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[bookmark: _Toc187402868]Introduction
Per MGISS [1], Geographical Information Systems (or GIS, for short), has several uses, including:
· Effective planning
· Efficient design
· Better information management
· Enhanced mapping capabilities
· Improved communication
· Manage natural resources
· Streamline services and logistics
· Better marketing planning
· Asset management
Giving individuals an opportunity to review data through a geographical information system can prove to have a wide range of opportunities, for example, organisations can use them to formulate plans and make data-decisions based on what information they are privy to. Also, in terms of organisations, it gives them the ability to present information in a clear to read and intuitive format.
Spatial data is an important part of geographical information systems as it allows the user to monitor various trends, such as changes in the environment and crime data tied to a particular location. Spatial data could be used by a number of different people, such as the public health sector mapping disease outbreaks, environmental agencies monitoring developments with the climate or even the police monitoring crime trends. From this data, these various organisations and many others can use easy to access data to coordinate their efforts in a far more efficient manner.
GIS can affect many industries due to it being an extremely effective method for organisations and individuals alike to monitor trends and understand special data. With the correct understanding of the data, a lot of information can be lifted from GIS. In relation to cancer rates, it can review potential causes and risks that people in Wales may be going through.
For instance, potential environmental risk factors can be monitored, such as air pollution. Per Cancer Research UK [2], “outdoor air pollution causes roughly 1 in 10 cases of lung cancer in the UK.” By using geographical information systems to map this data, it’s possible to see the zones that are more at risk than others.
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Cancer is as a whole, of course, a worldwide issue, and the potential risks are also a huge topic for debate. That being said, narrowing the statistics down to Wales will still provide plenty of valuable information. For instance, from the figure below, we can see using local authority data from 2011-2019, that in 2019, the leading number on cancer incidences in Wales occurs in Bridgend, with 636.8 cancer sufferers per 100k people. While the lowest in 2019 was Pembrokeshire, with 521.8 cancer sufferers per 100k people. While these aren’t the most up to date statistics, they can be still useful to glean pre COVID-19 data from. 

[image: ]This report will focus on cancer rates in Wales, and how they relate to factors such as:[bookmark: _Toc187402883]Figure 2: Total cancer diagnoses in Wales from 2011-2019 per Health Maps Wales [14]

· Education
· Ethnic backgrounds
· Average income
· Proximity to GP surgeries
· Air pollution data
· Employment rates
[bookmark: _Toc187402869]Data Collection
The target area, as drawn on from the presentation in task one, will be focused on covering the area of Wales as a whole. This should provide plenty of data to monitor potential risks and causes of cancer rates using data from local authorities, which could provide patterns and trends within various Welsh regions, and wrangling this data together should provide some more information on cancer prevalence across the whole of Wales.
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Thematic mapping is a key element of researching trends, patterns and relationships in the geographical manner. Some themes of thematic mapping can include [3] “choropleth (colour), heat map, sizes, charts, dot-densities, three-dimensional prisms, cluster (bubble), or cartogram.” Per Ordinance Survey [4], some key uses of thematic mapping could include seeing trends with:
· Climate issues
· Population densities
· Health issues
From a climate point of view, it could be an important for an individual or organisation to monitor climate changes or pollution impacts. With regards to population density, this can be good to review changes in population growth within a specific area, and the side of health issues can of course cover cancer trends in a particular area.
In the context of organisations, thematic mapping can pose a number of uses, such as taking potentially complex data and displaying it in a format which is far easier to read, particularly in terms of identifying relationships within the data, such as areas of higher cancer rates and how they relate to the socio-economic background of that area, for example. 
