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ABSTRACT 
 

Rapid population growth, urbanization, and weak policies of solid waste management are the main 

drivers of plastic pollution. In addition, waste produced by populations living up to 50 km from the sea is 

highly susceptible to entering the marine environment. Together, these indicators place coastal 

countries of low- and middle-income as critical contributors to marine plastic pollution. Although global 

models have been recently developed to project the plastic inputs from coastal areas into the ocean, 

such studies typically use national level data, overlooking the particular dynamics of local coastal areas. 

While most strategies of plastic waste management are implemented locally, decision-makers still have 

few tools to support the identification of priorities and access the impact of policies at local scale. This 

study attempted to address this gap by proposing the structure of a model that captures the local 

dynamics of the plastic waste system in a coastal region of Kenya, a lower-middle income country. In 

contrast to most system dynamics (SD) models presented in the scientific literature, this study made no 

prior assumptions about the system, and stakeholders played a pivotal role in the model 

conceptualization. Semi-structured interviews were conducted with 32 key informants from seven 

professional backgrounds, in three out of the six counties that constitute Coastal Kenya. The narrative 

that emerged from the interviews was further explored through non-participant observation. Moreover, 

the spatial identification of urban and rural areas enabled an overall depiction of the study area. A 

thematic analysis of the interviews generated a codebook that presented the properties and roles of 

stakeholders, stocks, flows, actions of prevention currently in place, and challenges faced by the system. 

The codes were converted into an SD model presented in three parts: (i) the structure of a quantifiable 

model of stocks and flows; (ii) a conceptual system model of actions of prevention performed by 

stakeholders, resulting in processes able to modify the magnitude of the flows; and (iii) a conceptual 

system model that presented the challenges faced by the system and indicated how these challenges 

influence the flows. A closer examination of the model s first part, along with the thematic analysis and 

literature review, revealed information about the extent of the gap on quantitative data about plastic 

waste production and management in the study area, providing insights for further research and taking 

a step towards the model s future simulation. The results suggested that the model might significantly 

support decision-making processes that aim to reduce marine plastic pollution in local coastal areas. 

The model s usability encompasses the identification of flows that should be primarily modified to 

undermine the increasing marine plastic pollution, challenges to be addressed and actions of prevention 

to be reinforced or created. Because all model s elements are codes that can be retrieved from the 

interviews, the particularities of the study area were successfully captured and detailed. Therefore, the 

main contribution of this study to the academic discourse was presenting the structure of a system 

dynamics model for local coastal areas of low- and middle-income integrally constructed through an 

inductive and qualitative approach. 

 

Keywords: marine plastic pollution; low- and middle-income countries; local coastal areas; plastic waste 

management; system dynamics model; thematic analysis; inductive approach. 
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1. INTRODUCTION 

Few decades of massive and fast-growing plastic production have caused the accumulation of the 

material not only on land, but also on open seas, shorelines, deep seas and even remote islands (Barnes 

et al., 2009; Barnes, 2005). While plastic is accounted for around 10% of the discarded waste worldwide, 

it comprises around 85% of all waste in the marine environment (UNEP, 2021). Studies that consider 

business-as-usual scenarios predict that the weight of plastic in seaways will be larger than the weight 

of all fishes by 2050 (Dabrowska et al., 2021).  

 

Coastal watersheds are direct contributors to marine plastic pollution (Lebreton and Andrady, 2019), 

and waste produced by populations living within 50 km of the coast has high potential of reaching the 

ocean (Jambeck et al., 2015; Ritchie and Roser, 2018). Likewise, rapid population growth, 

industrialization, and weak policies of management typical from developing countries are the main 

drivers of marine plastic pollution (Akindele and Alimba, 2021; Ghaffari et al., 2019; Naji et al., 2017). 

Therefore, understanding the dynamics of plastic waste in coastal areas of low and middle-income 

countries is particularly relevant to address the global challenge of marine plastic pollution.  

1.1. Background and justification 

 

Debates about municipal solid waste management (MSWM) play a central role in urban planning, social 

and environmental sciences. The topic relates to 12 of the 17 Sustainable Development Goals (SDGs) 

of the 2030 Agenda for Sustainable Development (UN, 2015) (Rodić and Wilson, 2017). Once waste is 

generated, it can be classified into two categories: managed, or mismanaged.  

 

The managed fraction is the result of policies of reuse, recycling, adequate collection, safe disposal 

systems and technological innovation (Lau et al., 2020). The mismanaged part is the material that is 

either inadequately disposed or littered, and its volume is strongly related to socio-economic and urban 

infrastructure indicators. While several high-income countries have fully adopted principles of circular 

economy in the waste management, the adoption of sustainable practices in low- and middle-income 

countries is hindered by inexperience, lack of knowledge and socio-economic disadvantages (Ezeudu 

and Ezeudu, 2019).  

 

Developing countries have heterogeneous practices of waste management, low recycling rates and high 

volumes of illegal disposal (Akindele and Alimba, 2021; Alpizar et al., 2020; Chenillat et al., 2021). 

Among the 20 countries with the largest mass of mismanaged solid waste in 2010, only the United States 

had its Gross National Income (GNI) classified by the World Bank as high; 7 were upper-middle; the 

other 12 were lower-middle or low income (Jambeck et al., 2015).  

 

Within the mass of mismanaged solid waste, plastic is the type that arouses the greatest concern, due 

to its increasing presence in the consumer marketplace, abundance in the environment and negative 

impacts in sensitive ecosystems. Furthermore, packaging is accounted for 46,7% of the plastic waste 

worldwide, indicating an alarming volume of single-use products (Geyer et al., 2017).  

 

Coastal developing countries are critical contributors to marine plastic pollution due the confluence of 

increasing plastic consumption, weak policies of management and proximity to the sea (Jambeck et al., 

2015; Ritchie and Roser, 2018). Therefore, although it is necessary to strengthen policies for sustainable 

waste management in all locations that have human activity, it is generally agreed that coastal areas of 
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low- and middle-income countries should be of primary concern. To address the challenge of marine 

plastic pollution, it is crucial to understand the cycle of plastic waste at local scale, from the source to 

the point it reaches the ocean and becomes marine debris. However, the lack of data in many countries, 

especially in the ones with fast growing economies, makes this understanding rather challenging 

(Rimaityte et al., 2012). The data gap is particularly significant in African countries, which have the 

largest population growth and where recycling policies started long after plastic became widely used 

(Jambeck et al., 2018).  

1.2. Definition of plastic waste 

 

Plastics are polymers formed by smaller molecules called monomers, made from organic materials 

mostly originated from petroleum. Debris are called macro-plastics when their size is larger than 25 mm; 

meso-plastic when the size is between 5 and 25 mm; and microplastic when they are smaller than 5 mm 

(Albores et al., 2016). This research is focused in understanding the cycle of meso and macro-plastic.  

 

In the last decades, a number of materials such as glass, wood and ceramic were substituted by plastics 

(Kedzierski et al., 2020). In 2009, 4% of the oil and gas extracted in the world was used in plastics 

production (Hopewell et al., 2009). The projection is that this number reaches 20% by 2050 (Lebreton 

and Andrady, 2019). 

