockage of cooling water intake screens, raising 

removal debris from screens and other preservation costs. It is 

estimated that companies have costs of $50.000 to remove 

marine litter. 

Economic loss Overall, it is estimated that the economic impact of plastic litter 

in the sea is of $8 billion per year, according to the UN 
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Environment Program. Thus, there is 4 times more plastic 

pollution on the sea rather than on land. 

 

Sources: Anderson and Brown (1984), Cheshire et al (2009), Derraik (2002), Donnan (2009), Hall 

(2000), "Impacts | OR&R's Marine Debris Program" (n.d.), J Beaumont, Aanesen, C Austen & Borger et 

al (2019), Macfadyen et al (2009), Mouat, Lopez Lozano & Bateson (2010), Nelms, S. et al (2015), Ten 

Brink et al (2009),Thompson et al (2009), Watts J. (2018), World Wide Fund For Nature (2019) 
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Appendix 2: Analysis of international policies related to plastic oceans 
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Appendix 3: Variables (regressors) to be included 

 

Agriculture and rural development 

Agricultural land (% 

of land area) 

Share of arable land area under permanent crops and permanent 

pastures.  

Agriculture, forestry 

and fishing value 

added (% of GDP) 

Agriculture includes forestry, hunting, and fishing, as well as 

cultivation of crops and livestock production. Value added is 

the net output of a sector after adding up all outputs and 

subtracting intermediate inputs  

Surface area (km2) Country's total area, including areas under inland bodies of 

water and some coastal waterways. 

Land area (km2) Country's total area, excluding area under inland water bodies, 

national claims to continental shelf, and exclusive economic 

zones. 

Forest area (km2) Land under natural or planted stands of trees of at least 5 meters 

in situ, whether productive or not, and excludes tree stands in 

agricultural production systems and trees in urban parks and 

gardens. 

Water area (km2) Sum of the surface areas of all inland water bodies (lakes, 

reservoirs, and rivers) within international boundaries and 

coastlines. Coastal internal waters (some small bays) may be 

included.  

Food production 

index (2004-

2006=100) 

It covers food crops that are considered edible and that contain 

nutrients. Production quantities of each commodity are 

weighted by 2004-2006 average international commodity 

prices and summed for each year. To obtain the index, the 

aggregate for a given year is divided by the average aggregate 

for the base period 2004-2006 ("Production Indices", n.d.). 

Source: The World Bank (n.d.), FAOSTAT (n.d), World By Map (2011) and Wikipedia 

(2015) 
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Population and urban development 

Total population It counts all residents regardless of legal status or citizenship. 

The values shown are midyear estimates. 

Population growth (% 

annually) 

The exponential rate of growth of the midyear population 

from year t-1 to t, expressed as a percentage. 

Urban population (% 

of total population) 

People living in urban areas.  

Plastic waste 

generation per person 

(kg per person per 

day) 

Daily plastic waste generation per person, measured in kg per 

person per day. It measures the overall per capita plastic waste 

generation rate before waste management, recycling or 

incineration. It does not therefore directly indicate the risk of 

pollution to waterways or marine environments. 

Total municipal solid 

waste generation 

(tons/day) 

Tons of waste generated in cities with populations over 

100.000. Data provided by a 2010 World Bank study about 

urban waste generation. 

Municipal solid waste 

generation per capita 

(kg/capita/day)  

Tons of waste generated per person in cities with populations 

over 100.000. Data provided by a 2010 World Bank study 

about urban waste generation. 

Municipal solid waste 

% of plastic 

Share of plastic waste over the total waste generated in cities 

with populations over 100.000. Data provided by a 2010 

World Bank study about urban waste generation. 

Renewable energy 

consumption (% of 

total final energy 

consumption 

Share of renewable energy in total final energy consumption. 

Renewable electricity 

output (% of total 

electricity output) 

Share of electricity generated by renewable power plants in 

total electricity generated by all types of plants. 

Average daily dietary 

energy consumption 

per capita 

(kilocalories) 

Kilocalories consumed per day per person as an indicator of 

fast food consumption. 

Source: The World Bank (n.d.) and Wikipedia (2015) 



 66 

 

Economy and growth 

GDP (current US$) GDP at purchaser's prices is the sum of gross value added by 

all resident producers in the economy plus any product taxes 

and minus any subsidies not included in the value of the 

products. It is calculated without making deductions for 

depreciation of fabricated assets or depletion and degradation 

of natural resources.  

