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[bookmark: _Toc9016323]1.0 Introduction

 The use of Geographical Information Systems (GIS) as an Environmental Modelling tool is well established in field of Environmental Sciences and Management (Goodchild, et al., 1993; Skidmore, 2002). GIS allows for data to be analysed, managed or manipulated through a Geographic platform, to help understand what and why environmental challenges  may occur in a spatio-temporal context. As a result GIS is widely used in identifying the sources, causes and impacts of pollution events over particular regions, helping to develop policy and managament strategies that can help reduce the issues that pollution can bring (Barbaresso, 2011; Baztan, et al., 2014). 
 As part of an under-graduate University dissertation, plastic debris data has been collected over 5 beaches on the Gower Peninsula, South-Wales, to help identify any trends in the quantities and sources of beached marine macro-plastics over a 5 month timeframe.  This report will identify how GIS can be used to effectively model the data in a geographical and spatio-temporal context so it can be analysed, helping develop management strategies to reduce its impact on the surrounding environment. 

[bookmark: _Toc9016324]2.0 Literature Review and Background to Study 

 GIS has been widely used in modelling pollution in the Marine environment, from identifying impacts of oil spills on large scales to the distribution of micro-plastics on small scales (Mansor & Poy, 2009; Baztan, et al., 2014). The growing issue of plastics in the marine environment has led a large amount of research to identify the ubiquity of plastics on a global scale but also within a regional context. Using data sets applied into GIS, particular beaches, zones and regions can be shown to be more effected by marine plastic debris than other locations (Hengstmann, et al., 2017; Hengstmann, et al., 2018). When applying further knowledge on the types of plastic found, using GIS can be useful to show the sources and causes of influxes of plastic debris onto beaches and therefore point towards policy that may help prevent plastic pollution reaching the marine environment.  

The study that will be used in this assessment looks into the distribution and sources of Marine Macro-Plastic debris found on beaches in the Gower Peninsula, South Wales, UK. The study will use 4 surveys collected over 5 Gower beaches, as seen in Figure 2, and also on 4 different survey dates, each taking place after differing weather conditions and tide sizes (Table 1). Surveys followed OSPAR Beach Litter survey protocol and were taken over the same 100m length of beach each time. The beaches of Llangennith, Slade and Caswell have high exposure to the dominant west/south wind and waves while Pwll Du and Oxwich are sheltered. 
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[bookmark: _Toc9016399][bookmark: _Toc9016542]          Figure 1 Gower Peninsula Location
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[bookmark: _Toc9016400][bookmark: _Toc9016543]                          Figure 2 Beach Locations on Gower Peninsula
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 (Cefas, 2019) (Meteoblue, 2019)

The macro plastics found were attributed to its most likely source using Marine Conservation Society guidelines. The objectives of the study were to:

· Identify the amount and sources of marine plastic debris found across the Gower beaches
· Identify the effects of weather conditions upon the quantity and types of plastic debris found
· Identify if proximity to Combined Sewer Overflows (CSO’s) and high rainfall events has an effect upon the amounts of Sewage Related Debris (SRD) found upon the beaches

This report will create a thematic model based upon the data collected in the aforementioned study. Analysis will consider the ways QGIS 2.18 can be used to question and interpret the data in a spatio-temporal scale, this may help achieve the objectives and allow conclusions to be drawn over the reasons why. Further analysis will look into the how QGIS is beneficial for use in environmental studies.
[bookmark: _Toc9016373]3.0 Creation of the Model 

A vector map of the Gower Peninsula was downloaded and added to the project as a base-map onto which the model can be created, the Co-ordinate Reference system used for the project is ‘OSBG 1936/British National Gris EPSG:27700’. The first step was to show the locations of the beaches being surveyed along with the start and end co-ordinates of the transect on the base map, the co-ordinates were taken using a GPS and were uploaded into a Excel spreadsheet. The co-ordinates taken were transformed from Latitude/Longitude to Easting/Northing and applied into the spreadsheet as attributes of a the start/end co-ordinate fields (Figure 3). The points are created using ‘Points from Layer Table’ tool also seen in Figure 3. 
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[image: ]Input Layer: Gower Beach co-ord >x field: East > y field: North > Run



[bookmark: _Toc9016401][bookmark: _Toc9016544]Figure 3 Creation of Survey Point Locations

Once added, labels are attached to the points located on the vector base map through Properties > Labels > Show Label. 
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[bookmark: _Toc9016402][bookmark: _Toc9016545]Figure 4 Beach Locations
This study assesses the quantities of marine plastics across the Gower. Gower has a range of ecological, habitat and geological designations, data sets outlining the areas and perimeters of these designation zones is obtained. This may help identify the most at risk designated regions, habitats and species from marine plastic pollution. The shapefile data was obtained from Lle: Geo-Portal for Wales website (NRW, 2019). 
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[bookmark: _Toc9016403][bookmark: _Toc9016546]         Figure 5 Gower Peninsula Designations  