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According to IBM [5], data visualisation can be described as “the representation of data through use of common graphics”. Some uses of data visualisation can include:
· Tables
· Pie charts and stacked bar charts
· Line charts and area charts
· Histograms
· Scatter plots
· Heat maps
· Tree maps
Per Appnovation [6], some key design principles of data visualisation can include:
· Clarity
· Simplicity
· Purposeful
· Contextualisation
· Accuracy
· Interactivity
· Aesthetics
With regards to clarity and simplicity, it allows the data to be visualised in a very clear manner without the need for unnecessary or unreadable information. Contextualisation can be important, particularly if an individual is presenting information to others, since they may consider tailoring the information to whomever they’re presenting the information to. Aesthetically, this can also be important in a variety of aspects, for instance, in a board meeting where data visualisations are being presented, if they are presented in an aesthetically pleasing manner, they can be not only clearer to analyse but also more intuitive for the reader.
Certainly, some of these key design principles can be applied to GIS. For instance, both spatial and non-spatial data can be communicated in an accurate and easy to read format. Combining both sound data visualisation and GIS techniques can also highlight the appropriate colour for what the user is seeing on the map, displaying the correct labels and primarily, telling the user a story while maintaining proper accuracy and credibility.
[bookmark: _Toc187402872]Importance of Data Acquisition
Data acquisition is a fundamental element of geographical information systems, and data acquired in an effective way can provide a lot of benefits, however on the other hand, the acquisition of redundant data can lead to a misuse of time and resources. The data acquisition element is effectively the backbone of your entire system, and therefore, its important to consider some elements that can help an individual or organisation avoid any errors in this step. For instance, acquiring reliable data that includes reliable information. If the source of data is credible, and falls within the correct timeframe, then it gives the best chance of not using improper data. 
If an organisation intends to utilise a data set for a long period of time, then starting in the correct way by acquiring data from credible resources, while also avoiding unauthorised use of commercial property will give that organisation the best chance of success. In addition to this, it also allows the organisation to update and add to their information whenever necessary in a far more effective way.
With regards to collecting data on cancer rates, it is vital that the correct data is collected. The sources should be credible ones, such as Health Map Wales or from the UK Data Services. This ensures that the information collected will be as up to date as possible, and it will also be the most accurate too. 
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One factor that could prove to be important is where an individual lives and spends most of their time in relation to where their closest GP Services are. Collating this data could prove to be very interesting as if there is a statistical connection between this data, it could prove that individuals may be less likely to go for a cancer screening should they live far away. The level of travel could be at such a distance that people may consider it to be a detriment, and therefore, may choose to brush off their potential symptoms as something not as serious.
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Description automatically generated]Per the Imperial College of London [7], who lifted their information from a paper published by the British Journal of Cancer [8], states that “GP practices where more patients are able to get an appointment with their GP within 48 hours were less likely to have patients turn up as emergency admissions to the hospital.”
As reflected from this information, if people are unable to get a GP appointment, then their risks could drastically heighten. Even if they are able to get an appointment, if they don’t feel comfortable travelling an extended distance to get there then the same situation applies.
[bookmark: _Toc187402884]Figure 3: GP Surgeries in Wales [17]
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While it’s not necessarily the most relevant link that people would think of with regards to cancer rates, creating a thematic map linked to the average income in Wales could be important to gleam data from to see if there is any link.
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Description automatically generated with medium confidence]To support this notion, a journal from BMC Public Health [9] states that “people living in more deprived areas of high-income countries have lower cancer survival than those in less deprived areas.” As shown from the legend, the areas with the darker colours show the areas with the highest income, whereas the lighter colours show the areas with the lowest income in Wales.[bookmark: _Toc187402885]Figure 4: Thematic Map showing Average Income in Wales
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Description automatically generated]Another factor that could have a key link to cancer rates in Wales relates to the climate, and more specifically, the level of pollution in the air. Collecting data for high pollution or factory-dense areas such as Port Talbot and comparing this to other areas could provide valuable insight as to how much the location in which an individual lives makes a significant contribution to their risk of suffering from cancer. Another key insight is for those who live along the M4 corridor, and whether they also face a higher risk due to their higher exposure to carbon emissions drawn from the number of vehicles passing through every day.