GDP growth (annual 

%) 

The annual percentage growth rate of GDP at market prices 

based on constant local currency.  

GDP per capita 

(current US$) 

GDP divided by midyear population.  

GDP per capita growth 

(annual %) 

The annual percentage growth rate of GDP per capita based 

on constant local currency.  

GDP (PPP) per capita 

(current US$) 

Gross domestic product converted to international dollars 

using purchasing power parity rates. An international dollar 

has the same purchasing power over GDP as the U.S. dollar 

has in the United States. GDP at purchaser's prices is the sum 

of gross value added by all resident producers in the economy 

plus any product taxes and minus any subsidies not included 

in the value of the products.  

Industry (including 

construction), value 

added (% of GDP) 

It comprises value added in mining, manufacturing, 

construction, electricity, water, and gas. Value added is the 

net output of a sector after adding up all outputs and 

subtracting intermediate inputs. It is calculated without 

making deductions for depreciation of fabricated assets or 

depletion and degradation of natural resources.  

Ease of doing 

business score (0-100) 

Distance of an economy to the "frontier," which represents the 

best performance observed on each Doing Business topic 

across all economies and years included since 2005. An 

economy's distance to frontier is indicated on a scale from 0 

to 100, where 0 represents the lowest performance and 100 

the frontier. It does not hardly vary since 2005 onwards.   



 67 

Exports of plastics ($ 

thousand) 

Amount of exported plastics in 2010.  

Imports of plastics ($ 

thousand) 

Amount of imported plastics in 2010.  

Food exports (% of 

merchandise exports) 

Food comprises the commodities food and live animals, 

beverages and tobacco, animal and vegetable oils and fats, 

and oil seeds, oil nuts, and oil kernels. 

Tariff rate, applied, 

weighted mean, all 

products (%) 

Average of effectively applied rates weighted by the product 

import shares corresponding to each partner country. It is an 

indicator of trade liberalization. 

Manufacturing, value 

added (% of GDP) 

It refers to industries belonging to ISIC divisions 15-37. 

Value added is the net output of a sector after adding up all 

outputs and subtracting intermediate inputs. It is calculated 

without making deductions for depreciation of fabricated 

assets or depletion and degradation of natural resources.  

Capture fisheries 

production (metric 

tons) 

It measures the volume of fish catches landed by a country for 

all commercial, industrial, recreational and subsistence 

purposes. 

Current health 

expenditure (% of 

GDP) 

Level of current health expenditure expressed as a percentage 

of GDP. Estimates of current health expenditures include 

healthcare goods and services consumed during each year. 

Current health 

expenditure per capita 

(current US$) 

Current expenditures on health per capita in current US 

dollars. Estimates of current health expenditures include 

healthcare goods and services consumed during each year. 

Source: The World Bank (n.d),  The World Integrated Trade Solution (n.d.) and 

Wikipedia (n.d)  

 

Education 

Government 

expenditure on 

education (% of GDP) 

General government expenditure on education (current, 

capital, and transfers) expressed as a percentage of GDP. It 

includes expenditure funded by transfers from international 

sources to the government.  
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Government 

expenditure on 

education (% of 

government 

expenditure 

General government expenditure on education (current, 

capital, and transfers) expressed as a percentage of total 

general government expenditure on all sectors (including 

health, education, social services, etc.). It includes 

expenditure funded by transfers from international sources to 

the government. 

Children out of school 

(% of children) 

Primary-school-age children who are not enrolled in primary 

or secondary school. 

Wage and salaried 

workers, total (% of 

total employment) 

Workers who hold the type of jobs defined as "paid 

employment jobs," where the incumbents hold explicit or 

implicit employment contracts that give them a basic 

remuneration that is not directly dependent upon the revenue 

of the unit for which they work. 

Research and 

development 

expenditure (% of 

GDP) 

Gross domestic expenditures on research and development 

(R&D), expressed as a percent of GDP. They include both 

capital and current expenditures in the four main sectors: 

Business enterprise, Government, Higher education and 

Private non-profit. R&D covers basic research, applied 

research, and experimental development. 

Source: The World Bank (n.d.)  

 

Environment 

Basel convention in 

2010 or before (0-1) 

Adopted in 1989, it was aimed to reduce the amount of waste 

and protect the environment, as well as restricting 

transboundary movements of hazardous wastes. Even though 

there exist several international policies to which countries 

can actively participate, this one, in particular, is very related 

to the aim of this study. 