The use of GIS allows for the thematic mapping and visual analysis of spatio-temporal data. In order for the data to be visually analysed and queried according to the varying attributes (tide size, date, weather conditions) of the data set, the data needs to be appropriately processed so that it can be used within the QGIS system. Two spreadsheets were created, one containing the total amount of plastic debris found across all beaches and surveys, with a second containing quantities of debris found per survey, associated weather conditions and proximity to CSO’s. Figures 5 and 6 shows the format of the attributes and fields so that it can be visually represented within the QGIS framework.
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[bookmark: _Toc9016404][bookmark: _Toc9016547]Figure 6 Total Debris Across All Surveys and Beaches (First Spreadsheet)
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[bookmark: _Toc9016405][bookmark: _Toc9016548]Figure 7 Spreadsheet of Debris Mix Across Surveys (Second Spreadsheet)

The first spread sheet is simple in format containing the beach names, co-ordinates and source categories. The attributes for each field are then processed. The second spreadsheet contains fields that show the range of weather conditions, tidal height, the distance to the closest CSO and the quantity of each plastic source found on each survey and total debris found. 

[bookmark: _Toc9016374]3.1 First Spreadsheet and Diagram Creation

The spreadsheets format is changed into a CSV file and then uploaded into the QGIS system. As the data collected needs to represent the proportion of different categories across a whole, pie charts were chosen as the best suited to visualise the data (University of Leicester, n/d). Points were created using the tool seen in Figure 3; creating points from the co-ordinates present. Figure 8 shows the process of creating pie charts within QGIS. 
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Show creation of point coord addition of cso.
Show creation of table so that queries could be made. 
Addition of protected areas
Show creation of graphs

Properties > Diagrams> Attributes: Select > Apply 
                                           Size > Scaled Size > Attribute: Total > Find Max Value (693)
                                           > size: 25> Apply




[bookmark: _Toc9016406][bookmark: _Toc9016549]Figure 8 Pie Chart Creation
The use of scaled size allows the total number of items found on each beach to dictate the size of the pie chart. The smaller size shows less amounts of debris per beach, while the pie chart shows the quantity of each source as segment size. The result can be seen in Figure 9. 
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[bookmark: _Toc9016407][bookmark: _Toc9016550]  Figure 9 Total  Marine Plastic, per Source, per Beach

One of best uses of GIS is that it allows for the addition of other data sets within a model to help draw conclusions that may otherwise may not have been identified. Urban population data taken from UK Data service has been obtained and implemented into this GIS model. The data set classifies the areas according to the rurality of the area with 3 classifications; Urban town and city, rural town and fringe and rural village and dispersed (UK Data Service, 2019). Figure 10 shows how the data set is filtered to show the Urban Town and City areas of Gower. 

[image: ]Filter > ‘ruc11’ = ‘Urban city and town’> Apply



[bookmark: _Toc9016408][bookmark: _Toc9016551]      Figure 10 Filtering of Attributes
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[bookmark: _Toc9016409][bookmark: _Toc9016552]       Figure 11 Total Marine Plastic and Urban Classification

[bookmark: _Toc9016375]3.1.1 Analysis 

The graphs show the largest quantities of debris found was at Slade, Caswell and Llangennith followed by Pwll Du and Caswell which had significantly less. The largest quantities of SRD are seen at Slade, Pwll Du and Caswell. Fishing is the largest source of beach debris on the beaches within the Natura 2000 SAC and SSSI, while Public Litter seem to increase at Pwll Du and Caswell. The Urban Town and City layer highlighted in blue, shows the beaches of Caswell and Pwll Du to be in close proximity to built up populous areas. The larger volumes of Public Litter found on these beaches may be the result of higher visitor numbers, wind-blown deposition and higher volumes of litter associated with higher population densities (Keep Scotland Beautiful, 2017). This points to management strategies to reduce public litter in urban areas, and efforts to reduce deposition from beach users on beaches close to urban centers.

[bookmark: _Toc9016376]3.1.2 GIS Review 

The use of GIS in the analysis of this data set gives a range of improvements. The use of diagrams on top of a geo-visual framework has made it easier to identify trends in the data, helping identify reasons why sources of marine debris are larger in one area than another. This is evident when considering the volumes of Public Litter on Caswell and Pwll Du to be higher than that found on the other 3 beaches. The visual aspect allows us to see their closer proximity to a more urban setting. The addition of other data sets within the model such as the ‘urban/rural’ classification strengthens this conclusion further.
  The study is based largely around the impact to protected areas on the Gower Peninsula. The use of data sets provided by Lle, allows the viewer to identify the habitats and species most at risk to marine pollution. As these areas can be seen  within the model, this makes it easier for the viewer to understand the habitats and areas that are most effected by a particular pollution source. Furthermore, this study is meant to fit into the context of other regional and national studies to allow for greater understanding of marine pollution in the North Eastern Atlantic. The creation of this GIS model means it can be shared and utilised in other studies, without the need of individual research into the Geographic’s of the Gower Peninsula. This allows for more widespread use and easily understandable utilisation of the findings from the study.  
 