 

The chemical classification of meso and macro-plastics is not critical in this study, and the material will 

be denominated plastics  overall. However, it is important to understand what types of plastic products 

are enclosed by the term. For this reason, the classification used by The Plastics Industry Trade 

Association (PLASTICS, 2016) is demonstrated in Table 1, with further information compiled by the 

author from various sources (Bashir, 2013; Ellen MacArthur Foundation, 2016; PLASTICS, 2016; 

Rouch, 2021; Seaman, 2020). The last column shows the percentage of the ratio between the weight of 

plastic waste generated and primarily produced in 2015, globally (Geyer et al., 2017). 

 

Table 1. Types of plastic and percentage of production turned into waste in 2015. 

 

Type Acronym Name Examples 
ύὩὭὫὬὸ ύὥίὸὩ

ύὩὭὫὬὸ ὴὶὭάȢ  ὴὶέὨȢ
ὼρππ 

Additional 

information 

1 
PET or  

PETE 
Polyethylene 

Water and soda 

bottles; ready meal 

trays; condiment 

bottles; blister 

packaging. 

97% 

Can be recycled; 

should not be reused, 

products are intended 

for single use. 

2 HDPE 
High-density 

polyethylene 

Most of food 

products; milk 

cartons; shampoo 

and detergent 

bottles; grocery 

bags. 

77% 

One of the safest 

types of plastic, 

difficult to break down 

even when heated. 

Recycling is relatively 

simple and cost-

effective. 
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3 PVC 
Polyvinyl 

chloride 

Pipes; credit cards; 

medical equipment; 

bubble foil. 

39% 

Contains numerous 

toxins that can leach 

throughout its entire 

life cycle. Less than 

1% is recycled. Should 

not be reused. 

4 LDPE 
Low-density 

polyethylene 

Most of thicker 

plastic bags (such 

as the ones given 

in shopping malls); 

cling wrap; 

beverage cups; 

frozen food bags. 

89% 

Safe for reuse, but 

seldomly recycled. 

However, recycling 

centres are accepting 

the material more and 

more in the last few 

years. 

5 PP 

 

Polypropylene 

 

Microwave and 

refrigerated 

containers; 

disposable diapers; 

buckets; plastic 

furniture; toys. 

81% 

Safe for reuse, but 

rarely recycled. 

Recycling centers 

around the world are 

starting to accept it 

more. 

6 PS 
Polystyrene 

(Styrofoam) 

Single-use cutlery; 

takeout food 

containers; 

protective 

packaging; 

CD/DVD cases. 

68% 

Easily breaks-up and 

is quicky dispersed in 

the environment. The 

market for recycling is 

still very small globally. 

7 Other 
Layered or 

mixed 

Multi-material 

packaging; 

Tupperware; baby 

bottles. 

68% 

Reuse and recycling 

protocols are not 

standardized. Might 

release BPA 

(Bisphenol A), an 

endocrine disruptor, 

especially when 

heated. 

 

A stratified random sampling carried out in Watamu Ward (Kilifi County, Kenya), whose population is 

approximately 50% urban and 50% rural (KNBS, 2019b) indicated that 55% of all discarded plastic waste 

was LDPE, followed by PET (40.7%), HDPE (2.9%) and PP (1%) (Gwada et al., 2019). These findings 

are supported by Okuku et al. (2021), who demonstrated that the majority of plastic litter found at a 

beach in Mombasa (Kenya) in 2020 was the type used in food products (usually LDPE or PET), with 

78.4%. The second and third types were personal care products, with 11.6%, and household products, 

with 9.5% (both usually made of HDPE). Among the packaging products, PET represented 48.2% of the 

total collection.  
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Even though plastic has high potential for recovery, primary production is considered to be economically 

more viable than recycling (Kedzierski et al., 2020). According to Geyer et al. (2017), less than 2% of 

the total plastic production was recycled in the last 70 years, while 98% was either incinerated or 

disposed on landfills and environment.  

1.3. Drivers of plastic pollution in coastal areas 

 

Urbanization is one of the main drivers of plastics waste generation, as urban residents typically 

consume more goods and services than rural residents (Wiedenhofer et al., 2013). This relationship is 

demonstrated by the fact that the global urban population increased by 3.5 billion inhabitants in less 

than 70 years - 1950 to 2018 - (United 

Nations, 2018), whereas the cumulative 

production of plastic went from 0 to 7 

billion tonnes in the same period (Ritchie 

and Roser, 2018). Urbanization also has 

a positive correlation with the 

emergence of supermarkets, origin of 

the majority of plastic products 

consumed by the middle class (Deloitte, 

2014), as shown in Figure 1.  

 

Although there is no quantitative data on plastic waste production in rural and urban areas of developing 

countries, a study developed in Beijing, China, demonstrated that the fraction of plastic in solid waste 

streams is around 13% in urban areas to 6% in rural areas (Yang et al., 2012).  

 

In addition to rapid rates of global urbanization, it must be considered that 40% of the world s population 

live in coastal areas (UNESCO, 2011). Due to being an interface between land and sea, coastal areas 

are not only subject to local sources of plastic waste (services of leisure, recreation, habitat and 

livelihood such as fishing), but also receive plastic from inland, through wind, rivers and watersheds 

runoff (Ogunola et al., 2018). Moreover, tides and ocean currents are responsible for bringing plastic 

debris from other countries. A study by Santos et al. (2005) found that beaches in the northeast of Brazil 

receive garbage from North America, Europe, Africa, Asia and other countries of South America. 

  

The combination of urban population growth, increase of coastal population and increase of 

consumption patterns is particularly critical in sub-Saharan African countries. According to Barrios et al. 

(2006), the urban population of the mentioned area faced an increase of more than 140% in 30 years 

(1960s to 1990s) and is expected to face a growth 2.5 larger than the growth of other developing 

countries. The increasing urban population in sub-Saharan countries, however, does not seem to be 

accompanied by improvement on infrastructure, in which policies of waste management are included. 

Instead, sub-Saharan countries face high levels of indiscriminate waste disposal, one of the most 

important causes of marine plastic pollution.  

 

Akindele and Alimba (2021) indicate that the lack of adequate management practices and low 

awareness about the consequences of plastic pollution are critical in Africa. Illegal dumping occurs in 

open spaces, roads, riverbanks and canals, and landfills are unsanitary. The problem is aggravated by 

the lack of potable water in Africa, raising the use of PET bottles (Akindele and Alimba, 2021). 

Figure 1. Section with several types of plastic in two 

supermarkets in Kenya (Kwale and Mombasa) 
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Furthermore, bad quality fishing gears are increasingly being adopted by poorer communities, with high 

potential of being lost, broken and abandoned in the sea (Adeyemi et al., 2019). 

1.4. Flows of plastic waste from land into the ocean 

 

All plastic ever produced can be classified into three categories: currently in use, post-consumer 

managed and mismanaged plastic waste (MPW) (Geyer et al., 2017). Mismanaged plastic waste is the 

material which is at high risk of entering the ocean via wind or tidal transport or carried to coastlines 

from inland waterways. [ ] the sum of material which is either littered or inadequately disposed (Ritchie 

and Roser, 2018, para. 8). Therefore, it is the category with the highest potential of becoming marine 

plastic debris.  

 

In terms of systems thinking, all plastic waste ever produced is either part of a stock, which is the 

accumulated fraction, or is a flow, which is the material able to increase or reduce stocks. As explained 

by Voinov (2008), stocks are always measured in terms of certain quantities of material, while flows are 

always rates of material transferred per unit of time  (pp. 61-62). Therefore, marine plastic pollution 

occurs when flows of plastic waste accumulated in land increase the plastic waste stock in the sea. 