Coastal size (km) Length of the coast for each country. 

Average proportion of 

Marine Key 

Biodiversity Areas 

(KBAs) covered by 

SDG 14 states conserving and sustaining the oceans, seas and 

marine resources. It specifically involves minimizing the 

impacts of ocean acidification, including through enhanced 
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protected areas (%) 

(SDG 14) 

scientific cooperation at all levels, and conserve at least 10 

per cent of coastal and marine areas. 

Aquaculture 

production (metric 

tons) 

Farming of aquatic organisms including fish, molluscs, 

crustaceans and aquatic plants. Aquaculture production 

specifically refers to output from aquaculture activities, which 

are designated for final harvest for consumption. 

Single-use plastics 

bans before or in 2010 

(0-1) 

Countries banning the use of single-use plastics (such as 

plastic bags) before 2010 or in 2010 are indicated with 1. 

Otherwise with 0.  

Source: The World Bank (n.d.), The World by Map (2011) and the United Nations 

Environment Programme (2018) 

 

Infrastructure 

Container port traffic 

(TEU: 20 foot 

equivalent units) 

The flow of containers from land to sea transport modes., and 

vice versa, in twenty-foot equivalent units (TEUs), a 

standard-size container. Data refer to coastal shipping as well 

as international journeys. Transhipment traffic is counted as 

two lifts at the intermediate port (once to off-load and again 

as an outbound lift) and includes empty units. 

Annual freshwater 

withdrawals, total (% 

of internal resources) 

Total water withdrawals which include water from 

desalination plants in countries where they are a significant 

source. Withdrawals can exceed 100% of total renewable 

resources where extraction from non-renewable aquifers or 

desalination plants is considerable or where there is 

significant water reuse. This rate has been observed not to 

vary a lot overtime. Withdrawals can be classified into 

agriculture, domestic or industry, but there are not enough 

data for all countries.  

Renewable internal 

freshwater resources, 

total (billion cubic 

meters) 2007 

Internal renewable resources (internal river flows and 

groundwater from rainfall) in the country. There are no data 

for 2010, but according to Blok (2019), there is no difference 

at all on the results. 
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Renewable internal 

freshwater resources 

per capita (cubic 

meters) 2007 

Internal renewable resources (internal river flows and 

groundwater from rainfall) in the country. There are no data 

for 2010, but according to Blok (2019) there is no difference 

at all on the results. 

Source: The world Bank (n.d.)  

 

Tourism 

International tourism 

(number of arrivals) – 

coastal visitors 

The number of tourists who travel to a country other than that 

in which they have their usual residence, but outside their 

usual environment, for a period not exceeding 12 months and 

whose main purpose in visiting is other than an activity 

remunerated from within the country visited. It is highly 

related to hospitality industry. 

International tourism, 

expenditures (current 

US$)  

Expenditures of international outbound visitors in other 

countries, including payments to foreign carriers for 

international transport. 

International tourism, 

receipts  (current US$) 

International tourism receipts are expenditures by 

international inbound visitors, including payments to national 

carriers for international transport.  

Source: The World Bank (2011)  
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Appendix 4: Coastal countries not taken into account for the regression analysis 

Countries Habitants in 2010 Surface area (km²) 

Anguilla 13.800 91 

Christmas Islands 1.402 135 

Cocos Islands 596 14 

Cooks Islands 18.391 236,7 

Falkland Islands 2.901 12.173 

French Guiana 233.002 83.534 

Gibraltar 33.189 6,8 

Guadeloupe 403.995 1.628 

Guernsey 65.345 78 

Martinique 394.173 1.128 

Macao 536.959 115,3 

Monaco 37.094 2,2 

Montserrat 4.899 102 

Netherlands Antilles 197.621 999 

Niue 1.618 261,5 

Norfolk Islands 2.155 34,6 

Réunion 830.519 2.512 

Saint Helena 5.183 121,7 

Saint Pierre et 

Miquelon 

6.353 242 

Sint Merteen (dutch 

part) 

34.056 87 

Taiwan 23.187.551 36.193 

Tokelau 1.140 10 

Turks and Caicos 

Islands 

30.994 417 

Total 26.042.936 140.121,8 

% (26.042.936/6.956.823.603) 

x 100 = 0.37435096% 

(140.121,8/148.940.000) x 

100 = 0.094079365% 
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Appendix 5: Correlation matrix with all variables 
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