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SECTION A- QUESTION 2
Plastic debris results in an estimated $13bn p.a. cost from damage to marine ecosystems (financial losses to fisheries and tourism), as well as time spent cleaning the beaches. (BBC, 2020). 


(a) Using a “source – pathway - sink” approach, evaluate key pollution impacts [25]
Introduction
Plastic is an ever-growing pollution concern with little headway made in how to tackle the problem. By accurately evaluating the source, pathway and eventual sink of plastic pollution, we are better equipped in being able to understand the full extent of the issue as well as how to possibly mitigate it.

Discussion
The sources of plastic pollution are extremely varied but can fall into a few key categories- littering and/or dumping, microplastics (both direct and indirect) (Browne, 2015), and single-use plastics. These major plastic problems have a huge effect on a global scale and the reach is still not fully understood due to limited research into deep sea pollution (Vince & Hardesty, 2016).
The process of how plastic moves is varied in origin but follows a similar path; from microplastics breaking up over time or originating as microbeads, water is the easiest way for it to move. In 2018 there was a global effort to eradicate microbeads from products as we had been made aware of the damaging effect this was having (Dauvergne, 2018) and so people were made more aware of how easily plastic could travel.
The sink of all plastic is eventually our oceans. Whilst plastic may have a heavy presence in our waterways and inland, through our own drainage systems and through storm surges the vast majority ends up in the ocean. 
The effects of plastic pollution in our oceans are severe- from the Great Pacific Garbage Patch to the ingestion of microplastics by marine life, these impacts aren’t just felt by the environment but also humans. Certain ingested plastics have been found to cause cancer, diabetes, altered immune systems and so on (Seltenrich, 2015). If the plastic problem continues, this will inevitably be felt by the fishing industry as fishing stocks fall; serving 1.4 billion people, a reduction in commercial fishing and aquaculture results in a huge concern for adequate sustenance for 19% of the population (Beaumont, et al., 2019).
Plastic is also affecting species already identified as being vulnerable, particularly around developed countries. Recent research showed that 91% of the examined green turtle (C.mydas) possessed ingested plastic items, ranging from microplastics to carrier bags (Thiel, et al., 2018). With little resources to counter the problem, these countries are having to sit back and watch as species in their waters dwindle.
There is also the socio-economic impact of lost revenue to consider in relation to tourism and lost heritage; with increasing plastic pollution, tourism is heavily hit by unattractive areas and a lack of biodiversity to market. Similarly, the loss of certain species that hold cultural significance to a certain demographic has knock-on effects on morale and well-being (Beaumont, et al., 2019). 

Conclusion
By not reducing the source of plastics, the sinks will continue to grow and cause further issues. A more direct approach to acknowledging the full impact of plastic pollution to both marine and human life is necessary in order to kickstart funding into the production of safer alternatives. Similarly, by educating people at all levels, from the public to organisations, more responsibility can be taken to how plastic is handled on an individual basis, making it a personal concern as well as governmental.


(b) Critically appraise the technological solutions currently being trialled to help mitigate against this plastic tide [25]
Introduction
A range of technological solutions are currently being utilised to aid in the mitigation of the plastic problem, from smaller scale sea bins in marinas and ‘smart’/biodegradable fishing nets, to large scale operations such as the River Interceptor and Ocean Cleanup System 001/002. 