Several authors point to the fact that in coastal areas, the flows of mismanaged plastic into the ocean 

are larger than in landlock areas due to the proximity to water.   

 

A seminal study that quantifies the inputs of land-based plastic waste into the ocean was published by 

Jambeck et al. (2015). According to it, an estimate 4.8 to 12.7 million metric tons of plastic waste 

produced by populations living within 50 km from coastlines have entered the sea in 2010. These data 

place coastal areas of developing countries as major contributors to marine plastic pollution. Kenya, for 

instance, has generated an estimate 22.658 tonnes of mismanaged plastic waste in 2010, and is 

expected to generate 87.109 tonnes in 2025 (Jambeck et al., 2015). 

 

Another key study is Lebreton and Andrady (2019), who established a model that projects the global 

MPW generation and, by analysing watershed boundaries, concluded that rivers are the main 

conductors of plastic waste into the sea.  

 

Both Jambeck et al. (2015) and Lebreton and Andrady (2019) consider the degree of solid waste 

mismanagement as a pivotal element of the models. However, data about solid waste management is 

rarely available, especially in developing countries. For this reason, both studies used estimates to 

create different scenarios of mismanagement at country-level. A major drawback of this approach is that 

it overlooks local characteristics of management, considering that all areas of a country present the 

same dynamics on their plastic waste management systems.   

1.5. Impacts of marine plastic pollution 

 

Since 1970, biologists have been reporting the dreadful impacts of plastic debris in marine wildlife due 

to ingestion and entanglement (Auta et al., 2017; Avery-Gomm et al., 2018; Clark et al., 2016; Peng et 

al., 2020; Thompson et al., 2009). Marine turtles are particularly vulnerable due to their dietary 

behaviour. Consumption of plastic by turtles is well documented and can occur by accident, when plastic 

is mixed with food, or by visual mistake, when the animal is unable to differentiate plastic from food 

(Nelms et al., 2015). Entanglement is also considered a major cause of marine turtle mortality. A 

literature review conducted by Duncan et al. (2017) indicates that all ocean basins have reports of turtle 
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entanglement in anthropogenic debris. Seals, sea lions, dolphins, whales, sea birds and fishes are also 

vulnerable to plastic entanglement, especially caused by lost or discarded fishing gears (Jones, 1995). 

 

Studies also suggest that plastic pollution decreases the economic and social value of oceans, 

especially for tourism and fishing (Ballance et al., 2000; Fadeeva and Van Berkel, 2021). In 2011, an 

island in the coast of South Korea (Goeja Island) reported a 63% decrease in the number of visitors 

after rainfalls caused the accumulation of plastic debris in the coastline. The lower number of tourists 

represented a revenue loss of 29 to 37 million dollars (Jang et al., 2014). 

 

Moreover, plastic carried by ocean currents can float across rather long distances, transporting non-

native animal species to new locations during the process and settling in areas in which it may remain 

for centuries (Barnes, 2002; Goldberg, 1994). The small Henderson Island, located in the eastern of 

South Pacific and rarely visited by humans, was estimated to have a deposit of 37.7 million plastic debris 

in 2016, with approximately 27 items per meter arriving every day (Lavers and Bond, 2017).  

 

Low rates of biodegradation also make plastic persistent in the trophic chain (Diaz-Mendoza et al., 

2020). Recently, the effects of microplastic in human health have been emerging as an important area 

of research. The presence of microplastic has been observed in 11 of the 25 most consumed species 

of fishes worldwide, as well as in shellfish such as crustaceans (Barboza et al., 2018). 

1.6. Prevention and management 

 

Numerous studies have attempted to investigate and suggest strategies to prevent marine plastic 

pollution. Table 2 provides examples and references of some of these publications, classified according 

to four categories, as suggested by Ogunola et al. (2018).  

 

Table 2. Examples of strategies to prevent marine plastic pollution.  

 

Strategy type  

(Ogunola et al., 2018) 
Examples and references (compiled by the author) 

Preventive and regulatory 

¶ Ecolabelling (Pettipas et al., 2016) 

¶ Recycling (Dahlbo et al., 2018; Hopewell et al., 2009) 

¶ Bans (Xanthos and Walker, 2017) 

¶ Fees (Martinho et al., 2017) 

¶ EPR (Extended Producer Responsibility) (Nahman, 2010) 

¶ Reduction of unnecessary packaging (Schnurr et al., 2018) 

Action plans and regulatory 

agreements 

¶ Clean-ups (Lozoya et al., 2016) 

¶ International conventions 

Note: Kenya is part of several multilateral agreements, such as the 

United Nation Convention on the Law of the Sea (UNCLOS 1989); 

International Convention for the Preservation of Pollution from Ships 

(MARPOL 1994); Nairobi Convention for Protection, Management 

and Development of the Marine and Coastal Environment of the 

Western Indian Ocean (1985); Basel Convention on the Control of 

Transboundary Movements of Hazardous Wastes and Their 

Disposal (2000); Bamako Convention (UNEP 1998); FAO Code of 

Conduct for Responsible Fisheries; and Honolulu Strategy (NEMA, 

2022). 
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Behavioural changes  
¶ Education and awareness creation (Koushal et al., 2014) 

¶ Targeting children and youth (Hartley et al., 2015) 

Technological 

¶ Biotechnology (Kalogerakis et al., 2015) 

¶ Substitution by biodegradable materials (Schnurr et al., 2018) 

¶ Energy recovery (Albores et al., 2016) 

  

 

The literature also shows that the viable strategies for developed countries and developing countries 

are widely different, and so are the challenges faced by these two groups of nations. The large number 

of informal settlements in the Global South, for instance, is correlated to poor practices of waste 

management, with severe consequences to human health and environment (Gutberlet et al., 2017). 

Furthermore, residents of informal settlements are highly dependent on community-based and individual 

(informal) initiatives to manage their waste. 

 

In an analysis of suitable policies for developing countries, Alpizar et al. (2020) proposed a framework 

to select and design strategies to reduce marine plastic pollution. The study presented a problem-based 

selection tool, which is a matrix of three targets and four instruments, generally oriented to behavioural 

changes, as shown in Table 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: Reprinted from A framework for selecting and designing policies to reduce marine plastic pollution 

in developing countries , by Alpizar et. Al, 2020, Environmental Science & Policy 2020, Vol. 109, p. 28. 

 

Similarly, Prata et al. (2019) discussed current practices to improve plastic waste management, with 

effects in production, consumption and disposal. The study highlighted that implementing an Integrated 

Waste Management System is a slow and expensive process, which is an additional challenge for 

developing countries.  

 

Together, these studies indicate that education and awareness are central elements for reducing marine 

plastic pollution. However, the change in behaviour must be followed by institutional improvements, 

Table 3. Problem-based Selection Tool for developing countries (Alpizar et al., 2020). 
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mainly towards reducing consumption and increasing the options for adequate discarding, hence 

decreasing littering and illegal dumping. 

 

Moreover, some innovative projects have been developed in the last few years. One that stands out is 

The Ocean Cleanup, a Dutch non-profit organization that aims to collect 90% of the floating plastics in 

the ocean by using a U-shaped barrier that conducts the debris into a retention zone. The initiative also 

proposes the cleaning of the thousand most polluted rivers in the world (The Ocean Cleanup, 2022). 

Additionally, a review published by Helinski et al. (2021) presented 40 devices that can be used to clean 

freshwater systems.   