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Description automatically generated]Per Cancer Research UK [2], the reason air pollution can pose such a high cancer risk to people is because “air pollution contains a mixture of polluting particles”. They add to this by stating that “there are a few ways air pollution could cause lung cancer. For example, tiny particles may build up in the lungs and damage the DNA in cells. This can change how the cells divide, which can lead to cancer.”[bookmark: _Toc187402886]Figure 5: Thematic Map showing Air Pollution levels in Wales [16]

Unsurprisingly, air pollution can potentially lead to lung cancer, however, a study by the American Association for Cancer Research [10] also claims that “pollution is also associated with increased risk of mortality for several other types of cancer, including breast, liver and pancreatic cancer.”
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Another potential cause of risk could relate to levels of employment in an area. Per a journal article from the National Library of Medicine [11], “health authorities should warn that unemployment can damage our health. Unemployed individuals have fewer financial resources to comply with their basic needs; they can have reduced access to healthcare.”
With this in mind, a lack of employment could have a real impact on the rates of cancer in certain areas. Touching on journal quoted previously [11] “psychological malaise and stress may also derive from unemployment and engage individuals in poor behaviours that are well-known risk factors for diseases, injuries and death.”[bookmark: _Toc187402887]Figure 6: Thematic Map showing levels of employment in Wales
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Description automatically generated]Per a journal from the National Institute of Health [12], another potential differentiator of cancer risks could lie within different ethnic backgrounds. It states that “germline mutations in cancer susceptibility genes have been identified in individuals of all races and ethnic groups. Differences among ethnic groups for cancer risks have been recognised, and a proportion of the differences may be the result of founder mutations within these genes.”
The journal follows on to state “some ethnic variation in cancer risk may be explained by founder mutations identified in cancer-predisposing genes. Knowledge acquired by studying the effect of a single mutation in a well-defined population may be applied to a larger, more heterogeneous populations. Individuals from all racial and ethnic groups carry deleterious mutations. Mutations are simply easier to find and characterize when identified in a single ethnic group.” As seen from the corresponding thematic map, the denser areas of those with ethnic groups lie primarily in South Wales, whereas, Mid to North Wales shows the lowest percentages of those with ethnic backgrounds.[bookmark: _Toc187402888]Figure 7: Thematic Map showing differences in Ethnic Backgrounds in Wales [15]
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Description automatically generated]Education
Another factor that could have an impact on cancer rates is education. This is due to the fact that some studies have found that there is a link between the quality of education received by an individual, and their subsequent risks associated when they get older. A study from The Lancet Public Health [13] highlighted that “certain population groups experience disparities in cancer mortality, depending on age or sex, but also level of education (1.7-2.6 times higher risk of lung cancer mortality among people with lower than higher levels of education) and level of deprivation (up to 9 percentage points higher cancer survival probabilities among the least deprived compared to the most deprived groups).”[bookmark: _Toc187402889]Figure 8: Thematic Map showing Education Rates in Wales



[bookmark: _Toc187402879]Conclusion
To conclude, the application of using geographical information systems to map various causes of cancer rates in Wales can provide a lot of important information. By making use of thematic maps and special data to review aspects such as proximity to GP surgeries, average income, air pollution, employment rates, ethnic backgrounds and education, and binding that information to the risks associated with cancer rates can provide us with a lot of insight into the potential causes of cancer rates in Wales. Following the approach of the geographical information systems provides a lot of insight into these aspects.
Moving on from this, we must ask ourselves, how can this data be effectively utilized? For instance, reviewing the proximity of GP surgeries tied to where people live have a huge effect on whether individuals choose to attend routine cancer screenings. Using this data could provide some insight on where future GP surgeries could be built or moved. In addition to this, public health authorities could use some of this information to understand how they can put their own efforts into making action towards this cause, for instance, by tackling socio-economic challenges that certain sets of people could be going through, which subsequently, could decrease their odds of getting diagnosed with cancer at a later stage, lowering their risks substantially.
To conclude, geographical information systems will continue to be a huge aspect in tackling cancer rates, with the target being to reduce health disparities across the entirety of Wales.
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