Discussion
The Ocean Cleanup System and Interceptor are both plastic collection vessels created by The Ocean Cleanup (TOC), both aiming to achieve their goal of a 90% reduction in floating plastic by 2040 (The Ocean Cleanup, nd).
System 001 was designed with the Great Pacific Garbage Patch (GPGP) in mind and skims the surface of the ocean by using wind power (slowed with an anchor) to move around. Once it is full, vessels come to collect the waste and the vessel then continues to accumulate more plastic (The Ocean Cleanup, nd). It has been designed to avoid bycatch and to have as little impact on marine life as possible.
Whilst the vessel itself is relatively harmless to the marine environment, there is a problem with the collection once they are full. The vessels are required to travel between 12,000km - 17,000km from the GPGP to the different collection sites (Giezen & Wiegmans, 2020). This is both costly and still quite damaging in terms of the size of the vessel required and the resulting outputs from its use.
Another concern with this method is the cost and methods of processing the collected material. Not all plastic is recyclable and the sorting of collected ocean plastic is extremely labour-intensive and costly. Without solid funding it is easy for a not-for-profit organisation such as TOC to face unsustainable maintenance costs and not be able to continue operating. 
The Interceptor was created to clean up river systems. It is solar powered and collects rubbish along a conveyor belt. This is then evenly distributed into dumpster containers on the vessel until they are full, at which point a notification is sent to the shore to collect (The Ocean Cleanup, nd).
Again, by harnessing solar power it is relatively harmless to the environment as it produces no emissions. Using the river’s own current it can collect 50,000kg of plastic per day and clears up large sections of the river.
Yet this faces the same problems as the ocean design; by only collecting floating plastic, the debris on the riverbed is left unchecked. As can be seen with canals in Paris, the main problem is not at the surface but further down (Chrisafis, 2016). By not addressing this problem, all output from these efforts will ultimately be minimal in comparison to what is left behind.
Therefore, the main issue with both of these designs is that 94% of plastic ends up on the seabed or lodged in sediment rather than remaining floating or on the surface (Cressey, 2016). This means that whilst vast quantities of plastic is being recovered by both, the reality is that there is still an overwhelming problem on the sea floor and in river beds.
Another concern is not a new problem- the ownership of this waste when it lies in international waters has always been problematic. Whilst the Dutch government has worked with TOC to aid in creating agreements between countries such as the Netherlands to allow the vessels to travel freely (Holst, 2019), the ownership of that waste on such a large scale is still not accounted for by the countries the vessels travel through. This means that the clearing of the plastic by the TOC relies entirely on the TOC itself (though it should be noted that clearing the plastic does not equate to claiming responsibility or ownership of it).

Conclusion
Whilst the leading current technological solutions to the problem of plastic are highly effective in their design, their focus is misaligned with the real problem. Removing surface and floating plastic is a small step compared to the remaining deep water and seabed plastic that remains. Similarly, the processes that are being used are solely remedial rather than preventative; as we are generating more plastic than ever before, the real solution lies in finding environmentally friendly alternatives (such as the use of existing by-products such as chitin and lignin) to plastic to stem the flow completely.
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SECTION B- QUESTION 4
“The DPSIR method is a useful tool to assess the impacts of climate change on the coastal environment, society and economy” (Bruno et al., 2020: 531).
Identify and evaluate the driver-pressure-state-impacts-responses (DPSIR) framework for evaluating coastal management of cities. (50 marks)

Introduction
Developed in the 1990’s, the DPSIR framework is a system used to determine and analyse interlinked relationships and important conflicts between social, economic and environmental factors. When using this evaluation method for the coastal management of cities, both direct and indirect conflicts can be examined to find an appropriate solution.
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Figure 1: DPSIR Framework (Gari, et al., 2015)