1.7. System dynamics in waste management studies 

 

To date, several studies have investigated different aspects of solid waste management using system 

dynamics (SD) modelling. A systematic literature review on waste management retrieved 379 studies 

that selected SD modelling as the main method. Among them, 31 were considered to have potentially 

relevant information for this research (non-global models that consider different sources of waste, 

management and/or policies). However, only 13 are focused in developing countries. Among those, 12 

have modelled the total municipal solid waste production, thus not considering particular sources of 

plastic waste generation. The exception is Dhanshyam and Srivastava (2021), who conducted a study 

on policies to mitigate plastic waste pollution in India. The study, however, is not related to a coastal 

area. 

 

Dianati et al. (2021) combined four sectors (waste collection, biogas, landfills, and scattered waste) in 

an SD model to calculate the environmental and health impacts of waste-to-biogas scenarios in Kisumu 

County, Kenya. One of the main findings of this study was that the ban of burning on landfills would 

cause the volume of waste to increase 2.3 times in 15 years in those landfills, but the aggregate 

greenhouse gas emissions within the county would be 35% lower. 

 

Sudhir et al. (1997) proposed an SD model to simulate the consequences and alternatives of solid waste 

management in a metropolitan city of India. Although being able to capture the relationships between 

public health, environment, costs and social aspects, the study considers all solid waste produced in the 

area, thus a great share is accounted for organic waste. Similarly, Sufian and Bala (2007) developed a 

model to project generation, capacity of collection and capacity of energy production from the whole 

solid waste produced in Dhaka city (India). However, it is also not possible to separate the findings 

related to plastics streams. 

 

Some system analysts have focused their studies on the model conceptualization rather than the model 

simulation. One study created a conceptual model to evaluate the impacts of Extended Producer 

Responsibility (EPR) in the plastic waste management in Indonesia (Destyanto et al., 2019). The model 

conceptualization is aimed to serve as reference for future simulation models that evaluate waste 

management. Another study is the one by Gutberlet et al. (2017), which combines systems thinking and 

action net theory with qualitative data (semi-structured interviews and observations, among others) to 

identify the actions that should be reinforced, disconnected or reformulated in the solid management of 

informal settlements, also in Kisumu County (Kenya). The main finding was that weak links in waste 

management chains should be bridged by reinforcing existing initiatives from stakeholders. Two thirds 

of the waste considered by this last study, however, was organic. 
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Together, these studies show the applicability of system dynamics to analyse weaknesses and 

potentialities of waste management systems. Nonetheless, none of the reviewed publications was found 

to present a model that describe the flows of plastic waste in local coastal areas of developing countries. 

This study aims to contribute to this knowledge gap by structuring a model that demonstrates the 

pathways of plastic at risk of becoming marine pollution in a local coastal of a lower-middle income 

country in Africa. 

1.8. Research problem  

 

The most impactful and cost-effective strategies to address marine plastic pollution are conducted at 

local level, especially in areas that border the sea (Winterstetter et al., 2021). Implementing such 

strategies is only possible when decision-makers have enough tools to apprehend the magnitude of the 

problem and understand the mechanisms that conduct the material into the ocean. 

 

Recent studies have established models to quantify and project the global inputs of plastic waste into 

the sea. However, they typically employ country-level data and overlook particularities of local areas. As 

an example, the average population of a country with extensive rural area might not represent the reality 

of this country s urban centres, likely to have high population density and more voluminous waste 

generation. On the other hand, models that forecast solid waste generation and policies impacts at local 

level usually do not consider plastic as the main element. Instead, they focus on general solid waste, 

mostly composed of organic matter (Curda et al., 2013; Placek et al., 2015; Rafew and Rafizul, 2021). 

In the marine environment, however, plastic is the most common anthropogenic material and can be 

accounted for more than 90% of the litter found alongshore (Okuku et al., 2020). 

 

To develop appropriate and feasible policies to reduce the amount of plastic in the environment, 

decision-makers need to understand local dynamics. This is the reason why waste management 

systems should be modelled at local levels: they need to translate the reality and comprise the 

particularities that contribute to plastic pollution in small scales.  

1.9. Research questions 

 

This main objective of this research is to structure a model to describe the dynamics of plastic waste in 

a local coastal area of a lower-middle income country. The research questions and sub-questions that 

guide this study are presented below: 

 

1. What are the flows of plastic waste in the study area? 

a) What are the main characteristics of the flows? 

b) Which stakeholders are part of each flow?  

c) What are the roles and functions performed by the stakeholders?  

d) What are the properties of the stakeholders? 

 

2. What are the actions put in place to prevent marine plastic pollution? 

e) Which stakeholders are involved in the actions? 

f) Which flows are affected by these actions? 

 

3. What are the processes that contribute to plastic waste entering the sea? 

g) What are the challenges and issues that affect the flows? 

h) What are the challenges and issues that affect the stakeholders? 
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i) What are the challenges and issues that affect actions of prevention? 

 

4. How can the system be described? 

j) Which subsystems are part of the plastic waste system in the study area? 

k) What are the stocks, flows and variables of the system? 

 

5. What is the extent of the data gap considering the determined model structure? 

l) What is the current availability of secondary quantitative data about plastic waste in the 

study area? 

m) What is the data gap yet to be addressed by further research? 

 

6. How can the flows of plastic waste between local areas be demonstrated? 
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2. METHODOLOGY 

This section will present and justify the selection of methods, approaches and tools used to achieve the 

research objective and answer the research questions. The methodology was designed in an 

exploratory approach to (i) define the flows of the system; (ii) determine what is currently done to prevent 

marine plastic pollution; (iii) determine the stocks, flows, and variables of the system; (iv) examine the 

extent of the data gap; and (vi) explore methods to describe how flows occur between local areas. 

2.1. Study area 

 

The main reasons for the selection of Kenya as the study area were:  

 

1. It is a coastal country of lower-middle income (World Bank, 2021). 

2. It is located in Africa, the continent with the highest rate of population growth, and part of the 

Sub-Saharan Africa, whose population is expected to double by 2050 (United Nations, 2019). 

Consequently, the plastic waste pollution is expected to also increase dramatically in the years 

to come.  

3. Like other African countries, Kenya faces rapid urbanization and middle-class expansion, which 

are further indicators of plastic consumption increase (Akindele and Alimba, 2021; Fenech and 

Perkins, 2014; WorldBank, 2016). 

4. Although African countries are considered hotspots of plastic pollution currently and in the 

future, they have weak policies of waste management, largely due to data gap (Jambeck et al., 

2018). Furthermore, African countries are the ones with the smallest number of studies about 

plastic pollution in aquatic environments (Hamid et al. 2018). 

5. Despite being in Africa, English is widely spoken in Kenya, which facilitated communication and 

eliminated the need for an interpreter. 

 

Kenya is located in Eastern Africa and is home for approximately 50 million people (KNBS, 2019a). It 

shares borders with five countries: Uganda (West), South Sudan (Northwest), Ethiopia (Northeast), 

Somalia (East) and Tanzania (Southwest). Six counties constitute Coastal Kenya: Lamu, Tana-River, 

Kilifi, Mombasa, Kwale and Tana River (ordered from North to South). Due to time constraints, data 

collection in all six counties was not feasible. Therefore, the criterium of highest population density was 

used, resulting in the selection of Kwale, Kilifi and Mombasa counties for data collection (Figure 2). 