[bookmark: _Toc9016377]3.2 Second Data Sheet 

[bookmark: _Toc9016378]One of the main objectives of the study was to identify if weather patterns, tides and proximity to CSO’s have a role over the quantities and sources of Marine debris.  The second data sheet has a range of fields as seen in Figure 7. Using the filter tool particular attributes can be selected to be analysed at any one time, this section filters the ‘rainfall’ field choosing different rainfall volumes to help identify if rainfall volume increases the quantity of Sewage Related Debris. The SRD will be graphically shown in visual scale and text, on the beach to which the data is attached. The volumes of SRD on each beach will also help identify if proximity to CSO is a factor in SRD abundance.  



[image: ]Filter> ‘Rainfall’=’56mm’>Apply



[bookmark: _Toc9016410][bookmark: _Toc9016553]Figure 12 Query Builder 'Rainfall'
The only marine plastic data now available for use was found after 56mm of rainfall. Next a text diagram is chosen, with SRD as the only attribute being measured. The size of the text circle is dictated by the quantity of SRD on that beach. 

[image: ]Properties > Diagrams > Text Diagram>SRD > Size > Scaled Size > Max Value > Apply



[bookmark: _Toc9016411][bookmark: _Toc9016554]Figure 13 Scaling size of Text Circle
The maps for each rainfall volume and SRD quantities found are found below in Figures 14, 15, 16, 17. 
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           Figure 14  0mm Rainfall  SRD Quantities                                                                                           
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[bookmark: _Toc9016412][bookmark: _Toc9016555]  Figure 14 0.1mm Rainfall      *Changed to 0.1 mm so volumes would show on map

[image: ]
[bookmark: _Toc9016413][bookmark: _Toc9016556]  Figure 15 45mm Rainfall            


[image: ]
[bookmark: _Toc9016414][bookmark: _Toc9016557]  Figure 16 56mm Rainfall
[bookmark: _Toc9016379]3.2.1 Analysis 

[bookmark: _GoBack]The maps shows that Slade and Caswell consistently have the largest quantities of SRD  found on any of the beaches. These beaches are within close proximity to CSO’s suggesting that the proximity to CSO’s may result in abundances of SRD, which can be linked to water quality issues (Baglow, D, 2019). The maps also shows that the greatest influxes of SRD are at beaches west of the CSO, suggesting westerly transportation through currents and wind. The largest quantities of SRD were found after the 56mm rainfall event, however rainfall does not seem to be the major reason behind the influx of SRD as the second highest amount found was after the 0.1mm rainfall event.  

[bookmark: _Toc9016380]3.2.2 GIS Review 

The visual representation of the data within the geographic context shows the usefulness of GIS in aiding analysis. Visually showing the locations of the CSO’s at Port Eynon and Caswell, help draw the conclusion that CSO proximity is a significant factor in SRD abundance, suggesting water quality may be effected at these beaches. 
The use of the filter query tool allows for analysis of a range of variables. Through querying one of the many variables in the data set it is possible to see what the effects are on the total amounts of debris found. Using this tool it is possible to identify what the most significant factor is in changing the distribution and sources of marine debris found across the beaches. Conventional graphical analysis makes identifying the effects of a range of variables a laborious task, through the use of GIS it is far easier to identify the major reasons why changes happen. 
 This model could benefit from the use of fishing and shipping activity data, this would include shipping schedules, quantity of vessels active in the area and at what times. If available, this data could be attached into this GIS model, potentially helping draw correlations between the large quantities of fishing debris found across Gower beaches and  the fishing activity in the vicinity. This may help identify management strategies to reduce waste on a variety of sized vessels reducing fishing debris in the waste stream. 


[bookmark: _Toc9016381]4.0 Conclusion


In conclusion, this report showed the creation of a GIS model that helped visually show trends in spatio-temporal marine plastic debris found upon Gower beaches. Through the creation of spreadsheets containing co-ordinates of surveys, weather conditions, proximity to Combined Sewer Overflows, sources and quantities of marine macro plastic, it was possible to graphically represent the data in a geographical format, identifying the distribution of plastics across Gower beaches as a whole. In the case of this study, it revealed that the exposed beaches of Caswell, Slade and Llangennith were most at risk to marine plastic pollution episodes, while sheltered bays such as Oxwich and Pwll Du were less likely to be inundated. Furthermore, with the ability to query the data set and add population data, more accurate conclusions could be drawn to the why the litter was dispersed in the way that it was. The increases in quantity of Public Litter on Pwll Du and Caswell were suggested to be due to the urbanised areas shown through a downloaded census data set, while proximity to CSO’s was a significant factor in SRD quantities and potential water quality issues.  The use of GIS is a powerful tool in identifying trends and correlations in complex data sets which may not have been possible otherwise, this when applied into Environmental Management practices can point towards suitable mitigation strategies
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