Discussion
Drivers are usually regarded as the human requirements in the designated area (Dugong & Seagrass Conservation Project, 2018). In coastal cities, this would commonly be energy consumption, transportation, industry, agriculture, water consumption, urbanisation, and tourism. 
The immediate issue with DPSIR from a driver perspective is just how specific the conductor is going to be; if drivers are going to be generalised under certain criteria, such as fishing being categorised under industry along with construction, or if the list of drivers is going to be very precise, which would make the process a lot longer (Carr, et al., 2007). For coastal management, where urban expansion and coastal conflicts are usually quite fast-paced, there would appear to be a need for a middle ground when creating the initial drivers list to accommodate both human and environmental time constraints. Yet by creating a middle ground there is already an incorrect measurement of what the drivers are in totality, resulting in a diminished action plan moving forward. It can be argued that even a generalised list still covers the key points that would need to be covered in this analysis, but ultimately it would rest with policy-makers on how detailed they would wish to go in order to make decisions and whether a restricted view would be sufficient for short-term changes that are reviewed on a more frequent basis as opposed to a plan that is more long-term with more in-depth information.
The pressures in DPSIR refer to the human impacts that are a direct result of the drivers. For urbanisation, this could be habitat loss and pressures on resource extraction; the pressures can also be linked to unconnected drivers, such as gas emissions from industry and transport. The list of pressures should normally be extensive considering the list of drivers; waste generation, water extraction, land use change, etc, which again are all applicable to more than one driver, but from slightly different sources. This then goes to show that action across multiple areas needs to be taken to successfully reduce these pressures.
An initial issue that can be seen is that the definition of a pressure isn’t as clear as it could be, nor is the value of said pressures; DPSIR holds no scale for the priority of pressures, but simply lists them, and so whilst pressures on fishing stock may be a high risk, it is not regarded in a different light to a pressure that could be regarded as less of a priority, such as gas emissions (Oesterwind, et al., 2016).
States are the resulting environmental, and in some cases socio-economic systems that are issue-specific for the DPSIR analysis (Maxim, et al., 2009). They are the areas in which the pressures are having an effect and are sometimes regarded as the short-term impacts or direct and indirect results. They have a wide range, including poor air and water quality, land subsidence, decrease in vegetation, congested living space, etc.
What DPSIR does not account for is the prevalence of these issues existing prior to human intervention; natural state changes are not listed in the DPSIR framework. Similarly, further reaching anthropogenic impacts that are not directly related to a coastal city driver are also not listed despite there being a measurable change affecting the designated area (Atkins, et al., 2011).
States are also easily confused with impacts much in the same way that drivers and pressures see a crossover (Patrício, et al., 2016). As mentioned above, states arguably are short-term impacts from pressures, and should therefore be labelled as impacts with the state being left for the long-term effects instead. Granted this is a pedantic argument over labelling, but incorrect terminology has already been discussed and confusion in a system being used results in poor decision-making due to inconsistencies across the parties using it.
Impacts are the resulting outcome of pressures not being adjusted and provide a realistic outlook of what will occur when no action is taken (Maxim, et al., 2009). For coastal cities this would be coastal erosion, biodiversity decline, reduction in human health, socioeconomic impacts (for example, revenue loss from a decrease in tourism), and altered ecosystem functions. These predicted outcomes are measured by pressures both in their current state and any rate of change and are therefore tangible but flexible.
Responses are solely to do with decision-making based on the information received from the previous points (Tscherning, et al., 2012). This may be changes to existing or the creation of new policies, or it can be responsibilities for the public along with private or non-governmental sectors (Maxim, et al., 2009). They may reduce pressures or amend drivers to completely remove a certain pressure.
From this it can be seen that DPSIR leaves the responses open for the decision-makers; there are no recommendations, it is purely listed as causal information that can be understood by all parties. Arguably in a coastal area, linear and causal issues are not the sole sum of problems and more research into the source of the states and impacts is required to ensure that effective action is being taken.
From the above it can be seen that there ae some discrepancies on the terminology used within DPSIR. Drivers and pressures can be used interchangeably depending on their subject, particularly with regards to fishing (Gari, et al., 2015). These discrepancies make it difficult for DPSIR to be a truly effective tool unless clear terminology is outlined by the conductor before the evaluation begins. 
It is reasonable to argue that DPSIR can over-simplify problems in an area and does not adequately show whether the responses have been successful (Patrício, et al., 2016). This lack of follow-up creates a feedback loop of constant reviewing being necessary to ensure that the responses are correct in relieving the pressures. For coastal cities where development and progress is fast-paced, frequently renewing analysis causes delays that are unsuitable for that method of management. In contrast, it can be reasoned that this simplistic approach to complex problems makes management in coastal cities more achievable as the issues are easy to follow and required action to tackle them is relatively straightforward (Lewison, et al., 2016).
It is also clear that whilst DPSIR provides solid groundwork for the coastal management of cities and provides a direct relationship between science and management (Tscherning, et al., 2012), further analysis and research such as the analytic network process (ANP) needs to be utilised to put this information to effective use (Chuang, et al., 2018). By combining several different evaluation tools, results can be combined and compared to make better decisions and produce more effective management actions.

Conclusion
The DPSIR framework is a useful tool when evaluating coastal management of cities and successfully bridges the gap between science management to promote better collaboration for effective policy-making. However, whilst is provides a solid foundation, it is not in-depth enough to be the sole form of analysis used and clearly defined terms need to be put in place beforehand. It can break down key concepts and issues into manageable tasks but cannot extrapolate on any of them; this requires further data and analysis to be able to effectively proceed and effectively manage coastal cities.
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