 

Mombasa is the capital and only city in Mombasa County. Despite being the smallest county in area 

(229.7 km2), it has the second largest population in the Coast and is highly urbanized (Jumuiya, 2021).  

It is also the location of the biggest port in East-Africa: Kilindini Harbour, known as the Port of 

Mombasa . Kwale has a relatively long coast, with significant ecosystems that must be protected. It is 

the location of Diani Beach, a major touristic destination in East Africa. Finally, Kilifi is the county with 

the longest coastline, the largest population (1.45 million people, according to the Kenya Bureau of 

Statistics - KNBS), and the second largest area of mangroves in Kenya (20.643 acres) (Koech, 2021).  
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In 2010, the Constitution of Kenya established a decentralized system of government, wherein 

legislative and executive powers were devolved to counties. While the Ministry of Environment and 

Forestry formulates the national policies regarding environment (protection, conservation and pollution 

prevention and control), the 47 Kenyan counties are responsible for laws and regulation of a number of 

functions, including solid waste removal. In coastal counties, waste management laws are still in draft 

stage (NEMA, 2022). 

 

The main instrument of environment policies implementation is the National Environment Management 

Authority (NEMA), which works in collaboration with the counties. NEMA is responsible for the 

coordination and supervision of all matters related to environment and has offices and directors at county 

level. Besides NEMA, several other government agencies share the responsibilities of reducing marine 

Figure 2. Location of Kenya; location of Coastal Kenya; population density of Coastal Counties. 
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plastic pollution in Kenya, namely: Kenya Maritime Authority (KMA), Kenya Ports Authority (KPA), Kenya 

Coast Guard Service (KCGS), Kenya Fisheries Service (KeFS), Kenya Wildlife Service (KWS), Kenya 

Forest Service (KFS) and Water Resources Authority (WRA). Furthermore, since 2016, the Kenya 

Marine and Fisheries Research Institute (KMFRI) promotes research on marine litter.  

 

Despite the great number of institutions involved in the legislative framework, the responsibilities 

between different government agencies are considered unclear (NEMA, 2022). Marine plastic pollution 

is not a specific policy of the national level of government (Ministry of Environment and Forestry), 

although policies on waste management and protection of marine environment encompass the issue 

(NEMA, 2022). Recently, KMFRI and NEMA published the National Marine Litter Management Action 

Plan 2021-2030, which presents strategies to counteract the growing issue of marine plastic pollution. 

These strategies are distributed in four thematic areas: (i) prevention and reduction of litter from land-

based sources (e.g. waste water treatment and incentive to circular economy); (ii) prevention and 

reduction of litter from sea-based sources (e.g. from maritime industry, ferries, tourism and fishing 

boats); (iii) prevention and reduction of transboundary waste (by reinforcing the International Convention 

for the Preservation of Pollution from Ships  MARPOL, signed in 1994); (iv) activities to support the 

implementation of the action plan (e.g. support to clean-ups, promotion of awareness and education on 

marine litter management) (NEMA, 2022). 

 

2.2. Overall methodology 

 

This study was developed in three dimensions: qualitative, quantitative, and spatial. In the qualitative 

dimension, interviews and non-participant observation were selected as methods of data collection, in 

an exploratory and descriptive design. The quantitative dimension aimed to determine which stocks and 

flows of the system can be quantified, thus determining the extent of the data gap. Finally, the spatial 

dimension sought to (i) create a map of urban and rural areas and (iii) analyse the potential surface 

runoff in the study area, to identify the locations in which plastic waste is at higher risk of being 

transported during rainy season.  

 

Three softwares were used: ATLAS.ti (version 9), for the qualitative analysis; Vensim (version PLE x64), 

to create the system dynamic model; and ArcMap (version 10.8.1), to create the maps. Figure 3 depicts 

the overall methodology of the research. It will be detailed throughout the remainder of this chapter. 
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2.3. Qualitative data collection 

 

The next two sections detail the qualitative data collection, for which two methods were applied: semi-

structured interviews and non-participant observation. The fieldwork was carried out from the beginning 

of February to the beginning of May of 2022, in Kwale, Kilifi and Mombasa.  

2.3.1. Interviews 

 

To find out how different stakeholders understand the flows of production, discarding and management 

of plastic waste, 32 key informants were interviewed in a semi-structured approach. The method allows 

questions to be planned beforehand whereas opening space for the participants to guide the direction 

of the interview and explain points of view (Ahlin, 2019).  

 

These characteristics of the semi-structured approach were fundamental because, although all key 

informants share a common background (living in the study area and being involved with the plastic 

Figure 3. Flowchart of the overall methodology. 
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waste system), the interviews were designed according to the stakeholder s professional functions. The 

semi-structured questions allowed, for instance, the director of a national agency and the manager of a 

non-governmental organization (NGO) to give significantly different answers for the same question (e.g., 

How do your professional functions relate to the management of plastic waste in your location? ). An 

example of the script used in the interviews can be found in Annex 1. It is important to bear in mind, 

however, that the questions were intended to be a guideline for the interview, assuring that no important 

topic would be neglected. The interviews held no commitment to the order of questions or wording used 

in the script. 

 

The sampling strategy was snowballing, a method that leads one key informant to indicate further key 

informants, causing the number of interviewees to increase over time (Allen, 2017). The first participant 

was a key informant from the Technical University of Mombasa.  

 

The participants were not oriented to suggest a key informant of a particular stakeholder. Instead, they 

were asked to think about one or more persons that had any relationship with the plastic waste system. 

This strategy was used to assure that the respondent would indicate a key informant relevant for the 

system, not necessarily a colleague or someone from the same stakeholder category. The participants, 

indications, dates, and types of interaction are presented in Annex 2. Figure 4 demonstrates the share 

of each stakeholder category of participants. Government representatives were the largest number of 

interviewees due to their relationships with other categories, such as regulation of private sector, support 

to non-governmental organizations (NGOs) and community-based organizations (CBOs), and 

responsibility for the legal framework. 

 

Most interviews were scheduled directly with the key informant, by telephone (a cell phone number was 

usually provided by the participant who made the indication). In all cases, the key informants chose 

where the interview would take place. Most of the times, the interaction happened at the key informant s 

work environment. The mode of interview followed a preference hierarchy:  

 

1) Face-to-face interviews: majority of cases (29 out of 32). 

2) Online interview: one case, due to the participant s preference. 

11

4
4

2

6

3

2 Government

Non-governmental Organizations (NGOs)

Community-based organizations (CBOs)

Academy/Research

Touristic facilities

Beach Management Unit (group of fishers)

Social enterprises

Figure 4. Key informants distributed by stakeholder category.  
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3) Telephone interview: employed when the key informant explicitly informed his/her 

preference by this mode, or if the researcher noticed, while scheduling, that the interview 

would last a short time. Each case happened once, both with hotel managers: one opted to 

call when available; the other one informed, during the scheduling call, that the facility did 

not use any type of plastic. In this case, further questions were asked by telephone and the 

face-to-face interaction was not necessary. 

4) Questions sent by e-mail: reserved for cases in which all attempts of scheduling the previous 

modes were exhausted. It happened once, and the respondent did not return the questions, 

despite several requests. Thus, no interview was made through this mode. 

 

In all cases, the following steps were taken prior to the questioning: 

 

a. Presentation of the Research License granted by the National Commission for Science, 

Technology & Innovation (Nacosti) of the Republic of Kenya. 

b. Brief explanation about the topic of the research, how the data obtained was going to be used 

and why the key informant was selected for the interview. 

c. Permission request to voice-record the interaction. Every participant was informed that the 

reason for the recording was exclusively the transcription, and that the audio would not be published or 

used for any other purposes. The recording device (Olympus WS-853) was positioned within the field of 

vision of the respondent and paused whenever there was an interruption unrelated to the interview, such 

as a telephone call or a person entering the room. From the 32 participants, only one did not allow the 

recording. 

 

Although notes were taken during the interviews, the audio recordings were essential to assure that all 

information provided was somehow captured (including online and telephone interviews). At the end of 

the process, 17 hours and 25 minutes of audio were compiled, supporting the assumption that a great 

share of information would be lost if notes were the only instrument used for registering the data. 

Nonetheless, the fact that recording devices have a role in the interview and influence data is 

indisputable (Rutakumwa et al., 2020). In the case of this research, given that the nature of questions 

was not personal or confidential, it was considered that recording the interactions had advantages over 

relying only on notes. This will be discussed in more detail in Chapter 4.  

2.3.2. Non-participant Observation 

 

The fieldwork period of nearly three months enabled the researcher to eyewitness places, activities, and 

behaviours. The approach was non-participant observation, in which the interaction with people and 

scenarios is minimal (Gray, 2017). Such observations generated a significant number of pictures, taken 

with a camera programmed to include a coordinate system of decimal degrees. Among the hundreds of 

photographs taken, 150 were selected by criteria of location (aiming a balanced distribution over the 

study area) and degree of information depicted. Then, the images were plotted into a Google map 

(Google, 2022), which can be accessed online at https://bit.ly/Plastic_Coastal_Kenya. The map (shown 

in Figure 5) allows the visualization of the exact location of the picture, thus providing an overall view of 

the plastic waste system. Additionally, the tool offers the possibility of being edited by other users, so 

that stakeholders, researchers, and other organizations can upload further pictures in the future. 

Furthermore, some images from the observations were distributed along Chapter 3 (Results).  

 

 

 

 

https://bit.ly/Plastic_Coastal_Kenya
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2.4. Qualitative data analysis 

 

Although the interviews were registered in audio, the object of analysis was text (audio transcripts). 

Bernard and Ryan (1998) consider that text can be analysed as a proxy for experience, when the goal 

is to access the individuals  perceptions, feelings, and experiences; or as an object in and of itself, when 

linguistic elements have a central role. In this research, text was a proxy for experience. Because data 

collection had its origin in semi-structured interviews, the format of the text is denominated free-flowing 

(Bernard and Ryan, 1998). With that considered, two types of analysis are suggested by the authors: 

word analysis and thematic analysis (TA). The choice for the last will be justified and detailed in the 

sections that follow. 

2.4.1. Approaches selected 

 

A major drawback of applying the word analysis in this research was the significant heterogeneity of 

respondents and questions. Because questions were asked according to the professional roles of the 

participants, the word count would likely provide unreliable results. For instance, it is expected that a 

representative from the government mentions public collection more times than an interviewee that 

works in an institution that is not involved with this activity. Therefore, for the word count to be reliable, 

the number of respondents from each stakeholder should be the same  which was not the case of this 

study, mainly due to the snowballing strategy.  

 

Thematic analysis, in its turn, captures implicit and explicit ideas within the data, generating codes and 

themes. Nonetheless, the approaches used in thematic analysis largely depend on the area of research 

Figure 5. Print screen of the Google map with plotted pictures. 

Available at https://bit.ly/Plastic_Coastal_Kenya

https://bit.ly/Plastic_Coastal_Kenya
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and encompass a number of techniques, thus TA is considered an umbrella term for different types of 

analysis (Braun and Clarke, 2006). Therefore, two approaches were selected: the reflexive thematic 

analysis method (RTA), developed by Braun and Clarke (2006); and the applied thematic analysis 

(ATA), developed by Guest et al. (2011). Although both approaches were generally suitable for this 

research, each of them presented drawbacks for the specific case of this study. For this reason, features 

of both were merged in a method able to address the entirety of this research.  

 

In the one hand, the procedures suggested in RTA are highly effective in conducting the organization of 

codes into themes and sub-themes. The method is composed of six phases that lead the analysis in a 

hierarchical fashion (codes, sub-themes and themes), and suggests procedures of refinement and 

iteration (Braun and Clarke, 2006). However, the approach rejects the creation of a codebook and the 

quantification of codes, which is considered by some authors the most efficient manner of showing that 

the analysis was rigorous and objective (Hannah and Lautsch, 2011). 

 

On the other hand, the applied thematic analysis approach suggests the creation of themes in a less 

reflective way (e.g., by analysing repetitions or metaphors), but places the codebook as a central piece 

of the analysis. A codebook is defined by Guest et al. (2011) as a discrete analysis step where the 

observed meaning in the text is systematically sorted into categories, types, and relationships of 

meaning  (p. 71). Because this research aimed to provide information about the system for decision-

makers and stakeholders, the codes had to be displayed (i) individually, (ii) in relation to other codes 

and (iii) as part of a broader group (the themes). A manner to do that is through the codebook presented 

in the ATA method (Guest et al., 2011).  

 

In addition to the studies mentioned, Saldaña (2021) was used as a reference for the practical coding 

process (e.g., type of coding selection, which in this case was descriptive).  

2.4.2. Thematic analysis design 

 

Figure 6 synthetizes the thematic analysis design created for this study. The process was carried out 

through numerous iterations, typical of the reflexive thematic analysis approach. Codes were merged, 

split, and received different titles throughout the analysis; groups of codes were reviewed several times 

and modified to create more relevant relationships between the codes. As a result, the themes also 

faced updates until being registered in the codebook. The codebook was considered stable when all 

themes, sub-themes and sub-sub-themes could be related to the research questions and sub-questions 

that guide this work.  

 

Moreover, as detailed by Braun and Clarke (2006), some decisions must be taken prior to the thematic 

analysis execution. For instance, the level of analysis can be latent (interpretative) or semantic 

(descriptive); it can describe the entire dataset or provide rich details about a particular theme or group 

of themes. The epistemology of the thematic analysis should also be determined: essentialist/realist, by 

which motivations, experiences and meanings are straightforward theorized, or constructionist, that 

attempts to theorize the sociocultural contexts and structural conditions of the individuals. In this case, 

the thematic analysis was essentialist, semantic and described the entire dataset. 
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The figure is detailed in the following paragraphs. 

 

Step 1: Establishing analytical objectives 

 

Guest et al. (2011) state that establishing objectives is the very first step of the analysis plan. The 

practical purpose of this analysis is describing the plastic waste system in the study area. The analytical 

purposes are related to five out of six research questions and aim to identify, explore and describe: (i) 

the flows of plastic waste and the stakeholders involved in the flows; (ii) the actions currently in place to 

prevent marine plastic pollution; (iii) the challenges faced by the system; and (iv) how the stakeholders 

see the current data gap. The analytical approach is inductive and content-driven, meaning that the 

content of the text drives the construction of the codes and the identification of themes and sub-themes. 

 

Step 2: Data intimacy  

 

Becoming familiar to the data was an organic process, constructed during the interviews, transcription, 

multiple reviews of audio and text, and notes made about the general characteristics of each interview 

(Braun and Clarke, 2006; Saldana, 2011). Due to time constraints and the large extent of audio 

recordings, the interviews were partially transcript, following the indication of Strauss and Corbin (1990) 

that the text selected for transcription must contribute to the analysis. Therefore, parts of the audio 

unrelated to the interview (e.g., conversations of personal nature, stories unrelated to the topic) were 

not considered. 

 

Step 3: Pseudonymization 

 

Before being uploaded to the software of analysis, the documents were pseudonymized according to 

the University of Twente s guidelines (University of Twente, 2022). The interviews received a code 

following the system KI_number_stakeholder_(level)_county. The level  was only used for participants 

of the category government . For instance: KI_13_government_sub-county_Kwale means that key 

informant number 13 is a representative of a government department located in a sub-county of Kwale 

County. Because social enterprises are activists and have interest on having their work disseminated, 

their names were mentioned, under written authorization provided by the CEOs.  

 

Figure 6. Flowchart of the Thematic Analysis. 
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Step 4: Line by line coding 

  

Next, the transcripts were uploaded to ATLAS.ti, a software of qualitative analysis licensed for the 

University of Twente. The first phase consisted of a line-by-line coding, by which individual sections of 

the text received a label that attributed meaning to the excerpt (Saldana, 2011). The labels are called 

codes; the excerpts are the quotations. As stated by Braun and Clarke (2006), it is valid to note that one 

quotation might have multiple codes, as exemplified below: 

 

Hotels are not a problem for the plastic pollution. The biggest 

problem is the community and the businesspeople on the streets. 

This is a bit difficult to control  they drink water and throw the 

bottle on the street. We really need more awareness and also 

law enforcement. 

KI_31_government_sub-county_Kilifi 

 

The approach selected in this step was descriptive coding, in which the code represents the topic of the 

information, or the subject addressed by the quotation (Tesch, 1990). 

 

Step 5: Merging codes 

 

In step 4, the coding was only led by information. There was no concern for codes with the same 

meaning being written in different ways or repeated. Thus, step 5 was dedicated to merging codes with 

the same meaning, which considerably reduced the quantity, thus facilitating further analysis. An 

example of merging are the codes beach littering  and plastic thrown at the beach . At the end of this 

step, 385 codes became 264. 

 

Step 6: Defining themes 

 

The 264 codes were organized in a hierarchy diagram designed to answer the research questions (RQ) 

and sub-questions. The first level of the hierarchy are the themes, defined by the research questions 

(RQs). The exception is RQ3, which is not a theme for reasons that will soon be explained. In summary, 

the first level of the hierarchy is composed of four themes: 

 

¶ Theme 1 (RQ1) - Flows: information about the pathways of plastic once it becomes waste. 

Through this theme it is possible to identify the processes responsible for making plastic waste 

managed or mismanaged.  

¶ Theme 2 (RQ2) - Prevention: the actions currently put in place to reduce marine plastic pollution.  

¶ Theme 4 (RQ4): the group of quantitative information. These codes are numeric information, 

which can be later used in the equations of the system dynamics model.  

¶ Theme 5 (RQ5) - Data gap: although this research question was initially expected to be 

answered after the construction of the model, the interviews already revealed information about 

it. Therefore, this group brings together the quotations in which respondents mentioned lack of 

information  (about a certain topic). 

 

Research question 3 (Theme 3) aimed to investigate the challenges to be addressed by decision-makers 

to improve the system. However, these hindering factors do not make sense in isolation. Their meaning 

can only be apprehended when considered in relation to the flow, stakeholder or action of prevention 

Codes: hotels  good 

practices / community is a 

critical issue / littering / lack 

of awareness / PET bottles / 

need for regulation and 

enforcement 
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impacted by them. For this reason, the codes related to RQ3 were presented throughout the whole 

diagram, identified by a pink box.  

 

Step 7: Creating sub-themes 

 

As previously explained, the first level of the hierarchy was determined by the research questions (RQs) 

and consisted of themes. Correspondly, the second level of the hierarchy diagram embodied the sub-

themes. 

 

Sub-themes are groups of codes clustered to answer the RQs. For instance, the first theme/RQ (What 

are the flows of plastic waste?) was answered by the sub-themes collection, littering, burning, burying, 

illegal dumping, etc .  

 

Some sub-themes required one more level of disaggregation. For instance, the sub-theme collection  

was disaggregated into sub-sub-themes determined by the stakeholders that perform collection: by 

government, by social enterprises, by NGOs, by informal collectors, etc . In other words, each sub-theme 

(or sub-sub-theme, if existent) is the title of a group to which several codes are attached. Together, 

these groups of codes answer the research questions and sub-questions.  

 

For reasons that will be explained in step 9, each sub-theme was identified with a capital letter, 

symbolizing the title of the sub-theme (e.g., Collection = C), while each sub-sub-theme was identified 

with a lowercase letter. For instance, by NGOs  is the sixth sub-sub-theme of the sub-theme collection  

(which is C), hence its identification is Cf. Another example is the sub-theme natural transportation of 

plastic waste , which does not contain any sub-sub-theme. Therefore, its identification is only N.   

 

The theme that clusters quantitative information was not included in the codebook. Instead, the numbers 

formed a table that attempts to present an overview of the quantitative data gap (Annex 6). 

 

Step 8: Identifying codes seen as challenges for the adequate management of plastic waste 

 

The codes that key informants consider challenges faced by the system (RQ3) were identified with a 

pink box. These codes were mentioned by the respondents as issues that either directly contribute to 

marine plastic pollution or hamper the improvement of the system (e.g., problems faced by initiatives 

that attempt to prevent marine plastic pollution). The identification of the code as a challenge was lexical 

(e.g., the respondent said the problem is) or by the context of the answer (e.g., the respondent 

mentioned a cause for the streets being dirty).  

 

Step 9: Attributing IDs and frequencies 

 

One of the outcomes of the applied thematic analysis is the codebook, which in the case of this research 

is a hierarchy diagram composed by (i) Themes; (ii) Sub-themes and (iii) Sub-sub-themes (if any).  

 

As mentioned in Step 7, each code group was identified with a capital letter and a lowercase letter (if 

necessary). Likewise, codes were identified with a number. Therefore, each code possesses an 

alphanumeric unique ID (e.g., Ca15). Some codes appear in different groups. Therefore, they share the 

same numerical ID, but different letters. For instance, the code broken fishing nets are left on the beach  

is code number 79 regardless its group. However, it can be 79 Lc (L = littering, c = on beaches) or 79Fa 

(F = disposal of fishing material; a = fishing nets). 
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Moreover, the frequency of mention of every code was added to the codebook (Annex 3). This frequency 

is represented by a rectangle in the right upper side of the code box, informing the number of times the 

code was mentioned throughout the 32 interviews. The codes that appear only once have a white 

rectangle. The codes that appear in more than one group have a coloured rectangle.  

 

The unique IDs were used to relate quotations to codes (Annex 4). Moreover, the IDs were intended to 

be part of the final model design, signalling the position of each element (stocks, flows, variables) in the 

codebook. Nevertheless, the tools offered by Vensim do not facilitate this, and the inclusion of additional 

text made the visualization more difficult. For this reason, the IDs were not displayed in the model. 

 

Steps 6 to 9 are outlined in Figure 7, with the same layout they are presented in the codebook 

 

 

Step 10: Selecting quotations  

 

To demonstrate how the findings have been generated by data, some quotations (excerpts of text that 

received the code) were included in the results (Patton, 2002). The coding process yielded 458 

quotations, hence a selection was carried out. The selection followed the procedures detailed by Eldh 

et al. (2020), who consider that quotations are a way of highlighting certain features of the data. 

Therefore, the main criterium of selection was the extent to which a quotation was able to clarify and 

detail the data. Quotations that were substantially similar to the code itself (e.g., Plastic waste is 

transported by wind ) were not included. Moreover, the excerpts selected are verbatim the statement 

given by the respondent. Changes were made exclusively when more context was needed for 

comprehension, and were marked in parenthesis and italic (e.g., They (residents of rural areas) usually 

burn their waste ).  

 

Annex 4 shows the selected quotations, which are linked to the codes by ID. In total, 140 out of 458 

quotations (30.6%) are presented in the referred Annex. 

 

Figure 7. Schematic representation of the codebook hierarchy. 
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2.5. Model conceptualization 

 

This study employed system dynamics modelling to conceptualize the structure of a model that 

describes the plastic waste system in a region of Coastal Kenya. The foundations of system dynamics 

(SD) were set in the mid-1950s, by Jay Forrester. According to Forrester (1968), systems are composed 

by functions that interact and have interrelationships with each other, thus creating a determined 

behaviour that changes over time (hence the term dynamics ).  

 

A dynamic system is formed by stocks that represent accumulations, and flows that are able to increase 

or decrease the level of the stocks. Therefore, in the model at issue, the stocks (portrayed by boxes) 

represent the accumulation of plastic waste. In case of plastic waste mismanagement, the final stock is 

the ocean (marine plastic pollution). The flows (portrayed by double arrows) are processes that move 

plastic waste from one stock to another. A flow have a certain magnitude and can be determined by the 

stakeholders, being consequences of their actions (i.e; modes of disposal of plastic waste); or by 

processes that do not have human interference (i.e; transportation by wind). Finally, there are variables 

that impact the flows, increasing or reducing their magnitude. A schematic representation of an SD 

model is exhibited in Figure 8. 

 

 

 

The model structure presented in this study was built entirely through the results yielded by the thematic 

analysis. Therefore, every element of it can be found in the codebook and is further detailed by 

quotations extracted from the interviews. Differently from the majority of system dynamics models 

presented in the literature, no assumptions were made about the system, thus the approach is 

exclusively inductive. 

 

Figure 8. Schematic representation of a System Dynamics Model. 
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The software Vensim (version PLE x64) was chosen for the construction of the model for providing a 

free version for academic use. Moreover, Vensim enables the download of a model reader, allowing free 

access for decision-makers and stakeholders. 

 

The model was presented in three parts. The first part is the structure of a quantifiable system dynamics 

model. Although quantification was not part of this research, every flow of the model can be translated 

by an equation that represents a rate for a determined period of time, such as a month. Similarly, stocks 

must have their initial levels determined. The quantification enables the simulation of the system s 

behaviour over time. In this first part, stocks and flows were classified into five categories, represented 

by colors randomly selected: (i) yellow: production; (ii) orange: plastic waste that can still be retrieved 

from stock; (iii) blue: plastic waste temporarily stored; (iv) pink: adequately managed plastic waste; and 

(v) mismanaged plastic waste that will likely not be recovered anymore. The codes that generated the 

first part of the model are grouped under Theme 1 in the codebook (Flows).  

 

The second part is a conceptual system model that indicates which actions are currently carried out to 

prevent plastic pollution. These actions are stakeholders properties that result in processes that affect 

the flows, either by reducing the magnitude of the ones that contribute to plastic pollution (such as 

littering), or strenghtening the flows related to adequate management (such as disposal of plastic waste 

in garbage bins). Actions of prevention are theme P in the codebook, and the codes are placed in green 

boxes. 

 

The third part is a conceptual system model that demonstrates what are the challenges faced by the 

system and which flows are influenced by them. The origin of this conceptual system were the codes 

represented by pink boxes in the codebook. This part also indicates the stakeholders that precipitate the 

challenges, and the stakeholders mostly affected by them, in case this information could be 

apprehended through the coding process. 

 

Finally, the codebook revealed that some actions of prevention are also affected by challenges. These 

are demonstrated in the second part of the model, with challenges placed as properties of the 

stakeholders and indication of the effect on actions of prevention. 

2.6. Spatial analysis 

 

To date, no methodology has proposed the integration of spatial data to system dynamics models. 

Nonetheless, the spatial dimension was important for understanding the general characteristics of the 

study. Furthermore, to answer RQ 6 (How can the flows of plastic waste between local areas be 

demonstrated?), a map of potential surface runoff was constructed. 

 

2.6.1. Distinguishing urban and rural areas 

 

Being able to distinguish urban and rural areas was relevant to this research due to the positive 

correlation of urban density and plastic waste generation (Nel et al., 2017; Ryan, 2020). Furthermore, 

urban areas close to the sea are critical contributors to marine plastic pollution (Jambeck et al., 2015). 

However, the spatial analysis was remarkably challenging due to institutional issues in Kenya (Mbaka, 

2020). 
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On the one hand, one institution (Independent Electoral and Boundaries Commission  IEBC) holds a 

geo-spatial dataset with the administrative boundaries established by the Kenyan Constitution in 2010. 

On the other hand, the Kenya National Bureau of Statistics (KNBS) holds the updated population and 

housing data collected during the National Census carried out in 2019. Both institutions claim they 

should have exclusive mandate over the whole dataset. As a result, the shapefile with the most recent 

administrative divisions was never published and is not provided by any means by IEBC, while KNBS s 

data is only available in tabular format. Attempts to access the shapefile with updated boundaries were 

made for three months, with the support of a number of persons and institutions in Kenya, with 

unsuccessful results. Several datasets available online were also examined, but all of them are based 

in the 2009 boundaries. The most recent divisions are significantly different from the ones provided by 

the 2009 Census material, as illustrated in Figure 9.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Although a shapefile with the 2009 boudaries was provided by the Kenya Marine and Fisheries Research 

Institute (KMFRI), the attribute table does not include the rural/urban classification. Concurrently, the 

2019 data does not include geo-spatial information. The strategies used to address the lack of updated 

datasets are presented in the next paragraphs. 

 

First, a shapefile of the counties boundaries (HDX, 2021) was imported to Google Earth Pro and 

overlayed in the satellite image. Then, each of the 122 locations considered by KNBS in the 2019 

Census were manually located in the satellite image and plotted with points in the boundaries shapefile. 

The newly created points layer was then exported from Google Earth Pro to ArcMap and overlayed in 

the 2009 shapefile. 

 

With the 2009 sub-locations displayed in Arcmap, the 2019 tabular data was used to adjust the 

symbology of the 2009 shapefile according to information about urban, semi-urban (70-85% urban) and 

semi-rural (75 to 85% rural) areas. Consequently, all other areas (the majority) were defined as rural. 

This was done by locating the name of the place (town, settlement, or village) in the 2009 attribute table, 

with the assumption that the names were not modified in 2010. Out of 309 sub-locations (2019 data), 

45 were not found in the 2009 attribute table. Therefore, they were determined by proximity (close to the 

other sub-locations belonging to that determined location). The resulting map is presented in Section 

3.1.  

2009 2019 

Figure 9. Comparison of Kenya's administrative boundaries in 2009 (before the administrative 

division stipulated in 2010), and 2019. Created with data from the National Population and Housing 

Census of 2009 and 2019, respectively (KNBS, 2009, 2019a). 
































































































